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Environmental coverage

•OU turned a failing factory into a booming business. You made promises to the

community and to your shareholders. And you kept them. Then the government declared

your property a hazardous waste site. You didn't dump the chemicals. But now you own the

factory, so you own the problem.

This is the real world companies live in. And if your company is not properly covered,

the world becomes an ugly place.

How can AIG help? By doing things others can't. By taking what you've always

thought about insurance and turning that notion on its head.

Who insures

you9
Take our Environmental coverage. Environmental laws vary country by country, state

by state. Which means a detailed understanding of local regulations is essential. The AIG

Companies have the largest global network of offices with underwriting authority for

environmental risks. This enables us to provide the type of innovative first-to-market products

that often redefine the industry—products like Cleanup Cost Cap and Pollution Legal

Liability Selecf: Products that help turn unforeseen disasters into manageable situations.

We've built our reputation on fulfilling promises. And because that reputation

is solidly backed by Triple-A-rated financial strength, you can rest assured that the AIG

Companies will be there for you.

So no matter what the risk, no matter where the risk, the AIG Companies have the

resources and experience to custom-tailor a policy that helps protect you from the unexpected.

Call your broker or e-mail us directly at AJGEnvironmental@aig.com.

What's the worst that could happen? That's what we think about every day.

WORLD LEADERS IN INSURANCE AND FINANCIAL SERVICES
ALL FORMS OF COMMERCIAL INSURANCE • PERSONAL AUTO AND HOMEOWNERS INSURANCE • LIFE. ACCIDENT

AND HEALTH INSURANCE • RETIREMENT PRODUCTS ANO MUTUAL FUNDS THROUGH SUNAMERICA • wwwaiGCOM AIG
Insurance coverage ofovided by members ol American International Group, Inc. issuance ol coverage is subject to underwriting, Please refer to ttie acftul poi'cy lor a complete description o( scope anct limitations ol cov'wage.



GEORGE SCHALLER IS DOING
ALL HE CAN TO HELP THE ANIMALS OF

THIS PLANET SURVIVE.

LUCKILY, HE DOESN'T HAVE TO WORRY
ABOUT HIS ROLEX.
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George Schaller, science director of tine Wildlife Conservation Society, has spent four decades studying
wildlife and fighting for its survival. His Rolex has proven its reliability in some very rugged environments.

t
ROLEX

Dat^T!fet Officially Certifi^Bh'Swiss Chronometer.
For the name and location of an Official Rolex Jeweler near you. please call 1-800-36ROLEX. Rolex, *, Oyster Perpetual and Datejust are trademarks.



FEBRUARY 2000 VOLUME 109 NUMBER 1

FEATURES

To Know the Universe46
A special issue celebrating the

opening of the Rose Center for Earth

and Space

THE ROSE CENTER

48 Telling the Ston-

NEIL Be GRASSE TYSON

50 Sphere ot Influence

HENRY S. F. COOPER JR.

60 Theater of the Stars

JAMES B. SWEITZER

61 Night Vision

NEIL DE GRASSE TYSON

COSMOS 2 000

62 Introduction

RICHARD PANEK

64 Twinkle Twinkle

ALLAN SANDAGE

67 Prospecting for Planets

R. PAUL BUTLER

70 Cannibals of the Cosmos
MICHAEL SHARA

74 The Big Picture

MARGARET J. GELLER

77 Genesis: The Sec]uel

ALAN H. GUTH

80 The Heart of Matter
BRIAN GREENE

TECHNOLOGY

84 Seeing the Whole Symphony
DAVID J. HELFAND

88 The Virtual Universe
MORDECAI-MARK MAC LOW



UP F R ONT NATURAL HISTORY 2/00

A Seamless Vision
As this issue of Natural

History goes to press, we

here at the American

Museum of Natural

History are putting the

fmal touches on one of

the most spectacular and

ambitious projects in the

Museum's 130-year

history—the new

Frederick Phineas and

Sandra Priest Rose

Center for Earth and

Space. This facility

embodies a new vision

of what it means to be a

museum in the twenty-

first century. To put it

simply, we seek to

perpetuate and extend

dramatically the role of

the Museum in

to the public and

advancing science

hteracy throughout

the nation.

The Rose Center

consists of a completely

rebuilt and reimagined

Hayden Planetarium, as

well as the new CuUman
Hall of the Universe and the Gottesman Hall of Planet

Earth (which opened to great pubhc and critical acclaim

in June 1999). It addresses areas of science—astronomy

and astrophysics—that are experiencing a true "golden

age" of discovery.

When the first Hayden Planetarium was built in 1935,

we had not seen quasars, pulsars, or black holes, nor did

we even know that such curious objects could exist. In

1935 we had only fuzzy photographs of the planets of our

Solar System; since then, we have walked on the Moon,

sent robot probes to planets in the outer reaches of the

Solar System, and discovered more than two dozen

extrasolar planets. With the Rose Center, we seek to

make astrophysics and cosmology—exceedingly complex,

abstract areas of science—accessible and comprehensible

to the public, and to bring the frontiers of outer space and

The new Rose Center for Earth and Space

discovery to the people.

By taking our visitors on

a journey that reveals

the universe around us,

we hope to illuminate

the magnitude, majesty,

and mystery of the

cosmos and, ultimately,

humanity's place in it.

Outfitted with a

one-of-a-kind Hayden

Edition Zeiss Projector,

as well as with a

revolutionary new digital

map of our galaxy that

will allow museumgoers

to travel to the stars, the

new Rose Center wiU

also receive feeds firom

NASA, allowing us to

learn of events and

discoveries in space as

they occur. In turn, the

Rose Center will be able

to transmit these images,

along with our scientists'

interpretations of them,

to classrooms, homes,

and community centers

across the city and

the nation.

Together with our

beloved existing exhibition halls, the Rose Center will

enable the Museum to take visitors on a grand and all-

encompassing journey that tells a coherent, comprehensive

story of hfe, from the outer reaches of the universe to the

planet's inner core and through the extraordinary diversity

of life and culture on Earth. Our extensive collections

have long provided materials for retrospective scientific

analysis, and now our cutting-edge technological

capacities and research can produce up-to-the-minute

observations through dramatic live images and

contemporaneous explanation. We look forward to

welcoming you to the new Rose Center for Earth and

Space and to the Museum for the new inillennium.

Ellen V Putter, President

American Museum ofNatural History
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TO THE EDITOR

A Tiny, Brainy Bird

In "The Cost of a Brain"

(12/99-1/00), Goran E.

Nilsson discusses absolute

and relative brain size and

cites squirrel monkeys and

some bats as having the most

impressive brain-to-body-

weight ratio (5 percent) of all

mammals, including humans.

Birds also provide a

useful perspective on brain

size. The common raven,

which is the largest

passerine (perching) bird

and reputedly one of the

most intelligent, has a brain

volume of 17 cc. The

golden-crowned kinglet,

weighing in at about

5 grams, is probably the

smallest passerine. The

volume of its brain is only

0.34 cc (one-fiftieth that of

the raven's). Relatively

speaking, however, the

golden-crowned kinglet's

brain is huge: 6.8 percent (as

compared with the raven's

1.3 percent) ofbody mass.

In general, the larger the

brain, the more

information-processing

potential it has. But I

speculate that being a

passerine bird—perhaps like

being a primate—requires a

certain minimum amount of

information-processing

capacity, regardless ofbody

size: hence the kinglet's

relatively large brain.

Incidentally, just because

a bird is large doesn't mean

ECOLOGY

Kings (and Queens) ofthe Flooded
rOreSt The aquatic lowlands of the Amazon are home to

a rebounding population of black caiman. Scientists explore

the small, remote "nursery" lakes of Brazil's Mamiraua

Reserve, where these top predators nest.

GENETICS

Asthma and the Genome The search for this

common affliction':- controlling gene is turning up

multifarious possibilities.

it has a big brain, even in

absolute terms. A Rhode
Island red has a pea-sized

brain of only 3.1 cc (0.11

percent ofbody mass), even

though it weighs twice as

much as a raven.

Bemd Heimich

Burlington, Vermont

The Future of Vultures

I enjoyed "Cultureless

Vultures," by Richard

Milner (12/99-1/00).

However, it is probably not

possible for a species that

learns, shares, and transmits

information to be without

culture. The condors wiU

succeed to the extent their

new culture allows. We'U

just have to see what they

teach their offspring.

While we can't have

cultureless vultures, it is

possible to have vultureless

cultures. My thanks to those

taking steps to prevent such

an outcome.

Kent Hanson

Everett, Washington

Pre-Adamite Pooh-Bah

As 1 read Stephen Jay

Gould's "Pre-Adamite in a

NutsheU" (11/99), Hooked

forward to what I thought www.naturalhistory.com.

would be his inevitable

allusion to Gilbert and

SuUivan's Mikado. I was

disappointed to fmd that

Gould had not somehow

worked in the lines in

which Pooh-Bah declares,

"I am, in point of fact, a

particularly haughty and

exclusive person, of pre-

Adamite ancestral descent.

You wUl understand this

when I tell you that I can

trace my ancestry back to a

protoplasmal primordial

atomic globule."

Darel Roberts

via e-mail

Duchamp's Deckchairs

Even after reading "Boats &
Deckchairs," by Stephen Jay

Gould and Rhonda Roland

Shearer (12/99-1/00), I

must admit that I would not

have recognized the three

objects in Marcel

Duchamp's painting as

rowboats if they hadn't been

so labeled. And although I

am usually good at seeing

what is in an ambiguous

image, try as I might, I

couldn't see deckchairs in

the picture from any

perspective.

Do I lack the imagination

to foUow where Duchamp,

Gould, and Shearer lead, or

are Gould and Shearer

defining "plausible" more

broadly than I would?

Harold Bailey

North Bend, Oregon

Natural History's e-mail

address is nhmag@anmh.org.

Visit our Web site at



With so much to discover on and below the ground

under the sea ... and in outer space . .

.

(to say nothing of millions of years of history) . .

.

Shouldn't you be
seeing EVERY ISSUE ofmm

From animals (feathered, finned and furred) to plants

and minerals: all. including mankind itself, make
regular appearances in our gloriously full-color pages.

Subscribe now to Natural History and receive 10

absorbing, illuminating issues for just $25 — a

savings of 37% off the regular newsstand price.

Nowhere will you experience the splendid variety and

scope of the natural world as you do in the photo

essays, articles, special features and columns that

make Natural History unique.

In each issue you'll probe behind the science headlines

in your daily paper ... meet the people who expand the

frontiers of science ... encounter animals and plants

you never knew existed ... travel into outer space and

back ... enable yourself to make informed judgements

about critical ecological issues ... learn why human
societies behave as they do.

The world is a remarkable place and nowhere does that

come to Hfe more vividly as in the pages of this maga-

zine.

Phone 1-800-234-5252.

Outside of U.S. please add $10 for postage and call (51."^) 247-76.'' 1 for customer service. UseKe\:M205\



A Maril! L^^ich

sponsored exhibition,

"Leonardo's Codex

Leicester: A
Masterpiece of

Science, " offei'ed visitors

an in-depth view ofthe

scientific thinking of
one ofthe greatest

geniuses in the history

ofthe Western world.

For ten years,

Merrill Lynch and the

American Museum

of Natural History

have worked together

to create a successful

partnership built on a

mutual belief in the

importance of science

and education, both

today and in the next

millennium.

SPECIAL ADVERTISING SECTION

For well over a century, the American Museum ofNatural

History has been a leader among the world's science,

research, and educational institutions. Since its founding

in 1869, it has dedicated itself to the compelling quest to

understand the natural world and man's place in it. The

Museum's innovative and interactive presentations educate

about four miUion visitors each year on-site, and over 30

million visitors on-line.

To continue its 130-year tradition of excellence in scientific

research, unparalleled exhibitions and innovative educational

programs, the Museum relies on support from the corporate

community.

THE COMMITMENT
Over the past ten years, Merrill Lynch, one of the world's

leading financial management and advisory companies, has

been an important supporter of the American Museum of

Natural History. Like the Museum, Merrill Lynch has been

devoted to community service and leadership in education

through its participation in educational initiatives, such as its

ScholarshipBuilder program. On a global scale, all of the

company's philanthropic eflforts flow from a fijndamental belief

that people from all walks of life can become self-sufficient,

fijlfiU their dreams, and realize their goals when offered access,

tools, and knowledge.

In 1996, Merrill Lynch was the principal sponsor of the

acclaimed "Leonardo's Codex Leicester: A Masterpiece of

A Partnership in Motion

) Merrill Lynch

-^^K
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SPECIAL ADVERTISING SECTION

Science, on view at ilic Mnscuni hcun October 26, 1996 through

l.muaiy 1, 1997. This exhibition ot a rare manuscript by Leonardo

til Vinci offered an in-depth view of the scientific thinking ofone of

ihe greatest geniuses in tiie history ol the Western world. The Ckidex

Leicester, written between 1506 and 1510, opens a window into the

mind ol the awe-inspiring Renai.ssance artist, .scientist, and thinker

while illuminating both the scientific and creative process. This

enlightening exhibition included an innovative demonstration

room, lectures, and children's workshops.

An additional gr^uit trom the Merrill Lynch Foundation in support

ol education programs to complement the exhibition allowed over

6,000 children Irom New York City public schools (grades 6-12) to

attend the exhibition widi a guide and to participate in speciJ pre-and

post-viewing programs.

The trctrtendous success of this partnership has led to an

enduring relationship between the Museum and Merrill Lynch, and

in 1996 Chairman and Chief Executive Officer David Komansky

joined the Board ofTrustees ol the Museum.

"The American Museum ol Natural History has been a source of

inspiration, fun, and knowledge

throughout my life," says Komansky.

"I'm pleased that, as a trustee of the

Museum, I'm able to support the vital

role this institution plays—not only in

the metropolitan area, but wherever

knowledge is highly valued."

IT

THE MOVEABLE MUSEUM
In July 1 997, Merrill Lynch made a

$1 million, three-year gift targeted to the Museum's educational

outreach programs. As part of the gift, Merrill Lynch

purchased and outfitted a new "Moveable Museum," a

recreational vehicle converted into a mobile

exhibition space. The Moveable Museum now

travels to schools, community centers, parks,

street fairs and other neighborhood

organizations throughout the five boroughs of

New York City.

The Merrill Lynch vehicle features an

exhibition called "Structures and Culture,

"

which invites visitors to explore the

traditional homes of nomadic people in

Africa, Asia, the Middle East and North

America and to discover what architecture

and artifacts tell us about each culture.

"With our new 'Structures and

Culture' Moveable Museum, we can

bring thousands of school kids on a

virtual, round-the-world expedition of

cultural discovery, " says Jeff Rodgers,

Director of the Moveable Museum

Program. "Merrill Lynch helped us

create a new way for kids to learn about

their world without ever leaving their

neighborhood."

"I'm especially proud that Merrill Lynch

will be honored for helping the Museum

fulfill its growing mission. The truth is,

it's very easy to support an institution that

appeals to all people and is characterized by

excellence at every turn."

David Komansky

/;; ihe Merrill Lyih/j Moveable Museum, ayoung visitor leaves New York Cityfor

a moment and explores Montana, home ofthe Black Feet Indians.

MUSEUM EDUCATION AND
EMPLOYMENT PROGRAM

In addition to supporting exhibitions both within and beyond the

Museum's walls, Merrill Lynch allocated a portion of its three-year

grant to the Museum Education and Employment Program (meep),

to demonstrate its support of the Museum's "human " resources. The

MEEP program offers meaningful work

experience to 60 young adults in New
York Ciry. These students complete a

rigorous training program that

prepares them to serve for six weeks as

Museum guides, thereby enriching the

Museum experience for the thousands

of children who visit it each summer.

As Rosa Almonte, MEEP Program

Supervisor, described so well, "This

year's program was so rich. Not only did I learn earth science in the

Hall of Planet Earth, but I also

learned about myselfby interacting

with such a diverse group of

people."

THE PARTNERSHIP
In 2000, the American Museum

of Natural History will honor

David Komansky and Merrill

Lynch for their generous support

of the institution and of science

and education in general. "David

Komansky and Merrill Lynch

have been generous both with the

Museum and the entire New York

Cit)' communit)'. David is a

valued trustee and member of the

business communitv and we look

fonvard to acknowledging his and

Merrill Lynch's tremendous

support and vision as we enter the new millennium," savs Ellen V.

Putter, President of the American Museum of Natural Histor\-.

For information on the many programs that the American

Museum of Natural History ofiFers, please call 212-769-5100.

During the summer, MEEPprogi-ivn

supervisors Rosa Almonte and Mario
Rivnirez show campers different

Afj'icd}! objects on the touch cart in

the Hall of African Peoples.
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Allan Sandage ("Twinkle Twinkle," page 64) has made lasting

contributions to two of the defining pursuits of twentieth-century

astronomy. During his student days at the California Institute of

Technology', his talents in determining the parallaxes and motions of

stars brought him to the attention ofEdwin Hubble. When Hubble

died, in 1953, Sandage inherited the great astronomer's long-term

project to find Hubble 's constant, a number astronomers would later

use to determine the age of the universe (which Sandage now
estimates to be about 15 billion years). Yet Sandage has never wavered

from his first love, the stars. He codiscovered quasars and has gone a

long way toward fulfilHng his dream of learning "everything about

everything"—at least in the realm of astronomy.

Henry S. F. Cooper Jr. ("Sphere of Influence," page 50) remembers sitting in a cavity inside a gigantic meteorite when

he visited the Hayden Planetarium in 1937. He was four years old. At fourteen, he reviewed Jules Verne's From the Earth

to the Moou for his high school newspaper. Ten years later, after he had graduated from Yale, this same book inspired his

first piece as a staff writer for the New Yorker, on the transformation of science fiction into science fact. The exploration

of space remains a fascination of Cooper's; he has pubKshed eight books on the subject, including Thirteen: Tlie Apollo

FUght Jliat Failed (Johns Hopkins University Press, 1995) and Tlie Evening Star: Venus Observed (Farrar, Straus and

Giroux, 1993).

Since January 1996, R. Paul Butler ("Prospecting for Planets," page 67), an

astrophysicist at Carnegie Institution of Washington's Department of Terrestrial

Magnetism, has detected—^working with fellow planet-hunter Geoffrey Marcy—more

than two-thirds of the twenty-eight known planets outside our Solar System. So

efficient is the technique he's helped perfect—deducing the presence of a planet from

the gravitational wobble of its parent star—that Butler himself sometimes struggles to

remember the official tally of the planets. In early November, after a two-night

observation run on one of the 10-meter Keck telescopes on Mauna Kea in Hawaii,

Butler e-mailed Natural History, "When I wrote this piece, there were 22 extrasolar

planets, but I used the number 25 so it wouldn't be out of date by February. Strangely,

we just discovered 6 more, so the number now stands at 28."li 11
Before becoming director of special projects at the Hayden Planetarium, James S. Sweitzer ("Theater of the Stars,"

page 60) was assistant director of Chicago's Adler Planetarium. Already enthralled with electronic devices in his

childhood, Sweitzer built an electrostatic generator. He worked his way through his undergraduate years at the

University of Notre Dame as a nuclear physics technician on particle accelerators. For five years, Sweitzer was assistant

director of the Center for Astrophysical Research in Antarctica, overseeing the building of an observatory telescope to

detect radiation from the big bang. "Building the Rose Center," he says, "is just a continuation ofworking on science

projects, only on the largest scale and involving a simulation of the entire universe."

Michael Shara ("Cannibals of the Cosmos," page 70) is curator-in-charge of the

JVluseum's Department of Astrophysics. As an undergraduate at the University of

Toronto, Shara read an illustrated article explaining that a head-on collision between

two Sun-like stars could lead to either a gentle merging or a catastrophic destruction

ofboth stars, depending on the impact speed. "That a computer could produce such

breathtaking sin mkted pictures of an event no human has ever witnessed seemed

magical to me," he says. "I was determined to advance that field of research." After

earning a Ph.D. in 1978 from Tel Aviv University, he went to work at the Space

Telescope Science Institute, eventually leading the committees that allocate observing

time on the Hubble Space Telescope. He regrets having too Htde time for scuba

diving and squash.



1 54 Years
Of Precision

Twenty-three years before

the founding of the American

IVluseum of Natural History

in 1869, Carl Zeiss began

producing microscopes

at his precision workshop

in Jena, Germany.

Today, the Carl Zeiss company

is the world leader in precision

optics and technology. Whether

you are a neurosurgeon

using the latest Zeiss surgical

microscope, a biomedical

researcher using an advanced

Zeiss confocal laser microscope,

a quality control engineer

working with a high-precision

Zeiss coordinate measuring

machine, a viewer of a sky show

at a Zeiss planetarium, or enjoying

nature, the theater or a sports

event with the help of famous

Zeiss binoculars, you have

the pride that comes from

using the best.

It's a standard we intend

to keep for another 154 years.

Carl Zeiss, Inc.

One Zeiss Drive

Thornwood, NY 10594

914.747.1800

www.zeiss.com ZEISS
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At the Harvard-Smithsonian Center for Astrophysics, Margaret J.

Geller ("The Big Picture," page 74) has worked since the early

1 98Us with colleagues and students to map the universe and

understand its structure. She became a MacArthur Fellow in 1990

and has also received awards for her work in physics and

astronomy. As a child, Geller was the family navigator during

vacations, never dreaming she would "one day make maps on

such a grand scale." Combining her interests in astronomy and the

visual arts, she has made two documentary films

—

Wlxere the

Galaxies Are and So Many Galaxies . . . So Little Time—and is at

work on another one, about Cecilia Payne-Gaposchkin, the

woman who discovered that stars are made of hydrogen.

Mordecai-Mark Mac Low ("The Virtual Universe," page 88) grew up in the South Bronx and first visited the Hayden

Planetarium as a child. He now is a member of the Museum's newly founded Department of Astrophysics and, for his

research, uses the supercomputers at the Hayden Planetarium. After completing his doctorate in physics at the

University of Colorado at Boulder, he held postdoctoral fellowships at the NASA Ames Research Center (near San

Francisco) and the University of Chicago. He then moved to Heidelberg, Germany, to the Max-Planck-Institut flir

Astronomie. "Having Hved in every time zone in the lower forty-eight, and having Hved in Europe as well," he says, "I

admit to being quite surprised and pleased to find myselfback in my hometown."

In 1979 Alan H. Guth ("Genesis: The Sequel," page 77) worked out

the equations for what he would come to call the inflationary era of

the universe. This concept has thoroughly revolutionized cosmology

over the past two decades, by answering many ot the questions about

the origins of the universe that the standard big bang theory couldn't.

Guth's primary interest was originally particle physics, but after almost

serendipitously hearing talks about the early universe by Robert

Dicke and Steven Weinberg, he reahzed that in the extreme high-

energy conditions of the big bang, cosmology and particle physics

were essentially one and the same. Guth, a professor at MIT, tells the

story in Tlie Inflationary Universe: The Questfor a New Tlieory of Cosmic

Origins (Perseus Books, 1998).

Except for two brief periods, David J. Helfand ("Seeing the Whole Symphony," page 84) has been at Columbia

University and its Astrophysics Laboratoiy for his entire career. "Unlike most astronomers," says Helfand, who earned his

M.S. in physics and his Ph.D. in astronomy at the University of Massachusetts, "I did not have a telescope when I was

nine years old and indeed was a theater major at Amherst College. Whereas I was statistically unlikely to work regularly as

an actor, I discovered I could give ninety-minute monologues to customers willing to pay very high prices for seats in an

astronomy class." Helfand has now found a considerably bigger theater of operations: his team's current cosmic survey of

radio waves will provide precise information about the geometry of the universe.

Brian Greene ("The Heart of Matter," page 80), a professor ofboth physics and mathematics

at Columbia University, has been working on superstring theory for more than a decade.

Greene's research focuses on the new features of space and time that emerge from unifying the

laws of physics. He is the codiscoverer of mirror symmetry (the recognition that distinct

geometrical forms of space can yield physically identical universes) and of smooth topology

change (which shows that the fabric of space can not only stretch but also tear). Greene

"enjoys finding entertaining ways to communicate cutting-edge physics to those without

technical training." His book on the subject

—

Tlie Elegant Universe: Superstrings, Hidden

Dimensions, and the Questfor the Ultimate Tlicory (WW Norton, 1999)—explains to the

layperson the behavior of the universe on both cosmological and subatomic scales.
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A new light on our horizon.

Con Edison congratulates the

American Museum of Natural History

as the Rose Center for Earth and Space

opens its doors to the minds and

imaginations of the next generation.
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A Show ofPlanets
By Joe Rao

Mercury appears as a rather

conspicuous evening "star" for the first

three weeks of February, shining at

magnitude -1 to 0. By February 6, it

sets about an hour and fifteen minutes

after sunset. On that same evening, you

will find it just 2.5° to the right of and

shghdy above a very thin crescent

Moon. JVlercury's greatest elongation

(or maximum angular distance irom

the Sun) comes on February 14, when

and the Sun (inferior conjunction) on

March 1 . Mercury has an undeserved

reputation for being hard to see: you

just have to look in the right place at

the right time. In short, this is a good

month to join the small number of

people who have laid eyes on the

innermost planet.

Venus becomes visible as the night

nears an end. It is still brilliant

Saturn and Jupiter on the evening of February 10

the planet is positioned only 18° away

from the Sun in the twUight sky but

will appear almost directly above it as

both descend in the west. The Sun

keeps a tight rein on Mercury this

month because the planet's greatest

elongation falls on the day before its

periheHon, when it is physically closest

to the Sun. This circumstance offers a

very favorable opportunity to see

Mercury. Later in the month, as its

crescent rapidly thins, the planet

plunges back into the Sun's glare and

quickly fades. It passes between Earth

(magnitude -4) in the morning sky,

although it is not as high or as

prominent as it has been in recent

months. At the beginning of the

month it rises with the first Hght of

dawn 90 minutes or so before the Sun

and is still very low in the sovitheast as

dawn grows bright. It sinks lower and

lower as the month wears on, and by

month's end it is rising only an hour

before the Sun. A waning crescent

Moon will be about 2° above and

slightly to the right ofVenus on the

morning of February 2.

Mars now appears as a moderately

bright yellowish-orange star of

magnitude +1.2. It sits low in the

southwest sky at dusk and sets at about

8:30 P.M. local time all through the

month.The waxing crescent Moon
passes about 5° to the left ofMars at *

dusk on February 8.

Jupiter, in the constellation Aries, is

below and to the right of Saturn

during the early evening hours.The

king of the planets shines brilUantly at

magnitude -2.3 and appears nearly a

dozen times brighter than Saturn.

These two giant planets slowly edge

closer together all month: 12° separate

them on the 1st, 10° on the 28th.A fat

crescent Moon will pass about 5°

below and to the left ofJupiter during

the late evening hours of February 10.

Saturn shines at magnitude +0.3 and

is also found in Aries. It remains about

18° southwest of the Pleiades and well

to the northeast ofJupiter and is visible

until about midnight.A telescope will

reveal its beautiful ring system, now
tilted some 21° to our line of sight,

with the south face visible.The Moon
will He about 4° to the left of and

slightly below Saturn late on the

evening of February 1 1

.

The Moon is at new phase on

February 5 at 8:03 A.M. First quarter

occurs on February 12 at 6:21 P.M., fuU

Moon on February 19 at 11:26 a.m.,

and last quarter on February 26 at

10:53 P.M.

Unless otherwise noted, all times

are given in Eastern Standard Time.

Joe Rao is a lecturer at the American

Museum—Hayden Planetarium.
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Recipe for a Universe
Mathematical

laws drive not

only the

niicroworld of

atoms—and

the forces

linking them

together—but

the whole

fabric of the

cosmos.

REVIEW

By Jeremiah P. Ostriker

Cosmology is a subject that no

culture has done without. For

most of Western history, plac-

ing the observable world in the con-

text of time and space has been a spec-

ulative, philosophical endeavor—not a

field of quantitative reasoning.

When I received my Ph.D. in as-

trophysics in 1 964, some aspects of the

subject had entered the modern era,

but the flavor of speculative ideology

was still strong. At that time, galaxies

essentially defined the objects to be

observed, and the properties to be dis-

cussed were their number, their appar-

ent brightness, their

distance from us, and

the velocity at which

they were speeding

away. Such information

was combined and ma-

nipulated to answer two questions

raised by Einstein's general theory of

relativity: What is the age of the uni-

verse (follo\\'ing the big bang)? Will

the universe expand forever, or will it

stop expanding, reverse course, and

recollapse?

Just Six Numbers: The
Deep Forces That Shape
the Universe, (>)• Martin

Rccs. Bask Books/Persetis; S21;

304 pp.

Since that time, our knowledge has

grown enormously, as has the com-

plexity of the questions.The features of

big bang cosmology have been so well

confirmed, both by the distribution ot

the Hght chemical elements cooked up

in that early furnace and by direct

measurements of cosmic background

radiation, that the majority ot cosmol-

ogists have no doubt about the basic

accuracy of the model.

But now we recognize that the

galaxies are not eternal and unchanging

and that to use them in empirical stud-

ies, we need to understand their forma-

tion and evolution. We
also know that ten

times more dark matter

of a mysterious nature

exists than does normal

nratter. which is detect-

able by the radiation it emits or absorbs.

What we know as normal matter (on

the basis of measured gravitational

forces) accounts for perhaps only 10

percent of what's out there.

Martin Rees, England's astronomer

royal, addresses these questions at the

level of fundamental physics. Starting

with Earth, other Solar System planets,

and nearby stars, he carries us through

our galaxy and out into the cosmos on

its grandest scale. Although this is a

brief clear, wise, and witty book, it is

challenging to read. Translating the fun-

damental laws ot physics into accessible

language, Rees explains why the chem-

istry necessary for life is possible; why
nuclear-powered stars can exist in equi-

librium; why structure developed at all

(as opposed to the universe's evolving in

a featureless void); and W'hy there may

exist a repulsive force (unlike gravity',

which makes all matter attract all other

matter) that causes the universe to ex-

pand at an ever accelerating rate. Rees

does not directly address the so-called

anthropic principle—that the universe

had to be just so to allow complex life

to form—but leaves it for the reader to

discover (or rediscover) unaided.

The stoiy is presented in terms of

dimensionless numbers (those whose

values are independent of the units

used). One of these is pi, familiar to us

all as the ratio of the circumterence ot a

circle to its diameter. Another is

e/GMg'—the ratio of the electrostatic

forces pushing apart r\vo electrons to

the gravitational forces pulling them to-

gether—one of the famous "bia; num-

bers" of phvsics, rouglily ten followed

by forrs' zeroes. (Gravit%-, although it

dominates at cosmic scales, is extraordi-

narily weak compared \vith atomic

forces.) Rees shows, without using any

mathematics, how such numbers deter-

mine the structure ot our universe.

It is all here, with the tale told—for

once—by someone who understands

the stor\'.

Jcmiiiali P. Ostrikei; a professor of astro-

physics and proi'ost at Princeton University,

is a trustee of the American Miiseiini of

Xatiiral History.
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EXCERPT

One Universe: At Home in the Cosmos, by Neil de Grasse

Tyson, Charles Liu, and Robert Irion (Joseph Henry Press,

2000; $40; 217 pp.; illus.)

^^^^^^^^^^^^^HirikflHiiyt-iffi»'' : . . .,T^"r^^k

A Mars-size impactor smacks .'m'JC.'v'*^ -v^

\^ii^
INh '

'-

'

the embryonic Earth, heating '^j^Sii^^K^WS
and deforming both bodies ^H^E^•^^w
and spewing ejecta into space. ^^HBhw

The Moon's Violent Birth

About 4.5 billion years ago, somewhere between the

>.^^Httk present orbits of Earth and Mars, a planet about the

....k^ai^^:. ti^^KSSSm size of Mars probably struck the embryonic Earth in a

collision that ultimately created Earth's only satellite.

Known as the giant impact theory, this scenario largely

^^^H^^^^fe?,^'^v^0 accounts for the particular chemical composition of

^^^PPW^&^^p both bodies, explaining, for instance, why the Moon has

The impactor * "'^-^SiS^^^ only a tiny metallic core and Earth has a considerable

rebounds and hits one. It also accounts for the amount of angular
Earth again. Its metallic core gets

incorporated into Earth's core.
momentum in the Earth-Moon system. (Angular

momentum is the measure of motion of objects in

curved paths. In this case, it means the spin of each

^r^^a**^
body plus the orbital motion of the Moon around

./d^^H^ Earth.) As shown here, the young Earth was probably
j^' -j^^~ *''"^dPjjtojEJBi

almost completely molten during this process.

An orbiting ring of ^^P^ ^ j^^^.
very hot ejecta, very little jflHRBH^^
of it metallic, eventually cools and

condenses into discrete particles.

™*«,E^^"^ „a.

^^^HBS|B^H^9Q^V •

As particles accrete, ^^RBB^^
.^^^^^^^^^^^^HHB ' they sweep up the
v^^^^^^^^^^kITTT

disk of ejecta. Within about ten

:^^^^^K'-'.' years, the largest body sweeps

I^^^^K .

up the remaining debris to become our Moon.

'wKB/Km
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BOOKSHELF

Cardano's Cosmos: The Worlds and

Works of a Renaissance Astrologer,

by Aiitlwiiy Graftcu (Hanwd University

Press, 2000; $35; 284 pp.; illns.)

In this eloquent study of a sixteenth-cen-

tury astrologer who combined mathemat-

ics, astronomy, and medicme in counsehng

people at every level of society, Princeton

University historian Grafton offers readers

both a "microscopic investigation of an in-

dividual's mind and a wide-angled survey

of the millennial intellectual traditions

which nourished it."

Captured by Aliens: The Search for

Life and Truth in a Very Large Uni-

verse, byJoel Achenbach (Simon and Scluis-

ter, 1999; $25; 415 pp.; illns.)

In his lively saga of the search for hard evi-

dence of extraterrestrial life, Washington

Post staff writer Achenbach has inter-

viewed such disparate characters as the late

Carl Sagan, NASA chief Dan Goldin, and

lounge singer Henry Harris. Reporting on

both way-out theories and scientific dis-

coveries, the author remains funny, fair-

minded, and firmly planted on Earth.

Here Be Dragons: The Scientific

Quest for Extraterrestrial Life, by

Dai'id I'V Koerner and Simon Lclay (O.xford

University Press, 2000; $27.50; 256pp.)

'

The authors—a planetary scientist and a

neuroanatomist—describe the exciting,

provocative work ot such scientists as

NASA Ames Research Center's Chris

McKay, who is investigating cold, dry en-

vironments that might offer clues to hfe

in the cosmos, and Carnegie Mellon Uni-

versity's Hans Moravec, a "roboticist, fu-

turologist, and general out-of-the-box

thinker." Whoever predicted the end of

science was dead wrong.

Journey Beyond Selene: Remarkable
Expeditions Past Our Moon and to

the Ends of the Solar System, by Jef-

frey Kluger (Simon and Schuster, 1999; $26;

'315
pp.)

NASA's Jet Propulsion Laboratory (JPL),

the leading U.S. center for the unmanned

exploration of space, is the setting for tales

of scientists' adventures with technology.

Time magazine writer Kluger, in the

course of chronichng JPL's milestones, be-

came convinced that sooner or later we
were going to find Hfe out there.

Pristine & Private Isiand Getaway

% y _^ -W

LITTLE
ST. SIMONS

ISLAND

The Lodge on Little St. Simons Island
Exclusive 10,000-acre Georgia island paradise, 7-mile shell-strewn

undeveloped beach, recreational activities, gourmet regional cuisine and

gracious accommodations await just 30 guests. Birding, boating, hiking,

bicycling, canoeing, horseback riding and interpretive programs offer

unique ways to explore this coastal wilderness. All-inclusive rates are

$325 -S900 per night. Or, enjoy the Island exclusively from $4,400.

888-733-5774 • 912-638-7472 • www.LittleStSimonslsland.com

I The Invisible Universe, by David M
! (Bnlfinch Press /Little, Brown, 1999; $60,

I
pp.;illus.) ^

The Runaway Universe: The Race to

Find the Future of the Cosmos, by

Donald Goldsmith (Perseus/Helix, 2000;

$25;256pp.;illus.)

Amid the avalanche of late-twentieth-cen-

tury discoveries in astronomy and astro-

physics. Goldsmith traces the key steps that

led to the vindication ofEinstein's nonzero

"cosmological constant" and the further

recognition that the universe appears to be

expanding at an accelerating pace.

The Search for Life on Mars, by Mal-

colm Walter (Perseus /Helix, 1999; $25; 170

pp.; illns.)

The more we investigate Earth's earUest

Ufe forms, the more we recogmze the sim-

ilarities between our planet and Mars.

Walter, an AustraHan paleobiologist, astro-

biologist, and longtime NASA adviser, sur-

veys the strategies and possible results of

fliture explorations of the red planet.

The Sky Is Not the Limit: Adven-

tures of an Urban Astrophysicist, by

Nell de Grasse Tyson (Donbleday 2000;

$23.95; 194 pp)
A visit to New York's Hayden Planetar-

ium gave an African American youngster

from the Bronx the idea of being an as-

trophysicist when he grew up. So he be-

came one—and, at thirty-eight, the

youngest-ever director of that same

planetarium.

The books mentioned in "Natural Selec-

tions" are usually available from the Mu-
seum Shop of the American Museum of

Natural History, (212) 769-5150.
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By Robert Anderson

Astrobiology
Water has been found in tlic soils ot

the polar craters of the Moon. One of

the missions of tiie tailed Mars Polar

Lauder was to look tor sii^ns ot frozen

water in the soil of the red planet. In-

vestigating the watery, methane-rich

atmosphere of Saturn's moon Titan

and the suspected lit^uid ocean beneath

the icy surface of Jupiter's moon Eu-

ropa is a major goal tor future explo-

ration. Wiiter being one of the prereq-

uisites tor lite, these efforts are part ot a

larger astrobiological NASA mission to

probe the origin and distribution of

lite in the universe.

A rather broad discipline, astrobiol-

ogy is barely five years old, yet it has

become the umbrella under which a

great deal ot space science is con-

diktCLl. In gel ,ni kle.i ol how iiiucli is

encompassed by this branch of science,

visit the Astrobiology Web (wwvv2

.astrobiology.com/astro). In addition to

posting the latest research news from

the field, the site has an impressive list-

ing of astrobiolog^'-related articles and

Web pages; subjects range from the first

animals to leave Earth (canine cosmo-

naut Laika and primate cosmonaut

Ham) to terrafonnation (the engineer-

ing of planetary environments)

Life in Extreme Environments, for

example, profiles a number of interesfing

(and tenacious) organisms that could

conceivably move between planetary

systems on space voyages of a million

years or more. I was intrigued by the su-

perbacterium Dciiiococais radioitiiraiis (in

the Radiation Tolerance section), dis-

covered in a can of beef that went bad

despite sterilizing radiation. It can appar-

ently survive a radiation dose of 1 .5 mil-

lion rads (about 3,000 times the level

needed to kill most organisms—firom

microbes to humans; .md has a knack for

rapidly repairing its DNA. Another bug,

Slrcptococcus mills (in the Life at Varied

Pressures section), supposedly survived

for almost three years on the Moon
aboard Siirucyor 3 in the late 196()s.

A related and perhaps broader sub-

ject is astrochemistry, the study of the

chemical reactions that lead to the evo-

lution of life. How do inorganic mole-

cules assemble to start life? And how
easily does it happen? See NASA's as-

trobiology site (astrobiology.arc.nasa

.gov/indcx.cfm) for an overview of

current research—from microbial mats

to the complex organic molecules that

form on comets. In the near future, this

site will also have a section called Astro-

biology for Kids, which will answer

questions about how common life is

among the stars and how rare Earth-

hke planets reaUy are.

Robert Anderson is a freelance science \iriter

based in Los Angeles.
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Tliirty years ago, pcopk- were w.ilkiiii; on the moon.

Back then, everyone .issiimed tliat Neil Armstrong's

"one sni.ill step" w.is tlie first on a great journey that

woidd soon take us to Mars and the sateHites ofJupiter and

Saturn. We had grand dreams of discovering other worlds,

landing with our spaceships and tramping proudly over the

ground. None of that happened. Instead, the emphasis

shitted to unmanned vehicles, because they were able to go

farther and see more than

people could. And so we

sat in front of our televi-

sions watching Slar Tirh,

trial life might flourish. Even as far away as Pluto, plants

could be warm and cozy in greenhouses that had big mir-

rors around them to collect sunlight. (The same plants that

make use of biotechnolog)' to make the greenhouses could

produce the mirrors as well.) Life, once it has made the big

jump away from Earth, could adapt itself to take root almost

anywhere, since its necessary ingredients—sunlight, a supply

of common chemicals, and water—are found in abundance

The Stuff of Dreams
wnile our marvelous m-
struments m space—the

Hubble Space Telescope

and the I i)y(!(,'tT and Galileo

spacecraft—did the job of

exploring tor us. In this

manner, the dreams ot the

[96t)s died and, with them,

our vision of why we had

wanted to explore space in

the first place.

Human nature has of-

ten led us along this path

of boom and bust. We
dream great dreams, invest

in great engineering pro-

jects—enormous dams and

nuclear power stations- ^^^j^ ^ l^j-^l^ j^^l ^-^.^^^^ technolo^v, humankind should
and then let them die. But 1111 i-i-i
each of these cycles leaves somcday DC able to generate biological systems on worlds with
behind something of per- nO life of their OWn.
manent value—a residue

ot knowledge, a new science or industry, a stepping-stone

toward the dreams of the next generation.

Sooner or later, there will be new dreams ot the explo-

ration ot the universe by humans. FultiUing these dreams

will require new and drastically cheaper technologies, based

on biology rather than on massive engineering.We will need

inexpensive ways of traveling to new worlds and staying alive

once we are there. Bioengineering and biotechnolog\' will

allow us to grow new species of plants, microbes, and ani-

mals adapted to living in harsh environments. The trick \\'ill

be to breed plants that generate their own greenhouses to

sustain warmth, moisture, and air. This kind of ecosystem

could be created on Mars, Saturn, and places even farther

trom the Sun.

Such dreams make sense only tor worlds with no lite of

their own. If we find Hte on Mars, tor example, we should

leave the planet alone and move on to some of the billions of

lifeless worlds where, with a little help tronr humans, terres-

By Freeman J. Dyson

throughout the universe. We will have to tread lightly.

though, just as we must do on Earth, if \\e are not to destroy

the newly created ecosystems.

We are a restless species. After another century or t\\'o.

when Hfe and human settlements have spread widely in

space, we wiU dream again of giant engineering projects.

Technologies based on resources drawn from all over the

Solar System will make interstellar trips atiordable. The
dream ot spreading life as we know it throughout the Galax\-

might come true—unless, as the poet Robinson Jetiers

\\arned. the day comes "when the earth \\'ill scratch herselt

and smile and rub oif humanity."That future is also possible,

if we behave tbolishly.The choice is ours.

Freeman /. Dyson is professor eincritiis in the School of Xatural Sci-

ences at the Institute for Advanced Study in Princeton, Neu'Jersey.

His latest book is The Sun. the Genome, and the Internet;Tools

of Scientific Revolutions (Oxford University Press, 1999).
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What does the dreaded ''E'

A reverie for the

opening ofthe

new Hayden
Planetarium

By Stephen Jay Gould

Evolution posed no terrors in

the liberal constituency of

New York City when I studied

biology at Jamaica High School in

1956. But our textbooks didn't utter

the word either—a legacy of the

statutes that had brought William Jen-

nings Bryan and Clarence Darrow to

legal blows at Tennessee's trial ofJohn

Scopes in 1925. The subject remained

doubly hidden within my textbook

—

covered only in chapter 63 (of 66) and

described in euphemism as "the hy-

pothesis of racial development."

The antievolution laws of the

Scopes era, passed during the early

1920s in several southern and border

states, remained on the books until

1968, when the Supreme Court de-

clared them unconstitutional. The

laws were never strictly enforced, but

their existence cast a paU over Ameri-

can education, as textbook publishers

capitulated to produce "least common
denominator" versions acceptable in

all states—so schoolkids in New York

got short shrift because the statutes of

some distant states had labeled evolu-

tion dangerous and unteachable.

Ironically, at the very end of this

millennium (I am writing this essay in

late November 1999), demotions,

warnings, and anathemas have again

come into vogue in several regions ot

our nation. The Kansas school board

has reduced evolution, the central and

unifying concept of the lite sciences,

to an optional subject within the

state's biology curriculum—an educa-

tional ruling akin to stating that Eng-

lish will still be taught but that gram-

mar may henceforth be regarded as a

peripheral frill, permitted but not

mandated as a classroom subject. Two

states now require that warning labels

be pasted (literally) into all biology

textbooks, alerting students that they

might wish to consider alternatives to

evolution (although no other well-

documented scientific concept evokes

similar caution). Finally, at least two

states have retained all their Darwin-

ian material in official pamphlets and



word meaUy anyway:P
cinrKuLi but li,i\c ivpl.ucd the

dreaded "c" word witli .1 circLinilocu-

tion, thus reviving tlic old strategy of

my high school text.

As our fight for good (and politi-

cally untrainnieled) public education

in science must include our forceflil

defense of a key word—for inquisitors

have always understood that an idea

can be extinguished most effectively by

suppressing all memory of a defining

word or an inspirational person—we
might consider an interesting historical

irony that, properly elucidated, might

even aid us in our batde. We must not

compromise our showcasing of the "e"

word, for we give up the game before

we start it we grant our opponents

control over basic terms. But we should

also note that Darwin himself never

used the word "evolution" in his

epochal book of 1859. In Oriiiin of

Species, he calls this fiandamental bio-

logical process "descent with modifica-

tion." Darwin, needless to say, did not

shun "evolution" from motives of fear,

conciliation, or political savvy but

rather tor an opposite and principled

reason that can help us appreciate the

depth of the intellectual revolution that

he inspired and some of the reasons

(understandable if indefensible) for the

persistent public unease.

Pre-Darwinian terminology for

evolution—a widely discussed, if un-

orthodox, view ot lite in early nine-

teenth-century biology—generally

used such names as transformation,

transmutation, or the development

hypothesis. In choosing a label for his

own, very different account ot ge-

nealogical change, Darwin would

never have considered "evolution" as a

descriptor, because that vernacular

English word implied a set of conse-

quences contrary to the most distinc-

tive features of his proposed revolu-

tionary mechanism of change.

"Evolution," from the Latin crol-

rciv, literally means "an unrolling"

—

and clearly implies an unfolding in

time of a predictable or prepackaged

sequence in an inherently progressive,

or at least directional, manner (the

"fiddlehead" of a fern unrolls and ex-

pands to bring foith the adult plant

—

a true evolution ot pretormed parts).

The Oxford English Dicrioiuny traces

the word "evolution" to seventeenth-

century English poetry. Here the

word's key meaning—the secjuential

exposure ot prepackaged potential

—

inspired the first recorded usages in

our language. For example, Henry
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More (1614-87), the British philoso-

pher responsible for several of the sev-

enteenth-century citations in the

OED entry, stated in 1664,"! have not

yet evolved all the intanghng supersti-

tions that may be wrapt up."

The few pre-Darwinian English

citations of genealogical change as

"evolution" all employ the word as a

synonym for predictable progress. For

example, in describing Lamarck's the-

ory for British readers (in the second

volume of his Principles of Geology,

1832), Charles LyeU generally uses the

neutral term "transmutation"—except

in one passage, where he wishes to

highlight a claim for progress: "The

testacea of the ocean existed first, until

some of them by gradual evolution

were improved into those inhabiting

the land."

Although the word "evolution"

does not appear in the first edition of

Origin of Species, Darwin does use the

verbal form "evolved," clearly in the

vernacular sense and in an especially

crucial spot: the very last word of the

book! Most students have failed to ap-

preciate the incisive and intended

"gotcha" of these closing Unes, which

have generally been read as a poetic

reverie, a harmless linguistic flourish

essentially devoid of content, however

rich in imageiy In fact, the canny Dar-

win used this maximally effective loca-

tion to make a teUing point about the

absolute glory and comparative impor-

tance of natural history as a calling.

We usually regard planetary phys-

ics as the paragon of rigorous science,

while dismissing natural history as a

Lightweight exercise in duU, descrip-

tive cataloging that any person with

sufficient patience might accomphsh.

But Darwin, in his closing passage,

identified the primaiy phenomenon
of planetary physics as a duU and sim-

ple cycling to nowhere, in sharp con-

trast with life's history, depicted as a

dynamic and upwardly growing tree.

The Earth reiwlues in uninteresting

sameness, but Ufe evolves by unfolding

its potential for ever expanding diver-

sity along admittedly unpredictable,

but wonderfully various, branchings:

Mtilst this planet has gone cycling on

according to the fixed law ofgravity,

from so simple a beginning endlessforms

most beautiful and most wondeful have

been, and are being, evolved.

But Darwin could not have de-

scribed the process regulated by his

mechanism of natural selection as

"evolution" in the vernacular mean-

ing then conveyed by the word. For

the mechanism of natural selection

yields only increasing adaptation to

win, the label "evolution," an ordi-

nary EngUsh word for sequences of

predictable and directional unfolding.

We must then, and obviously, ask how
"evolution" achieved its coup in be-

coming the name for Darwin's pro-

cess—a takeover so complete that the

word has now almost (but not quite,

as we shall soon see) lost its original

English meaning of "unfolding" and

has transmuted (or should we say

"evolved"?) into an effective synonym

for biological change through time.

This interesting shift, despite Dar-

win's avjn reticence, occurred pri-

marily because a great majority of his

contemporaries, while granting the

VVq must forcefully defend the key word
' 'evolution,' ' for inquisitors have always

understood that an idea can be extinguished

by suppressing a defining word.

changing local environments, not pre-

dictable progress in the usual sense of

cosmic or general betterment ex-

pressed as growing complexity, aug-

mented mentality, or whatever. In

Dai"win's causal world, an anatomi-

cally degenerate parasite, reduced to a

formless clump of feeding and repro-

ductive cells within the body of a

host, may be just as well adapted to its

surroundings, and just as well en-

dowed with prospects for evolution-

ary persistence, as is the most intricate

creature, exquisitely adapted m all

parts to a complex and dangerous ex-

ternal environment. Moreover, since

natural selection can adapt organisms

only to local circumstances, and since

local circumstances change in an ef-

fectively random manner through ge-

ological time, the pathways of adaptive

evolution cannot be predicted.

Thus, on these two fundamental

grounds—lack of inherent direction-

ality and lack of predictability—the

process regulated by natural selection

could scarcely have suggested, to Dar-

overwhelming evidence for evolu-

tion's factuality, could not accept Dar-

win's radical views about the causes

and patterns of biological change.

Most important, they could not bear

to surrender the comforting and tra-

ditional view that human conscious-

ness must represent a predictable (if

not a divinely intended) summit ofbi-

ological existence. If scientific discov-

eries enjoined an evolutionary reading

of human superiority, then one must

bow to the evidence. But Darwin's

contemporaries (and many people

today as well) would not surrender

their traditional view of human dom-
ination, and therefore could concep-

tualize genealogical transmutation

only as a process defined by pre-

dictable progress toward a human
acme—in short, as a process well de-

scribed by the term "evolution" in its

vernacular meaning of "unfolding an

inherent potential."

Herbert Spencer's progressivist

view of natural change probably ex-

erted the greatest influence in estab-
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lishing "evolution" as the general

name for Darwin's process, for

Spencer held a dominating status as

Victorian pundit and grand panjan-

drum of nearly everything concep-

tual. In any case, Darwin had too

many other fish to fry and didn't

choose to fight a battle about words

rather than things. He felt confident

that his views would eventually pre-

vail, even over the contrary etymology

of a word imposed upon his process

by popular wiU. (He knew, after all,

that meanings of words can transmute

within new climates of immediate

utiHty.just as species transform under

new local environments of life and

ecology!) Darwin never used the "e"

suspected a basic biological determin-

ism behind our opposite choices. Carl

was tail and looked up toward the

heavens; I am shorter than average and

tend to look down at the

ground.)

My essays may be known for their

tactic of selecting odd Uttle tidbits as

illustrations of general themes. But

why, to mark the reopening of the

Hayden Planetarium, would I high-

Hght such a quirky and apparently ir-

relevant subject as the odyssey of the

term "evolution" in scientific, and pri-

marily biological, use—thus seeming,

once again, to reject the cosmos in

favor of the dinosaurs? Method does

inhere in my apparent madness

n'arwin himselfnever uses the word

"evolution" in Origin ofSpecies. He calls the

process "descent with modification."

word extensively in his writings, but

he did capitulate to a developing con-

sensus by referring to his process as

evolution for the first time in Descent

ofMan, pubHshed m 1871. (Still, Dar-

win never used the word "evolution"

in the title of any book—and he

chose, in his book on human history,

to emphasize the genealogical "de-

scent" of our species, not our "ascent"

to higher levels of consciousness.)

When I was a young boy, growing

up on the streets of New York City,

the American Museum of Natural

History became my second home and

inspiration. I loved two exhibits most

of all—the Tyraunosaiinis skeleton on

the fourth iloor and the star show at

the adjacent Hayden Planetarium. I

juggled these two passions for many

years and eventually became a paleon-

tologist; Carl Sagan, my near-contem-

porary from the neighboring never-

land of Brooklyn (I grew up in

Queens) weighed the same two inter-

ests in the same building but opted for

astronomy as a calling. (I have always

(whether or not I succeed in convey-

ing this reasoning to my readers) . I am
writing about the term "evolution" in

the domain I know in order to expli-

cate its strikingly different meaning in

the profession that I put aside but still

love avocationaUy. A discussion of the

contrasts between biological evolution

and cosmological evolution might

offer some utility as a commentary

about alternative worldviews and as a

reminder that many supposed debates

in science arise from confusion en-

gendered by differing uses of words

and not from deep conceptual mud-
dles about the nature of things.

Interdisciplinary unification repre-

sents a grand and worthy goal of intel-

lectual life, but greater understanding

can often be won by principled sepa-

ration and mutual respect, based on

clear definitions and distinctions

among truly disparate processes, rather

than by false unions forged with su-

perficial similarities and papered over

by a common terminology. In our un-

derstandable desire to unify the sci-
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ences of temporal change, we have too

often followed the Procrustean strat-

egy of enforcing a common set of

causes and explanations upon the his-

tory of a species and the life of a star

—

partly, at least, for the very bad reason

that both professions use the term

"evolution" to denote change through

time. In this case, the fundamental dif-

ferences trump the superficial similari-

ties—and true unity will be achieved

only when we acknowledge the dis-

parate substrates that, taken together,

probe the range of possibilities for the-

ories of historical order.

The Darwinian principle of nat-

ural selection yields temporal

change—evolution in the biological

when round balls roll down smooth

planes.)

To Olustrate the peculiar properties

of variational theories hke Darwin's in

an obviously caricatured, but not in-

accurate, description: Suppose that a

population of elephants inhabits

Siberia during a warm interval before

the advance of an ice sheet. The ele-

phants vary, at random and in all di-

rections, in their amount ofbody hair.

As the ice advances and local condi-

tions become colder, elephants with

more hair will tend to cope better, by

the sheer good fortune of their supe-

rior adaptation to changing cli-

mates—and they will leave more sur-

viving offspring on average. (This

KKhilst this planet has gone cycling on according to

the fixed law of gravity, from so simple a beginning

endless forms inost beautifril and most wonderfrd

have been, and are being, evolved."

—

Charles Darwin

definition—by the twofold process of

producing copious and undirected

variation within a population and

then passing along only a biased (se-

lected) portion of this variation to the

next generation. In this manner, the

variation within a population at any

moment can be converted into differ-

ences in mean values (average size, av-

erage braininess) among successive

populations through time. For this

fundamental reason, we call such the-

ories of change variational as opposed

to the more conventional, and more

direct, models of transformational

change imposed by natural laws that

mandate a particular trajectory based

on inherent (and therefore pre-

dictable) properties of substances and

environments. (A ball rolling down an

inclined plane does not reach the bot-

tom because selection has favored the

differential propagation of moving

versus stable elements of its totality

but because gravity dictates this result

differential reproductive success must

be conceived as broadly statistical and

not guaranteed in every case: in any

generation, the hairiest elephant of all

may fall into a crevasse and die.) Be-

cause offspring inherit their parents'

degree of hairiness, the next genera-

tion will contain a higher proportion

of more densely clad elephants (who

will continue to be favored by natural

selection as the climate becomes still

colder). This process of increasing av-

erage hairiness may continue for

many generations, leading to the evo-

lution of woolly mammoths.

This little fable can help us under-

stand how peculiar and how contrary

to all traditions of Western thought

and explanation the Darwinian the-

ory of evolution, and variational the-

ories of historical change in general,

must sound to the common ear. All

the odd and fascinating properties of
j

Darwinian evolution—the sensible

and explainable but quite unpre-
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dictable nature of the outcome (de-

pendent upon complex and contin-

gent changes in local environments),

the nonprogressive character of the

alteration (adaptive only to these un-

predictable local circumstances and

not inevitably building a "better" ele-

phant in any cosmic or general

sense)—flow from the variational

basis of natural selection.

Transformational theories work in

a much simpler and more direct man-

ner. If I want to go from A to B, I will

have so much less conceptual (and ac-

tual) trouble if I can postulate a mech-

anism that will just push me there di-

rectly than if I must rely upon the

meaning to our lives cannot be ac-

complished by scientific study in any

case, then Darwin's variational mecha-

nism will no longer seem threatening

and may even become liberating in

teaching us to look within ourselves

for answers to these questions and to

abandon a chimerical search for the

purpose of our lives, and for the

source of our ethical values, in the ex-

ternal workings of nature.)

These difficulties in grasping Dar-

win's great insight became exacerbated

when our Victorian forebears made

their unfortunate choice of a defining

word—"evolution"—with its vernac-

ular meaning of "directed unfolding."

IVIwly people cling to the comforting view

that human consciousness must represent a

predictable (ifnot a divinely intended) summit

of biological existence.

selection of"a few good men" from a

random cloud of variation about

point A, then constitute a new gener-

ation around an average point one

step closer to B, then generate a new
cloud of random variation about this

new point, then select "a few good

men" once again from this new
array—and then repeat this process

over and over until I finally reach B.

When one adds the oddity of vari-

ational theories in general to our

strong cultural and psychological re-

sistance against their application to

our own evolutionary origin (as an

unpredictable and not necessary pro-

gressive little twig on hfe's luxuriant

tree), then we can better understand

why Darwin's revolution surpassed all

other scientific discoveries in refor-

matory power and why so many
people still fail to understand, and

may even actively resist, its truly liber-

ating content. (I must leave the issue

of liberation for another time, but

once we recognize that the specifica-

tion of morals and the search for a

We would not face this additional

problem today if "evolution" had un-

dergone a complete transformation to

become a strict and exclusive defini-

tion of biological change—with ear-

lier and etymologically more appro-

priate usages then abandoned and

forgotten. But important words rarely

undergo such a clean switch of mean-

ing, and "evolution" stiU maintains its

original definition of "predictable un-

folding" in several nonbiological disci-

plines—including astronomy.

When astronomers talk about the

evolution of a star, they clearly do not

have a variational theory like Darwin's

in mind. Stars do not change through

time because mama and papa stars

generate broods of varying daughter

stars, followed by the diflierential sur-

vival of daughters best adapted to

their particular region of the cosmos.

Rather, theories of stellar "evolution"

could not be more relentlessly trans-

formational in positing a definite and

predictable sequence of changes un-

folding as simple consequences of

physical laws. (No biological process

operates in exactly the same manner,

but the life cycle of an organism cer-

tainly works better than the evolution

of a species as a source of analogy.)

Ironically, astronomy undeniably

trumps biology in faithfulness to the

etymology and the vernacular defini-

tion of "evolution"—even though

the term now holds far wider cur-

rency under the radically altered defi-

nition of the biological sciences. In

fact, astronomers have been so true to

the original definition that they con-

fine "evolution" to historical se-

quences of predictable unfolding and

resolutely shun the word when de-

scribing cosmic changes' exhibiting

the key features of biological evolu-

tion—unpredictability and lack of in-

herent directionality.

As an illustration of this astronom-

ical usage, consider the most standard

and conventional of all sources—the

Encyclopaedia Brhannica article "Stars

and Star Clusters" (15th edition, 1990

printing). The section entitled "Star

Formation and Evolution" begins by

analogizing stellar "evolution" to a

preprogrammed life cycle, with the

degree of evolution defined as the

position along the predictable trajec-

tory:

Tlnouglwut the Milky Way Galaxy

. . . astronomers have discovered stars

that are well evolved or even

approaching^ extinction, or both, as

well as occasional stars that must he

very young or still in the process of

formation. Evolutionary effects on

these stars are not negligible.

The fully predictable and linear se-

quence of stages in a stellar lifetime

(evolution, to astronomers) records

the consequences of a defining physi-

cal process in the construction and

history of stars: the conversion of mass

to energy by nuclear reactions deep

within stars, leading to the transfor-

mation of hydrogen into helium.
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Tlie spread of hiniiiiosities and colors

ofstars u'itliiii tlie main sequence can

be understood as a consequence oj

ei'olutioii. . . .As the stars evolve, they

adjust to the increase in the hehum-

to-hydrogen ratio in their cores. . . .

Wlien the corefuel is exhausted, the

internal structure of the star changes

rapidly; it quickly leaves the main

sequence and moves towards the

region ofgiants and supergiants.

The same basic sequence unfolds

through stellar lives, but the rate of

change (evolution, to astronomers)

varies as a predictable consequence of

differences in mass:

Like the rate offormation of a star,

the subsequent rate of evolution on the

main sequence is proportional to the

mass of the star; the greater the mass,

the more rapid the evolution.

More complex factors may deter-

mine variation in some stages of the

hfe cycle, but the basic directionahty

(evolution, to astronomers) does not

alter, and predictability from natural

law remains precise and complete:

The great spread in luminosities and

colors ofgiant, supergiant, and

subgiant stars is also understood to

resultfrom evolutionary events. When

a star leaves the main sequence, its

future evolution is precisely

determined by its mass, rate of rotation

(or angular momentum), chemical

composition, and whether or not it is a

member of a close binary system.

In the most revealing verbal clue of

all, the discourse of this particular sci-

entific culture seems to shun the word

"evolution" when historical se-

quences become too meandering, too

nondirectional, or too complex to ex-

plain as simple consequences of con-

trolling laws—even though the end

result may be markedly different from

the beginning state, thus illustrating

significant change through time. For

example, the same Britannica article on

stellar evolution notes that one can

often reach conclusions about the ori-

gin of a star or a planet from the rela-

tive abundance of chemical elements

in its present composition.

Earth, however, has become so

modified during its geological history

that we cannot use this inferential

method to reconstruct the initial state

of our own planet. Because the cur-

rent configuration of Earth's surface

developed through complex contin-

gencies and could not have been pre-

dicted from simple laws, this style of

change apparently does not rank as

evolution—but only, in astronomical

parlance, as being "affected":

Hie relative abundances of the

chemical elements provide significant

clues regarding their origin. Tlie

Earth's crust has been affected severely

by erosion,fractionation, and other

geologic events, so that its present

varied composition offersfew clues as

to its early stages.

I don't mention these differences

to lament, to complain, or to criticize

astronomers in any way. After all, their

use of"evolution" remains more faith-

ful to etymology and the original

EngHsh definition, whereas our Dar-

winian reconstruction has virtually re-

versed the original meaning. In this

case, since neither side wlU or should

give up its understanding of "evolu-

tion" (astronomers because they have

retained an original and etymologi-

cally correct meaning, and evolution-

ists because their redefinition ex-

presses the very heart of their central

and revolutionary concept of Hfe 's his-

tory), our best solution Hes simply in |:

exposing the legitimate differences

and explaining the good reasons be-

hind the disparity in usage.

In this way, at least, we may avoid

confusion and also the special frustra-

tion generated when prolonged wran-
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piites about tilings and causes in na- the history of lite it we do not clearly

ture. We evolutionary biologists must explain the logic, the evidence, and

remain especially sensitive to this the sheer fascination of our challeng-

issue, because we still face consider- ing conclusion.

yVc now know that certain mesozoans

are descended from more complex animals

and have become simplified by adaptation to

their parasitic lifestyle.

able opposition, based on conven-

tional hopes and fears, to our insis-

tence that life evolves in unpredictable

directions, with no inherent goal.

Since astronomical evolution upholds

both contrary positions—predictabil-

ity and directionality—evolutionary

biologists need to emphasize their

own distinctive meaning, especially

since the general public feels much
more comfortable with the astronom-

Two studies published within the

past month led me to this topic, be-

cause each discovery confirms the

biological, variational, and Darwinian

"take" on evolution while also,

and quite explicitly, reflating a previ-

ous, transformational interpretation

—

rooted in our culturally established

prejudices for the more comforting,

astronomical view—that had blocked

our understanding and skewed our

thoughts about an nnportant episode

111 life's history:

I . Vertebrates "all the way down. " In

one of the most crucial and enigmatic

episodes in the history of life—and a

challenge to the older, more congenial

idea that life has progressed in a basi-

cally stately, linear manner through the

ages—nearly all animal phyla made
their first appearance in the fossil

record at essentially the same time, an

interval ofsome 5 million years (about

525 million to 530 million years ago)

called the Cambrian explosion. (Geo-

logical firecrackers have long fuses

when measured by the inappropriate

scale ofhuman time.) Only one major

phylum with prominent and fossiliz-

able hard parts did not appear in this

incident or during the Cambrian pe-

riod at aU—the Br^'ozoa, a group of

colonial marine organisms unknown

to most nonspecialists today (although

still relatively common in shallow

oceanic waters) but prominent in the
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early fossil record of animal life.

One other group, until last month,

also had no record within the Cam-
brian explosion, although late Cam-
brian representatives (well after the

explosion itself) have been known for

some time. Whereas popular texts

have virtually ignored the Bryozoa,

the absence of this other group has

been prominently showcased and pro-

claimed highly significant. No verte-

brates had ever been recovered from

deposits of the Cambrian explosion,

although close relatives within our

phylum (the Chordata), if not techni-

cally vertebrates, had been collected

(the Chordata includes three major

subgroups: the tunicates, Amphioxus

and its relatives, and the vertebrates

proper)

.

This absence of vertebrates from

strata bearing nearly all other fossiliz-

able animal phyla provided a strong ray

of hope for people who wished to

view our own group as "higher" or

more evolved in a predictable direc-

tion. If evolution impHes linear pro-

gression, then later is better—and

uniquely later (or almost uniquely,

given those pesky bryozoans) can only

enhance the distinction. But the No-
vember 4, 1999, issue of Nature in-

cludes a persuasive article ("Lower

Cambrian Vertebrates from South

China," by D-G. Shu, H-L. Luo, S.

Conway Morris, X-L. Zhang, S-X.

Hu, L. Chen,J. Han, M. Zhu,Y. Li, and

L-Z. Chen) reporting the discovery of

two vertebrate genera within the

Lower Cambrian Chengjiang forma-

tion of southern China, right within

the temporal heart of the Cambrian

explosion. (The Burgess Shale ofwest-

ern Canada, the celebrated site for

most previous knowledge of early
|

Cambrian animals, postdates the actual

explosion by several milHon years.The

recently discovered Chengjiang fauna,

with equally exquisite preservation of

soft anatomy, has been yielding com-

parable or even greater treasures for

more than a decade. See "On Embryos
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and Ancestors," Naiiinil Hi.<tory,

July-August lyys.)

These two creatures—each only

an inch or so in length and lacking

both jaws and a backbone and in fact

possessing no bony skeleton .it .ill

—

might not strike a casual student as

worthy of inclusion within our ex-

openings .ind then inowd forward to

surround the mouth. All early fishes

—

and two modern survivors of this ini-

tial radiation, the lampreys and the

hagfishes—lacked jaws.

The two Chengjiang genera pos-

sess all the defining features of verte-

brates: the stiff dorsal supporting rod,

I¥,^e must contrast the 2;ood fortune ofour own
evolution with the inexorable evolution ofour

nurturing Sun toward a spectacular cliniax that might

make our fiirther evolution impossible.

alted Hneage. But these features, how-

ever much they may command our

present focus, arose later in the history

of vertebrates and do not enter the

central and inclusive taxonomic defi-

nition of our group. The vertebrate

jaw, for example, evolved trom hard

parts that originally fortified the gill

or notochord (subsec]uently lost in

adults after the vertebral column

evolved); the arrangement of flank

musculature in a series of zigzag ele-

ments from front to back; the set of

paired openings piercing the phar-

ynx (operating primarily as respira-

tory gills in later fishes but used

mostly for filter feeding in ancestral

vertebrates). In fact, the best recon-

struction of branching order on the

vertebrate tree places the origin of

these two new genera after the in-

ferred ancestors of modern hagfishes

but before the presumed forebears of

lampreys. It this interence holds, then

vertebrates already existed in sub-

stantial diversity within the Cam-
brian explosion. In any case, we now
have two distinct and concrete ex-

amples of vertebrates "all the way

down"—that is, in the very same

strata that include the first known
fossils of nearly all phyla of modern
multicellular animals. We vertebrates

do not stand higher and later than

our invertebrate cousins, for all "ad-

vanced" animal phyla made their first

appearance in the fossil record

at essentially the same time. The
vaunted complexity of vertebrates

did not require a special delay to ac-

commodate a slow series ot progres-
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did not require a special delay to ac-

commodate a slow series of progres-

sive steps, predictable from the gen-

eral principles of evolution.

2. An ultimate parasite, or "how are

the mighty fallen." The phyla of com-

plex multicellular animals enjoy a col-

lective designation as Metazoa (liter-

ally, "higher animals"). Mobile,

single-celled creatures bear the name

Protozoa ("first animals"—actually a

misnomer, since many of these crea-

tures, in terms ofgenealogical branch-

ing, rank as close to multicellular

plants and fungi as to multicellular an-

imals). In a verbal in-between stand

the Mesozoa ("middle animals").

Many taxonomic and evolutionary

schemes for the organization of life

rank the Mesozoa by the Hteral impli-

cation of their name—that is, as a per-

sistently primitive group, intermediate

between the single-celled and the

multicellular animals and illustrating a

necessary transitional step in a pro-

gressivist reading of Ufe s history.

But the Mesozoa have always been

viewed as enigmatic, primarily be-

cause they hve as parasites within truly

multicellular animals, and parasites

often adapt to their protected sur-

roundings by evolving an extremely

simplified anatomy, sometimes little

more than a glob of absorptive and re-

productive tissue cocooned within the

body of a host. Thus, the extreme

simplicity of parasitic anatomy could

represent the evolutionary degenera-

tion of a complex, free-Hving ancestor

rather than the maintenance of a

primitive state.

The major group of mesozoans,

the Dicyemida, live as microscopic

parasites in the renal organs of squid

and octopuses. Their adult anatomy

could hardly be simpler: a single axial

cell (which generates the reproductive

cells) in the center, enveloped by a

single layer of ciliated outer cells

(some ten to forty in number) ar-

ranged in a spiral around the axial cell,

except at the front end, where two
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the tissues of the host.

The zoological status of the di-

cyeniids has always been controversial.

Some scientists, including Libbie H.

Hyinan, who wrote the defniitive,

multivolunie text on invertebrate

.uiatomy for her generation, regarded

their simplicity as primitive and their

evolutionary status as intermediate in

the rising complexity of evolution. As

she noted in 1 940, "Their characters

are in the main primitive and not the

result of parasitic degeneration." But

even those researchers who viewed

the dicyemids as parasitic descendants

of more complex free-living ancestors

never tiared to derive these ultimately

simple multicellular creatures from a

very complex metazoan. For example,

Horace W. Stunkard, the leading stu-

dent of dicyemids in the generation ot

my teachers, thought that these meso-

zoans had descended from the sim-

plest of all Metazoa above the grade of

sponges and corals—the platyhel-

minth Hatworms.

Unfortunately, the .in.itoniy oi di-

cyemids has become so regressed and

specialized that no evidence remains

to link them hnnly with other animal

groups, so the controversy of persis-

tently primitive versus degeneratively

parasitic could never be settled until

now. But newer methods of gene se-

i.|iiencing can solve this dilemma, be-

cause even though visible anatomy

may fade or transform into something

unrecognizable, evolution can hardly

erase all traces of complex gene se-

quences. If genes known only from

advanced Metazoa—and known to

operate only in the context of organs

and functions unique to Metazoa

—

also exist in dicyemids, then these

creatures are probably degenerated

metazoans. But if, after extensive

search, no sign of distinctive metazoan

genomes can be detected in di-

cyemids, then the Mesozoa may well

be intermediate between single and

nuilticelled lite after all.

In the October 21, 1999, issue of

Siiltirc, M. Kobayashi, H. Furuya, and

P. W, H. Holland present an elegant so-

lution to this old problem ("Di-

cyemids Are Higher Animals"). These

researchers located a Hox gene—

a

member of a distinctive subset known

only fi-om metazoans and operating in

the differentiation of body structures

along the antero-postcrior (front to

back) axis—in Dicycma on'c»f(i/c. These

particular Hox genes occur only in

triploblastic, or "higher," metazoans

with body cavities and three ceO layers,

and not in any of the groups (such as

the Porifera, or sponges, and the

Cnidaria, or corals and their relatives)

traditionally placed "below" triplo-

blasts. Thus, the dicyemids are de-

scended from "higher," triploblastic

animals and have become maximall)'

simplified in anatomy by adaptation to

their parasitic lifestyle. They do not

represent primitive vestiges of an early
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stage in the linear progress of life.

In short, if the traditionally "high-

est" of aU triploblasts—the vertebrate

line, including our exalted selves—ap-

pears in the fossil record at the same

time as all other triploblastic phyla in

the Cambrian explosion, and if the

most anatomically simplified of all

parasites can evolve (as an adaptation

to local ecology) from a free-living

lineage within the "higher," triplo-

blastic phyla, then the biological, vari-

ational, and Darwinian meaning of

"evolution" as unpredictable and

nondirectional gains powerful support

from two cases that, in a former and

now disproven interpretation, once

bolstered an opposite set of transfor-

mational prejudices.

As a final thought to contrast the

predictable unfolding of stellar evolu-

tion with the contingent nondirec-

tionality of biological evolution, I

should note that Darwin's closing line

about "this planet . . . cycHng on ac-

cording to the fixed law of gravity,"

while adequate for now, cannot hold

for all time. Stellar evolution will, one

day, enjoin a predictable end, at least to

Ufe on Earth. Quoting one more time

from Britannica:

The Sun is destined to perish as a

white dwarf. But before that happens,

it will evolve into a red giant,

engulfing Mercury and Venus in the

process. At the same time, it will blow

away the earth's atmosphere and boil

its oceans, making the planet

uninhabitable.

The same predictability also allows

us to specify the timing of this cata-

strophe—about 5 billion years from

now! A tolerably distant future, to be

sure, but consider the issue another

way, in comparison with the very dif-

ferent style of change known as bio-

logical evolution. Earth originated

about 4.6 billion years ago. Thus, half

of our planet's potential history un-

folded before contingent biological

evolution produced even a single

species with consciousness sufficient to

muse over such matters. Moreover, this

single lineage arose within a marginal

group of mammals—the primates,

which include about 200 of the 4,000

or so mammalian species. By contrast,

the world holds at least half a million

species of beetles. If a meandering

process consumed half of all available

time to build such an adaptation even

once, then mentality at a human level

certainly doesn't seem to rank among
the "sure bets," or even the mild prob-

abilities, of history.

We must therefore contrast the

good fortune of our own evolution

with the inexorable evolution of our

nurturing Sun toward a spectacular

climax that might make our further

evolution impossible. True, the time

may be too distant to inspire any prac-

tical concern, but we humans do like

to muse and to wonder. The contin-

gency of our evolution offers no guar-

antees against the certainties of the

Sun's evolution. We shall probably be

long gone by then, perhaps taking a

good deal of Hfe with us and perhaps

leaving those previously indestructible

bacteria as the highest mute witnesses

to a stellar expansion that will finally

unleash a unicellular Armageddon. Or

perhaps we, or our successors, will

have colonized the universe by then

and wiU shed only a brief tear for the

destruction of a little cosmic exhibit

entitled "the museum of our geo-

graphic origins." Somehow I prefer

the excitement of wondering and

cogitation—not to mention the

power inherent in acting upon things

that can be changed—to the certainty

of distant dissolution.

Stephen jay Gould teaches biology, geol-

ogy, and the history of science at Harvard

University. He is also Frederick P. Rose

Honorary Curator in Invertebrates at the

American Museum of Natural History.
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Wfe are proud to announce the return of our famous Sea Eagle

Explorer canoes. Sea Eagle Explorer canoes were the first

inflatable canoes to use drain valves. They were used in the

first descent of the Yangtze River from the source and

numerous other expeditions. They are known for durability.

innovation and their ability to handle white water.
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denier polyester hull material and superior modular design.
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TELLING
THE STORY
By Neil de Grasse Tyson

AU parts of the known universe reflect the same basic laws of

nature we observe and test here on Earth. Our universe is

thus a deceptively simple place. In detail, things may look

complicated, but in general, cosmic complexity derives from

only a few fiandamental physical laws.

Energy is perhaps the most useful scientific concept ever

developed.The consumption and control of energy on Earth

is the foundation of what we now call civilization, and the

transformation of this energy from one form to another es-

tablishes a direct Hnk between us and the greater universe.

Let's start with the calorie content of last night's T-bone

steak. It derives from the flesh of a cud-chewing cow. The

energy content of the plants eaten by the cow derives from

the photosynthesis of surdight. And the energy content of

sunlight derives from the fusion of hydrogen into helium

deep within the Sun's core. Furthermore, the basic chemical

elements for Hfe as we know it—including carbon, oxygen,

nitrogen, and iron—were forged within distant, high-mass

stars whose explosive death throes spread their enriched

gases across the galaxy.

Yes, we are aU powered by thermonuclear fusion—and

we are Stardust.

Gravity is pretty useful too.The moons and planets of our

Solar System and the stars of our Milky Way galaxy move

through space as though they were performers in a cosmic

ballet. Their paths are choreographed by the forces of gravity

and the energy with which gravity endows all objects.

Throughout the universe, the principles of gravity and en-

ergy also conspire to force large moons, planets, and stars to

assume the shape of a sphere. Related principles of physics

account for why water droplets and soap bubbles want to be

Previous spread: Gases and stars in the Large Magellanic Cloud,

a nearby galaxy, are a backdrop for Supernova 1987A (center

I of image), a massive star that exploded 12 million years ago.

IV. lijht reached Earth in 1987. At right: Artisfs impression of

a nuclear particle consisting of three quarks.

'For the mind wants to discover by reasom'nc^ i
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splicrcs.Tliis coniiiionality of geometric form is yet another

reminder that the laws ot iiatiiiv are at work everywhere and

on every scale.

Astronomy distinguishes itself from most disciplines in

many ways, but especially by the miiid-stretching scales it

invokes to describe space, time, and the sizes of objects in

the universe: If the Sun were a black hole, it would be no

larger than a child's marble, yet if the Sun were a red giant

it would be large enough to engulf the entire orbits of

Mercury, Venus, Earth, and Mars. And if the events that

span the I5-billion-year time line of the universe were laid

along the length of a football field, then all of human his-

tory would span the thickness of a single blade of grass in

the end zone.

We built the Museum's new Rose Center for Earth and

Space to emphasize cosmic unity on all scales—not simply

because this idea is beautiful to contemplate but also be-

cause it explains how the universe actually works. What a

rewarding challenge it has been to work with my scientific

colleagues—alongside architects, exhibit designers, and, yes,

administrators—to craft a venue that thematically marries

cosmic space to architectural space.

Besides being a monument to the cosmos, the Rose

Center is an educational organism whose concept, de-

sign, and execution embody the physical principles that

enable us all to get a Httle closer to the rest of the uni-

verse. And the sphere that houses the new Hayden Plane-

tarium is both beautiful and astrophysically relevant

—

something that cannot be said of pyramids, cubes, or

other polyhedral forms.

By treating the umverse as an interconnected system of

cosinic objects and phenomena, we can do more than just

show pretty pictures; we can tell scientific stories. The pro-

tagonists are the laws of physics. The plotline is the effect of

these laws on the natural world. The love interest is the un-

ending quest of the human mind to discover the unknown.

The dramatic scenes are the evolutionars' stages ot the plan-

ets, stars, and galaxies. And the denouement is the still-un-

certain ultimate fate ot the universe.

Neil dc Grasse Tyson is the Frederick P. Rose Director

of New York City's Hayden Planetarium and a iiietnber of the

tieu'ly launched Department ofAstrophysics at the American Mu-

seum of Natural History. His recent hook One Universe: At

Home in the Cosmos, coautliored with Cliarles Liu and Robert

Irion (Joseph Henry Press, 2000), is the companion volume to the

Museum's new Rose Center for Earth and Space.

\hat exists in the infinity of space/' Lucretius
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SPHERE OF INFLUENCE
The reborn Hayden Planetarium, in the new Rose Center for Earth and Space,

mirrors astronomy's radical reinterpretation of outer space.

By Henry S. F. Cooper Jr.

Over
the past several months, a sphere 87 feet in di-

ameter—standing on a tripod inside a 120-foot

cube made partly of glass—has taken shape on 81st

Street near Central Park West in New York City. At

night, under soft Hghts, it glovv^s enigmatically. Is it a massive

Christmas ornament inside a transparent box, or a Pop Art

Hghtbulb in its container? Perhaps it's a model of the Sun:

those round balls orbiting it seem to suggest as much. But

when you enter the cube and look up from its first-floor

balcony, you might, tor all the world, be gazing at a space-

ship surrounded by a multilevel gantry.

The sphere is, in fact, the home of the new Hayden

Architects Todd Schliemann (left)

AND James Polshek

THE RISE OF

THE ROSE

\s

Planetarium, centerpiece of the Frederick Phineas and San-

dra Priest Rose Center for Earth and Space, the Museum's

newest addition. Its upper hemisphere is a much upgraded

planetarium renamed the Space Theater (to distinguish it

from its predecessor, the Sky Theater), while its lower hemi-

sphere contains a searingly dramatic, you-are-there laser re-

creation of the big bang. Together with other elements of

the Rose Center, the sphere was designed to illuminate as-

pects of and answers to cosmic questions: Where are we in

space and time? How did we get here?

Everyone concerned with the new, $210 million Rose

Center—including astrophysicist Neil de Grasse Tyson, di-

rector of the planetarium; James Stewart Polshek, the archi-

tect; and Ralph Appelbaum, the exhibition designer—agrees

that the sphere symbohzes a revitaHzation of the Museum
that began in 1993, when its trustees picked a new president,

Ellen V. Putter, then president ofBarnard College.

To Putter, the center is an intellectual launching pad into

the rest of the Museum. "Prom there," she says, "you might

go across the ground-floor lobby of the main Museum to

the spectacular new Hall of Biodiversity or the magnificent

Northwest Coast Indians or go up to see the ever popular

dinosaurs. Now we can take our visitors on a sweeping, ex-

otic journey from the origins of the universe and the forma-

tion of galaxies, stars, and planets to the core of our own
planet and on to an investigation of all Hfe on Earth, its var-

ious ecosystems and habitats and range of species, including

our own species and culture. I think we are the only mu-
seum in the world that can tell the comprehensive story of

Ufe in such a seamless way."

Throughout the planning, Tyson, Polshek, and Appel-

baum have worked so interdependently that it is often hard

to tell who thought of what. Despite the stresses and hard

o^^

7 can never look upon the stars without wondering why th4



SIZE AND SCALE

Visitors who follow

the Scaling Walk

around the sphere

can consider the

relative magnitude

of objects in the

universe (architect's

rendering).

fhole World does not become Astronomers/' Thomas Wright
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For architectJames Polshek, the sphere

inside the cube is a salute to I.M. Pei's glass

pyramid at the entrance to the Louvre.

work that go with any large project, they had a very good

time, and this is evident in the result. (They are quick to

point out that many others, such as Polshek's partner Todd

Schliemann, were vital to the creation of the Rose Center.)

The old Hayden Planetarium, which opened on Octo-

ber 3, 1935, had become a venerable New York icon in

need of redefinition. To scientific purists, the last straw was a

1993 exhibition about the Star Trek television series that in-

cluded a prominent display of Mr. Spock's pointy ears. As

the fourth-oldest planetarium in the United States—after

the Adler in Chicago (1930), the Pels in Philadelphia (1934),

and the Griffith in Los Angeles (1935, just four and a half

months before the Hayden)—the Hayden had become out-

moded in many ways. Like the other, older planetariums, it

was designed to specifications by the German company Carl

Zeiss and was intended basically to house projectors; apart

from their domes, these Art Deco buildings consisted

mainly of corridors for getting people in and out of the big

attraction: the sky theater showing views of the stars as seen

from Earth. And the Hayden—in terms of its shows, at

least—was stuck in a geocentric vision of the universe. It

was as if the scientific revolution triggered by Copernicus 's

proposal in 1543 that the Sun, not the Earth, was at the cen-

ter of the Solar System had never occurred. An even bigger

problem was that after the old Hayden was built, there were

enormous advances in astrophysics and in our understanding

of the universe, not to mention the advent of the space age

and manned space travel.

^v^'
.«^ ^

'Why did no one teach me the constellations
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The Museum's

newest addition is

respectful of the

* institution's history.

Its centerpiece is

the new Hayden

Planetarium sphere,

which is about the

same diameter as

the dome of the old

planetarium and is

centered on the

same spot

(architect's

rendering).

Ellen Futter, Museum pi^sident

A visiting committee ot" scientists, chaired by J.
Richard

Gott III, an astrophysicist from Princeton, had already been

organized in the early 1990s to consider the planetarium's

options. The first idea was to retrofit the building so that it

could deal better with such matters as the big bang, star for-

mation, and quasars, but the dark corridors ot the Hayden

did not lend themselves to exhibition spaces any more read-

ily than the old Zeiss Mark VI projector housed within it

lent itself to intergalactic displays.

Polshek, who joined the project at the retrofitting stage,

toyed with the idea of completing the circle ot the old Hay-

den dome, thus turning it into a sphere. The idea was to ac-

compUsh this without disturbing the dome's original sup-

ports, a series of columns that held it up like a table. "But

when we drew it up as a sphere, it looked a little clunky," he

says. The idea was shelved. Once Futter became president of

the Museum in No\-ember 1993, plamiing began to heat up.

#S
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\vhen I was a child?'' Thomas Cartyie
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several proposals tor ictrofitting were on tin.- tabic. Fiittcr

then asked die scieiuists, architects, and designers what they

would do if they had a blank slate. It was a seminal question.

Conceptually whisking away the old building, Polshek lifted

the sphere high into the air and onto a pedestal. Tyson li.ni

doubts. "It looked like a golf ball on a tee," he says.

Soon the golf tee, too, was swept away and replaced with

a tripod of rounded beams attached to the armature of the

sphere below its equator. Placing the beams at the side made

them largely imperceptible. Suddenly the sphere appeared to

be untethered and levitating—floating, bubblelike, as if it

were a planet or a star.

The Museums trustees feO in love with the unfettered

sphere. One entranced trustee was Frederick P. Rose, chair-

man of the construction firm Rose Associates, which has

built many New York apartment houses. A wiry, energetic

seventy-tive-year-old who always wore his enthusiasms on

his sleeve. Rose donated $20 miUion to the project and su-

pervised the construction until his death this past Septem-

ber. Two other trustees, Dorothy Cullman and David S.

Gottesman, also gave important gifts to the project.

The Rose Center is the most ambitious not-for-profit

project to have been built in Manhattan since Lincoln Cen-

ter. Although the Metropolitan Museums additions since

the 196()s are bigger in aggregate, no single element is as

large. And although there are other examples of spheres in

architecture (Wallace K. Harrison's Perisphere at the 1939

World's Fair, for example), the new Hayden Planetarium

sphere is unique in being encapsulated in a cube. Another

feature is that the cube's two glass walls (west and north) are

the only ones in the United States that are built without

frames or muUions to hold the panes, each of which mea-

sures ten feet by five and a half feet and is half an inch thick.

These panes—separated by less than half an inch—are

bolted to damps attached to a system of tension rods, allow-

ing for the stresses caused by wind or movements of the

earth; the space betsveen the panes is caulked with a translu-

cent silicon sealant so that the t\vo glass facades, each as high

as a r\velve-stor)- building, look like single plates.

Polshek, who regards the sphere inside the cube as his

salute to I.M. Pel's glass p)Tamid at the entrance to the

Louvre, says the Rose Center is respectfiil of the Museum's

history. The sphere is centered on the same spot as the dome

Vb

of tile old H.iydeii .iiid has about the same diameter. It also

fits ne.itly into a space that was designated as a courtyard in

the Museum's 1871 master plan. Moreover, the Rose Cen-

ter makes liberal use of the same brick, granite, limestone,

and patinated copper rooting that are used throughout the

rest of the Museum.

Having been skeptical of the planetarium sphere during

its clunky, multilegged early stage and then in its golf-tee

stage, Tyson, who in May 1996 became Frederick P. Rose

Director of the Hayden Planetarium, loved it when it levi-

tated. "It's now floating out there in full view, serving as a

scientific icon," Tyson says of the floating ball. "Spheres are

common in the universe. I can work with a visible, levitat-

ing sphere."

Tyson and his associates quickly decided to use the

sphere as a reference for the size and scale of objects in the

universe. At the building's second level (positioned below

the equator of the sphere, which looms above you) is the

Tyson and his associates decided to use the

sphere as a reference pointfor the size and

scale of objects in the miiverse.

Neil de Grasse Tyson, planetarium director

hust be learnt/' William Herschel
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Scaling Walk. "Trying to explain the scale of things in space

is the nightmare in which we live," says James Sweitzer, an

astrophysicist who worked with Tyson on the Rose Center's

technology. The solution was to have the sphere represent

—

at various points in your walk around it—the Sun, a giant

star, and the universe itself. Seen as the Sun, the 87-foot

sphere helps you get a feel for the relative size of the plan-

ets—8 feet llVs inches for Jupiter, 9'/l inches for Earth, 5

inches for Mars, 3'/4 inches for Mercury, and so on—that

float above the walk. As you circumnavigate the sphere, the

frame of reference keeps changing: "Walk a Httle further

around," says Tyson, "and now the Sun fits in your two

The Cosmic Pathtmy takes you through

billions of years of evolution in a time line

that unfolds at 3 million years per inch.

hands, while the sphere represents the blue supergiant star

Rigel, in the constellation Orion. Walk around a litde more,

and the sphere becomes our galaxy's halo. Then you can fit

the whole solar neighborhood in a tiny cup."

The other elements of the Rose Center must reckon with

the sheer immensity of the sphere: they wind around it or He

under it or escape from it altogether into the Museum proper.

From the Scaling Walk, you can exit down a long ramp

named the Harriet

and Robert Heil-

brunn Cosmic Path-

way, which swirls

under the sphere

and deposits you,

350 feet and one

and a half revolu-

tions later, at the

first level. With

more than 300 im-

ages and diagrams

mounted along the

railing, the pathway

takes you through

13 billion years of

evolution in a time Rj^lph APPELBAUM,

line that unfolds at EXHIBITION DESIGNER

-*^
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about 3 million years

per inch. Dinosaurs go

extinct a mere two feet

from the end, where all

of human history is

represented by the

width of a human hair.

From there, a flight

of stairs carries you

down to the Lewis B.

and Dorothy Cullman

Hall of the Universe,

directly beneath the

sphere, and as you look

down at some of the

images of celestial ob-

jects reproduced in the

floor's brilliant mo-
saics, the sphere seems

to float above you,

"confronting your idea

of up and down," as

Tyson puts it. A free-

standing wall of twenty

video screens collec-

tively called the Astro-

Bulletin plugs visitors

into real-time events in

space through direct

feeds from large terres-

trial observatories, the orbiting Hubble Space Telescope,

and spacecraft visiting planets, comets, and asteroids. The

AstroBulletin also shows videos that take you through the

evolution of stars, planets, and the universe itself or that por-

tray the search for extraterrestrial Hfe and planetary land-

scapes. Adding substance to all the video displays, the 16.1-

ton Willamette meteorite seems about to blast a crater in the

concrete floor.

But even the Willamette meteorite is dwarfed by the

giant sphere, which may make you feel as nervous as if you

had an elephant in your living room. There is, however, an

escape route. Back upstairs on the first level, at the foot of

the Cosmic Pathway, a big blue-and-white model of Earth

beckons you through a corridor and into the David S. and

oe.'i* o<^^
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'What we observe is not nature itself, but nature exposec



Ruth L. Gottesman Hall of Planet Earth. This section of the

Rose Center, which opened last June, looks inward at Earth

and its geological history, giving you a foundation for all ot

hfe to come—and, incidentally, a springboard to the forty-

plus giilleries that make up the rest of the Museum.

The big-ticket item—indeed, the only one for which

you actually need a ticket other than your entrance contri-

bution to the Museum—is the Space Theater, situated in

the top half of the sphere. Here is where the Ptolemaic,

geocentric constraints are finally broken. No more looking

at the night sky solely from Earth; the technology used in

the theater enables you to see the stars projected accurately

from any point in the Solar System (and from anywhere else

in the universe).

HALL OF THE

UNIVERSE

The past, present,

and future of the

universe are

explored through

videos, floor

mosaics, and

computer feeds

from observatories

and spaceoaft

(architect's

rendering).

HALL OF PLANET

EARTH

The first completed

component of the

Rose Center, below,

opened last June

and focuses on the

geological history

of our planet

*1>^^

J our method of questioning/' Werner Karl Heisenberg
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When you enter the Space Theater, the new Zeiss Mark

IX projector, urJike the Mark VI, which in the old Hayden

loomed above you Uke a giant ant, is nowhere to be seen.

As the lights dim, the squat httle projector—strongly remi-

niscent of R2D2, the technologically savvy Star Wars

robot—rises from beneath the floor to carry you into space.

The new Zeiss is to the old one what a spacecraft is to a

Model A Ford. It takes you from one planet to another

(something the old projectors couldn't do), all the way to

the outer edges of the Solar System. Many significant ad-

vances in astrophysics during the past sixty years, however,

have involved our own Milky Way galaxy, as weU as our

local supercluster of galaxies and the structure of the uni-

verse as a whole. In order to hft you out of the Solar System

and its neighborhood of stars, digital technology—a Digital

Universe computer—takes over where the Mark IX projec-

^4 N D R A PRIEST ROS

7he stuff of the world is minJ
'11



cor leaves oft" (sec "Tlieater of tlic Stars," page 60). The
coinputers in tlie Space Theater and elsewhere in the Rose

Center allow exhibits to he updated in light ofnew discov-

eries. "The database is malleable," Tyson says, "hi astron-

omy, if you design only for what you know, you're dead."

One result of all this high technology, sensory zapping,

and hypergalactic velocity is that the shows in the Space

Theater are a lot shorter: twenty minutes as opposed to

forty-five minutes a decade ago, or an hour when the Hay-

den first opened. More than once in the old planetarium,

Tyson turned up the lights at the end of a forty-five-minute

show to find much of the audience asleep. The MTV gener-

ation's attention span may be short, but perhaps young

people also have an increased capacity for the rapid absorp-

tion ot information, especiaUy if it comes through several

senses at once. (In the Space Theater, while pixels bombard

the eye, sounds ripple from multiple speakers in the dome
and seats shake to simulate space-shutde launches.) The
show's twenty-minute duration also allows the Space The
ater to be filled and emptied twice per hour. And the audi-

ence, far from falling asleep, will probably reel from the the-

ater in a state of sensory shock.

For additional sensory zapping, visitors can then take the

escalator down to the Big Bang Theater, in the beUy of the

planetarium sphere, where they can be visually pounded by

Leaving the Big Bang Theater, the audience

will blink in the brilliant light from the

reflective panels covering the sphere.

a re-creation of the first three minutes of the very origins of

the universe. Leaving the theater, the dark-adapted audience

will bhnk in the flood of brilliant natural Hght created by the

reflective white aluminum panels that cover the sphere.

Light is what virtually all the exhibits consist of buckets

ot it splashed from projectors onto the Space Theater's

dome; streams ot it on computer and video screens; zillions

of photons of it hurthng through the big windows, direct

from the nearest star, eight hght-minutes away. Light, notes

Tyson, is what astronomers study. "One of our missions is to

alert the public to how important the analysis of hght is," he

says. "It's at the foundation of most cosmic discoveries. By

analyzing hght spectra, we discovered the planets outside

our own Solar System, and we discovered the expanding

universe. We learned that the ingredients of the stars are the

same as those found in the human body and in the rest of life

on Earth, which leads to the legitimate claim that we are

Stardust." Light is also something that architects and design-

ers can play with; exhibition designer Appelbaum points out

that most galleries in most museums are dark—paradoxi-

cally, the result of the invention of the electric hght. In many

places on the Rose Center's glass-curtain walls, he attached

detraction gratings that act as prisms, casting spectra—tiny

rainbows—that t\\'inkle across the white sphere, across the

planets, and onto the back wall, moving slowly wdth the

Sun. Most designers hke to control Hght; Appelbaum, Pol-

shek, and Tyson are content to let hght happen.

The Rose Center, say all three, is a celebration ofHght.D

:uff/' Arthur Stanley Eddingtofi
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THEATER OF THE STARS
Planetariums have come a Long way in

the past 300 years.

By James B. Sweitzer

m
ithin the globe of the new Hayden Planetarium,

advanced projectors are fed by some of the most

powerful computers ever used to advance the

public understanding of science. This cutting-

edge technology makes it easy to forget that the planetar-

ium descends from a lineage that is more than 300 years old.

In the mid- 1600s, Adam Olearius, court mathematician

and hbrarian to the duke of Holstein-Schleswig-Gottorp,

designed a hollow, ten-foot-

diameter, water-powered rotating

sphere into which people could

cHmb to see gilded constellations

illuminated by centrally placed oil

lamps. At best, the Gottorp globe

was a crude depiction of the ce-

lestial sphere, but it could not ad-

equately represent the planets of

our Solar System.

For that, one would have to

wait for the mechanical tabletop

orreries of the eighteenth cen-

tury. Orreries were simulation de-

vices based on one of the most

advanced technologies of the

time, that of the gear-driven

clock. They allowed students of

astronomy to move miniature

planets round and round a small

brass ball that represented the

Sun. The orrery was ideal for dis-

playing the Copernican model of

the planets in our Solar System,

but, like the Gottorp globe, it failed to provide an integrated

view of the universe.

The next leap did not come until the 1920s, when the

firm of Carl Zeiss in Jena, Germany, invented an electro-op-

tical projector that cast images of the stars. Sun, Moon, and

planets onto a large hemispheric screen. The positions and

motions of these celestial bodies could be reaUstically re-

created from any perspective on Earth and for any date up

to 26,000 years in the past or the future.

From the time it opened in 1935, the old Hayden Plan

the electro-optical planetarium was, however, its perspective

remained geocentric. To offset this limitation, the Hayden

installed a large overhead orrery (with a Hghtbulb as the Sun

and motorized planets circHng around it on electrified orbit

rails) that operated until the early 1980s in a gallery below

the Sky Theater.

But even the best mechanically driven projectors and

orreries are incapable of depicting the universe as we now
understand it. Astrophysicists of the twentieth century

demonstrated that far from living in the center of a gently

rotating, unvarying clockwork world, we humans inhabit

instead an expanding, constantly evolving universe. The
stars and galaxies are organized in hundred-million-light-
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The eighteenth century saw the development of the orrery, a clockwork mechanism ideal

for presenting the Copernican view of the Solar System.

year structures that extend as far as telescopes can see. To

represent this universe, new technologies and devices are

required, and the data fed into them must be constantly

updated. This is precisely what happens in the new Hay-

den Planetarium.

With two projection systems, the new Space Theater

simulates a vehicle that can fly to any place in the universe.

The most modern star and planet projector in existence—

a

Zeiss Mark IX, special Hayden edition—depicts the night

sky as seen from Earth. Nine thousand stars are projected

et^yium relied on the brilliant Zeiss invention. Advanced as fiber-optically which lends them a new sharpness and sub-

'Man hath weav'd out a net, and this net throwne upor



tic ilistiiKtions of color. Tlic Sun, Moon, .ukI planets course

throiit^h the sky, steered by special computers, and the sky

can be displayed notjnst from Earth but from any planet in

the Solar System.

For deep space travel, the task falls to the digital-dome

simulator, a one-of-a-kind system integrated by SEOSTri-

mension of Great Britain. Seven

powerful video projectors blend

together to display on the huge

dome a single image ot more

than 7.2 million pi.xels. Fed by a

Silicon GraphicsOn^^ 2 Infinite-

Reality Engine computer, the

system is similar to those used by

the film industry for special ef-

fects. But the Space Theater's ef-

fects are based on data from

NASA and the European Space

Agency, as well as on supercom-

puter models of the universe.The

result is a digital model of the

galaxy, featuring billions of stars.

In the Space Theater's signa-

ture program, the audience will

take a grand tour from Earth into

deep space.Voyaging through the

Milky Way, they will stop off at a

fantastic nebular region. Shitting

to a higher speed, they will—in

one continuous movement

—

take a turn, head out the south-

ern side of the disk of the galaxv',

fly past Earth's nearest extra-

galactic neighbors, and then hur-

tle a billion light-years from

home, journeying trillions of

times farther than NASA's most

remote space probe.

The new planetarium also

treats an aspect of cosmic history'

that was all but unkno\\'n in the

1930s. The Big Bang Theater,

located in the bottom of the plan-

etarium orb, is, in efl:ect, a giant

time machine. As though sus-

pended over the abyss of the early

universe, visitors will stand on a

doughnut-shaped glass floor Mng
over a deep, wide projection

screen. A high-powered laser

beam and dozens of other com-

puter-controlled hghts will im-

merse viewers in an accurate re-creation of the most impor-

tant epoch of the early cosmos.

Unique in the universe of planetariums, the new Hay-

den, with its capacity to accurately simulate the universe in

extraordinary three-dimensional detail, will launch visitors

on one-of-a-kind expeditions into deep space and time. D

NIGHT VISION
How a city boy grew up with stars in his eyes

By Neil de Grasse Tyson

It was a dark and starry night.

The air was calm and mild. I felt as though I could see forever. Too numerous to

count, the stars of the autunm sky and the constellations they trace were rising slowly

in the east while the waxing crescent Moon was descending at the western horizon.

The Big Dipper and Litde Dipper were just where they were supposed to be, afloat in

the northern sky. The planets Jupiter and Saturn were up there, too—one in the east,

the other in the west.

One of the stars, I don't remember which, seemed to fall toward the horizon. It was

a meteor streaking through the atmosphere. I saw a long, skinny cloud that stretched

across the sky. But it wasn't a cloud. It was the Milky Way, with its \-ars-ing bright and

dark patches giving the appearance of structure and the illusion of depth. Before that

night I had never seen the Milky Way or the constellarions with such clarit\'.

Forty-five minutes of my suspended disbelief swiftly passed before the house lights

came back on in the Hayden Planetarium Sky Theater.

That was the night. The mght the universe poured down from the sky and flowed

into my body. I had been called. The study of the cosmos would be my career, and no

force on Earth would stop me. I was just nine years old, but I now had an answer for

that perennially annoying question all adults ask: "What do you want to be when you

grow up?" Although I could barely pronounce the word, I would tell them. "I want to

be an astrophysicist."

From that moment onward, one question lingered within me: Was the planetarium

sky an accurate portrayal of the real celestial sphere, or was it a hoax? Surely there were

too many stars. I had proof. I had seen the night sk\' from the rooftop ofmy apartment

building in the Bronx. Built on the highest lull of the borough, it w-as one of a set of

three named the Skyview Aparmients.

From NewYork Citv- on a good night, you might see a hundred stars. But the first

time I was away from the cit)'—at a special astronomy camp in the Mojave Desert

—

I saw bezillions. Apparently my first sky show, six years earlier, had not been a hoax

after all. In the near-zero humidit)' on that cloudless desert night. I couldn't help

thinking to myself, as I gazed upon that glorious natural canopy, "Tt reminds me ot

the Hayden Planetarium."

Neil dc Cnissc Tyson, an astrophysicist, is the Frederick P. Rose Director ofXcwYork City's

Hayden Phuietariuni and a visiting research scientist at Princeton University. Tyson's memoir.

The Sky Is Not the Limit: Adventures of an Urban Astrophysicist, has just been pub-

hshed by Donbleday.

he Heavens, and now they are his owne/' John Donne
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Cosmos 2000
A special section

produced and edited by Richard Panek

The Hayden Planetarium at the American Museum ofNat-

ural History happened to open just as the prevaihng con-

ception of the cosmos was undergoing its first major shift

since Copernicus and Galileo removed Earth from the cen-

ter of the universe. The year was 1935. Only ten years ear-

Her, the astronomer Edwin Hubble had announced that

some of the faint, fuzzy spirals at the farthest limits of the

most powerful telescopes of the time seemed to be external

to our own galaxy and, indeed, seemed to be galaxies equal

in size and magnitude to the Milky Way. Then, in 1929,

Hubble outdid himself with the revelation that these galax-

ies appear to be racing away from us, and from one another,

at rates proportional to their distances—the farther away

they are, the faster they seem to be receding. In other

words, the universe is expanding.

A universe that's expanding must be expanding from

something, but in 1935 Hubble's finding was stiU so new
that no physicist had yet followed its impUcations to their ul-

timate conclusion.To a great extent, astronomers (and every-

one else) were still inhabiting the pre-Hubble universe

—

one that moved, its planets and stars and galaxies following

the predictable paths of Newtonian gravitation, but not one

that changed. In the sixty-five years since then, however, the

primary focus of astronomy and astrophysics has moved to-

vvard understanding and explaining an ever

changing universe: an organism that evolves over time.

This is the universe that the Museum's new Rose Center

for Earth and Space describes.To commemorate its opening.

Natural History has commissioned six prominent as-

tronomers and astrophysicists—some of them the very sci-

entists who made the breakthroughs that redefined the cos-

mos in the past six and a half decades—to tell the story of

this new universe.

The narrative begins close to home, in our own galaxy,

with an account of how individual stars in our night sky

evolve and the discovery that planets are orbiting at least

some, and maybe most, of these stars. The story then moves

away from the Milky Way and goes across space and back in

time to other galaxies, members of a celestial species with its

own evolutionary narrative and its own underlying organiza-

tion of weblike superstructures stretching to the ends of the

"visible" universe. Eventually the story leaves the visible uni-

verse and enters the realm of the big bang (and beyond),

where macrocosmic structures find their origins in the micro-

cosmic physics of subatomic particles.

Our tale ends there for now—February 2000—^but it hardly

ends there, period. Surely this story will change over the next

sixty-five years. And in a sense, the question that has kept sky

watchers returning to their vigils since the dawn of our species

may be the question that visitors to the reborn Hayden Plane-

tarium, as well as readers of the articles in the follovwng pages,

will come to value most:What don't we know?

Richard Panek writes Natural History '5 "Celestial Events" column

and is the author of Seeing and Believing: How the Telescope

Opened Our Eyes and Minds to the Heavens (Penguin, 1999).
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Twinkle
Twinkle
Also explode explode, collapse collapse,

nucleosynthesize nucleosynthesize. It

turns out that our nightly companions do

more than just sparkle—and therein lies

the tale of our own origins.

By Allan Sandage

Historians of science a hundred years hence will remem-

ber twentieth-century astronomy for two main accom-

plishments. One is the development of a cosmology of

the early universe, fixjm creation through consequent

expansion. The other is the understanding of stellar evolution.

Although not as well known among nonscientists as the big

bang is, the notion of the evolution of stars provided the foun-

dation upon which astronomers built the grand synthesis ofcos-

mological origins. The idea that stars change as they age and that

these changes in turn alter their local envirorunent and the

chemical makeup oftheir parent galaxy—an idea that has devel-

oped only within the past fifty years—stands in the same relation

to astronomy as the Darwinian revolution does to biology. It is a

concepmal breakthrough that makes possible the modern un-

derstanding ofthe origin, evolution, and fate ofthe universe and

that influences even questions oflife and eschatology.

The theory of stellar evolution had its beginnings when

the American physicist Jonathan Homer Lane, in 1869, and

the German physicist A. Ritter, from 1878 to 1883, derived

equations that described gaseous spheres, or stars, as chemi-

cal configurations held together by their own gravity and

obeying the known gas laws of thermodynamics. The Ger-

man mathematician Robert Emden published a remarkable

book on the subject

—

Gaskugelii (Gas Spheres)—in 1907,

summarizing the work of Lane and Ritter and adding much

to the early theory. Well into the 1950s, the so-called Lane-

Emden equation was the starting point for much of the the-

Sixty-five Years

of Discovery

1935
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'Gasballs spinning about, crossing each other



oivtical work on the structure of stars: their central temper-

atures dnd pressures, their masses, and tlieir ec]uilibria.

But did the stars actually do what the ec|uations said?

Yes—and the tact that we can determine what the condi-

tions are in the deep interior of the Sun and other stars with

fir greater precision than we can manage for most other re-

gions of the visible universe still amazes most of us.

In the early years of the twentieth century, the Danish as-

tronomer Ejnar Hertzsprung, working in the Netherlands,

and the U.S. astronomer Henn,' Norris Russell, working at

Princeton, invented a graph that would turn out to be the

Rosetta stone of stellar evolution. When you plot the tem-

peratures of stars (which can be inferred from their colors)

against their absolute luminosities (which can be calculated

from their distances and apparent brightnesses), a striking

pattern emerges. Figure out why that pattern should exist at

all, and you have the life histor\' of the stars.

As stellar astronomers fiUed in the so-called Hertzsprung-

RusseD (HR) diagram with observational data during the

first half of the twentieth century, two dense collections of

data points emerged. The main sequence shows stellar lumi

nosities ranging fr-om 10,000 times greater than to Id.000

times less than the intrinsic brightness of the Sun. In this

thin, wavy, highly populated region of the graph, the corre

spending surface temperatures of the stars range from

100,000° Kelvin to cooler than 3,000°. The other principal

branch on the HR diagram is occupied by stars that are all

100 times more luminous than the Sun yet cooler than

4,000° Kelvin. It is easy to use fundamental equations of

physics to show that stars such as those in the second group

must have enormous radii, exceeding that of the Sun by

more than a hundredfold, and, in addition, are of exceed-

ingly low density.

The stars in this second group are now called giants,

while stars on the main sequence (which include the Sun),

with radii that range from only one-fifth to ten times that of

the Sun, are appropriately named dwarts.

But while this diagram showed that stars clearly belonged

to certain distinct types, astronomers still didn't understand

A star is stillborn: This detail from the Trifid NebuU vividly depicts the

ongoing struggle of a protostellar object (hidden behind the clouds of dust

and gas) to come to life and begin to bum hydrogen into helium. According

to astronomers, the aspiring star won't make it.
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how the types corresponded to one another or how (and

even whether) stars changed. Then, in 1938, Hans Bethe in

the United States and, independently, Carl-Friedrich von

Weizsacker in Germany wrote down the nuclear reactions

by which hydrogen converts to heUum in the high-temper-

ature, high-density realm of deep stellar interiors. With that

discovery, nuclear as-

Blown away: An X-ray image reveals the

supernova Cassiopeia A expelling gaseous

clumps of silicon, sulfur, and iron from

deep in the star's interior. In a similar way,

a single exploding star produced all the

elements on Earth.

trophysics was born

and, with it, the un-

derstanding that hy-

drogen's burning into

helium is the first

stage of an evolution-

ary process.

Over the next two

decades, physicists de-

scribed the way in

which other elements

are newly created

from atomic reactions

within stars. In this

process, called nucleo-

synthesis, first hydro-

gen burns into he-

lium, then helium

turns into carbon, car-

bon into nitrogen, ni-

trogen into oxygen,

and so on through all

We are all madefrom the same

cosmic stuff and, indeed, were all once

inside the same star.

the other heavy elements, up to and including iron. At each

stage, mass is lost, the stellar structure changes, and the star

recycles chemical elements into space. Sometimes this pro-

cess ends in the catastrophic explosion of a supernova and,

with it, the formation and expulsion into space of iron and

aU the heavier elements.

The development of nuclear astrophysics not only pro-

vided much more sophisticated science for use in comput-

ing detailed stellar models and nuclear burnings than did the
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Lane-Emden equation and its later extensions; it also ex-

plained all parts of the HR diagram. By the 1960s, as-

tronomers could follow the chemical history of the galaxy,

and indeed of the entire universe, from the birth of the first

stars, through the buildup of the abundance of heavy ele-

ments in the interstellar medium out ofwhich new stars are

being continuously formed, and finally to their demise,

when the stars become either stable white dwarfs, neutron

stars, black holes, or unstable exploding supernovas.

This synthesis of nuclear physics and stellar astronomy has

led us to four significant conclusions. The first is that the ear-

liest stars were formed from a reservoir of protogalactic gas

that had not been enriched by a previous generation of nu-

clear burners; indeed, these first-generation stars have turned

out to be deficient in the heavy chemical elements by a fac-

tor of more than a thousand. Second, because new genera-

tions of stars are made in part from the gases of older stars, we
can date types of stars according to their "metalUcity"—their

relative abundance of elements heavier than hydrogen or he-

lium. Third, by examining its metaUicity, we have deter-

mined that the Sun is a third-generation star made from sev-

eral supernova episodes that enriched the local interstellar gas

some 5 bilhon years ago. (The age of the Sun and our Solar

System has in fact been calculated at 4.6 billion years, consid-

erably less than the age of the approximately 13-billion-year-

old clusters of stars at the heart of the galaxy.)

Finally, because all elements heavier than helium have

been nucleosynthesized in the deep interiors of stars, the

ninety-three stable chemical elements that are the raw mate-

rials of Ufe were all present at one time inside at least one

star. We are all made from the same cosmic stuff and, indeed,

were all once inside the same star. Life as we know it, de-

pending as it does on the interlocking details of the intricate

biochemistry that keeps Hving things in equilibrium, would

be fundamentally different if the Sun had been born earHer

in the history of the galaxy, when the mean abundance of

the elements that are heavier than heHum and necessary for

Hfe (such as carbon and oxygen) was much lower. Our bio-

chemical feedback systems would have been considerably

different—if they had existed at all.

We are the product of the stars. This is one of the most

profound insights to have arisen out of twentieth-century

astronomy. Life is clearly a property of the evolving universe,

made possible by stellar evolution. D

1948

'Then felt I like some watcher of the skies, Wheii
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Prospecting for Planets
Astronomers are finding new worlds by the

dozen—settling one ancient debate and

sparking a multitude of others.

By R. Paul Butler

Do
nthcr worlds exist? This question predates not just

UFO sightings and Star Trek but science and prob-

ably written history as well. Epicurus and Aristode

each debated the issue more than 2,000 years ago.

Exactly 400 years ago this month, on February 1, 1600, in a

public plaza in Rome. Giordano Bruno was burned at the

stake for—among his other heresies—advancing the notion

that there were other worlds. But it's only within the past

decade that astronomers have overcome the enormous tech-

nical challenges of probing the vicinity of stars other than

the Sun to look for unknown planets. In the process, they

have not only answered the question of whether other

worlds exist but also realized that planets are probably at least

as common as stars themselves.

Planets are extremely hard to see, emitting no light of

their own and shining only in the reflected light of their host

stars. To a hypothetical alien astronomer looking toward our

Solar System fi-om a planet orbiting even a relatively nearby

star, Jupiter would be an impossibly faint dot, lost in the

overpowering glare of the billion-times-brighter Sun. The

other planets, including Earth, would be fainter still.

We can't simply point a telescope at a star and see its or-

biting planets directly, but we can attempt to detect them in-

directly. The same principle appHes to the detection of elec-

trons. They've never been directly observed but were

discovered a century ago by virtue of their electric charge.

For extrasolar planets, it's a planet's gravitational field acdng

on its host star that provides the telltale evidence. Like an

unruly poodle yanking its more massive owner on a leash,

an orbidng planet gravitarionally tugs the host star around in

a small counter-orbit.

A star locked in an orbital embrace with a Jupiter-mass

planet wiU regularly move from side to side as well as wob-
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ble back and forth. The side-to-side motion can (in theory)

be detected by precisely measuring the position of a star rel-

ative to more distant background stars, but it's the back-and-

forth wobble on which astronomers have so far concen-

trated their efforts. Specifically, they use the Doppler

effect—an apparent change in the frequency of light (or

sound) waves that is caused by motion, similar to the distor-

tion of a train whistle's sound waves once they leave their

source. By employing the Doppler effect to measure minute

shifts in light waves from a wobbling star, astronomers have,

to date, discovered twenty-eight extrasolar planets.

Prior to these discoveries, theorists had assumed that

most planetary systems would be similar to our Solar Sys-

tem: massive Jupiter-Uke planets at great distances from the

host star, with ten- to hundred-year orbital periods, and

small Earth-like planets in smaller orbits of a few months to

Not only do worlds exist outside our own

Solar System, but planets are probably at

least as common as stars themselves.

a few years, all travehng in stately near-circles. The twenty-

eight planets that have been located since 1995, however,

have delightililly confounded these expectations.

While current technology can detect only giant planets

with the approximate mass ofJupiter, about halt these plan-

ets have been found to have orbits that, within our own

Solar System, would He between the Sun and its closest

planet, bHstering-hot Mercury. Michel Mayor, who along

with Didier Queloz discovered the first of these close-in

planets around the star 51 Pegasi in 1995, has dubbed them

Hot Jupiters. Nearly all the other planets discovered thus far,

although not so shockingly close to their host stars, move in

highly eccentric, egg-shaped orbits. These deeply surprising

findings have stimulated theorists to generate new models of

planetary formation and evolution.

We already knew that planets form m the disks of gas and

dust that surround young protostars. (Such formations have

now been directlv observed around most of the nearby
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young stars by ground-based telescopes and by the Hubble

Space Telescope.) The disk swaddles the protostar for its first

few million years of existence and is then shed like a cocoon

when the newly "turned on" star emerges, its nuclear flir-

nace igniting and Uterally blowing away the remaining gas

and dust. But now, new theoretical models show that an

embedded protoplanet within the disk might be driven to-

ward, rather than away from, the star. If conditions are right,

the planet will end up in a stable orbit "parked" just outside

the star, although in many cases the planet may fall all the

way in and be cannibalized by its parent.

Planets that survive the disk phase of formation and evo-

lution face another danger: interactions with other planets.

,*<*'*
...<***

In a system of multiple Jupiter-mass planets, many iTiight

survive in stable orbits for millions or even billions of years

but then chaotically, violently interact. At that point, some

planets would be thrown into tighter orbits and others

would be thrown out. The resulting orbits would all be ec-

centric and egg-shaped. Something hke this would have

happened in the Solar System if Saturn had ended up being

twice as massive as it is. A Jupiter—Saturn interaction, Uke an

encounter of billiard balls on a gravitationally warped pool

table, would have disrupted the orbital stabUity of the "Httle

worlds" of the inner Solar System and devastated the possi-

bihty of higher life's emergence on Earth.

The first twenty extrasolar planets were all found in
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siiii^lc-pl.iiR't systems—not smprisiiii;, gi\'cii tin.' ,ulolL'Si.'ont

st.itc i)t\iirront pl.nK-t-luiiitinu; tcchiuiloi;)'. At this st.ii;c, uv

can find tlicsc Jiipitci-nuiss planets only by observing their

repeating orbits at least twice. Since the oldest survey ot ex-

trasolar planets has been under way for only twelve years, we

can at present detect planets with orbital periods of, at most,

six years. The discovery of a multiple-planet system requires

some luck: wed have to chance upon a system of two or

nuiiv |upiter-mass planets, all relatiwlv close to their central

star and moving in tortuitously stable orbits.

Amazingly, one such system has emerged. Upsilon An-

dromedae (see "Strange New Worlds," Natural History, Sep-

tember 1999), a star visible to the naked eye in clear, dark

skies far from city lights, has three planets with masses of

roughly one, two, and four times that ofJupiter and respec-

tive orbits of 4.f) da\s, S months, and 3.5 years. The inner-

most planet in the system travels in a circular orbit, as do all

the Hot jupiters. In contrast, the outer two planets are in ex-

tremely eccentric orbits, suggesting that gravitational scat-

tering may have played an important role in shaping this sys-

tem. Since the Upsilon Andromedae system includes both a

Hot Jupiter and eccentric planets, it may serve as a key to

our understanding of planet formation and evolution.

While Upsilon Andromedae reassures us that systems of

multiple planets are probably common, we still yearn to find

planet systems that remind us of home, of our own Solar

System. We want to know whether such systems are com-

mon or rare. Is the Milky Way galaxy littered with analogs ot

the Solar System, or is our little band ot planets improbably

fortunate to be moving in stable, life-protecting, nearly cir-

cular orbits? Since a Jupiter-mass planet at Jupiter's distance

from its parent star takes about twelve years to complete a

single orbit, and since we need to observe at least two orbits

to determine with certaints' that what we're monitoring is a

planet, the current Doppler-etfect surveys won't complete a

preliminary search for a true analog of our Solar System

until at least 2010.

The indirect, Doppler-etFect detection of back-and-forth

wobbling will continue to account for most ot the next dec-

ade's extrasolar planet discoveries. Planet-hunting astronomers

in the United States, Europe, and Ausn-alia are now surveying

the nearest 2,000 stars trom telescopes in the Northern and

Southern Hemispheres. By decade's end, these surveys will

have provided hints about the proportion of planetary systems

1957

in our gal.ixy that are similar to our Solar System.

Hut teams of scientists and engineers are also developing

technologies that allow direct detection of a planet-hosting

star's side-to-side motion against the celestial backdrop. Fore

most among these is optical interferometry, a method of

combining beams from two or more telescopes to produce

an unprecedentedly precise measurement of a star's position.

The first ot these optical combiners should be working at the

two l(l-meter Keck telescopes in Hawaii within the next

year, and soon at'terward at the four S-meter telescopes of the

European Southern C^bservatory in Chile. These systems

should be able to detect intermediate-mass planets (those

with a mass similar to that of Uranus, Neptune, and Saturn).

Interterometric observations made above the blurring ef-

fect of Earth's atmosphere would allow even more precise

measurements. NASA's Space Interferometry Mission

(SIM), due to begin within seven years, would be able to

detect planets with masses as small as tive to ten Earths and

with orbital periods ot five years or less. Next-generation

About half of the iieufouiid planets move in

highly eccentric, egg-shaped orbits.

space interferometers, such as the proposed NASA Terres-

trial Planet Finder and the European DARWIN Mission, are

tentatively scheduled to launch within fifteen years. These

are projects designed to allow scientists to direcdy "see"

Earth-Uke planets orbiting nearby stars and to search for ev-

idence of water and life on these worlds.

For centuries, the priman' goal of extrasolar planet re-

search was simply to find one example. Now we've found

twenty-eight, and our questions continue to race ahead of

our primitive technologies. We want to tind analogs to the

Solar System, with Saturn- to Jupiter-mass planets in circu-

lar orbits the diameter ofJupiter's. We want to find the in-

termediate-mass, Neptune-Uke planets and also the small.

Earth-mass planets. We want a broad understanding of the

fornaation and evolution of planetan,' systems.

Ultimately, though, we want to know how often we can

expect to find stars with eleganriy arranged systems ot plan-

ets in mutually stable, circular orbits that might support

small, blue-water worlds. B\- 2020, we mav ha\-e the first

ghmmer of an answer. D
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CannibaLs of the Cosmos
Galaxies have to fight for survival,

just like everything else in the universe.

And now they have their own theory

of evolution.

By Michael Shara

As
with snowflakes, no two galaxies are identical. Even

in 1935, when the Hayden Planetarium opened in

New York City only a decade after astronomer

Edwin Hubble had determined exactly what galaxies

are, astronomers appreciated this basic fact. What they didn't

understand was how galaxies come to differ—the evolution-

ary processes that change them over biUions of years.

Since then, three generations of observational and theo-

retical astrophysicists have succeeded in demonstrating that

the appearance and evolution of galaxies are largely driven

by coUisions; that a collision between two galaxies lasts

about 100 million years; that about a billion pairs of galaxies

are colliding right now; and that these coUisions were even

more common 5 bilhon to 10 biUion years ago, when the

universe was much more dense.

In the eighteenth and nineteenth centuries, observations

made with increasingly powerful telescopes led many as-

tronomers to suggest that faint, fuzzy, spiral-shaped patches

of light all over the sky might be "island universes"—galax-

ies equal in magnificence to our own Milky Way. In 1925

Hubble proved that these objects were made of biUions of

stars, at distances of millions of light-years from Earth.

In effect, galaxies became the flora and fauna of the cos-

mos. Just as biologists began early on to group plants and an-

imals into families, seeking to classify the vast diversity of

living creatures (and hoping these efforts would ultimately

lead to discerning an order in nature), so astronomers of the

early and mid-twentieth century proposed galaxy classifica-

tions based on shape, luminosity, and stellar content.

One of the first and most influential of these attempts was

Hubble's "tuning-fork diagram," so called because he traced

two distinct evolutionary paths that galaxies might foUow out
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of a common developmental "handle." Although the dia-

gram continues to appear in introductory astronomy texts,

many of its specifics are now obsolete. Still, it established the

general categories into which virtually every galaxy fits: pin-

wheel (spiral), round, elliptical, or chaotically shapeless.

Yet it wasn't until 1972 and the Astrophysical Journal's

pubHcation of the monumental paper "Galactic Bridges and

Tails," by two astrophysicist brothers working at the Massa-

chusetts Institute of Technology, that galaxy-evolution the-

ory got its own Origin of Species. Just as Charles Darwin's

theory accounted for vast numbers of observations by thou-

sands of naturalists, so the conclusions of Alar and Juri

Toomre provided a comprehensive new way of looking at

the data on galaxies that had accumulated over the course of

the century. What the Toomre brothers simply and elegantly

demonstrated, through both hypotheses and computer sim-

ulations, was that a close encounter between two galaxies

—

whether a near miss or a direct hit—usually has profoundly

disruptive effects on both. To appreciate why this is true, a

brief detour into the packed doriTiitories of galaxies and the

spacious estates of stars is necessary.

The universe is far more crowded with galaxies, rela-

tively speaking, than galaxies are crowded with stars. For ex-

ample, to reach our nearest star (after the Sun), Proxima

Centauri, you would need to string together 100 iniUion

Suns. By contrast, to reach our nearest galactic neighbor, the

Andromeda galaxy, you'd need only twenty-five Milky

Ways. Isolated stars similar to our Sun move through space

for billions of years with no chance of encountering other

stars. But many (and perhaps most) galaxies have passed

close to or collided with other galaxies during the 15-bil-

hon-year history of the universe.

As the universe continues to expand from its early, high-

density state, galaxies become, on average, farther and farther

apart (although they also tend to gather more often in rich

clusters). In the distant past, when galaxies were closer together

than they are today, collisions would probably have been very

common, and galaxies residing in dense clusters would have

been even more likely to suffer encounters. Recent Hubble

Space Telescope observations of distant galaxy clusters (whose

light began its journey to us when the universe was about half

its present age) strongly support these hypotheses.

What happens when two galaxies coUide? Gravitation-

ally, the outcome can depend on several factors, including
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the rcl.itiw masses, sizes, and types of galaxies; tiieir ciirei-

tioii iif spin; and luiw elose tliey get to eacli other. But

galactic collisions also can have generative etlects as the gases

from one galaxy come into contact with the gases trom the

other, leading to a baby boom ot stars and star clusters.

Many thousands of types ot galactic interactions are possible,

and their outcomes can range from benign to catastrophic.

Fortunately for astrophysicists, only a few simple rules gov-

ern intich ot what h.ippens during a close encounter.

Ewry one ot the billions ot stars in a galaxy is gravita-

tionally attracted toward all the stars in its own and all other

galaxies. The stars that are nearest to one another in two

convergent galaxies, however, experience the strongest at-

tractions and accelerations. The result is that both galaxies

"stretch" as stars are diverted by varying degrees in different

parts of the colliding system. The longer that stars are ex-

posed to these stretching forces, the greater will be the up-

heaval in star orbits and galaxy shapes.

The Toonire brothers' computer simulations showed that

two galaxies slowly sweeping by each other and rotating in op-

posite directions (a hypothetical case that maximizes interac-

tion time) can strip large numbers of stars out of each galaxy.

This stripping process creates the long bridges and tails (the ev-

idence of stars escaping both systems) that had already been

observed but had, only a tew years earlier, seemed inexplicable

to astrophysicists. The match between long-standing observa-

tions and the Toomre brothers' theory was exquisite—far too

close to be coincidence. The simulation clearly explained how
a close encounter dramatically distorted both galaxies.

A very close passage (with a distance ofjust a few galaxy

diameters) can yield gravitationally mated, binary galaxies.

Within a few hundred miUion years, the galaxies fall in on

each other, thoroughly mixing their stars and emerging as a

single massive gala.xy. One of these more massive galaxies

can exert a larger gravitational puU on nearby objects than

would either of its lighter-weight predecessors. Astrophysi-

cists speculate that a single supermassive galaxy within a rich

cluster ot galaxies can grow by cannibalizing its neighbors

—

and, in fact, observations reveal that at the core of many

populous galaxy clusters is one monster elliptical galaxy. The
evolution and eventual dissolution of galaxy clusters may be

largely driven by collisions.

Head-on collisions are less probable than near misses but

produce some spectacular results. The ring galaxy shown on
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the facing page is almost certainly the debris of a direct pas-

sage of one galaxy through the center of another. Thi

t'reeze-trame image of a cosmic bull's-eye is fleeting; the ring

structure is unstable and will disintegrate in a "mere" 50

million years.

The effects of a collision between two galaxies go be-

yond gravitation, though. Computer simulations show that

when spiral galaxies collide, many of their star-forming gas

clouds are compressed by collisions with other gas clouds

As these clouds condense, they can yield clusters of hun-

dreds of thousands of massive suns. The beautifuUy symmet-

rical patterns we see in many spirals are due partly to the

clusters of births of massive stars. When these short-lived

stars die as supernovas, the material they eject at high speeds

triggers the compression of more gas clouds and another

Wlten gasesfrom one galaxy come into

contact mth gasesfrom another, the result is

a baby boom ofstars and star clusters.
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wave of star formation. After losing the raw material needed

for creating more supernovas, postcollision spiral galaxies

become populated with aging stars, as are elliptical galaxies.

These observed and theoretical collisions aren't the only

evolutionary factors affecting galaxies. Others are at work even

in isolated galaxies; in particular, hydrogen is being fiised into

heavier elements and ejected by dying stars in ever)' galaxy (see

"Twinkle Twinkle," page 64). This process continuously

changes the chemical makeup of successive generations of stars

and may also change the relative numbers ofvery massive stars

and double stars. Finally, surrounding every galax\' is a massive

component of dark matter that is detectable only through its

gravitational exertions; how this mysterious matter affects the

evolution of star orbits is stiU only pardy understood.

There are other, even more subde, effects we are aware

of, as well as many we have yet to discover. Srill. it's clear

today, as never before, that galaxies aren't just the stately

swirls seen through nineteenth-century instruments—or

even the orderly cosmic companions that Hubble began

classifying only three generations ago. They are individual

organisms that have been undergoing dramatic, often vio-

lent evolution right fiom the start, shortly after the big bang

some 15 biUion years aa;o. D
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The Big

Picture
Mapping galaxies gives the night sky

something that simpLy Looking at it

won't provide: the third dimension.

By Margaret J. Geller

On
April 26, 1920, two astronomers, Heber D. Curtis

and Harlow Shapley, formally debated whether the

fuzzy objects then called spiral nebulae were outside

our own Milky Way. Curtis said they were external

galaxies; Shapley said they weren't. Their debate marked the

end of an era in our perception of our grandest environ-

ment. By 1929, Edwin Hubble and others, ironically in-

cluding Shapley himself, had shown that the universe ex-

tends well beyond the boundaries of the Milky Way.

Today we know that our universe may well be infinite

and that the farthest reaches of the visible portion—the part

we can explore—are 15 billion light-years away. The quest

for a map of this dauntingly large universe began promptly,

once astronomers understood what to map.

By the time the American Museum—Hayden Planetar-

ium opened its doors, on October 3, 1935, Shapley was en-

gaged in a new debate, this time with Hubble. The subject

was the arrangement of galaxies in the universe. Hubble,

with access to the 2.5-meter telescope on Mount Wilson,

outside Los Angeles, probed deep into the universe over

small areas of the sky. He counted faint galaxies and argued

that on large scales, the universe is remarkably uniform.

Shapley, limited to smaller telescopes, worked with Adelaide

Ames to construct a shallow catalog, extending over the en-

tire sky, of the few thousand galaxies nearest the Milky Way.

Whereas Hubble emphasized regularity, Shapley focused on

irregularity. He noticed that in his catalog, clumps of galax-

ies covered large regions of the sky. He was ignored.

In 1938 Fritz Zwicky, an inspired maverick, picked up

1969

Shapley 's thread. He suggested that clusters of galaxies—col-

lections of hundreds to thousands of galaxies Hke the MrUcy

Way—are the fundamental building blocks of the universe.

Zwicky, like Shapley before him, used a fairly small tele-

scope to photograph the entire northern sky. He then mea-

sured the two-dimensional positions on the sky—the lati-

tudes and longitudes—for 30,000 individual nearby galaxies

in these photographs. Zwicky 's catalog, pubHshed in the
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I ''()( Is, was the l.uiiKhiiii; p^icl tor the transition from .1 twt)-

diinensioiial to .1 thivi.-i.linK-nsion,il \ic\\ ot the iinnerse.

Tlie l')70s iishca-d 111 .1 iv\olution in otir .ibiHty to c.ilcu-

l.itc the distances to galaxies and tluis to map the iiniwrse 111

tliree dimensions. Instead ot piiotographk plates, uhieh regis-

ter at best a tew percent ot tlie hght striking diem, astronomers

Lx-gan to use detectors similar to tlie ones in digitiil cameras

today. These more sensitive solid-state charge-coupled device

(CX;i )) detectors are crucial for analyzing the spectra ofdistant

gala.\ies. To record a spectrum, we spread the galaxy light out

into its colors, just as a prism does for sunlight.

Hubble t'lrst showed th.it the more distant a galaxy is, the

greater the shit't of t'eatures in its spectrum toward longer,

redder wavelengths. This "redshift," or stretching, ot light

occurs because of the expansion ot the universe. The red-

shift is proportional to the distance to the galaxy.

Today Hubble's relation

I between redshift and distance

g is the fiindamental tool we use

S to make the transition from

I two-dimensional to three-di-

i mensional maps of the uni

I verse. To derive the third di

s mension, we record the

i spectrum tor each galaxy in a

3 two-dimensional map like

i Zwicky's. When Hubble and
° his collaborators measured

I redshit'ts for very nearby

< bright gala.xies. it took all

< night on a 2.5-meter tele-

g scope. Today the same mea-

1 surement takes less than a

5 minute on a smaller telescope

S Technological advances have

I made ours the age ot mapping

I the universe.

Two-dimensional maps of

the positions of galaxies across

the sky hide the rich three

dimensional texture of the

universe uncovered by sys

teniatic redshift measure

nients. Teams of astronomers

have now mapped about .001

percent of the volume of the

visible universe—about the

fraction of Earth that is co\'-

cred by the state of FUiode Is-

land. Although the coverage is

small, the ob\"ious patterns in

these maps are surprising.
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In 1986 my work at Harvard with my colleague John

Huchra and graduate student Valerie de Lapparent provided

unequivocal evidence that there are very large and weU-

defmed patterns in the distribution of galaxies. The pattern

of galaxies in our three-dimensional slice ofthe universe sug-

gested that sheets, or walls, containing thousands of galaxies

The patterns in the universe are similar to

the bubbles in the kitchen sink—enlarged

about a thousand trillion trillion times.

A deep view: In 1998 the HubbLe Space Telescope peered down a 12-

billion-light-year corridor, revealing a dazzling assortment of never-

before-seen galaxies in the Southern Hemisphere sky.

mark the boundaries of vast dark regions nearly devoid of

galaxies. Some of these walls extend for hundreds of millions

of light-years. The patterns in the universe are similar to a

household sponge or to bubbles in the kitchen sink enlarged

about a thousand trillion trillion times.

Maps are changing our picture of the nearby universe.

Astronomers are beginning to define its "continents" and

"oceans." But even with these maps we cannot yet say that

we have seen the largest patterns in nature. Several ambitious

projects to map larger portions of the nearby universe are

under way. These maps may tell us how galaxies mark the

distribution of matter in the universe, but they wQl not teU

us how galaxies or the patterns they make originated.

Theory asserts that the enormous, rich patterns we
observe today originated as gravity caused the growth of

very small lumps and bumps in the matter distributed

through the early universe. During the past 15 billion

years or so, galaxies and the network of structures they

inhabit developed from the smooth early sea of matter

and radiation.

Computer models produce spectacular images of the

evolution ot the universe, but there is no model as subtly

beautiful as the natural world we observe directly. Today we
are in the process of making the "real universe" movie, a

journey in space and in time. When we look out in space,

we look back in time. Nearly the entire history of the uni-

verse is there for us to see and record.

All the information we have about the universe is carried

to us by ancient Hght. These photons travel to us for hun-

dreds of miUions, even biUions, of years without hitting any-

thing. They end their journey in our detectors and answer

age-old questions. Large telescopes on the ground, coupled

with space observatories such as the Hubble Space Tele-

scope, wiU slowly give us the firames of our movie. Ob-
servers have already seen that when the universe was only a

few billion years old, there were walls of galaxies—walls

similar to the nearby ones. Of course, maps of the distant

universe are now limited to very small regions and may be a

deceptive guide to our history.

Our children's grandchildren wUl probably have a picture

of the entire universe. That we ask questions about the uni-

verse—that we are driven to explore it and understand it

—

is an awesome part of being human. That we can answer

these questions is even more remarkable. D
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Genesis: The Sequel
In the beginning was the big bang.

But what exactly banged? How did

it bang? And what happened

before it banged? Inflation theory

offers some answers.

By Alan H. Guth

Although the study ot the origin ot tlie universe is in

some sense one of tlie oldest sciences, cosmology as

we know it today—,i br.mch of astronomy dealing

with the origin and structure of the universe—was

in its infancy in 1935, when the Ha\den Planetarium first

opened. Just six years earlier, Edwin Hubble had discovered

the expansion of the universe. Not only did this revolution-

ary insight overturn the age-old assumption of a static uni-

verse, but it initiated an etTort among physicists and as-

tronomers to trace this newtbund expansion to its

beginning—to what we would today call "the big bang."

Over the decades, the big bang theory has become the

framework of contemporary cosmology. It elegantly de- „

scribes how the early universe expanded and cooled and t

how matter clumped to form galaxies and stars. While

tiiere's never any guarantee that a scientific theory is correct,

the big bang theory has passed a number of persuasive tests,

including the 1965 discovery, by American physicists Arno

A. Penzias and Robert W. Wilson, of a microwave hiss that

matched predictions for the afterglow of die heat of the big

bang. In 1993 the COBE (Cosmic Back^iviiiid Explorer) satel-

lite made far more precise measurements of this radiation,

verifying that its properties are just what scientists expected.

Yet for all its striking successes, the big bang theory in its tra-

ditional form remained incomplete.

In tact, the big bang theory has never really been the the-

ory of a bang at all. It describes the qftcniiatli of a bang—the

ongoing ballooning of space itselt as the matter ot the uni-

verse flies apart. But the theory says nothing about what

caused this spectacular expansion. It gives not even a clue

1981

about \\ li.it bangeii, what caused it to bang, or what hap-

pened before it banged.

In other words, the theory sheds no light on the under-

lying physics of the primordial fireball—and with good rea-

son. Not until the 197ns did physicists develop an accurate

enough theory of elementary particles to justiB,- extrapola-

tion to the extraordinary temper.iturcs and pressures ot the

early universe. At about this same time, the evidence for the

big bang theory became convincing enough for the scien-

tific community to take it seriously. Thus, in the study of

the first fraction of a second of the universes e.xistence, par-

ticle physicists and cosmologists reached common ground

Their combined efforts led to what we now know as infla-

tion theory—a description of the driving force behind the

expansion of the universe and a source of plausible answers

to the c]uestions of what banged, how it banged, and more.

According to inflarion theory, cosmic expansion was pro-

pelled by a peculiar material that turned gravity on its head,

generating a repulsive, rather than an attractive, gravitational

force. The proposal that the laws of physics should allow such

a material is not a blind hypothesis but rather a prediction that

arises from the combining ot modern particle theon,- with

conditions a"

A*#
v,e^

lx^

.1^^''

N<i
{fP-

^^^

:^''^^
,cO^^

.^^^
^V''^^

i^•=^

.cO
^-^«

.^e.^

m

hings which happen from time to time." Edward Tiyon



78 COSMOS 2000/COSMOLOGY natural history 2/00

general relativity A patch of the early universe may have be-

come filled with this repulsive-gravity material in a number of

ways, but they would all have led to the same result. Inflation

is like a wildfire taking over a forest: whether the fire was

started by a match, a candle, or lightning, the outcome is

much the same. The inflating patch would grow exponen-

tially, doubling and redoubUng. During the first triUionth of a

triHionth ot a trillionth of a second of the universe's existence,

the volume of the universe grew by at least a factor of 10^^

—

about as much as it did during the next rrdllion years.

After a hundred or more doubhngs, the repulsive-gravity

material would decay, much Hke a radioactive substance.

The energy released would produce a hot, uniform soup of

particles—the assumed starting point of traditional big bang

theory. Here inflation theory joins the big bang theory, leav-

ing all the successful big bang predictions intact. If inflation

During thefirst trillionth ofa trillionth of a

trillionth of a second, the volume of the

universe grew by at least afactor of 10^\

theory is right, essentially all the matter in the universe was

created during the inflationary expansion. The universe is

the ultimate firee lunch.

Because inflation theory describes the bang itself, it can

explain a number of previously mysterious features of the

cosmos. One is the extreme uniformity of the universe on

very large scales. Ifwe divided space into cubes of 300 mil-

Uon Hght-years or more on each side, we would find that

each cube closely resembled the others in all its average

properties—mass density, galaxy density, hght output, and so

on. This large-scale uniformity is seen in galaxy surveys, but

the cosmic background radiation provides the most dramatic

evidence, showing that the temperature of the early universe

was uniform to better than one part in 100,000.

Aside from inflation, no known mechanism can explain

this uniformity. Before inflation theory was proposed, cos-

mologists had no choice but to postulate that the universe

somehow began with an almost perfectly uniform tempera-

ture. Inflation theory changes this picture, inserting an enor-

mous growth spurt into cosmic history. Prior to this spurt,

when the region we are currently observing was less than

/w the size that traditional big bang theory had assigned it.

there was plenty of time for it to come to a uniform tem-

perature, just as a slice of pizza cools to room temperature

after being taken from the oven. Once this tiny region be-

came uniform, inflation stretched it so much that it now en-

compasses everything we can see.

While the universe on the grandest scale may be remark-

ably uniform, it's not entirely uniform. Just look at galaxies

and galactic clusters and sheets of galactic clusters (see "The

Big Picture," page 74); inflation theory, it turns out, can ex-

plain these nonuniformities, too. According to quantum

mechanics, the duration of the inflationary era would have

varied slightly from place to place, and these variations man-

ifested themselves in faint but crucial ripples in the matter

density of the early universe—the seeds, in effect, that even-

tually would sprout into galaxies. Today we can observe

these ripples indirectly, in the extremely fine variations they

produced in the cosmic microwave background. Data from

the COBE sateUite and ongoing terrestrial experiments have

so far been consistent with the predictions, which will be

tested more precisely by upcoming space missions: the Mi-

crowave Anisotropy Probe (MAP), set for 2000, and the Planck

Surveyor, tentatively scheduled for 2007.

Finally, the simplest versions of inflation theory make a

prediction for the overall mass density of the universe—an

important quantity that has recently acquired additional rel-

evance. Within the past several years, the foundations of cos-

mology have been shaken by new observations of how the

universe's expansion rate has been changing. By using dis-

tant supernovas as distance indicators, two groups of as-

tronomers have found that the rate at which galaxies were

receding from one another 5 billion years ago appears to

have been lower than it is today. Thus it seems Hkely, al-

though still uncertain, that the cosmic expansion is acceler-

ating. This suggests that the vacuum—empty space—has the

same repulsive-gravity property that inflation theory attrib-

utes to the material of the early universe.

The idea that repulsive gravity is generated by a vacuum

was introduced in 1917 by Einstein, who called it the cosmo-

logical constant. He used this idea to explain why his static-

universe model would not collapse under the force ofnormal

gravity but abandoned it when Hubble's observations showed

that the universe is expanding. The reemergence of the con-

cept of a cosmological constant comes as a surprise to most

cosmologists, although in many ways it is a welcome one.
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for enthusiasts of iiiHation theory. First of all, it would cleinoii-

strate that repulsive gravity—the hallmark of inflation—is not

just a theoretical possibility but a realit>'. More important, it

would iieip resolve a discrepancy: the simplest versions ot infla-

tion tiieory predict that the universe should contain three to

tiiur times more mass than astronomers have so iar been able to

find. A cosmological constant would lead to the surprising

conclusion that empty space has a mass density, and the super-

nova observations indicate that this density is just right (within

uncertainties) to bring the total up to the predicted v;rlue. Tliis

viilue is iilso in accord with a mass-density esrimate based on

cosmic background radiation experiments. While the implica-

tions of the superno\a data and the cosmic background data

are debatable, the agreement of diese measurements with each

other and with inHadon theory leads to a persuasive picaire.

In the ne.xi miUcnnuini, I think, inHation theory will con-

tinue to play a major role in shaping our understanding ofhow
the universe got to be the way it is. This does not mean, how-

ever, that the most important problems have been solved. The

concept of inflation is really a paradigm, not a detailed theory.

Many versions of it have been put forth, and no doubt many

more will appear. We still cannot idendfy die dark matter that

makes up more than '.lO percent ot the mass ot gala.xies, and the

physics that might uiulerlie a cosmological constant remains a

total mystery. Meanwhile, observarional cosmology is becom-

ing a precision science, rapidly accumulating data on the cos-

mic background radiadon, the distribution of matter, and the

composirion of the universe. While I feel confident that infla-

rion theory is basically correct, I suspect the final version will

differ in many ways from anything so far proposed—and

maybe even anything we can at present imagine. D

by throwing them where they cannot be seen/' Stephen Hawking
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The Heart of Matter
Physicists are still asking, What's the

universe made of? String theorists think

they may know, and their new discipline

is zeroing in on a theory of everything.

By Brian Greene

Nearly
2,500 years ago, the ancient Greeks asked a

seemingly simple question that has wended its way

through the ages and is stiU very much with us:

What is the universe made of? That is, what are the

fundamental ingredients out of which everything in the

heavens and on Earth is composed? Or, to put the question

another way, if you take any object whatsoever—a block of

wood, a chunk of iron—and you cut it in half and then cut

that half in half again, and keep cutting on and on, what is

the most basic constituent you wiU ultimately come upon?

Democritus proclaimed that you would come upon

what he called atoms, from the Greek for "uncuttable." By

the late 1800s, scientists had realized that substances such as

According to string theory, the irreducible

constituent of the universe is a vibrating

thread, not a pointlike particle.

oxygen and carbon did in fact have a smallest recognizable

constituent, which (taking their cue from Democritus) they

christened atoms.Yet over the next few decades, experiments

revealed that atoms, contrary to the ancient Greek concep-

tion, surely must be cuttable, since they were an agglomera-

tion of smaller particles: a swarm of electrons orbiting a cen-

tral nucleus containing protons and neutrons. Moreover, in

the early part of the twentieth century, physicists showed

that understanding the behavior of these constituents meant

replacing nineteenth-century ideas about matter and energy

with the strange new laws of quantum mechanics. And by

the early 1 930s, physicists studying quantum mechanics real-

1992

ized that it required one of the most dramatic upheavals sci-

ence has ever experienced: Science could no longer be ex-

pected to predict with certainty the outcome of experi-

ments. In the microscopic realm, quantum mechanics

showed that science could only predict the probability that a

particular outcome might occur.

Although Albert Einstein contributed significantly to

the early development of quantum mechanics, he focused

much of his attention on gravity, a force that has its great-

est relevance in the vastly larger realm of stars and galaxies.

His general theory of relativity, proposed in 1916, correctly

predicted the bending of starlight by the Sun and explained

Edwin Hubble's 1929 measurements indicating that the

universe is expanding. But Einstein had even bigger plans.

Perhaps, he mused, the universe could be explained by a

"unified theory"—a single master framework that would

describe physics out to the farthest reaches of the cosmos

and down to the smallest speck of matter. Einstein relent-

lessly pursued a unified theory, but he ultimately came up

empty-handed. To some extent, Einstein "failed" because

many things about the workings of the universe were

either stiU unknown or, at best, poorly understood during

his lifetiine.

For example, the first particle accelerators for studying

the microscopic architecture of matter were built in the late

1920s. By the late 1960s, the resolving power of these ma-

chines had increased enormously, allowing physicists to re-

veal another layer of matter's substructure: each proton and

neutron, it was shown, is composed ofthree smaller particles,

dubbed quarks. The proton consists of two "up" quarks and

one "down" quark, while the neutron consists of two downs

and one up. The detailed study of subnuclear interactions

also estabUshed convincingly that two other forces besides

gravity and electromagnetism are at work in nature: the

weak nuclear force, which is responsible for radioactive

decay, and the strong nuclear force, which is responsible for

tightly binding quarks inside protons and neutrons and for

cramming protons and neutrons inside the nuclei ot atoms.

Increasingly powerfixl atom smashers (today's accelerators are

more than a million times more powerful than those of
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1930) have as yet found no evidence of any additional fim-

damental forces beyond these four. But they have revealed

four more species of quarks (whimsically called charm,

strange, top, and bottom) and have repeatedly confirmed the

existence of a handful of other particles (known as neutri-

nos) and of two close cousins of the electron (called muons

and taus).

If you're having trouble keeping track of all the forces

and the particles of matter, you'll welcome the modern re-

formulation of Einstein's goal of a unified theory: a theoret-

ical framework that would show all four forces to be distinct

manifestations of a single underlying force and would also

estabUsh a rationale for the presence of the particular species

of apparently fundamental particles.

The first step toward this goal was taken by StevenWein-

berg, Abdus Salam, and Sheldon Glashow, who in the 1960s

proposed that the familiar electromagnetic force and the

comparatively less well known weak nuclear force are inti-

mately related. These physicists argued that although the

weak and the electromagnetic forces have vastly different

characteristics in the world around us, if the cosmic clock

were rolled back to an early stage in the universe—^less than

a millionth of a iniUionth of a second after the big bang,

when the temperature was some million billion degrees

Celsius—these two forces would combine into a single

fS-

force, somewhat the way a bouillon cube and water will

form a homogenous broth when brought to a vigorous boU.

By the mid-1980s, a central prediction of this proposed elec-

troweak theory—the existence of certain crucial particles,

known as Ws and Zs, that would perform the same force-

carrying function in weak interactions that photons do in

electromagnetic interactions—had been confirmed by the

accelerator at the European Laboratory for Particle Physics

(CERN) in Geneva, Switzerland. This represented a major

step forward in the quest for unification.

The standard model of particle physics today encom-

passes both the electroweak theory and the theory of the

strong nuclear force (known as quantum chromodynamics)

.

Virtually all data recorded by particle accelerators the world

over can be explained with this model; its creation has truly

been a monumental achievement. There are, nevertheless,

two main reasons physicists still aren't satisfied.

First, the gravitational force is completely left out of the

standard model.This omission creates a terribly thorny issue.

The standard model, being a theory that describes micro-

scopic processes, embraces quantum mechanics. But the

problem of merging quantum mechanics with general rela-

tivity (a theory that describes macroscopic processes) has

stumped physicists for more than half a century. Second, the

standard model utihzes twenty or so numbers that have been

established through decades of fastidious research—numbers

such as the comparative strengths of the strong, weak, and

electromagnetic forces, as well as the masses of the funda-

mental particles—but as a theory it offers no insight whatso-

ever into why these key parameters take the values they do.

This marks a profound gap in our understanding, for if the

value ofsome of these parameters had been even shghtly dif-

ferent, the nuclear processes that power stars would Hkely

have been disrupted, and without stars the universe would

be a very different place.

These objections to the standard model are hard to

counter, and many physicists beHeve that progress requires a

radically new approach. During the past decade, the most

promising possibility has been based on the notion of "su-

perstrings." Superstring theory abandons the previous con-

ception of particles as being pointlike—that is, having no

spatial extent. Instead the theory envisages the elementary

constituents to be tiny, one-dimensional threadlike loops or

snippets, which for want of a more clever name are called
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strings. Atiordiiig tci the theory, every elementary particle, if

ex.\muK\i \\ itli a precision iiuuiy orders of magnitude greater

than what vvc are able to nuister today, would be seen to

contain one ot these dancing, vibrating strings. And just as a

violin's string can vibrate in ditTerent patterns, thus produc-

ing different musical notes, string theory's fundamental

^trings can also vibrate in different patterns. But instead of

producing various tones, these patterns give rise to the dis-

tiiR t elementary particles. An electron is a string vibrating in

one pattern, a quark is a string vibrating in another, and so

on for all the other particles. The vibrational pattern of a

string encodes the properties of the corresponding particle

(its mass, its electric charge, its spin) and so may be thought

of as the particle's "fingerprint."

Thus die universe, rather than being built horn a long list of

different particles, according to string theory has one Rmda-

mcntal ingredient—strings—and the rich variety ot observed

particles reflects nothing more riian the various vibrational pat-

terns that strings can execute. Moreover, even the four forces of

nature, including gravity, are associated with strings vibrating in

yet other patterns, and hence everything—all the particles of

matter and all the forces by which they interact—is unified

under die same rubric: vibratdng strings.

However compelling a framework for a unified theory,

superstring theory at the turn of the millennium is still very

much a work in progress. For example, the theory's equa-

tions are so involved that physicists have as yet been unable

to determine whether the repertoire of vibrational patterns

precisely accounts for the known particles and forces. The

inabihty to clear this hurdle is due in part to another strange

feature of the theory: it requires the universe to have more

than the three spatial dimensions of common experience

(left/right, back/forth, up/down). Since we don't see the

others, they must be hidden away.

One approach pictures these other ciimensions as being

curled up like a piece of paper that has been rolled into a

thin tube. The more rightly the tube is rolled up, the harder

it becomes to see that it has a circular cross section, since this

circular dimension gets smaller and smaller. Physicists imag-

ine that the extra space dimensions required by superstring

theory are so rightly curled up that equipment powerful

enough to detect them has not yet been built.

Although these extra dimensions are minuscule, they

have a profound effect on the physics of string theory. The
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strings themselves .ire so small that they are able to vibrate in

both the familiar "big" dimensions and the riny, curled-up

dimensions. The precise size and shape of these dimensions

affect the ways a string can vibrate, much as the twists and

turns of a French horn affect the ways that forced air streams

can vibrate through its interior. And since the string's vibra-

tional patterns determine such things as parriclc masses and

force strengths, the detailed geometry ot the extra dimen-

sions may one day explain why the aforementioned twenty

numbers that animate the standard model of particle physics

would have the values they do—in essence, why the uni-

verse is as it is.

The experimental verification of superstring theory in

the near future poses quite a challenge. Since strings are

thought to be less than a billionth of a biUionth the size ofan

atom, we can't use current technolog\' to detect them di-

recdy. An indirect test, however, will be carried out witiiin

To fit the requirements ofstring theory, the

universe must have more than the three

spatial dimensions ofcommon experience.

the next decade or so by a huge atom smasher called the

Large Hadron Collider, which is now being buUt by CERN.
Through enormously powerful collisions, physicists hope to

produce a number of particle species (collectively called

sparticles) that have never before been seen but are believed

to be an essential part of the superstring framework. An-

other indirect test is now being carried out at Stanford Uni-

versity and the University ofColorado at Boulder, where re-

searchers are looking for evidence ot the required extra

dimensions by trying to ascertain their influence on specific

properties of the gravitational tbrce.

Evidence for assessing this theors' may also one day be

tbund through increasingly refined astronomical obserwi-

tions, since superstring theory shows its true colors in ex-

treme environments such as those associated with black

holes and the big bang. It would surely be a wonderfully

poetic emblem of unitlcarion if the theory- describing the

most microscopic properties of matter—a theory answering

that prescient question raised by the ancient Greeks—were

one day confirmed by turning powei-fid telescopes toward

the sky and examining the grand expanse ofthe cosmos.
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Seeing the Whole Symphc
For four miUennia, astronomers

were color-blind to most of the

universe's energy spectrum.

By David J. Helfand

Pluck a hair from your head and hold it taut at arms'

length. That fine Une, bisecting the background and

reflecting a little Ught directly to your eyes, repre-

sents about the smallest dimension your eyes can

perceive unaided. If you don't believe this, reduce the hair's

apparent width by having someone carry it ten times farther

away—across the room—and watch it disappear.

Why does it vanish?

The Hmits on human vision were set eons ago by just two

physical parameters, neither ofwhich might at first seem rel-

evant: the temperature of the surface of the Sun and the force

of gravity on the surface of Earth. These two parameters, ac-

cidents of the Solar System's formation 4.6 bOlion years ago,

not only hniit the dimensions our eyes can resolve but also

dramatically restrict the range ofcolors we can perceive.With

a surface temperature of 5,800 °C, the Sun emits most of its

energy as yeUow-green Hght, with smaller amounts ofred and

blue. Earth's gravitational pull—insufficient for the planet to

hold on to its primordial hydrogen and heHum atmosphere

but strong enough for it to retain oxygen and nitrogen—de-

fmes the atmospheric filter through which radiant energy

must pass before reaching the planet's surface. The Sun's blue

light gets scattered around a lot (which is why the sky is blue),

and some ofthe reddest rays get absorbed by molecules in the

air, but most of the wavelengths from the Sun make it

through. These colors, having bathed Earth for billions of

years, are what our eyes have evolved to see.

Putting a big telescope in tront of our eyes can compen-

sate for our inability to perceive details at great distances, but

it does nothing for our more profound color blindness.

Human vision, a marvel of evolutionary adaptation and the

most precious of our senses, turns out to be a rather poor

instrument for observing the universe.

An aural analogy may explain the problem. The human
ear is sensitive to a fuU ten octaves of sound-wave frequen-

cies—from about 20 oscillations per second (roughly one

octave below the lowest note on a piano) to 20,000 oscilla-

tions per second (the highest squeak of the audiologist's

tone generator). Our instant recognition of the timbre of a

familiar voice and our appreciation for the rich texture ofan

orchestra bringing to life the storm in Beethoven's Pastoral

Symphony rely on the ear's ability to register a wide range

of frequencies. The human eye, however, is sensitive to

barely one "octave" of the electromagnetic spectrum. Trying

to understand the universe equipped with only this very

limited instrument is Hke trying to do justice to the "Ode to

Joy" on a ukulele.

Yet when the Hayden Planetarium first opened its doors

in New York City, in October 1935, this was the as-

tronomer's lot. Over the course of four millennia, as-

tronomers and (eventually) astrophysicists, working first with

the unaided eye and then with ever more powerful tele-

scopes, had closely examined the Sun, Moon, planets, stars,

and finally galaxies.They had conducted extraordinarily pre-

cise studies of the motions of celestial objects, arrived at a

model of the Solar System, and determined the distances to

the stars.They had computed the ages and masses ofstars and

had broken down their Hght to reveal their chemical compo-

sition. They had demonstrated that distant aggregations of

stars were indeed galaxies distinct from our own Milky Way.

Perhaps most remarkable, they had shown that the universe

appears to be expanding in all directions. Not bad for ex-

plorers almost totally blind to their surroundings.

But what had astronomers missed over the millennia?

Quasars and pulsars. Black holes and neutron stars. Vast

clouds of cold organic molecules and the lOO-milUon-de-

gree gas that can not only sufilise an entire galaxy cluster

but actually outweigh it.The afterglow of the big bang itself.

They missed most of the matter in the universe, most of the

sweep of space-time, the coldest parts, the hottest parts, the

densest parts, and the remotest parts—most of what consti-

tutes astronomy today.

Everything in the universe radiates energy in the form of

electromagnetic waves that move through space at 300,000

kilometers per second. The temperature of objects—or,

more precisely, the energies of their constituent particles

—

determines the fi-equencies of these waves. Nothing can get

colder than absolute zero (0° K, or -273.15° C), and no par-

ticles can travel faster than Ught, but everything in between

is allowed; the result is a spectrum of electromagnetic-wave

frequencies that spans more than 100 octaves. Radio waves

and infrared radiation, ultraviolet rays, X rays, and gamma
rays—entities we think of as unrelated to vision—are in tact

just labels appHed to difierent octaves in the variegated spec-

trum of electromagnetic radiation. Our multicolored rain-

Opposite page: The Milky Way, seen in eight different

wavelengths
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Radio waves provided thefirst

image of the universe outside the

narrow hand of visible light.

bow fits into just one octave in the middle of this broad

spectrum—the octave we call light.

This single octave is no more special than the octave of

sound waves from the F sharp below middle C to the F

sharp above it—its

boundaries are no less

arbitrary, and its rela-

tionship with the adja-

cent higher and lower

frequencies is no less

continuous. It is simply

that conditions deter-

mined by the Sun and

Earth have conspired

to produce living elec-

tromagnetic sensors

blind to all the other

octaves.

Even the Sun pro-

duces energy in parts

of the spectrum invisi-

ble to us: just above the apparent surface of the Sun, the

temperature chmbs to tens of thousands of degrees, produc-

ing primarily ultraviolet radiation. Even farther from the

surface, giant loops of magnetic fields coUide, raising the

temperature to miUions of degrees and producing X rays,

while charged particles race through the loops, generating

bursts of radio-wave emission. To these and other phenom-
ena we remained blind—until we began opening windows

to other octaves in the electromagnetic spectrum.

In 1890, just two years after the discovery of radio

waves, Thomas Edison proposed the first experiment to

search for cosmic sources, although no records ofthe exper-

iment's execution have been found. A few years later, OHver

Lodge attempted to detect the Sun in radio waves but dis-

covered instead the ever-present bane of the radio as-

tronomer's existence—man-made interference (in Lodge's

case, from the surrounding city of Liverpool) . Numerous

other experiments in the first decades of the twentieth cen-

tury also failed, and it wasn't until May 5, 1933, that the

New York Times carried the first report of invisible radiation

from the universe, under the headline "New Radio Waves

Traced to Center of Milky Way."

The article described the work of a young Bell Tele-

phone Laboratories engineer, Karl G. Jansky, who had been

systematically identifying sources of radio static in order to

improve ship-to-shore and transatlantic communications. In

addition to hghtning and man-made sources, there was, he

discovered, a signal apparently fixed with respect to the stars

that was coining from the general direction of the center of

the Milky Way. Although he pubHshed his results in Popular

Astronomy as well as in a radio engineeringjournal, virtually

every astronomer ignored his work, and Jansky was soon re-

assigned to another project at BeU Labs.

One person who did pay attention to Jansky was Grote

Reber, a radio engineer and amateur astronomer who in

1937 devoted $700

(one-third of his annual

salary) plus many

nights and weekends to

constructing a "radio

telescope" in his back-

yard in Wheaton, Illi-

nois. Within six years,

he had completed the

first systematic survey

of the sky that was

based on radio waves.

The results, published

in the AstrophyskalJour-

nal under the title

"Cosmic Static," iden-

tified several regions of
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.uul, moiv important, provided the first image of die universe

outside tlie narrow band of the visible spectrum. Astronomy

would never be tlie same.

It was not an accident tii.it the radio portion ot the spec-

trum was the first to be exploited by astronomers: it's the only

set of frequencies besides visible light diat can penetrate

Earths atmosphere. To view the universe in other fret]uen-

cies—with X-ray, ultraviolet, or infrared eyes—^we must get

above the absorbing blanket of air. Thus, astronomy's newer

disciphnes couldn't develop until we had access to space. In

1962 a small rocket carried a detector aloft for a five-minute

glimpse of the X-ray universe. Contrary to theoretical expec-

tadons.a brilliant X-ray "star" was seen. Even more extraordi-

nary, the whole night sky was aglow with X rays, suggesting

multitudes of X-ray sources awaiting discovery. Within a

decade, rockets and satellites had been launched to scan the

skies for objects eniitring infrared, ultraviolet, and gamma ra-

diation. None of the experimenters was disappointed.

The astronomical explorations of the second half of the

twentieth century confirmed some of physics' more remark-

able predictions ot the first half turning the entire cosmos

into a vast experimental facility for testing extreme states of

matter and energies unattainable in e.irthbound laburatones.

Neutron stars with a density of a billion tons per teaspoon

help us assess the behavior of particles in the atomic nucleus.

Black holes allow us to probe the structure of space and time

itself while the afterglow of the big bang allows us to set

constraints on the fundamental structure of matter.

With a far more complete view of the cosmos, as-

tronomers can expand their understanding of the laws of

nature in ways that would have been unimaginable when

the old Hayden was built. The impact of opening new win-

dows on the universe is perhaps best iUustrated by Martin

Harwit's list of astronomical phenomena in his book Cosmic

Disivi'cry. The first 4,000 years of astronomical observations

produced twenty-six distinct discoveries that helped define

the contents of the universe. All, ot necessity, were visible

phenomena. Between 1940 and 1 980, seventeen additional

fundamental discoveries were made. Only two of these were

accomplished with visible light; the remaining fifteen came

about because we learned to sample the universe on its own
terms, instead of limiting our perspective to the evolution-

ary accident of sight. For an audience confined so long to a

single octave, it is a revelation of immense significance to fi-

nally see the whole symphony. D
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The Virtual Universe
In cyberspace, astronomers can boldly go

where no one has gone before.

By Mordecai-Mark Mac Low

Ahalt-nule-widc pile of gravel .ind dirty snow luirdes

past Jupiter, barely evading the grasp of its gravity.

Still, the comet (for that's what this pile of debris is)

begins to drift apart because of the feather-light

difference between Jupiter's gravitational force on its near

anc4 its far sides. This tidal force strews pieces of the comet

through space until they span a distance greater than the

separation between Earth and the Moon. During the fol-

lowing year, bits of rubble from the ill-fated comet gravita-

tionally reassemble themselves into a chain of twenty

smaller objects. As Jupiter's gravity asserts itself once more,

drawing the whole chain back toward the planet on an even

more perilous orbit, astronomers on Earth finally notice

that the comet is on a fatal course.

With the whole v^orld watching, the first object in the

chain plunges into Jupiter's atmosphere at more than

100,000 miles per hour, becoming the mother of all meteor

strikes. Falling beneath the ammonia clouds that form the

visible surface of the planet, the comet fragment vaporizes

in the white-hot heat of its shock wave, releasing the energy

ot thousands ot nuclear bombs. On Earth, the resulting fire-

bdl would stretch from NewYork to Chicago. On Jupiter, it

blows material clear out of the atmosphere but is neverthe-

less a mere pinprick to the giant planet.

Tlie once-herculean task of calculating

thousands of orbits can now be completed in

an hour or two by a single astronomer.

To predict, and eventually to interpret, the violent fate of

comet Shoemaker-Levy 9 in July 1994, astronomers turned

not just to their traditional tools—mathematical calculations

and telescopes—but also to computer models. Computer

modeling began just over half a century ago, initially driven

fonvard by the race to design and build atomic weapons. As-

tonishing increases in computer speed and memory have

since made it into a third method of scientific investigation,

distinct from mathematical theory and from experiment

and observation—yet relying on both.

In June 1993, soon afterword of the comet's potentially

catastrophic fate began to circulate among astronomers,

Kevin Zahnle, of NASA's Ames Research Center, called me
to suggest that we actually begin a collaboration we'd often

discussed, one that would combine his knowledge of aster-

oid and comet impacts on planets with my expertise in as-

trophysical shock waves. The first moves were made not by

us, however, but by dynamical astronomers, who used one

of the most fundamental mathematical descriptions of the

physical universe: the law of gravity'.

Mathematical computations of the orbits of objects

under the influence ot both a planet and the Sun draw on a

body of work stretching back more than 300 years to Isaac

Newton. By the early twentieth century, orbit calculations

were already being carried out by computers, although the

word "computer" then referred not to a machine but to a

member of an arduous profession that, as it happens, ofiered

almost the only way available at the time for women to par-

ticipate in astronomical research. These human computers

could calculate single orbits but not the thousands necessary

for constructing a model of a fi-agmenting and reassembling

comet. Now, though, such a herculean task can be com-

pleted in an hour or two by a single astronomer, who can

then compare many models with the observations so as to

find the best match.

Opposite page: The author's computer simulations show a

comet entering Jupiter's atmosphere in a region six miles

across. Above: The resulting explosion covers a region 600

miles across.
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The programs that compute these orbits use the princi-

ples of high-school analytic geometry to represent the mo-

tions of thousands of comet fragments. At the beginning of

the computation, each firagment is assigned a position in

space using three coordinates, along with an initial velocity

(in the case of comet Shoemaker-Levy 9, the fragments

were initially distributed in a sphere with a diameter ofjust

under a mile). Using the law of gravity, the program next

computes the forces acting on each fragment—from Jupiter,

from the Sun, and from every other fragment—in order to

determine the direction and distance that each will travel

over a very short time. The coordinates of the fragments are

then changed to their new positions, and the time is ad-

vanced.The program then repeats these steps, using the new

Computing the orbits of tens of thousands of

massive particles can demonstrate how

galaxies develop their beautiful spiral arms.

positions and taking into account the slightly different

forces now acting on them because of their motion with re-

spect to one another, to Jupiter, and to the Sun. Repeating

this relatively simple procedure thousands or even miUions

of times allows the computation of the entire comet

breakup.

Each of the particles in such a computer program might

represent something the size of a boulder, as in the case of

comet Shoemaker-Levy 9, but it might just as easily repre-

sent a star—or even groups of tens of thousands of stars. Si-

multaneous computations of the orbits of tens of thousands

of such massive particles can demonstrate how galaxies de-

velop their beautiful spiral arms. By initially placing the par-

ticles in a uniform, rotating disk and then computing their

interactions, astronomers find that spiral arms form when-

ever the disk arrangement is even slightly perturbed, as a

natural result of the gravitational interactions between the

stars. Similarly, but on an even grander scale, computations

of collisions between spiral galaxies show that mutual gravi-

tational interactions disrupt the orderly disks and throw stars

out in spectacular streamers tens of thousands of light-years

long (see "Cannibals of the Cosmos," page 70), as observed

in contorted objects such as the Antenna galaxy.

These same computational techniques have led to a rev-

olution in our understanding of the large-scale structure of

the universe and the process of galaxy formation. Models of

this process begin with not tens of thousands but tens of

millions of particles, distributed through a representative re-

gion of the universe almost uniformlyjust as matter was dis-

tributed in the earUest centuries after the big bang. Each

particle in the simulation now represents a mass of millions

of stars—stiU a small fraction of the biUions of stars in a

galaxy. ModeUng the orbits of these particles under the mu-
tual influence of all the other particles in the region reveals

that areas of slightly greater density attract more and more

mass, eventually forming stars and galaxies, while areas of

sHghtly lesser density empty out, forming cosmic voids that

can StiU be observed today. When the models are started

with initial conditions consistent with observations, the re-

sulting cosmic web beautifully reproduces the distribution

of galaxies that we observe in the universe today (see "The

Big Picture," page 74).

Gravity alone is sufficient for predicting the behavior of

boulders and stars only so long as no other forces become as

strong. In the case of comet Shoemaker-Levy 9 on its final

plunge, however, the fragments screaming into the wispy

outer reaches of Jupiter's atmosphere entered the realm of

hypersonic gas dynamics. The basic laws of gas flow were

described 200 years ago by Leonhard Euler, but it was not

until the middle of the twentieth century that researchers

developing rockets and nuclear bombs first carefuUy com-

puted the properties of strong shock waves and massive ex-

plosions. (To this day, classified U. S. nuclear weapons devel-

opment centers maintain the largest computers available for

such computations, although research centers that are open

to all scientists offer strong competition.) When the atmos-

phere gets dense enough, the pressure forces overwhelm the

gravitational forces between particles and must be included

in the model.

Before: By following the motions of stars in galaxies that have

begun to interact gravitationally, a computer simulation

reveals how spiral arms form.



This is where Z.iiink- .ind 1 entered die picture. 1 li.id .li-

ready computed, in other contexts, m.iiiy models that in-

cluded pressure forces. Gas pressure varies, so to compute its

effects, a coordinate system is set up, and a grid of points is

defined throughout the region. At each point on the grid,

the local pressure, densirs; and velocif)- ot the gas are noted.

For the comet collision, I used a software package called

ZEUS (written by Michael Norman and his colleagues at

tiie National Center for Supercomputing Applications) to

set up a grid covering a small region ofJupiter's atmosphere,

with a sphere as dense as ice (representing the comet) tailing

through the grid at many times the speed of sound.

Because gas Hows away from regions of high pressure

and toward regions of low pressure, the program computes

how the gas at each point will move under the influence of

gas at neighboring points over a very short time period.

These motions are then used to determine how the gas

properties stored at each point in the grid change over this

short time. By repeating this computation thousands of

times, we can follow the gas flow: the comet fragment

drives a high-pressure shock wave ahead of it, while the rest

of the atmosphere remains undisturbed until the shock wave

hits it, heats it, and drives an explosive expansion.

Zahnle and I based our computations of the comet's im-

pact on previous models I had done of the effects of multi-

ple supernova explosions on the gas between stars in the

disks of spiral galaxies.Although the distances in these mod-

After: The galaxy collision results in something resembling

the Antenna galaxy—a celestial oddity. Modeling reveals its

history and predicts it will become a massive elliptical galaxy.

els were tens of trillions of times greater than those in the

comet impact, and the explosion energies even more ex-

treme, the physical mechanisms were quite similar. I scaled

down the distances from light-years to miles by some thir-

teen powers of ten (one followed by thirteen zeros), scaled

down the explosion energies by even more (a factor of

twenty-three powers of ten), and found virtually the same

expansion of an explosion in Jupiter's stratified atmosphere

that I had found in the galactic models.

When interpreting computational models, we must al-

ways keep in mind two questions. The first is. Does the

model contain all the important physical processes? Short of

including not just ever\' atom but ever\' electron and pho-

ton, modeling always involves estimating how strongh' dit-

ferent processes contribute to the situation and then decid-

ing which processes can safely be ignored. For example, in

my models of the comet impact, I neglected radiative heat-

ing of the icy comet fragment by the white-hot shock tront

below it, because of calculations by colleagues suggesting

that radiative heating would be sHghdy less important than

heating from the hot, shocked gas. Including the radiative

heating would also have made the problem far more diffi-

cult to compute—always a consideration in deciding what

to ignore.

The second question is. Does the numerical model actu-

ally sunulate the physical processes we've decided to in-

clude? If the sampling, for example, is too coarse, important

features can be missed, but if the samphng is too fine, the

rime needed for computing the model will be prohibitive.

The question of how much sampling is enough arose dur-

ing my computations of the comet impact. I reahzed that

some of the first published models of the impact did not

have fine enough grids to foUow the way the comet was

torn apart by the pressure forces. Instead, the fragments in

these models remained intact and therefore punched much

more deeply into the atmosphere, bur\-ing their energies

and leading to predictions of less spectacular explosions.

Because of these two constraints, computational simula-

tions can never stand on their o\%ti, independent ot observa-

tion.The seeming completeness ofsimulations can easily se-

duce us into believing that they give a true picture of reality-

Poor approximations or inaccurate numerical methods,

however, all too often \-ield attractive but incorrect models.

Only the interplay bet^veen model and observation can

yield reliable intbrmation about the universe around us.

How will astrophysical computer modeling develop in

the next decade? Computations of straightforward tliree-

dimensional gas d\Tiamics at moderate resolution are stiU a

recent addition to the computational scientist's tool kit.

Now the challenge is twofold: first, to include more of the

relevant phvsical processes, such as the chemical behavior of

gas as it is heated to millions of degrees by hypersonic shock
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waves and then cools down almost to absolute zero; and sec-

ond, to increase the resolution of the models so that, for ex-

ample, the formation of individual galaxies can be followed

in cosmological simulations.

Only the interplay between model and

observation can yield reliable information

about the world around us.

The new generation of supercomputers presents its own
challenges. Rather than being very fast single processors,

they consist of hundreds or even thousands of off-the-shelf

microprocessors linked by very fast communications net-

works. Programming these machines requires that all these

individual units be coordinated without their generating the

kind of internal traffic jams that clog the Internet. Another

direction being pursued for increasing computational speed

is the development of specially designed chips that can per-

form the most time-consuming parts of the simulations

rapidly, so that desktop processors can achieve supercom-

puter speeds for particular types ofproblems. This technique

has already proved particularly fruitful for particle simula-

tions such as those described above.

Finally, the never-ending struggle to win insight from

computation will depend not just on better simulations but

also on better analysis of the results of those simulations.

These analyses will more and more rely on computing how
the results would appear if the physical situation simulated

were observed through a particular telescope, and then

comparing these simulated observations with real observa-

tions by that telescope. Increasingly, astrophysicists wiU at-

tempt to understand complex observations with complex

computer models, but always with the ultimate aim of gain-

ing an understanding of the universe that can be confirmed

by comparisons with observations of the real world. D

Starting with parameters drawn from observations of the early

universe, this computer model reproduces the distribution of

matter in the contemporary universe.
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bataris, natural history cruises, hiking,

sea kayaking, raiting and more. World-
wide destin.itions, expert leaders,

small groups. C:.ill 1-888-MTS015EK
(687-6235). Request free catalog at

www.mtsobek.coin

33. nearctica.com. Inc.

Make iicuviK.i sour gateway to the

Natural World of North America.
www.neartica.com

34. New York State

Experience w inter fun like nowhere else!

From spectacular winter festivals to our
tamous Learn to Ski is: Ride program.

New York State has it all. CaD 1-800-1

LOVE NY code 233 for a FREE travel

guide, http://iloveny.state.ny.us

35. Nomadic Expeditions

PKiiieers in cxccptioii.il adventures in

Mongolia, Tibet, IMepal, China & Siberia.

Expeditions include cultural explorations,

horse & camel treks, elephant walks,

trekking, paleontological digs, canoeing,

kayaking & fishing. Contact us for

a free brochure 1-800-998-6634 or

www.nomadicexpeditions.com."

36. North Carolina's Outer Banks

Pristine Beaches. Historv Fishing. For

a Free Travel Guide & Outer Banks
Getaway Card good for seasonal values

at over 150 businesses, log on to

WA\'\v.outerbanks. org, call toll-free 1-877-

BY-THE-SEA (1- 8^7-298-4373) or

e-mail visitorinfo(a)outerbanks.org.

37. Pax World Fund Family
'

Pax W'oikl Fund Faiiiil\, a soci.iUy

responsible fund group, has offered

investors the opportunity to achieve

"performance with principles " for over

25 years. The mutual funds it offers

evaluate their holdings from both
financial and social pierspectives.

selecting only those that treat their

employees, their enviromnent and their

communities with respect.

800-767- 1 729 www.paxfund.com

38. Swan Hellenic Cruises

(.tcean and sea cruises, expedition cruises

and n\er cruises all \\ itli the accent on
discovery. Our new 2000 brochure is

chock-full of exotic destinations, and
information on our distinguished guest

speakers as well as our sliip, Minerva, a

four-star floating countiT house hotel.

39. Swift Instruments

Quality optics since 1926. Free brochure
displays Switt's complete line of long
range binoculars, contains piiotographs

and detailed descriptions with binoculars

use chart. (5n the Web at

http://www.swift-optics.com

40. TIAA-CREF

I IAA-C;RLF is a leading national,

nonprofit financial services organization

servicing the general public and is also the

premier pension system for people

employed in education and research in the

LJ.S. It offers higli-qualit\' low-cost

mutual flinds, annuides, IRAs, insurance

and trust services and also manages several

state-sponsored college financing programs.

41. Tourlite International

Air inclusi\'e or custom itineraries to Costa

Rica, Guatemala, the Galapagos and South
America. From rainforests to beach resorts

call us for brochure. 800-272-7600.

42. Toyota and the Environment

Find out about Toyota's environmental

breakthroughs, including hybrid

technoloav', electric vehicles and fuel cells.

43. Visit Florida

What to do on endless miles of sugar-sand
beaches? For vour free Florida Vacation

Guide ciU toll-free 1-888-7-FLA-USA.
w\vw. flausa .com

44. West Virginia State Parks

Escape to the mountains at WestVirginia
State Parks. Come enjoy scenic splendor,

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

1-800-CALL'WVA or visit us at

\\'\\^v.\\^'parks.coin

45. West Virginia Tourism

Get \"our tree West N'liginia Travel

Guide and discover why some say it's

Almost Heaven. Visit us at

\v^\'^v.state.w\•.us/tourism or call 1-800-

CALL-"WVA.

46. Wildland Adventures

.Authentic worldw ide cultural and natural

history explorations for sophisticated,

active travelers. Call to request free Travel

Planners 1-800-345-4453 or 206-365-

0686. Email info@wildland.com or

\\^\^v.wildland.com

47. Zeiss Company
Carl Zeiss binoculars are renowned tor

their superior optics and precision

construction. There are models for all

acti\-ities including: birding, yachting,

travel, sports and the theatre.
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Sky of the

Beholder
rhe Starry Nights series, explains photographer Neil Folberg, "began as an

attempt to show the sky as our eyes see it." While telescopic images can

offer us lush color close-ups ofgalaxies, they put the viewer at a vantage

point somewhere in space. Folberg combines constellations, lunar eclipses, and meteor

showers with more earthly scenes—desert landscapes, temples, archaeological sites. In

the image shown here, entitled simply Cactus, the stellar display is punctuated by

the clustered stars of the Pleiades, or Seven Sisters, which brightly crowd in at the

far right. But we are rooted in a landscape ofshrub and rock in thejudaean hills,

notfarfrom Jerusalem

.

An ongoing series (a recent entry includes lastfall's Leonid meteor shower),

Starry Nights grew out of two very distinct book projects: color landscapes of

deserts and images of historic synagogues around the world. Folbergfinds a "direct

continuity" in his scenes of desert, temple, and sky.

Like all photography, Folberg's work is about light, sight, and technique. Ifyou

look up, particularly in the clarity of a desert night, your human eye drinks in

starlight. But stars do not lend themselves to snapshots: point a camera skyward

and push a shutter, and the film will record nothing. Prolong the exposure, and arcs

of light will appear as the stars trace their way around a fixed point in the heavens.

Folberg overcomes this problem by mounting his camera on a motorized base in

order to track the stars as the Earth turns.And to reproduce what our eyes see

naturally, he also uses "exotic techniques": infrared film (asfor theforeground

here)
,
precious-metal toners, and other "manipulations that push the materials to

their limits. " In the best photographic tradition, the result is, of course, more than

meets the eye.—Judy Rice

Photograph by Neil Folberg
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A Forgotten Cosmic Designer
Artist-scientist Howard Russell Butler painted moonscapes and portraits of "Earth's

richest man," but his plans for a hall of astronomy were eclipsed.

At the age of sixty-two, painter

Howard Russell Butler was invited to

join a U.S. Naval Observatory expedi-

tion to Oregon to chronicle the solar

eclipse ofJune 8, 1918. "As a portrait

painter," he wrote in Natural History

("Painting EcHpses and Lunar Land-

scapes," July—August 1926), "I gener-

ally asked for ten sittings of two hours

each. But all the time they would

aUow me on this occasion was WlVw
seconds." His finished painting even-

tually graced the Hayden Planetar-

ium's rotunda.

To record color values, Butler relied

on a shorthand system he had developed

for use in "recording transient effects."

The artist may have perfected his color

shorthand while laboring over thirteen

portraits of Andrew Carnegie, who re-

portedly could not sit strH for long. Im-

pressed with Butler's many talents (the

painter had also been a professor of

physics, a patent lawyer, and an arts ad-

ministrator) , the steel magnate hired

him to design a mansion on Fifth Av-

enue, create an artificial lake at Prince-

ton University, and run the recently

built Carnegie Hall. Butler's gift for cre-

ating celestial images (and his friendship

with Carnegie) attracted the attention of

American Museum of Natural History

president Henry Fairfield Osborn, who
asked him to design a hall of astronomy.

In May 1925, Osborn wrote to the

Carnegie Foundation: "I am confident

that [it] will be the most inspirational

and seductive of all our great Sections

and will not only be a unique monu-
ment to Mr. Andrew Carnegie but wlU

exert a profound influence on the life

and thought of the entire United States,

as our Department of Paleontology is

now doing." Carnegie money however,

was not forthcoming.

Butler had placed the hall at the Mu-
seum's center, as "the celestial hub, so

to speak—fr^om which all the halls con-

taining terrestrial exhibits will radiate"

("An Ideal Astronomic Hall," Natural

History, July—August, 1926). It was to

be a dimly lit rotunda ringed with tiers

ot meteorite exhibits and backlighted

Ultimately, Butler's legacy was not

the hall design itself but a collection of

artwork that was on display in the old

Hayden for many years. His meticulous

paintings of solar eclipses, of Mars as if

viewed from its moons, and of Earth as

it would appear to someone standing

on our Moon stirred the imaginations

In a 1926 sketch, Howard Russell Butler depicted his proposed hall of astronomy.

telescopic photographs. Topping the

four-storied hall would be a dome
onto which the newly developed Zeiss

projector could beam the images of

4,500 frxed stars and various heavenly

bodies. By 1927, however, Butler's am-

bitious plan for a hall of astronomy was

shelved in favor of a freestanding build-

ing that would eventually become the

Hayden Planetarium.

of several generations of schoolchildren.

"Many times, while making [the

[moonscape] painting, I longed to be at

the spot and see how it really looked,"

Butler recalled. "But when [an as-

tronomer] informed me that the tem-

perature there would be about 70°

below zero, I was content to abandon

that desire."

—

-Jenny Lawrence and

Richard Milner



EVENTS

Rose Center Opening
I'lic Fivilcikk I'liiiiL'.is ,iik1 S.mdr.i I'ncst

Rose Center for Earth and Space opens

February 19, 2000. The Center includes

the new Hayden Planetarium, the Lewis B.

and Dorothy Culhiian Hall of the Uni-

verse, and the David S. and Rutli L.

Gottesman Hall of Planet Earth (which

;
opened in June 1999).

Our PLkc in Sfuicc, a free astronomy

publication for eight- to twelve-year-olds,

is available in the Museum's Cullman Hall

[j

of the Universe and at www.anmh
.org/explore/ourplace.

FEBRUARY 1 AND 8

In two 7:U0 KM. t.Uks, Johns Hopkins Uni-

jj
versity scientists discuss the impact of cli-

mate change on public health. In the first,

Jonathan Patz evaluates the human health

risks ot global warming and El Nino; in the

second, Gregory Gurri Glass examines the

effects of habitat destruction in Peru and

the United States.

FEBRUARY 5

"What Causes Chmate and Climate

Change?" led by Charles F. Keller, of the

Los Alamos National Laboratory, is the

fourth of five montlily 1:30 RM. discussions

by geologists and climatologists of issues

explored in the Gottesman Hall of Planet

Earth.

FEBRUARY 6

Cuban biologist and photographer Alfonso

Silva Lee gives a family lecture at 2:00 p.m.

about the animals of Puerto Rico. Silva

Lee's talk focuses on Coqiil and His Friends,

his new book for children.

FEBRUARY 10
The great auk, extinct since 1844, is the

subject of a 7:00 P.M. talk by artist and nat-

uralist Errol Fuller, who has published a

book on this flightless North Adantic bird.

FEBRUARY 14
As part of the "Distinguished Authors in

Astronomy" series. Ken Croswell, an as-

tronomer from Berkeley, California, gives a

talk at 7:30 P.M. entided "Magnificent Uni-

verse," based on liis illustrated book por-

traving the cosmos.

FEBRUARY 15

At 7:00 PM., science writer Matt Ridley,

author of Genome: Tlw Aurcbiograpliy of a

Spc'civi in 2J (^liiiplers, t.ilks about the im-

pact of the Htiniaii (lenomc Project, the

massive international effort to map and se-

quence the genes in human DNA.

FEBRUARY 16

At 7:00 P.M., Sidney Horeiistem, the Mu-
seum's coordinator of environmental pro-

grams, gives an update on the geology of

our Solar System's planets, moons, inete-

oroids, and comets.

FEBRUARY 16 AND 23

In die first two talks m the 7:00 P.M. series

"The Primal Feast: Food, Sex, Foraging,

and Love," Susan Allport, author of .4 Nai-

ural History of Parenting, focuses on foraging

strategies of animals from howler monkeys

to hedgehogs and on the variety of human
diets and attitudes toward food.

FEBRUARY 17

James Gleick, author of Faster: Tiie Accelera-

tion ofJust About Eferythin^, speaks at 7:00

KM. about our culture's obsession with

timesaving devices and strategies.

FEBRUARY 19

At 1:00 and 3:00 P.M., sword-dance troupes

and musicians perform some of the cen-

turies-old English rituals associated with

the cycle of the seasons.

FEBRUARY 22

Peter Matthiessen, author of Tigers in the

Snow, speaks at 7:00 RM. about the protec-

tion of the Siberian tigers of Russia's

Sikhote-Alin' coastal mountains. The U. S.-

Russian team that undertook the project

was led by biologist Maurice Hornocker.

FEBRUARY 24

Drawing on her new book. Mother Natnre:

A History of Mothers, Infwts, and Natnral Se-

lection, anthropologist Sarah Blafler Hrdy

gives a talk at 7:00 RM. on how gender

roles, mate choice, sex, reproduction, and

parenting motivate behavior.

FEBRUARY 25, 26, AND 27

As part of the series "Body Art in Asian

Theater," Japanese master performer Yoshie

Tachibana demonstrates a distinctive form

of Kabuki theater developed during the

Edo period (1603-1868). For scheduled

times, call (212) 769-5315.

FEBRUARY 26

FoUdorist Daniel N. Wojcik discusses youtii

culture's approaches to self-decoration at

Natural History Online
Visit www.naturalhistory.com, Natnral

History's Web site, for current articles

and accompanying audio and video

clips, as well as memorable pieces from

eariier issues and additional material

not found in the print version of the

magazine. (Pictured above is this

month's Mystery Object. Its identity

will be revealed next month.)

7:00 RM., in comiection with the Museum's

special exhibition on body art.

FEBRUARY 28

At 7:30 RM., as part of the "Frontiers in As-

trophysics" series, Clark Chapman, of the

Southwest Research Institute in Boulder,

Colorado, gives a talk entitled "Europa:

Jupiter's Enigmatic Moon."

DURING FEBRUARY
Science Bulletins, the Museum's regular up-

dates on new developments, can be viewed

on video panels and kiosks in the exhibi-

tion halls. Or visit biobulletin.amnh.org,

earthbulletin.amnh.org, and astrobuUetin

.amjih.org for the latest news in biodiver-

sity, earth science, and astronomy online.

To celebrate Black History Month, the

Leonhardt People Center presents free

weekend programs focusing on the ti%idi-

rions of Airica and the African diaspora.

For information, call (212) 769-5315.

For a Listing of the Hayden Planetar-

ium's courses, call (212) 759-5900.

The American Museimi of Natural History-

is located at Central Park West and 79th

Street in New York Cin,-. For Hstings of

events, exliibirions, and hours, call (212) 769-

5100. For rickets, call (212) 769-5200. Visit

die Museimi's Web site at wwAv.aninh.org.



102 END PAPER NATURAL HISTORY 2/00

A Layman's
Scope

Born three years before the old Hayden Planetarium, I

can remember when the Sunday supplements would

carry articles speculating on what the inhabitants of

the other planets looked like. We knew that Venus was hot,

so the Venusians must be slim and flickering, Hke salaman-

ders. We knew that Jupiter was a huge ball of gas, so its resi-

dents would be squat and splayfooted, Hke gravity-flattened

camels treading the sand. When the imagination moved out

to Neptune and Pluto, it became ghostly, conjuring up giant

eyes to see in the dark, so far from the Sun. Now, of course,

the planets and their satellites have had the benefit of a Voy-

ager flyby or some other robotic close-up, and the stunning

photographic images yield no sign of life. Mars is a desert,

Europa a ball of ice, lo a

giant pizza. The Solar Sys-

tem has become more col-

orful and less companion-

able; the stars beyond, too,

for all the efibrts of cine-

matic science fiction to do-

mesticate them, are more

forbidding for being more

numerous, more violent,

and more rapidly retreating

than was thought sixty years

ago. The universe refrises to

be held to anything like

human measure.

When the Milky Way
arched over the nighttime

desert Hke a powdery river

and hovered above the

Mediterranean Hke a slowly

rotating disk of bright pin-

pricks, men sought inti-

macy with this unreachable

reality by tracing and nam-

ing constellations; the plan-

ets, as these wanderers

emerged from the dazzHiig

mass, were given the names

of deities. Humanity read

itself into the heavens. The Christian reHgion supplanted the

theologies of pagan Europe, and the stars were inade to

adorn the Virgin's crown, to stand watch over the divine in-

fant's manger, and to adhere to invisible spheres—as many as

twenty-seven—that smoothly turned in concentric homage

to God's glory.

The telescope roughened the picture: the Moon had

mountains, Saturn had rings, and Jupiter's moons rotated

around it, puncturing the planet's crystal sphere. The picture

has widened and deepened ever since; fuzzy nebulae were re-

By John Updike

vealed to be other galaxies, as fuU of stars as our own, and the

chemistry ofthe stars yielded to spectrum analysis. A univer-

sal history was deduced, traceable to a monstrous singularity,

a big bang in which the vastness of all matter was for an iota

oftime contained in a volume smaller than a single atom's. As

late as the early 1960s, I remember, the big bang had a hotly

defended rival hypothesis—the steady-state universe, where

hydrogen atoms emerged one by one to feed the observable

expansion—but the discovery in 1965 of the big bang's

radio-wave fossil, the 2.7° Kelvin background radiation uni-

formly spread in all directions of space, banished the rival to

the same realm as the wobbly Ptolemaic spheres.

The Earth's heavy elements, including the substance of

our bodies, were forged in

the cataclysms of dying stars:

this is our connection with

the starry empyrean, this

and the mental ingenuity

and persistence that chip

away at cosmic riddles in

which the physics of the in-

conceivably small merges

with that of the inconceiv-

ably large.

Perhaps the sky is no less

comforting than it ever was.

For bilHons of years into the

future, barring an unlucky

meteor, it will not intrude

into our planetary privacy.

Nor, it becomes increasingly

clear, wiU we travel to it; the

speed of light is circum-

vented only in the impracti-

cable overdrives, time warps,

and quantum tunnels of

Hght-fingered fiituristic fan-

tasy, and even at the speed of

Hght all but a few of the stars

are many men's lifetimes

away. What we see, looking

up, is a glittering cage,

fi-ozen by its impregnable distances. In the Earth-years that

the Hayden Planetarium and I have witnessed, the universe

has shed the cartoon face it wore in the Sunday supple-

ments; it looms more and more as something utterly aHen,

unconscious, but for us, ot its own triumphant beauty. And

yet it has a savor of creation, its indifference scarcely distin-

guishable from benevolence.

John Updike's next novel is Gertrude and Claudius (Knopf,

2000).
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EXPLORING

ANTARQICA
&THEFALKIAND ISIANDS

Aboard the Luxurious Hanseatic

January 14-29,2001

Optional Extensions to Easter Island

OR THE Lake District and Patagonia

Far to the south lies a land of dazzling snowfields, crystalline glaciers

and dramatically carved ice mountains soaring above an untamed frozen

wilderness. There are no human sounds in this land of primeval beauty

only the wild cries of bird, seal, and whale echoing across a vast expanse

of land and sea.

Next winter, the American Museum of Natural Histor)^ invites you to

experience the wonders and grandeur of a land where few have ever set

foot as we discover the worlds last frontier— the great White Continent.

In contrast to the desolate, intriguingly beautiful icescape of rugged

mountain peaks, snowfields, and glaciers, the sun'ounding sea is rich in

nutrients, supporting varied and abundant marine life— literally millions

of penguin and other fascinating seabirds, including albatross, skua,

petrel, gull, and tern; most of the species of great whales; and other

marine mammals such as sea lion and a variety of seals, including

elephant, leopard, crabeater, and fur.

Our voyage takes place during the austral summer, when the weather is

best, temperatures are moderate and days are long. Penguin chicks are

hatching and it is common to see elephant seal along the beaches. Zodiac

landing craft carry us from the ship to \artually anywhere along the coast.

We sail aboard the five-star 170-passenger Hariscatk, a sturdy ice-class

vessel that represents state-of-the-an in expedition cmising.

We hope you will join the American Museum of Natural History on this

splendid expedition and count yourself among the pri\ileged few who

have experienced the wonders of the White Continent. To reser^'e your

space, or for more information, please call American Museum of

Natural History Discover)- Tours at 800-462-8687 or 212-769-5700.

Pkasc mention ad codcANJIOOl.

The American Museum of Natural History

Discovery Tours

Central Park West at 79th Street

New York,M 10024-5192
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Explore the Wona^ith Discovery Tours
Since 1 869, the American

Museum of Natural History

has sponsored thousands of

scientific expeditions around

the globe in an effort to

unravel the world's greatest

mysteries. It is this passion

to discover and to under-

stand that inspires

Discovery Tours, the

Museum's educational

travel program.

Participants in the

Discovery Tours travel pro-

gram have the unique

opportunity to explore the

world with Museum
scientists as they continue

to uncover new insights into

the nature of life on earth.

Since 1 953, over 17,000

Museum travelers have

participated in Discovery

Tours to some of the

world's greatest wildlife

areas, archaeological sites

and cultural centers.

LAND PEOGEAMS'
Indochina Unveiled:

Vietnam, Cambodia, and Labs

February 18 -March 4, 20D0
March 3-19, 2000

$5,990

The Treasures of India:

Exploring Rajasthan, Delhi,

Agra, ami Mumbai
February 19-March 5, 2000

$6,690

Remote Kalahari:

"Africa's Last Frontier

April 16-30, 2000

$8,495

Northern Ireland and
the Republic:

Myths, Monuments,
and Majestic Landscapes

May 12-24, 2000

$4,690

Mongolia: Land ofNomads,
Monks, and Genghis Khan
June 4-20, 2000 i

$6,990

Northern Australia:

In Quest of Rock Art and I

Natural Treasures j
,

June 23-July 7, 2000 ''

:

' $6,990

The Enduring Spirit Of

Tibetan Buddhism:
Bhutan, Ladakh, and Sikkim

September 24-

October 13, 2000

$6,990
j

i

Elephant Walk:
Zimbabwe, Zambia, arm

Botswana

September 12-28, 2000

$8,590

CEUISES

*Most of our land programs

are limited to 15-25

travelers.

V

China and the Yangtze River

September 6-24, 2000

$6,690

(Airfare from L.A. included)

Exploring the Prehistoric

Caves and Medieval
Castles of Southern France

September 14-26, 2000

-$4,890

Patagonia:
|

Exploring the Chilean Pjords

Aboard the Terra Australia

February 24-March 6, 2000

$3,775 to $5,225 ''"
!

The World of St. Paul:

AJourney to Israel, Greece,

and Turkey Aboard

the Clelia II

March 31-April 12, 2000

$6,695 to $13,695 .

\

Sicily: Crossroads of

Mediterranean Civilizations

Aboard the Halcyon
April 8-18, 2000

$5,395 to $6,095

Life on the Mississippi:

Memphis to New Orleans

Aboard the Delta Queen
April 15-22, 2000

$2,925-5,785 __ .._

The Isles of Britain arid

Ireland Aboard the

Caledonia Star

June 10-23, 2000

$6,540 to $11,700

North America's
GreatLakes:
Toronto to Chicago

Aboard Le Levant

June30-July8, 2000

$3,^90 to $5,^

Voyage to the North Pole:

Aboard the Icebreaker Yamal
July23-AugUst6,2000
$16,950 to $22,950

Journey to the Top of the

World: From the Northwest

Passage to Greenland Aboard

the Clipper Adventurer
August 15-27, 2000

$4,380- $7,920

Magnificent Passage:

A Journey of Discoveryfrom
Paris to Rome Aboard the

Seabourn Goddess n
August 20-

September 2, 2000

From $6,995
...(Airfare from NY.inclMded)

From Early Man to

Contemporary Civilization:

Dordogne Valley, the Iberian

Peninsula, and Bilbao

Aboard the M/S Explorer

September 21 -

October 4, 2000

$4,475 to $6,275

Under Sail in the Western
Mediterranean: Journey From
Sicily to Southern Spain Aboard

the Sea Cloud
October 14-27, 2000

From $5,950

'^.M

Prices based on double occupancy. Single rates available on all tours. All prices, dates, and itineraries are subject to change.
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DISCOVERY TOURS

Egypt and the Nile Aboard
the MIS Sovereign

October 15-29, 2000

$5,990

Circumnavigating South

Georgia and the Falkland

Islands Aboard the

MIS Explorer

November 20-

December 9, 2000

$7,990- $12,890

Splendors of Antiquity: Eg\/pt,

Israel, Syria, Cyprus, and

Lebanon Aboard tlie Clelia II

November 30-

December 13, 2000

$5,995 to $12,995

Exploring Antarctica and the

Falkland Islands:

Aboard the Hnnseatic

January 14-29, 2001

$7,975 to $15,475

TRAIN TRIPS
The Last Best Place:

Montana by Private Rail

June 21-29, 2000

$3,535 to $5,340

-The Ancient Silk Route:

China and Central Asia

September 15-

October 7, 2000

From $8,990 to 12,990

PLANE TRIPS

Discover New Zealand

by Private DC-3
February 18- March 5, 2000

$7,990

Global Wildlife Odyssey:

UNESCO's World Heritage

Wildlife Sites

February 23- March 24, 2000

$23,500

Anciet Crossroads by
Private Jet: London, Petra,

jerasli, Ciaiuasens, Palmyra,

Rangoon, Pagan, Angkor Wat,

Borobudur, Mo)igolia,

Silk Road Oasis, and Iran

October 31-

November 21, 2000

$29,950

Heaven & Earth: Around
the World Private Jet

Expedition to Celebrate the

Rose Center for Earth and
Space: Tikal, Cnzco, Machu
Picclni, Easter Island, Samoa,

Ayers Rock, Borobudur,

Angkor Wat, Taj Mahal,

Luxor, Petra, Norxvay's

Northern Lights

January 19-

February 10, 2001

$32,950

FOR THE MORE
ADVENTUROUS
TRAVELER...

Micronesia Land & Sea:

Snorkelin';^ in Paradise

March 14-30,2000

$6,695 (Airfare from LA. included)

Untying the Pamir Knot:

Higli Adventure in i

Central Asia
'

April 9-24, 2000

$6,590

Nepal: Trekking Through

tlw Annapunuj Footliills

October 27-

November 9, 2000

$6,790 (Airfare from N.Y included)

Journey Through Rajasthan:

A Camel Trek and the

Exotic Pushkar Fair

November 2-17, 2000,^

$5,690

Submarine Safari 2000:

/// Search of tlie Sa\i-;7/ Sharks

July 10-14and

July 12-16, 2000

$3,890

FAMILY PROGRAMS

i

Family Alaska Aboard the

MIS Seven Seas Navigator

June 16-28, 2000

$2,995 to $7,795

Galapagos Family Adventure

Aboard the Santa Cruz i

July 1-11, 2000
—

"-f
$2,780 to $5,560

A Summer Family

Adventure in Tuscany

July 14-22, 2000

$3,390 to $4,990

Voyage to the Lands of Gods
and Heroes: A Family Voyage

to the Ancient Mediterranean

Aboard the Clelia II

July24-August4,2000
$1,995 to $9,875

|

Costa Rica:

A Famihi Rainforest Adventure

August 18-27,2000

$2,390 to $3,290

Contact the Discovery
Tours office for a free

catalogue of all our
tours or for a special

family program guide.

(800) 462-8687 or j

(212) 769-5700 ^ S.

Fax: (212) 769-5755

eniail:discovery@amnh.org

Please mention code:

#G2000

American Museum of

Natural History

Discovery Tours
Central Park West at

79th Street New York,

NY 10024-5192

jC
Discovcn/ Tours is pleased

to assist'private ^oups of

10 or more fravctcrs in

designing Ofascinating and
enriching tours to diverse

destinations around the

world.

9 >
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HistoryTj

ISL .j^C- _L
Discovery Tours, the educational tra\el department of the American Museum of Natural Histor\', is a registered service mark of this institution.
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Environmental coverage

OU turned a failing factory into a booming business. You made promises to the

community and to your shareholders. And you kept them. Then the government declared

your property a hazardous waste site. You didn't dump the chemicals. But now you own the

factory, so you own the problem.

This is the real world companies Uve in. And if your company is not properly covered,

the world becomes an ugly place.

How can AIG help? By doing things others can't. By taking what you've always

thought about insurance and turning that notion on its head.

Who insures

youf>

Take our Environmental coverage. Environmental laws vary country by country, state

by state. Which means a detailed understanding of local regulations is essential. The AIG

Companies have the largest global network of offices with underwriting authority for

environmental risks. This enables us to provide the type of innovative first-to-market products

that often redefine the industry—products like Cleanup Cost Cap and Pollution Legal

Liability Selects Products that help turn unforeseen disasters into manageable situations.

We've built our reputation on fulfilling promises. And because that reputation

is solidly backed by Triple-A-rated financial strength, you can rest assured that the AIG

Companies will be there for you.

So no matter what the risk, no matter where the risk, the AIG Companies have the

resources and experience to custom-tailor a poUcy that helps protect you from the ixnexpected.

Call your broker or e-mail us directly at AIGEnvironmental@aig.com.

What's the worst that could happen? That's what we think about every day.

WORLD LEADERS IN INSURANCE AND FINANCIAL SERVICES
ALL FORMS OF COMMERCIAL INSURANCE • PERSONAL AUTO AND HOMEOWNERS INSURANCE • LIFE, ACCIDENT

AND HEALTH INSURANCE • RETIREMENT PRODUCTS AND MUTUAL FUNDS THROUGH SUNAMERICA • vvwwaig com AIG
Insurance coverage pfowded by membefs of American International Group. Inc. issuance of coverage is sutiject to underwrting. Please refer to Bie actu^ poBcy tor a complete descriptiofi of scope and Imirtations d cmerage.
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ASTHMA, ENVIRONMENT,
AND THE GENOME

Researchers are constantly adding to

the hst of substances that trigger

asthma. They're also finding more and

more genes that influence susceptibility-.

But the real problem may be our

pampered immune systems.

BY MATT RIDLEY

COVER A handful

of hatching black

caiman are eager to

devour any small

animals that share

their remote

Amazonian lake.

STORY BEGINS ON
PAGE 70

PHOTOGRAPH BY

LUIZ CLAUDIO
MARIGO

DOING LUNCH
A network of couriers enables workers in a modern Indian metropolis to

enjoy meals cooked at home according to traditional dietary rules.

STORY BY DORANNE JACOBSON ~ PHOTOGRAPHS BY KADIR VAN LOHUIZEN

SECRETS OF THE
FLOODED FOREST

In the seasonally inundated lands

bordering the Amazon in western

Brazil, human residents and wildhfe go

with the flow of the great river. The

Mamiraua Reserve was established to

preserve the region's natural richness

for all its inhabitants, including the

black caiman. Scientists are studying

the reptile s nesting habits in efforts to

ensure its continued surviwil.

STORY BY JOHN THORBJARNARSON AND

RONIS DA SILVEIRA

PHOTOGRAPHS BY LUIZ CLAUDIO MARIGO
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TO THE EDITOR

Dinosaur Stress

The Deinonychus foot on

the cover of the 12/99-1/00

issue is of special interest to

an orthopedist—and not

only because of the lethal

second toe. The swelling

above the joint at the third

metatarsal (circled in

photograph) shows evidence

of a classic healed fatigue (or

stress) fracture. Such injuries

are common in athletes, for

example. This one may well

indicate that the animal had

performed a greater-than-

usual amount of waUdng

and running shortly before

it died. Perhaps a pack of

these hungry predators had

been forced to pursue a

healthy Tenontosaurus.

Gilbert H. Lang, M.D.

Sacramento, California

Snow Birds

In "Savings in a Snowbank"

(12/99-1/00), Peter

Marchand notes that

ptarmigans and grouse often

take refuge under a blanket

of snow on cold nights,

having "caught on to a trick

no others use."

But while walking in

deep snow in Prince

George's County Maryland,

perhaps twenty years ago, I

was startled by several

meadowlarks, which

popped up (one at a time)

out of smooth snow near

my feet.

I couldn't say whether

they had deliberately buried

themselves or had simply

allowed the snow to fall on

them, but it seemed to me
that they were using the

snow for cover.

John Krehbiel

via e-mail

For Love of Condors

Richard MUner's piece on

California condors

("Cultureless Vultures,"

12/99-1/00) wasmcely

done, but it was based on

the opinions of a single

source, Les Reid. While

Reid claims to be an

advocate of the condor, his

uninformed comments are

damaging to the condor

recovery project.

Reid claims that

protecting habitat was the

correct path to preserving

the condors. But the birds'

high mortaUty rate—caused

by the ingestion of lead in

buUet-tainted carrion and

by coUisions with power

poles, among other things

—

was an immediate crisis that

habitat protection could not

have addressed.

Captive breeding is

controversial, but without it

there would no longer be

any condors. Among the

twenty-seven wild birds

brought into captivity in the

mid-1980s, very few were

natural breeding pairs. This

meant that the potential for

Missing Words

Because of a printer's error, two lines were omitted from

the bottom of the column on page 42 in Stephen Jay

Gould's essay "What does the dreaded 'E' word mean,

anyway?"(2/00). The corrected paragraph follows:

The major group of mesozoans, the Dicyemida, live as

microscopic parasites in the renal organs ofsquid and octopuses.

Tlieir adult anatomy could hardly he simpler: a single axial cell

(which generates the reproductive cells) in the center, enveloped

by a single layer of ciliated outer cells (some ten to forty in

number) arranged in a spiral around the axial cell, except at the

front end, where two circlets of cells (called the calotte)form a

rough "mouth" that attaches to the tissues of the host.

reproduction was almost

nonexistent. Productivity

was a top priority. A
breeding pair in the wild

raises one chick every two

years, but the practice of

"puppet rearing" allowed

the same pair to produce

two, and sometimes three,

viable eggs a year.

Yes, because we humans

managed to drive these birds

to the brink of extinction,

no older birds remain to pass

on the "culture" that

dictates appropriate vulture

behaviors. But once the first

generation of zoo-raised

chicks breeds, we wUl see an

increase in parent-raised

chicks and, we hope, an

increased possibility that the

condors will slowly regain

their culture.

Biologists, zoo officials,

and condors are all learning

by trial and error. We must

do everything we can to

help the birds survive in the

wild, including behavior

modification (flushing them

from undesirable roosts,

such as Les Reid's home)

and publishing balanced

articles on the issue.

By the way, some of our

staff members want to know

where wildlife biologists are

"making sixty grand a year."

They want to apply.

John Brooks

California Condor Recovery

Program

U. S. Fish and Wildlife Service

Natural History '5 e-mail

address is nhmag@amnh.org.

Visit our Web site at

wivw. naturalhistory.com.
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Matt Ridley ("Asthma, Environment, and the Genome") is a British zoologist and science writer.

The book on which this article is based is a whistle-stop tour through the human genome,

chromosome by chromosome
—

"rather as Primo Levi told his autobiography element by element in

Tlie Periodic Table," as Ridley puts it. Convinced that being able to read the genome is the greatest

intellectual moment in history, Ridley says that it "will tell us more about our origins, our evolution,

our nature, and our minds than all the efforts of science to date." In his two previous books on

evolution, he focused on sex {Tlte P.ed Queen: Sex and the Evolution ofHuman Nature, 1995) and on

cooperation {The Origins of Virtue: Human Instincts and the Ewhition of Cooperation, 1998).

Doranne Jacobson ("Doing Lunch"), who has done research in India over the past thirty years, has not engaged the

services of the dabbawalas who deHver home-cooked meals in Mumbai (formerly Bombay), but she loves dining out in

that metropoHs, where she and her family have enjoyed breaks from her rural fieldwork. An anthropologist, writer,

photographer, and lecturer based in Springfield, Illinois, Jacobson (right, with two friends) is the author-photographer

o£ India, Land of Dreams and Fantasy (W. H. Smith, 1992) and coauthor, with Susan

S. Wadley, of Women in India: Two Perspectives (South Asia Books, 4th ed., 1999). Her

most recent article for Natural History was "A Reverence for Cows" (6/99).

Freelance photojournaUst Kadir van Lohuizen was introduced to the dabbawalas

while covering a story in Mumbai on India's "new rich." Based in Amsterdam, he

has worked widely in western, central, and eastern Asia as well as in Africa, Europe,

and the Americas, often documenting the pHght of peoples caught in the midst of

war and social upheaval. Van Lohuizen s numerous pubUcation credits include Der

Speigel, Le Monde, the Guardian, the Washington Post, and Time. This February he

was invited to serve as a jury member for World Press Photo's annual contest.

John Thorbjarnarson ("Secrets of the Flooded Forest") notes that he maybe the only

herpetologist of Icelandic descent; Iceland has no native reptiles or amphibians.

Thorbjarnarson himselfwas born in Boston and "never outgrew the universal interest of

small boys in reptiles." A conservation zoologist for the Wildlife Conservation Society in

New York, he specializes in crocodihans. In addition to his caiman work in Brazil, he is

involved in a study of the critically endangered Chinese alligator and works with Cuban

colleagues on American crocodiles. Coauthor RoniS

Da Silveira, right, is from Brazil's state of Sao Paulo

and lives on a lake with his wife, Barbara, their baby

daughter, and thousands of caiman "in whole harmony." A doctoral student at the

Instituto Nacional de Pesquisas da Amazonia and a researcher with the Sociedade

Civil Mamiraua/Projecto Mamiraua, he has studied, and worked to conserve, black

and spectacled caiman for the past ten years. For twenty years, Luiz Claudlo Marigo

has been photographing the wildhfe of his native Brazil. His work appears in two

books, on Brazilian butterflies and bromeUads.

When he was seventeen years old and Uving in the crowded city of Tokyo,

Michio Hoshino ("The Natural Moment") became intrigued by an aerial

photo of an Eskimo village in the midst of the Alaskan wilderness. Two years

later, he traveled to Shishmaref, Alaska, where he found both his spiritual

home and his vocation. After completing degrees at Keio University and the

University of Alaska, Hoshino taught himself to be a wildlife photographer

and soon ranked among the best. His 1987 photo book Grizzly resulted

from his pursuit of a family of Alaskan grizzhes over a year's time; in 1989 he

documented the migration of caribou herds and the life history of moose.

Hoshino's Hfe ended tragically on August 6, 1996, on the Kamchatka

peninsula in northeastern Russia, when a brown bear pulled him from his

tent and killed him.
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First With a Flower
Some spring bloomers get a head start beneath the snow and ice.

IN THE FIELD By Peter J. Marchand

My
first glimpse of a snow

buttercup flowering beneath

a thin pane of ice was not

unlike my first experience ofwatching

a monarch butterfly emerge from its

cocoon. It seemed a marvel of

: Metamorphosis. From under the

granular crust of a subalpine snowfield

sprang forth life as tender and fresh as a

butterfly's newly unfolded wings. I had

often seen the hardy crocuses of town

and country gardens poking their

cheerful colors through the fresh white

powder of a spring snowstorm, but

these buttercups had reached their

flowering stage entirely beneath the

waning winter snowpack, finally

absorbing sufficient sunlight to re-

radiate heat and melt a hole through

the ice grains around them.

The vivid yellow buttercup's abihty

to grow beneath snow is not unique.

Seeds germinate, leaves unfurl, flower

buds swell as numerous spring
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trout lilios, lchioHowvis, spriiii;

beauties, .lud p.isciueHowcrs—begin

preparatitins tor euierij;eiK'e long

before the snow cover recedes.

Digging into the midwinter snow, I

have often found plants that were

browned and dead-lookimr in late

autumn already greening at their leaf

bases or sprouting new shoots.

Cirowth ot any sort, whether it

involves the elongation ot tiny root

hairs or the unfolding of new leaves,

requires energy. With the temperature

luider the snowpack hovering at about

The skunk cabbage, left, is one of the

very few plants to generate heat. Above:

A glacier lily blooms in Washington's

Olympic National Park.

32° F in late winter and with carbon

dioxide levels often elevated (mostly

the result of root respiration and

decomposition of organic matter

during winter), the environment

beneath the snow is not inhospitable to

plant growth. And there is some

evidence to suggest that the

wildHowers of early spring can support

their growth p,ii"ll\ ihrough

photosynthesis beneath the snow. The

plants" phytochronies—pigment

molecules that are sensitive to slight

changes in d.iy length and that control

a plant's growth timetable—may

respond to dim light coming through

the snow. But while the ability to

photosynthesize under snow has been

demonstrated in a few evergreen

plants, including aquatic plants locked

beneath ice, evidence of the process in

other plants is ditFicult to come by. hi

some early spring flowers, the

machinery for capturing radiant

energy, although mostly assembled by

late winter (even the chlorophyll for

photosynthesis may be produced in

response to light penetrating the

snow), probably isn't fully activated

until immediately after the plant is

released from the snowpack.

In the absence of photosynthesis,

energy for growth under the snow

must come entirely from reserve

carbohydrates. Many spring

wildflowers have relatively large

below-ground storage depots—in the

form of tubers and rhizomes—that are

stoked with fuel at the end of the

previous growing season. As growth

resumes under the snow, the weight of

these storage organs decUnes steadily,

in direct proportion to the increase in

size of new shoots and flower buds. If

the arrival of spring is rimely,

photosynthesis wiO start before these

reserves are depleted.

The earliest—and arguably the most

resourceful—of the spring flowers is

the skunk cabbage, ubiquitous in the

wet places of North America and

Eurasia. Its flowering stalk emerges

from the soil (and snow) before its

leaves do—and often while air

temperatures are stiU below freezing.

So high is the cellular respirarion ot

the skunk cabbage at this time of year

that the plant (except tor one western

North American species) generates

heat—one ot the tew in the world to

do so. When the air temperature is

below freezing, the plant may be as

much as 30° warmer than its

surroundings, and the flower stalk is

able to melt its way through frozen

ground and ice.

But aren't these early bloomers too

precocious for insect pollinators? In

fact, a number of insects are available

to do the job, although some of the

plants have the capacity to selt-

pollinate as well. It's not uncommon,

for example, to find flies and soUtars'

bees foraging as the snow recedes. And

when a flower is the only show in

town, there's a strong likelihood of its

attracting attention and being cross-

pollmated, even with few insect

species around. As tor the skunk

cabbage, it leaves less to chance, having

evolved an additional lure: a

malodorous scent whose dispersal

seems to be facilitated by the heat-

producing flower. This dung or

carrion mimicry attracts flesh flies,

rove beetles, and even mosquitoes, all

of which have been observed with

poUen on them. (Some biologists

believe that the heat produced by

skunk cabbage flowers may also attract

pollinators by providing a warm
basking site during cool weather.)

StQl, one other question begs for an

answer: Why all this effort to be first

with a flower? Reduced competition

for pollinators may be one advantage

of early flowering, but for many of

these spring ephemerals, rime is the

most pressing issue. Most occupy

habitats where the growdng season is

greatly compressed, either because of

the short interval between the final

spring and the first autumn frosts or

because the closure of the overhead

tree canopy in early spring smothers

them in deep shade. In the race to

reproduce, these plants can't wait for

the snow to melt.

PeterJ. Marchand is the author ofLife in

the Cold (University Press ofNew
England, 1996), noii' in its third edition.
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Badlands
and Oases
Palm trees are an unexpected sight in the

California portion of the Sonoran Desert.

THIS LAND; CALIFORNIA

By Robert H. Mohlenbrock

Four major deserts lie in the long

trough between the Rocky

Mountains and the Sierra

Nevada and Coast Ranges of North

America: the Great Basin, the Mojave,

the Chihuahuan, and the Sonoran.

Occupying elevations of up to about

3,000 feet in much of southeastern

CaUfornia and parts of southwestern

Arizona, vi^ith extensions into Baja

Cahfornia and other parts of Mexico,

the Sonoran has several natural

divisions. The westernmost section, in

Cahfornia, is bounded on the east by

the Colorado River and is usually

referred to as the Colorado Desert. It

is watered by gentle winter rains from

the Pacific Ocean and more violent

summer storms that blow in from the

Gulf ofMexico.

Low desert—the sandy flats found

in valleys and bordering the many

mountains—is the principal habitat in

the Colorado Desert. Traversing this

landscape are countless washes

—

waterways that are dry for most of the

year but fdl up briefly following

torrential summer rains. The low

desert also has some scattered palm

oases, aUcahne sinks, desert marshes,

and permanent streams. The often

steep and rugged lower slopes of the

mountains are dominated by cacti,

agaves, yuccas, and thorn-bearing

shrubs. Farther upland, usually

between 3,000 and 5,000 feet, is

chaparral, where scrub oaks,

manzanitas, and various other shrubs

join cacti and yuccas.

One of the best places to explore

the Colorado Desert is Anza-Borrego

Desert State Park, a 1,500-square-mile

preserve that has well-paved roads and

miles of primitive jeep trails and hiking

trails. Among the paved roads is

Highway S22, which passes through

typical low desert as well as a severely

eroded landscape known as the

Borrego Badlands. Thimble Trail, ofl^

S22 in the badlands, is an excellent

place to see the colorfiil annual

wildflower show that appears (if winter

rainfall has been ample) between mid-

February and early April. Anywhere a

paved road crosses one of the normally

dry washes is a good place to study

desert-wash vegetation. One such

location is Smoke Tree Canyon, which

is easily accessible from S22 and has a

concentration of smoke tree

(Psorothamnus spinosa) as well as

indigobush (P schottii) and desert

lavender. A fme chaparral community

can be viewed along S22 as it passes

through Gulp Valley, southwest of the

desert community ofBorrego Springs.

The lower slopes of the mountains

that rise from the desert floor are often

diflicult to hike because of the rocky

terrain. But a typical (and easily

reachable) patch of this kind of desert

habitat Hes near Ocotillo Flats and can

be reached by taking DiGiorgio Road

north out ofBorrego Springs and

continuing along a dirt road. This is a

good place to encounter the purple

milkweed vine Sarcostemma and the

lavender-flowered spectacle pod, a

member of the mustard family.

The goal ofmany park visitors is to
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see Washington fan palms, which grow

naturally only in California's Colorado

Desert and in two isolated spots in

western Arizona. The sLxty-foot trees

live in patches kept wet by

underground water sources. Reaching

these oases usually requires a hike

through rocky ravines; the easiest to

get to is Borrego Pahn Canyon, just

one and a half niiles by hiking trail

from the nearby campground. Another

unusual plant is the elephant tree,

named for its swollen gray trunk and

limbs. The most accessible ones grow a

short distance from the Elephant Tree

parking area off SpHt Mountain Road.

Among Anza-Borrego's wetlands is

Coyote Creek, a perennial stream in the

northwest corner of the park. Its

rugged surroundings may be explored

on foot or partway by jeep. Plants that

grow along the stream banks include

alder, Fremont cottonwood, sycamore,

honey mesquite, and Goodding willow.

Another wedand is the marshy

Sentenac Cienega, along San Felipe

Creek, near the juncture ofRoutes 78

and S2. The huge reed Phragmites grows

there, along with three-square, a sedge

found in wedands across the United

States. Woody plants along the margins

include Goodding, narrow-leaved, and

arroyo willows; Baccharis; desert willow

(not a wlUow but a relative of the

catalpa tree); and Fremont cottonwood.

Scattered depressions in the desert

fill with water after a rainfall, retaining

an alkaline residue as the water

evaporates. One of these alkaline sinks

is Borrego Sink, about five miles

southeast ofBorrego Springs. Most of

the plants found here can tolerate a

high degree of salinity and, apart from

the honey mesquite, do not grow

elsewhere in the park. Among them

are salt grass, pickleweed (also called

HABITATS

samphire, or Salicornia), arrowweed (a

purpUsh-flowered perennial related to

the marsh fleabane of the southeastern

United States), and several species of

Atriplex, or saltbush.

Robert H. Mohlenbrock, professor emeritus

ofplant biology at Southern Illinois

University, Carbondak, explores the

biological and geological highlights of U.S.

nationalforests and other parklands.

For visitor information, write:

Anza-Borrego Desert State Park

200 Palm Canyon Drive

Borrego Springs, CA 92004

(760) 767-4205

www.anzaborrego. statepark. org

5 Mitps

Low desert is dominated by creosote

bush, with its small yeUow flowers and

fuzzy fruits, and burroweed, also called

bur sage, a shrubby relative ofragweed

with spiny, burrUke fruits. Other

common plants are dune evening

primrose, globemaUow, fishhook

cactus, and a couple of kinds of prickly

pear cacti. Desert annuals include

dandelion, Bigelow's monkey flower,

brown-eyed evening primrose,

ghostflower, Arizona lupine, and

slender bladderpod.

Desert washes support small trees

such as palo verde, ironwood, and

honey mesquite, while the most

common shrubs are desert wiUow,

indigobush, desert lavender, desert

aster, and cheesebush (burrobush), a

plant with obscure greenish flowers

and winged fruits. Conspicuous

flowers are produced by chuparosa,

whose long tubular red flowers are a

favorite of hummingbirds; desert aster,

a daisylike plant with bright blue

flower heads; desert Uly, whose white

petals have a silver-green stripe; and

trixis, with yellow, daisylike flowers.

Lower desert slopes have a dozen or

so cacti, including beavertail, prickly

pear, Engelmann's hedgehog,

teddybear choUa, buckhorn choUa, and

desert barrel. Large plants such as

desert agave, Mojave yucca, and

ocotillo are often present. Other

shrubs include desert thorn,

indigobush, creosote bush, burroweed,

brittlebush, and wishbone bush.

Chaparral has California scrub oak,

chamise, greenback ceanothus,

manzanita, and three types of sumac

—

sugar-bush, skunkbrush, and lemonade

berry. A yucca with the engaging

name of Our Lord's candle is often

present, as well as two kinds of cacti,

the beavertail and the cane choUa.

Palm oases include Mountain Pahn

Springs (where for some reason the

pakns are stunted), Torote Canyon,

and Borrego Palm Canyon. Along the

trail leading to the latter grow

brittlebush, lavender bush, desert

Datura, ocotillo, indigobush,

cheesebush, desert croton, sand

verbena, chuparosa, and desert

trumpet. More than 800 palms grow at

this oasis, along with such moisture-

loving plants as honey mesquite, desert

willow, three-square sedge, desert rush,

and arrowweed.



CELESTIAL EVENTS

By Richard Panek

Our Sun IS nothing more than

a nuclear reactor: all it does is

continuously convert

hydrogen into helium. The same is

true of most other stars, as astronomers

have known for more than half a

century (see "Twinkle Twinkle,"

Natiml History, 2/00). Still, m the

absence of overt reminders, it can be

ditllcult to remember how

e.xtraordinarily volatile the Sun

actually is. But now we've got

reminders (in abundance) for anyone

who cares to look.

Sunspots, the outward

manifestations of the great gas ball's

innermost workings, and an integral

part of the solar weather system, have

long been the object ot aestheric and

scientific fascination for sky watchers.

hi reient years, however, sunspots have

.ilso come to be viewed as a potential

tiireat to Earth-—and never more so

tiian at the most active period in the

sunspot cycle.

That time is now, more or less.

( )ver the eleven years of the cycle, the

number of these blotches on the Sun

each month can vary from zero to

hundreds. Its impossible to know for

certain whether the sunspots of a

particular cycle have peaked until the

numbers start declining, but a panel of

e.xperts at a meeting of the American

Astronomical Society in Chicago last

spring anticipated that the present

activity cycle would reach its

ma.ximum in March 2000, give or take

a month.

Its actually not the sunspots

themselves that concern solar

researchers. Sunspots are simply

variations on the gas bubbles that are

always roiUng the surface of the Sun. If

a magnetic storm on the Sun liits a

patch of gas, the gas temperature drops

and the "cool" area appears dark by

contrast (although in isolation, an

average sunspot would easily outshine

the full Moon). Sometimes, however,

the magnetic energy near a sunspot

builds up, and it finds release in

something called a solar flare—an

explosion that heats the gases to

millions of degrees, generating as

much energy as 10 million volcanic

eruptions and sending radiation that

spans the entire electromagnetic

spectrum hurthng earthward.

So far, so good—usually. Earth s

atmosphere and its magnetic field (or

magnetosphere) manage to block

most of the radiation trom solar

flares. But if a magnetic storm on the

Sun is especially fierce, the result can

be a coronal mass ejection (CME)

—

what one NASA publication calls

"the solar equivalent of a hurricane."

In that case, the effect on Earth's

The aurora borealis, or northern lights,

illuminates the twilight sky.
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magnetosphere can be protound.

Which is not to say that a sunspot

niaxiniuni need result in a

catastrophe—or even an

inconvenience—tor Earth. Even if a

CME broadsides the planet, the

impact might merely result in a more

picturesque version of the aurora

borealis and aurora australis. During a

maximum in 1909, in fact, the

auroral displays usually seen around

the Poles, where Earth's magnetic

field is weakest, were visible as far as

the equator.

But since 1909, the world has

changed in ways that leave us

particularly vulnerable to a direct hit.

In March 1989, during the last

maximum, an extensive magnetic

storm on the Sun was responsible for a

number of serious disruptions: power

in the province of Quebec was

knocked out, leaving 6 milhon people

without electricity for six hours; more

than 1,500 sateUites slowed down or

dropped several miles in their orbits;

and some folks in Minnesota reported

that although they couldn't pick up

their local radio stations, they could

hear the CaUfornia Highway Patrol

loud and clear. A decade later, our

technology has become even more

dependent on power grids and

satellites. The Space Environment

Center in Boulder, Colorado, recently

inaugurated the Solar Cycle Project

—

in part to give electrical providers and

communications companies a day's

warning about CMEs heading our way

during this next sunspot maximum.

To monitor the solar situation

yourself, you don't need a telescope or

even binoculars, just an appropriate

filter; many naked-eye solar observers

prefer no. 14 arc welder's glass. A
single sunspot might not be

discernible, but during a maximum,
the Sun often erupts with large

sunspot groups. If you do want to use

binoculars or a telescope, be sure to

attach a fiill-aperture solar filter of

either aluminized glass or aluminized

Mylar. (Never ever look at the Sun

without using an appropriate filter.)

Check out www.sunspotcycle.com for

day-by-day sunspot totals as well as

links to other sites where the Sun is

visible even on a cloudy day.

And speaking of Earth's weather,

what's true down here appHes up there

THE SKY IN MARCH

as well: ifyou don't Hke the Sun's

weather now, just wait a while and it

will change.

Richard Panek is the author ofSeeing and

BeUeving: How the Telescope Opened

Our Eyes and Minds to the Heavens

(Penguin, 1999).

By Joe Rao

Mercury arrives at inferior conjunction

with the Sun on March 1 . It wiU stand

2° above Venus on the morning of

March 16, but at magnitude +1.1, it

shines only 1/100 as bright. It can be

found (with difficulty) late in the

month in the predawn sky, and it more

than doubles in brightness by month's

end. Greatest elongation occurs on

March 28, when this Httle planet is 28°

west of the Sun. But at this time of

year, the ecUptic (the path of the

planets) is at a shallow angle relative to

the east-southeast horizon, making this

an uninspiring morning apparition.

Venus rises in the dawn twihght all

month and becomes increasingly

difficult to see. At the start of the

month, it comes up in the east-

southeast barely an hour before

sunrise. Yet it's worth trying to find

Venus very early in the month, if for

nothing else than to use it as a guide

for spotting the planet Uranus. The

very faint bluish "star" about half a

degree below and to the left ofVenus

on the 3rd, and above and to its right

on the 4th, is Uranus. By month's end,

Venus will have moved to within 20°

of the Sun, rising about forty minutes

before it.

Mars, Jupiter, and Saturn are all

slowly converging in the western

evening sky during March. At the

beginning of the month, the three

planets are strung along an imaginary

line spanning about 28° (about three

clenched fists held at arm's length). By
the end of March, the Hne has shrunk

to less than 10°. In early April, the

planetary trio wiU form a spectacular

triangle in the western sky, gathering

closest together on April 14.

Mars, the lowest and dimmest of the

three evening planets, appears as a

first-magnitude star with a topaz hue,

moving from Pisces to Aries during

March. It is low in the west after

darkness falls and sets firom two to

two and a half hours after the Sun.

Jupiter, in Aries, is the middle and

brightest of the three evening planets.

It is visible low in the west after sunset

and sets in the west-northwest three to

three and a half hours after the Sun.

The giant planet, lagging farther and

farther behind Earth in the planetary

race around the Sun, is now at

magnitude -2.1.

Saturn, in the eastern zone of Aries,

appears as a yellowdsh zero-magnitude

star low in the west as twihght fades. It

sets four hours after the Sun.

The Moon is at new phase on March 6

at 12:17 A.M. First quarter is on March

13 at 1:59 A.M., full Moon is on

March 19 at 11:44 P.M., and last

quarter is on March 27 at 7:21 p.m.

The Vernal Equinox occurs on March

20 at 2:35 a.m. Spring arrives in the

Northern Hemisphere, and autumn in

the Southern Hemisphere.

Unless otherwise noted, all times are given

in Eastern Standard Time.
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Calline a Bluff
Thanks to their long windpipes, some birds sound bigger than they are.

Story by Cart Zi'mmer ~ Illustration by Sally J. Bensusen

On the island of New Guinea

lives a glossy, bluish black bird

called the trumpet manucode

(Maiiucodia kemudrenii). It's about the

size of a grackle and not particularly

striking in appearance. But on the in-

side, the male manucode is as extrava-

gant as a peacock: its trachea, or wind-

pipe, is not the six inches long you'd

expect for a bird this size but an aston-

ishing thirty-two inches, wrapped up

in a giant coil to fit inside the creature's

body. Unrolled, the manucode's tra-

chea would be three times the length of

the entire bird.

The trumpet manucode belongs to

a diverse group of about sixty species of

birds, including trumpeter swans and

whooping cranes, that have dramati-

cally elongated windpipes. And Har-

vard University evolutionary biologist

W. Tecumseh Fitch has an intriguing

theory to explain this strange anatomy:

it provides a mechanism for birds to

sound bigger than they are.

You might think that to sound big-

ger, a bird would give its calls a lower

pitch, but Fitch says that for many ani-

mals, pitch is not a rcHable clue ofbody

size. Birds produce vocal sounds in ba-

sically the same way we do, by making

air vibrate through a tube. (There are

some important differences, but more

on them later.) To speak, you push air

out of your lungs and up your trachea.

At the top of the trachea, the air passes

between the folds of the larynx (the

vocal cords). The folds spread apart and

then collapse, making the air vibrate,

and these vibrations are what we hear

as sound. A sound consists of waves,

each ofwhich has peaks and troughs of

intensity. The distance between peaks is

longer in low-frequency than in high-

frequency waves.

A big larynx vibrates more slowly

than a small one, producing low-

frequency waves and thus lower-

pitched sounds. But people who are

the same size may have larynxes of dif-

fering sizes. We've all heard big burly

men with surprisingly high voices. And
when a teenage boy's voice suddenly

The timbre of a

voice, more than its

pitch, is a reHable

indicator ofbody size.

drops, it isn't because his body has sud-

denly grown bigger but because his lar-

ynx has gone through a growth spurt of

its own.

Fitch is interested in a subtler and

far more reliable indicator ofbody size:

the timbre of a voice. When you speak,

your larynx vibrates, producing sound

waves in a broad spectrum of frequen-

cies. Each wave travels along your vocal

tract, from larynx to Hps. When a wave

reaches your lips, some of its energy es-

capes with your exhaled breath, while

some gets reflected back down your

throat. When this reflected wave hits

your larynx, it bounces back up again,

traveling alongside newly created

sound waves produced as you continue

to speak. If the reflected wave's peaks

and troughs Hne up closely with those

of a new wave coming from the larynx,

they'll combine to create a stronger

wave. How the waves line up depends

on the distance between the peaks of

the sound wave and the length of the

vocal tract. But if the two waves are out

of phase, their peaks and troughs will

cancel each other out. The result is that

certain frequencies sound much louder

than others do as they come out of

your mouth.

This pattern of louder and softer

frequencies helps to determine the

timbre of a voice. Even a modest

change in the length of your vocal

tract can change your voice's timbre.

You can test this yourself with a sim-

ple experimervt. Read this sentence

aloud as you smile; then say it again

with your lips puckered. Puckering

doesn't change pitch or volume, but

it does temporarily lengthen your

vocal tract and thus makes your voice

sound different—richer, deeper. This

sort of "color" is an important ingre-

dient of timbre.

Aside from puckering and smiling,

however, there is not much one can do

to change the timbre of one's voice.

Vocal tract length in humans and other

mammals is tightly hnked to skuU size,

and skull size is closely correlated v^dth

body size. As a result, timbre reveals a

Opposite page, clockwise from bottom: A

trumpet manucode, a greater black-

backed gull, a Eurasian spoonbill, a

Japanese crane, and a crested guinea

fowl. Only the gull has the relatively

short and straight windpipe of most

birds. The others belong to a select

group of species with elongated

windpipes that are coiled or looped in

various ways to fit inside the body.
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great deal about how big a person or

animal is. Fitch has shown, for ex-

ample, that you can predict the body

mass of a monkey by listening to the

timbre of its voice.

But here we get to a crucial differ-

ence between birds and mammals.

Birds produce sounds at the base of the

The big sound made

by birds with

elongated windpipes

may help attract mates

or scare away rivals.

trachea, not at the top, the way mam-
mals do. At the base, a bird's trachea

splits into two branches, the bronchial

tubes. Where the trachea and tubes

meet is the syrinx, a complex system of

muscles and membranes. Air is pushed

out of the bird's lungs and through the

syringeal muscles, which the bird can

squeeze almost shut until they vibrate

Hke a trumpeter's Hps. These vibrations

produce sound waves that travel from

the base of the bird's windpipe to its

mouth.

In general, bigger birds have bigger

tracheas and a deeper timbre to their

voices. And size matters. In many spe-

cies, large males are more attractive to

females. In species where males fight

for the right to mate with a female, the

bigger individual usually wins; to avoid

getting hurt, males often size up an op-

ponent, and the smaller one may con-

cede without a fight. At close range,

animals can gauge size by sight; at a

greater distance or at night, sound can

provide the necessary clues. A deeper

timbre in the calls of one animal might

be enough to deter a rival.

The female greater painted snipe has

ari extra-long windpipe. In this species,

it is the female that defends the

ttrntary, while her mate—and she may

riave more than one—incubates the

«gcs and rears the young.

Therein, according to Fitch, may lie

the explanation for the labyrinthine

tracheas found in some birds. The

length of a bird's trachea is not tightly

tied to skull or body size. Individual

birds born with a slightly elongated tra-

chea will sound bigger than those less

well endowed, and perhaps, if their in-

flated image helps scare off rivals or at-

tracts mates, they will have greater re-

productive success.

Fitch is just starting to test this idea,

but he can already point to some inter-

esting correlations. Birds with an elon-

gated trachea tend to hve where visibil-

ity is poor and where they may thus

not be able to size one another up by

sight alone (some, such as cranes, live in

open grasslands but Hke to make their

nests in overgrown areas). He has also

found that in species where both sexes

participate in territorial defense, both

males and females generally have elon-

gated tracheas; where only the male is

territorial, generally only he has a long

trachea. One species—the greater

painted snipe—appears to be the ex-

ception proving his rule: only the fe-

males are territorial and only they have

elongated tracheas.

If Fitch's hypothesis proves correct,

birds may not be alone in manipulating

their voices, although in the case ofhu-

mans, the goal may often be to sound

smaller, not bigger, and therefore un-

threatening. Picture an obsequious

worker trying to ingratiate himself to

his boss. Chances are he's got a smile

on his face—and a shortened vocal

tract as a result.

Science writer Carl Zimmer lives in New
York. His first book, At the Water's Edge,

is now available in paperback.
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Set your sights on some of the world's most
naturally beautiful locations and you'll clearly see

why so many bird species call these places home.
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ADVERTISING SECTION

Follow familiar and exotic species to picturesque destinations.

costa nca
A WEALTH OF FLORA AND FAUNA ABOUND

j^fl^ WONDER MANY NATURALISTS SET

^^^^^^ their sigtits on Costa Rica. Many

^^B ) birders have made their first

/^^^^, Neotropical trip to sample the

'^^^^^ varied habitats in this breathtaking

natural aviary. Home to an astonishing number of

diverse ecosystems, Costa Rica is one of the

biologically wealthiest nations in the world. From

the lush, forested slopes of its volcanoes to the

coral reefs off both coasts, Costa Rica offers a

sweeping panorama teeming with colorful birds.

During the past few decades, more and more

Costa Ricans have come to realize the value of

their natural heritage and biodiversity. Their

exemplary National Conservation System is

ensuring the survival of endangered species

while The Costa Rica National Biodiversity Insti-

tute catalogues and studies the country's nearly

overwhelming varieties of flora and fauna.

About 9,000 different kinds of flowering plants

grow in Costa Rica, including more than 1,300

species of orchids. The country is also home to

209 species of mammals, 383 kinds of reptiles and

amphibians, about 2,000 species of butterilies

and at least 4,500 different types of moths.

Although Costa Rica covers only 3.4 percent of the

suri3ce of the eart;h, about 5 percent of the

planet's plant and animal species are found here.

Nearly 850 species of birds have been identified

within the country's borders, more than are found

in all of the United States, Canada and the

northern half of Mexico combined.

Costa Rica's forests offer a breathtaking visual

backdrop for birders. Giant tropical trees create

a canopy over a deep tangle of epiphytic

vegetation as varied and naturally harmonic as

the birds that live in their midst. Biologists have

classified the diversity of forests in this region

A colorful keel-billed toucan graces the Costa Rican forest.

into a dozen different life zones. However,

most of those forests fall into three more general

groups: rain, cloud and dry forests. Rain forests,

with their massive trees, very high canopies

and little growth on the dimly lit forest floor,

can be found in the Atlantic lowlands and the

southwest.

Northwest Costa Rica contains some of the last

remnants of the tropical dry forest, a less exuberant

life zone that shares much of the diversity of the rain

forests. Cloud forests, which cover the upper slopes of

most mountains and volcanoes, are the most luxuriant

of the tropical forests, with mosses and other small

plants covering the trunks and branches of trees.

All the forests are beautiful, and in many ways simi-

lar, but each offers glimpses of plants and

animals that won't be found in the others.

Visitors to Costa Rica without wings of their

own most often fly into the capital city of San

Jose. Most avid birders will want to stay on the

edge of town and rent a car for excursions to the

surrounding countryside. Trips farther afield may

be made by car or air via domestic flights. Travel

packages providing transportation make touring

around easiest, but intrepid self-tourists armed

with reliable, up-to-date maps can easily drive

themselves around most of the country.

^^N A NARROW BAND OF MOIST LOWLAND

r^fc jforest running from Carara southeast to

^^the Panamanian boarder, the Pacific low-

lands offer some of the best birding in Costa

Rica. A number of species unique to this region

make this zone essential for the visiting birder.

Idyllic beaches and a range of accommodations

add to its allure. Near the beach town of Jaco,

about two hours from San Jose hes the Carara

Biological Reserve, home to a large population of

scarlet macaws and acres of unspoiled Pacific low-

This special editorial/advertising supplement was created by the Natural History Special Sections Department and did not involve the

magazine's editorial staff. WRITER: Kathryn Brennan DESIGN: Mindy Phelps Stanton PHOTOGRAPHY: Cover and birders by Douglas E. Walker/Tourism

Saskatchewan; toucan by Kevin Schafer; puffin courtesy of the Scottish Tourist Board; France scenic courtesy of the French Government Tourist Office/

Daniel Thierry; owl courtesy of Tourism Saskatchewan; Alabama bird courtesy of U.S. Fish and Wildlife Service.
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ONSIDER COSTA RICA FOR
T LEAST A TWO-WEEK STAY

Land forest. Many tourists make this area a

daytrip from San Jose, but birders will want to

either get a very early start or stay over in Jaco

or in Tarcoles/Playa Azul. The scarlet macaws

can be seen early or late in the day as they fly

between the reserve and roosting areas to the

northwest. Well over 100 notable species can be

easily spotted in the Carara Reserve, including

the great tinamou, red-lored parrot, crimson-

fronted parakeet and scarlet-rumped cacique.

Other good spots for birding in the Pacific low-

lands include Rio Tarcoles Estuary, the Tivives

Varied life zones offer mo
birding adventures in one

Mangroves, Manuel Antonio National Park,

Corcovado National Park and the Golfito

National Wildlife Refuge.

The northwestern province of Guanacaste

offers easy access to the dry forest typical of

western Mexico and the Pacific slope of Central

America. Most of the area is deforested and

carpeted with African savanna grasses, but

various parks preserve patches of remnant or

second-growth forest. The tropical dry forest

has the most pronounced dry season of the

various Costa Rican life zones, and many trees

drop their leaves during the driest period,

from December until March. Throughout the

year, it's generally easy to spot birds in this

open, sparsely vegetated country. Most

species can be found in a relatively short

time. Among this region's best conservation

areas are the Guanacaste Conservation Area

and the Santa Rosa, Palo Verde, and Barra

Honda National Parks. The Hacienda La Pacifica

resort complex, adjacent to these preserves, is

popular with birders for the natural habitat

along the river right on its grounds, where

boat-billed herons come to roost. The Santa

Rosa National Park offers a nice expanse of

tropical dry forest, with the best birding by its

beaches on the Gulf of Papagayo. Among the

nearly 200 species found here are thicket

tinamou, brown pelican, osprey, king vulture,

and laughing gull. The marshes at the mouth

of the Rio Tempisque at Palo Verde National

Park are the last stronghold of the jabiru in

Central America. Barra Honda National Park is

known for its well-preserved limestone caves

as well as consistently good birding along its

trails. Relatively sparse vegetation make

species like thicket tinamou, lesser ground

cuckoo, and long-tailed manakin easy to

observe and photograph.

The volcanic ranges that form the spine of

Costa Rica — the country's most striking

geographical feature —are the source of great

biodiversity. Many of the best birding

sites are within easy reach of San

ny Jose. Most of the best sites are on

trin ^^^ middle-elevation Caribbean

i"^^" slope, which has a distinctive

avifauna with substantial numbers

of otherwise difficult-to-find species. Braulio

Carrillo National Park offers outstanding

scenery and a good transect of Caribbean

slope forest populated by local birds such as

yellow-eared toucanet, lattice-tailed trogon,

purplish-backed quail-dove, and ashy-

throated bush-tanager. Other mountain sites

well worth visiting include Tapanti National

park, Volcan Irazu National Park, and Guayabo

National Monument, the most significant pre-

Columbian archeological site in the country.

The Monteverde Biological Reserve is one of

the most popular natural history destinations

in Costa Rica, renowned as a magnificent

example of cloud forest with several discernible

bird habitats.

@HE ATLANTIC SLOPE OF COSTA RICA

offers a fine view of its avifauna along

easily accessible foothills and beaches.

Owned by OTS, a consortium of universities

dedicated to tropical rainforest research, the

Finca La Selva Reserve has an excellent trail

system and a huge birdlist of well over 200

species. On the Caribbean coast south of Limon,

the tourist areas of Cahuita and Pueriio Viejo

are good starting points for birders, and

Tortuguero National Park provides a rare look at

nesting sea turtles, sungrebe, green and rufous

kingfisher, and rufescent tiger-heron. S
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Your time

to come.
Come to a place where you are

as likely to find dynamic new cityscapes

as ancient castles alive with history.

Come celebrate with Scotland in 2000,

and satisfy your taste

for the old and the new.

Call 1-800-969-SCOT

for your FREE Scottish Tourist Board

vacation planner, or visit

www.ToScotland.com

GET A NEW
PERSPECTIVE ON LIFE

Scotland
NOW S THE TIME TO HEAD FOR THESE HILLS

A puffin amid wildflowers in

Scotland's pristine Shetland Islands.

aEGENDARY FOR ITS RUGGED COAST-

Lines, spectacular highlands,

ancient woodlands and verdant

glens, Scotland is an ideal

destination for birders with an

eye for drama. The Scots have always taken

great pride in the natural beauty of their

countryside, and they've recently made their

inspiring landscapes even more inviting with

new facilities and opportunities for naturalists.

In areas both settled and remote, visitors can

join various ranger-led walks. For the more

active, orienteering events and well-marked

cycle trails make exploration especially rewarding.

Scotland is home to a great number and

variety of bird species, including the most

golden eagles and peregrine falcons in Europe

and some of the greatest concentrations of

seabirds in the world.

Many species — including

gannets, puffins, guille-

mots, and kittiwakes —
nest on cliffs over 900

feet high. Many thousands

of wintering wildfowl

feed and roost among

the country's estuaries

and salt marshes. The

great sweeps of white

shell and sea-meadows

of the west coast and

pristine islands, such as

Shetland and Skye, are

rich in ground-nesting

birds and colorful

displays of wildflowers in

early summer. The Royal

Society for the

Protection of Birds

(RSPB) reserve on Nort;h

Uist is a fine example

of Scotland's pristine

natural habitats.

Only one hour from

Edinburgh, the Bass Rock is dramatically

situated near the mouth of the Forth River.

Boat trips are available from nearby North

Berwick. During the breeding season, more

than 70,000 Nori:h Atlantic gannets (over 25

percent of the world's population) flock to

Bass Rock, creating an enchanting spectacle.

This year heralds the opening of The Scottish

Seabird Centre at North Berwick Harbour. Using

state-of-the-art remote cameras from various

strategically located observation areas, visitors

can now see a range of species up close, in

their natural habitat, without disturbing them.

Also notable this year are The Millennium

Forest for Scotland projects, a series of 77

initiatives throughout the country designed to

extend and enhance native natural habitats.

Visitors to Perthshire, in the heart of Scotland,

are invited to celebrate the

survival of the country's

ancient woodlands with the

aid of new, way-marked

trails enhanced by multi-

media technology. This

project — Scotland's Ancient

Woodlands: A Trail from the

Past to the Future — also

involves walks at Crinan in

Argyll and Abriachan on

the shores of Loch Ness, m

The Scottish

Seabird Centre

offers

dramatic

bird's-eye view.

fe'&'.jgt.i



franee
MAGNIFICENT LANDSCAPES SET THE SCENE

a
IKE ART LOVERS, FASHION MAVENS,

and gourmands, bird watchers will

find more to love in France than

can possibly be consumed. Itiner-

aries can be as varied as the

avifauna, among the most alluring in the world.

Northern France offers a range of birding

options for beginner and expert alike. A typical

farming village in this region attracts tree

sparrows, black redstariis, gray partridge, sky-

larks, and hen harriers. Itineraries in the northern

regions of the country include internationally

important sites like Somme Bay, the Rommelaere

with rich alluvium soil, has been cultivated

since the Middle Ages. The open landscape is

harmoniously composed of grain fields, rice

paddies, orchards, rape fields and vineyards.

Salt plains cover the southeastern corner, where

the Grand Rhone flows into the sea by Sahn-de-

Giraud. At the center of the Camargue, surrounding

the Etang de Vaccares, is a huge zoological and

botanical reserve teeming with wildlife.

A must for birding, the Pare Ornithologique

de Pont de Grau comprises a variety of land-

scapes and species. Within approximately

twenty acres of marshland set in the greater

More than a mecca for culture vultures, France is

an ornithological dreonn of unspoiled habitats.

Marshes, Cap Gris-Nez and Blanc Nez as well

as trips to see the migrating cranes and

white-tailed eagles at Lac du Der Chantecoq.

Fariiher south, between the cities of Aries and

Marseilles, lies the Camargue region. Arguably

the ornithological capital of France, the Camargue

is like a country in itself. A series of long, level

roads criss-cross its marshes and farmlands,

making the colorful avifauna easily visible. With

a bird book, binoculars and camera in hand, any

visitor to the area will catch an eyeful of natural

beauty on the wing. Eagles, hawks, and harriers

soar above black bulls and white horses grazing

in the fields, horseback riders file into low brush

and cyclists peddle against the winds, along the

roads, or on lanes closed to motor vehicles.

The upper region of the Camargue, blessed

The French countryside lures birders with wide-open vistas of breathtaking color.

reserve, most of the birds of Camargue, both

resident and migratory, can be seen close at

hand in the wild and in large cages. The central

area of the park is home to various birds of

prey, including multiple species of owls, eagles,

hawks, harriers, buzzards, and vultures.

Wetlands are a lure for geese, swans, ducks,

egrets, storks, herons and the icon of the

Camargue, the pink flamingo.

^m N THE EASTERN SIDE OF THE CAMARGUE

I ^Pj lies the Tour du Valat, a private,

m^^ non-profit research and study

center dedicated to the conservation of

Mediterranean wetlands. The central part of

the domain is the Voluntary Natural Reserve,

the largest in France,

staffed by 30 full-time

researchers. Its various

programs are open to both

French and foreign students.

Guided tours through the

Camargue include horseback

and jeep safaris. Renting

bicycles is a good idea,

partly because many areas

are off-limits to motorized

traffic. Flat, open terrain

makes cycling here

pariiicularly inviting. S

IN FRANCE

COME SEE THINGS OUR WAY
Imagine yourself stroMInq through the

magnificent halls and gardens of a chateau

In the Loire Valley. Now you know how it

feels to be royalty! This is just one of the

2000 ways to enjoy the pleasures of France.

To help plan your trip, order a free

France Discovery Kit, which includes:

• France Discovery Guide - a 112 page

planner with itineraries, tips on travel,

events and the pleasures each region

has to offer.

• Air France Holidays catalog of travel

packages featuring romantic getaways

to Paris, cooking classes in Provence,

wine tours of Beaujolais, villa rentals

and more.

For a free France Discovery Kit call or visit:

1-888-788-9777
WWW.FRANCEGUIDE.COM

AIR FRANCE Maisan

fnOCH GOVUffVCKT TOLRST OFFCE



^jim ADVERTISING SECTION

FOCUS ON

BlRPlOg

LISTEN TO
I E CALL OF THE WILD

A burrowing owl pauses in the grasslands of Saskatchewan.

Saskatchewan
FOR OVER A CENTURY, THE PROVINCE HAS TAKEN PRIDE IN ITS BEAUTIFUL BIRDS

BOCATED IN THE HEART OF NORTH

America, Saskatchewan is home to

the continent's oldest bird sanctuary,

Last Mountain Lake, established in

1887. Every year, as many as 40,000

sandhill cranes and hundreds of thousands of

other waterfowl congregate here. The sanctuary has

two nature trails, and its Bird Observatory is an

active station for bird banding as well as for mon-

itoring bird species and numbers.

As home, migratory stop and breeding ground.

Saskatchewan hosts over 25 percent of the conti-

nent's ducks and geese. In the summer season,

swans and sandhill cranes flock to the province by

the millions. Saskatchewan also is one of the best

places on earth to view rare whooping cranes,

magnificent white birds bordering on extinction.

The Canadian Wildlife Service hosts a Whooping

Crane Hotline (306-975-5595) for reports on the

latest sightings.

Beginning in May, waves of migrating birds stop

down in Saskatchewan to rest and feed before

continuing on to breeding grounds farther

north. Visitors to Grasslands National Park can

witness the mating dance of the sage grouse

or get a look at the sharp-tailed grouse,

Saskatchewan's bird emblem. Long-billed

curlews, burrowing owls, chestnut-collared

and McCowan's longspurs summer in the park.

Other not-to-be-missed birding destinations

include Buffalo Pound Lake, Valeport Marsh,

Chaplin Lake, the Quill Lake region, Redberry

Lake, and Galloway and Miry Bays. S

Discover the Exciting

World of Birding...

With Holbrook!

Birding expeditions to

Costa Rica, Panama,

Kenya and Turkey

S HOLBROOK
Enriching Lives Through Travel Since 1 974

1-800-451-7111
www.holbrooktravel.com
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WARM WELCOME

alabama
A birder's paradise

®N ABUNDANCE OF BIRD SPECIES,

outstanding birding sites and

inviting amenities and accommo-

dations make Alabama's Guif Coast

an ideal destination for birders.

The Alabama Gulf Coast is located in the

Mississippi Flyway Zone, a major route for

migratory birds. There are two major bird migra-

tions annually. The first, in the spring, usually

peaks between late March and early May. A fall

migration occurs from mid-September through

mid-November.

The Alabama Coastal Birding Trail, arranged as

a series of loops, offers birders an ideal guide

to the best sites in the state. Several public

areas along the trail provide excellent

perspectives on a colorful variety of species,

migration zones, and natural habitats. Alabama

Point, Bon Secour National Wildlife Refuge,

Gulf State Park, Fort Morgan, Battleship

Point, and Dauphin Island are just a few of

the major destinations for avid birders visiting

this inviting state. Its many inland bays and

waterways also support indigenous wading

and shorebirds.

The Gulf Shores/Orange Beach Loop of the

Alabama Coastal Birding Trail is especially

Where to s^ o when nature c a

Head to Alabama's gulf coast... For vacation

where you'll not only find sugar-white sand and information, call us

emerald water, but hundreds of species of indigenous birds todaj toll-free at

and neo-tropical migrants—up close and personal

—

I -877"722- 0044'

among some of the world's most glorious preserves, www.gulfsbores.com

forests, and saltwater marshes.

Call for your A/a6ama Coastal Birding Trail Guide today. /
; J t h m i n u t

GULF Shores
ORANGE BEACH

/J
A I A e * ¥ *

DELMARVA
Wcekaui
CG\e\?rate the

migration of

hundreds of

warb\er5, ebore-

birds, waterfowl,

nesting birds and raptore

on Maryland's Eastern Shore.

Call SOO-552-0355 for

details and reservations

or visit our web site:

skipjack.net/le_shore/

birding weekend.

April 2&-30, 2000
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popular, combining excellent opportunities

for birding with an array of resort accommo-

dations and activities. Among the most

notable species along the loop are the snowy

plover, a rare, threatened species that most

often nests near the dunes along the

shoreline, elegant great egrets; and sandhill

cranes, canvasback ducks and herons; as well

as a variety of pelicans and other striking

seabirds. All along the loop, sites are marked

with great detail, alerting visitors to which

birds to look for, and when to find them.

West of Gulf Shores, at Fort Morgan, the

Hummer Bird Study Group conducts a bird-

banding project in both the spring and fall.

Volunteers set up nets, retrieve the birds and

take them to banding stations. The birds'

weight, length, health, and species are

recorded, then they are banded and released

for their migratory trips. The public is welcome

to participate in both seasonal events.

Established by a special legislative act over

two decades ago to protect and preserve

rapidly vanishing coastal barrier habitats, the

Bon Secour National Wildlife Refuge is a

A handy 51 -page

booklet offers a

defailed guide to

the Alabama
Coastal Birding Trail.

triumph of man and nature. The maritime

forests, coastal marsh, sandy beaches, and

open waters of the refuge provide essential

habitats for an amazing diversity of birds,

including loons, grebes, petrels, boobies,

gannets, pelicans, herons, egrets, storks,

cranes, cuckoos, and an astonishing

assoriiment of shorebirds and wateri^owl.

Its strategic location along the flyway

of millions of spring and fall migrants,

combined with the habitats provided,

make Bon Secour one of the country's

most important sanctuaries and best

birding destinations. S
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TAKE NOTE OF SPECIAL EVENTS

mark your calendar
SPRING 2000 IS A NOTABLE SEASON FOR BIRDERS

n^ OME TO SOME OF THE MOST PICTURESQUE

^pi) birding sites in the U.S., Worcester

>^5*' County, Maryland has always been a

favorite destination for naturalists of every

kind. This year, on April 28-30, the county

hosts the one event avid birders will not

want to miss. The Delmarva Birding Weekend

celebrates the migration of hundreds of

warblers, shorebirds and waterfowl as

well as many nesting birds and raptors.

Participants in this event are invited to

special lectures and dinners, casual social

gatherings, canoe trips, boat excursions,

day treks, and nighttime explorations

of the natural habitat, including an "owl

prowl" guided tour of nature trails in

the Pemberton Historical Park. For more

information on the weekend's events, or

to register, contact the Worcester County

Tourism office at 800-852-0335. S

As interest in birds soars, be on the

look-out for more special events

and programs with a focus on birding.

@HIS SPRING, PBS STATIONS ACROSS THE

country will air Stokes Birds at Home,

a thirteen-part series produced by

Donald and Lillian Stokes, internationally-

renowned birding experts and authors of many

birding guides. Specific airing times will be

determined by local stations. This program is

being sponsored by Swift Instruments, Inc.,

one of the leading producers of high-quahty

binoculars favored among birding enthusiasts.

Established in 1926, Swift Instruments

continues to strive for technical excellence and

enduring quality in all that they do. Their

sponsorship of this series is a reflection of

their devotion to birding as well as the

popularity of their advanced line of birding

binoculars and spotting scopes within the

birding community. Swift Instruments'

dedication to optical excellence is clear to

anyone who uses their products. Knowledgeable

bird watchers everywhere clearly recognize

their expertise in viewing nature at its best. J

• Fpr mQreinfomiatibri-pn travel to,Costa Rica, call l-gd0-'343-6332 oj-

visit the Costa Rica tourist Board websjie it vwyw.tourism-cost^ca.com.
-'

For more information on travel opportunities in Scotland andT |

coniplitiientary copy of the Scottish Vacation jfUniifei^iCaU the British
>J

IguriStAuttiority at 1-800-462-2748, ext 6. 'y
'/!-'.''

'^ /

)fficeat2l2T838-786ooVe-mailfrancet(fflfftm.com. / \
J

e, fullrcolor Saskatchewan Vacation Guided call 877-2ESCfAPE. \
"'"'

'
'' the Alabama Gulf Coast, call 800-982-8562.

, „ , . , „ artes CoyrttuJlD,£aU 800-766-3386. \ "
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The Lodge on Little St Simons IslancJ

Exclusive lO.OOO-acre Georgia island

paradise, seven-mile pristine beach, rec-

reational activities, gournnec regional

cuisine and gracious accommodations
await just thiriy guests.

All-inclusive rates begin at -w t^ x
$325 per night ^JL^ ^

888-733-5774 '91 2-638-7472 "^'^T!!?^"^

vw/w.LlctleS6imonslsland.com L ' I I L h
ST. SIMONS

ISLAND
Call about our

"Summer Fun for Families"

Bird watching
.at its best.

...if's a real outdoorfist.

Get a bird's-eye view of a unique variety

of resident and migratory birds.

nestled within a pristine, rural setting

Plus, over 150 miles of magnificent

shoreline, the best bass fishing in the

Mid-Atlantic, hiking and biking trails.

an abundance of historic and cultural sites,

and a variety of Maryland seafood delights.

Come to Charles County we'll be watchingfor you!
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Callfi)r our Fne Bird Watching Guide

I -SO 0-7

6

wwAvexpIorech.!]
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l.irlesconid.co
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Small ship journeys to

the Enchanted Isles.

The best experience.

the best vessels,
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FoT 3 color brochure
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Amazon p,

rainforest^
ajourney through time & natiire

www.kapawi.com
Canodros S.A. Ecuador - South America

DENAUNAnONALPARK
and the Best ofthe Kenai Peninsula

I Active Travel— Multi-day trips feature

Alasl^a's best wilderness lodges, wildlife viewing,

nature walks, hiking, rafting.

i Eco-Award Winning Style— Oniy us.

Tour Operator honored in 1 999 Conde Nast

Ecotourism awards.

&^M
Since 1977

ALASKA
VVILDLAND
' ADVENTURES

800-334-8730

Your Travel

Choice Makes

a Difference.

ne travel cnoices you

make ariect tne gloDal

environment and millions oi people

around tne world. Discover now

to take journeys tnat are notn
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to otliers. Learn now purposerul
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lite-long interests, conserve natural

and cultural resources, and nelp
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The Red Meat
That's Good for You
AustraUans ponder solutions to their kangaroo problem.

By Terry Domico

Grinding torvvard in low

gear, the four-wheel-drive

truck bucks and sways

along the dirt track. It's

nearly midnight, but there's still an-

other hour to go until Ted Heineman's

"lunchtinie." As we bounce along in

the truck's cab, Heineman's assistant

flicks the beam of the root-mounted

spotlight back and forth across the dark

landscape. For an instant, a small tree

p;lows in the light, then a bush, then

chree red kangaroos. The animals scat-

ter as soon as the truck comes to a halt.

"Roos are very skittish on windy

The red

kangaroo is one

of five large

members of the

kangaroo family

that are

considered,

within defined

limits, to be fair

game for

commercial

exploitation.

nights like this," says Heineman. "The

best times for hunting them are just a

day or two before you get rain." As

one of Australia's many full-time pro-

fessional roo shooters, he speaks from

experience.

The flitting spodight momentarily

catches three more kangaroos. "Two

females and a joey." The truck and

spotlight move on. Another group of

six roos is illuminated briefly, then also

passed over. Because his fee is based on

carcass weight, Heineman shoots only

big males and the largest females.

Near a line of trees we ghmpse nu-

merous green eyes. "Sheep!" com-

ments the shooter. "We'd best move

on. Sheep and roos don't like to mix."

Soon we see two big male kangaroos.

One continues to graze while the

truck stops. Heineman readies the

rifle, an expensive-looking .225 cahber

center-fire mounted with an 8x scope.

"Shhhh . .
." He lays the rifle barrel

across the padded armrest mounted on

the driver's door. A tense moment
passes. Bai!^! A hit. Bang! Another hit.

A third animal moves into his line ot

sight, but he passes it up: "Too small

—

we'U let it grow up."
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We drive over to the prostrate

forms and get out of the truck. In the

headlights we can see the blood; both

roos were shot in the head, killed in-

stantly. Like many other kills, these

were made at more than a hundred

yards away. We load the carcasses onto

the truck and roll onward. There are

now eleven dead kangaroos on the

truck. All of them have been shot in

the head.

This killing leaves me feeling

queasy, but I'm determined to see for

Despite farmers'

and sheep

ranchers' efforts

to eradicate

them, kangaroos

(such as these

eastern grays)

continue to

thrive on their

native

continent.

from the tail became bindings for

spears and stone implements, fur was

twisted into twine, and teeth were

fashioned into attractive necklaces. In

the southern part of the continent,

where winter temperatures faU below

freezing, kangaroo skins made warm
furry cloaks. On the dry plains, pre-

pared skins were sewn and sealed to

make water bags. The animals were a

fixture in Aboriginal art.

But in the late eighteenth century,

with the arrival of European settlers

Bit by bit, the image of the kanga-

roo as a resource was replaced by its

reputation as a nuisance. The animals

not only damaged crops and fences but

competed with domestic sheep and

cattle for precious grass. "Coursing

clubs" were formed to hunt them on

horseback. To aid in the chase, settlers

bred the kangaroo dog—a swift, grey-

houndlike runner with powerful jaws.

Meanwhile, however, as they cleared

the land and created and improved

watering places for livestock, the set-

myself what Australia's "kangaroo

problem" is all about. Most of the

shooters I've accompanied in the past

three months seem to care about their

quarry, and all try to be humane by

making every shot an instant kill.

Australia is home to all of the large

species in the kangaroo family as well

as to most of their smaller relatives. For

thousands of years, many of these ani-

mals provided the Aborigines with

meat and other products. Long sinews

and their agriculture, the face of Aus-

tralia began to change irrevocably. At

first, the kangaroo was an important

part of the newcomers' diet, too

—

probably because domestic stock was

still too valuable to be killed. But as the

colonial presence expanded, mutton

began to replace kangaroo meat on the

dinner tables of the wealthier farms.

By the mid-1800s, eating kangaroo

was associated with being a poor

farmer.

tiers enabled the roos to multiply ex-

ponentially. An 1863 editorial in the

newspaper Bordenmtch warned:

It is becoming daily more apparent

that some system of wholesale destruc-

tion will have to be devisedfor check-

ing the rapid increase of kangaroos. So

much have these animals increased in

late years that if measures are not

speedily taken against them, they

threaten to overrun the district. . . .

Jl
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Coursing was not up to the task of

eradicating large numbers of the ani-

mals, however. The battue, a hunt in

which bushes are beaten to drive out

the game (a method used by the Abo-

rigines), proved to be much more suc-

cessful. Kangaroos were rounded up

and driven into a dead end or a pit,

where tliey could bo shot or clubbed

to death. After kangaroos were legally

tiiat we still have nearly .is ni.uiy k.ui-

garoos in southwest Queensland as we

have sheep."

Protession.il shooters are united to

luint on properties that are heavily

populated by kangaroos. The hunters

then sell the sknis to tanneries and the

meat for pet food and to specialty meat

markets tor human consumption.

(Kangaroo meat, which contains less

than 2 percent fat and almost no cho-

lesterol, has been called "the red meat

that's good tor you to eat.'") It's praise-

ilcclared noxious in 1880, under

AC"T#II.44 VIC, rural communities

pursued the animals' eradication with a

vengeance. A decade later, in a battue

that took place in Queensland, a dozen

shooters killed a total of 20,000 kanga-

roos in six weeks. Still, the roos con-

tinued to multiply.

Over the years, an industry has

grown up around the killing of kanga-

roos. "There needs to be a reasonable

balance struck," says Bob Miles, a re-

searcher with the Queensland Depart-

ment of Primary Industries, which

helps fiirmers solve production and

management problems. "Kangaroos

are a native animal, and they need pro-

tecting, but the estmiates now indicate

worthy that not all the carcasses are

wasted, as they were during the era of

the battue, but about half are still being

left to rot after the skin has been re-

moved. And while some Australians

see the trade in kangaroos as a humane

use of a natural resource, others are

upset that wild animals are being com-

mercially exploited.

Currently, only five species of large

kangaroo are considered tair game

(most other species are protected and.

with the possible exception of the

swamp wallaby, are not considered

worth pursuing). Shooters target pri-

marily the red kangaroo, the eastern

gray kangaroo, the western gray kan-

garoo, and the common wallaroo, with

a sm.iller number of whiptail wallabies

taken as well. As a rule of thumb,

roughly 1 5 percent of a population is

considered a sate annual harvest. With

consider.ibly more than 2() million of

the targeted animals around, these spe-

cies are not in danger ot extinction.

Methods of kangaroo management

vary to some extent from state to state,

but each one sets commercial quotas to

prevent overharvesting. The number is

determined by the Federal Minister of

the Environment and is based on rec-

onuiiendations from

Invited to hunt the govermnent and

on properties from a wildlife-use

overrun by advisory committee

kangaroos, that represents vari-

professional ous nongovernmen-

shooters profit tal organizations.

from the Numerous tactors are

animals' skins taken into account:

and, to a lesser population estimates

extent, the based on aerial and

meat, which ground surveys, the

they sell both proportions of the

for pet food and different species, the

human sizes and sex rarios ot

consumption. kangaroos that were

recently shot, and

local seasonal condi-

tions. Zones in

which kangaroos are

proving to be a se-

vere nuisance are allocated higher quo-

tas than are other areas, but in every

case the welfare of the overall roo pop-

ulation IS kept in mind.

Some critics contend that the kan-

garoo culling quotas are too high. In

1975 slightly more than a million kan-

garoos were legally a\'ailable for com-

mercial harvest. This number increased

to 3 million in 1981 and to 5.2 million

in 1992 betbre reaching 5.7 million in

1999. The organization Greenpeace

argues that continuing commercial

killing at this level may ultimately

threaten the kangaroo with extinction.

"There may even be as many [kanga-

roos] as there were 200 years ago,"

concedes Molly Olson, former direc-

I
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tor of Sydney's Greenpeace office,

"but they're now living in a niuch

more confined area." The concern is

that an environmental coUapse within

the reduced territory could have dev-

astating effects on the animal's long-

term survival.

But Bill Bonthrone, manager of

Ingaby Station farm in southeastern

Queensland and past president of the

United Graziers' Association of

Queensland and the National Farmers'

Federation, insists that the commercial

harvesting should continue. "If it

should end, it means we farmers will

have to do the cuUing," he says. "And

if I'm forced to do it, the day will

come when I won't shoot them. With

kangaroo numbers increasing Uke they

are, I'll be forced to poison them.

That's just how serious the situation is.

You can't have a crop that's worth

$50,000 wiped out by kangaroos and

expect to survive."

Gordon Grigg, a professor of zool-

ogy at the University of Queensland in

Brisbane, has been looking long and

hard at the kangaroo problem. Piloting

a Cessna, he takes part in the annual

aerial survey that helps determine the

current population figures for kanga-

roos in the arid and semiarid zones of

Australia. "After more than a decade of

flying kangaroo surveys over the east-

ern two-thirds of AustraHa," he wrote

in 1987, "the strongest impression I

am left with is the huge impact that the

hard-hoofed, hard-feeding sheep have

had on the landscape. It is difficult to

find a scene where the imprint of

hooves is not clearly visible. The vege-

tation has been ground underfoot, ex-

posing the fragile soil, changing its

drainage properties and lessening its

suitabiUty for plant growth." By con-

trast, kangaroos have soft feet that do

not harm tender vegetation.

More than a decade later, little has

changed. Grigg estimates that some

770,000 square miles (about 55
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converging on a zone has now been

bore (well) in seriously degraded

western New and is at risk ot be-

South Wales coming permanent

have left their desert. The obvious

mark, way to address the

eratiicating problem is bv reduc-

vegetation and ing the number of

damaging the sheep (as well as cat-

fragile soil. tie). But how? With

Lacking sharp their backs to the

hooves, ecoiioniic wall, many

kangaroos are graziers are trsnng to

gentler on the survive by puttmg

landscape. more livestock on

the already depleted

land. Its a vicious cycle, in which

everyone will be losers sooner or later.

"Kangaroos thrive in unnaturally

high numbers on these same lands

where they are regarded as pests," says

Grigg. "in a nutshell, my idea is that

we should undertake a marketing drive

for kangaroo products, raismg the

price to such an extent that graziers

will find it worthwhile to reduce their

traditional hard-footed stock in favor

ot free-range kangaroos. In turn, the

reduction of sheep numbers would

help halt land degradation."

If Griggs idea is ever implemented,

kangaroo management practices would

probably beconie similar to those ot

conmiercial fisheries. People would

not own kangaroos, the way they do

sheep and other livestock. Instead, the

animals would be managed and har-

vested as a natural resource in areas and

on properties where they range in sut-

ficient numbers.

The "Grigg proposal," as it is pub-

Ucly referred to in Austraha, has gar-

nered mixed and heated reviews. Some

critics are concerned that the economy

would be flooded by this new meat

supply. Grigg counters that if all the

kangaroos that were culled each year

were sold as supermarket specialt)'

meat, this would represent less than 3

percent of the country's total meat

sales. Others say that rural communi-

ties are much too conservative to try

such an unusual thing as kangaroo

ranching. Yet the country's sheep in-

dustry is often in economic crisis and

may soon fail in many regions. Some

folks abhor the idea of eating their na-

tional symbol, but they seem to forget

that millions of the animals are killed

each year simply as pests.

Kangaroos evolved on this landmass

and are finely tuned to its seasonal

changes. Perhaps it will prove easier all

around to take advantage ot their pres-

ence. As one Australian newspaper

headline recently reported, "Eating

Roos Will Save Them: Govt."

Terry Domico, who lives on an island off

tlie coast of IVasliitigton State, is a natural-

ist, writer, and photographer. Among his

books are Kangaroos: The Marvelous

Mob {Facts on File, 1993) and Bears of

the World (Facts on File, 1988).
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Ahscheulichi . ^ . ,x

(Atrocious!)
Haeckels distortions did not help Darwin.

By Stephen Jay Gould

Revolutions cannot be kind to promi-

nent and unreconstructed survivors of

a superseded age. But the insight and

dignity of vanquished warriors, after

enough time has elapsed to quell the

immediate passions of revolt, often in-

spire a reversal of fortune in the judg-

ment of posterity. (Even the most un-

abashed Northerner seems to prefer

Robert E. Lee to George McClellan

these days.)

This essay details a poignant Utde

drama in the lives of three great central

European scientists caught in the intel-

lectual storm of Darwin's Origin of Spe-

cies, pubhshed in 1859. This tale, dor-

mant for a century, has just achieved a

vigorous second life, based largely on

historical misapprehension and cre-

ationist misuse. Ironically, once we dis-

entangle the fallacies and supply a

proper context for understanding, our

admiration must flow to Darwin's two

most prominent opponents from a dis-

persed and defeated conceptual world:

the Estonian (but ethnic German) em-

bryologist and general naturalist Karl

Ernst von Baer (1792-1876), who
spent the last forty years of his life

teaching in Russia; and the Swiss zool-

ogist, geologist, and paleontologist

Louis Agassiz (1807-1873), who de-

camped to America in 1846 and

founded Harvard's Museum of Com-
parative Zoology, where I now reside

as curator of the collection of fossil in-

vertebrates that he began. By contrast,

our justified criticism must fall upon

the third man in the topsy-turvy

drania, the would-be hero of a new

world order: German naturalist Ernst

Haeckel (1834-1919), the primary en-

thusiast and popularizer of Darwin's

great innovation. Haeckel's forceful,

eminently comprehensible, if not al-

ways accurate, books appeared in all

major languages and surely exerted

more influence than the works of any

other scientist, including Darwin and

Huxley (by Huxley's own frank admis-

sion), in convincing people through-

out the world about the validity of

evolution.

Cynic that I am, I nonetheless con-

fess to hero worship for the raw intel-

lectual breadth and power of three

great men: Darwin, who constructed

my world; Antoine-Laurent Lavoisier,

because the clarity of his mind leaves

me awestruck every time I read his

work; and Karl Ernst von Baer, who
Hved too long and became too isolated

to win the proper plaudits of posterity.

T. H. Huxley, who ranks fourth on my
list, regarded von Baer as Europe's

greatest pre-Darwinian naturalist.

As the leading embryologist of the

early nineteenth century, von Baer dis-

covered the mammalian egg cell in

1827 and, in 1828, published the

greatest monograph in the history of

the field: Uber Entwickelungsgeschichte

der TItiere (On the Developmental His-

tory of Animals). He then suffered a

mental breakdown and never returned

to the field of embryology. Instead he

moved to Saint Petersburg in 1834 (a

common pattern for Central European

scientists, because Russia, lacking a

systein ofmodern education, imported

many of its leading professors in scien-

tific subjects). There he enjoyed a long

and splendid second career as an Arctic

explorer, a founder of Russian anthro-

pology, and a geomorphologist cred-

ited with discovering an important law

relating the erosion of riverbanks to

the Earth's rotation.

In Ernst Haeckel's drawing, the early

embryos (top row) of a pig, dog, monkey,

and human are nearly identical.

Von Baer's theories of natural his-

tory allowed for limited evolution

among closely related forms but not

for substantial transformation between

major groups. Moreover, he held no

sympathy for Darwin's mechanistic

views of evolutionary causality. Dar-

win's book shook the aged von Baer

from decades of inactivity in his for-

mer zoological realm, and this great

man—whom Agassiz, in his last (and

posthumously published) article of



1874, would I, ill "(Ik- ai;i.\l Nosnir of

the science of Embryology"—came

roaring back with a niaji>r crititiuc en-

titled L'hcr Dcini'ins Lclirc (On i3ar\vui's

Theory).

In another article written in 1866

to criticize a brave new world that

often forgot, and more frequently

disparaged, the discoveries ot previ-

ous generations, von Baer made a

rueful comment that deserves en-

shrnienient as one of the great apho-

risms in the history of science. Invok-

ing Agassiz, his younger friend and

boon companion in rejecting the

new tiieory ot meciiamstic evolution,

von Baer wrote:

A{;iissi: says that when ti iiar doctrine

is presented, it nuist i;o through three

stages. First, people say that it isn V

tnic, then that it is against religion,

and in the third stage, that it has long

been known. (Author's translation)

Ernst Haeckel, with his characteris-

tic mixture of gusto and bluster, fan-

cied himself a Darwinian general em-

battled in Agassiz's first two stages,

unturUng the new evolutionary banner

not only for a biological truth but for

righteousness of all stripes. In 1874 he

wrote:

On one side spiritual freedom and

truth, reason and culture, evolution

and progress stand under the bright

banner of science; on the other side,

under the black flag of hierarchy, stand

spiritual slavery and falsehood,

irrationality and barbarism,

superstition and retrogression. . . .

Ei'ohttion is the lieary artillery in the

struggle for truth.

Men of large vision often display

outsized foibles as well. No character

in the early days of Danvinism can

match Haeckel tor enigmatic contrast

ot the admirable and the dubious. No
one could equal his energ%- or the ex-

tent of his output—mostly of high

i-iu.ility, including volumes ot teclinu.il

taxonomic description (concentrating

on microscopic radiolarians and on jel-

lytishes and their allies), and not

merely theoretical effusions. Yet no

major figure took so much consistent

libertv' in imposing his theoretical be-

liefs upon nature's observable tactuality.

I won't even discuss Haeckel's mis-

use of Darwinian notions in the ser-

vice of a strident CJerman nationalism

based on claims of cultural, and even

biological, superiority—a set of ideas

that became enormously popular and

did provide later fodder tor Nazi pro-

pagandists (obviously not Haeckel's di-

rect fault, although one does bear

some responsibility for exaggerated,

but not distorted, uses of one's argu-

ments [see Daniel Gasman, Hie Scien-

tific Origins of National Socialism: Social

Darwinism in Ernst Haeckel and the Ger-

man Monist League, London: MacDon-
ald, 1971]). Let's consider only his

drawings of organisms, supposedly a

far more restricted subject, imbued

with far less opportunity for any

"play" beyond sober description.

I do dislike the common phrase

"artistic hcense," especially tor its

parochially smug connotation (when

used by scientists) that creative human-

ists care little for empirical accuracy.

(After all, the best artistic "distortions"

record great skiU and conscious intent,

apphed for definite and fully appropri-

ate purposes; moreover, when great

artists have chosen to depict external

nature as seen through our eyes, they

have done so with stunning accuracy.)

But I don't know how else to describe

Haeckel believed that

organisms retrace

their evolution as

embryos, when
they "climb their own
family tree."

die work ot Haeckel, who was, by the

way, a skilled artist and far more than a

Sunday painter.

Haeckel published books at the ex-

plicit interface of art and science—and

here he stated no claim for pure fi-

delity- to nature. His Kunstformcn der

Xatur (Art Forms in Nature), pub-

Ushed in 1904 and still the finest work

ever produced in this genre, contains

loo plates of organisms crowded into

intricate geometric arrangements. One
can identify' the creatures, but their in-

variably curved and swirling forms so

closely follow the reigning conventions

of art nouveau (called Jugendstil in

Germany) that one cannot say whether

the plates should be labeled as illustra-

tions of actual organisms or as primers

for a popular arnstic st\de.

But Haeckel also prepared his own
illustrations for his technical mono-

graphs and scientific books—and here

he did claim fldelits' to nature, as stan-

dard practice and legitimate conven-

tion also required. Yet Haeckel's crit-

ics recognized from the start that this

master naturalist, this more than com-

petent artist, took systematic license

in "improving" his specimens to

make them more symmetrical or

more beautiful. In particular, the gor-

geous plates for his technical mono-
graph on the taxonomy ot radiolari-

ans (intricate and delicate skeletons ot

single-celled planktonic organisms)

often "enhanced" the actual appear-

ances (already stunningly complex

and remarkably symmetrical) by in-

venting structures with perfect geo-

metric regularity-.

Tliis practice cannot be defended

in any sense, but distortions in techni-

cal monographs cause minimal dam-

age, because they rarely receive atten-

tion from readers without enough

professional knowledge to recognize

the fabrications. "Improved" iUustra-

tions masquerading as accurate draw-

ings spell much more trouble in popu-

lar books intended for general

audiences lacking the expertise to sep-
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arate a misleading idealizarion from a

genuine signal from nature. And here,

in depicting vertebrate embryos in sev-

eral of his most popular books,

Haeckel took a Ucense that subjected

him to harsh criticism in his own day

and that, in a frerce brouhaha (or

rather a tempest in a teapot), has resur-

faced in the last two years to haunt him

again and even to give some false com-

fort to creationists.

We must first understand Haeckel's

own motivations—not as any justifica-

tion for his actions but as a guide to a

context that has been sadly missing

from most recent commentary, thereby

leading to the inagnification and dis-

tortion of this fascinating incident in

the history of science. Haeckel remains

most famous today as the chief archi-

tect and propagandist tor a famous ar-

gument that science disproved long

ago but that popular culture has never

fully abandoned, if only because the

standard description sounds so won-

derfiilly arcane and meUifluous: "on-

togeny recapitulates phylogeny," other-

wise known as the theory of

recapitulation or, roughly, the claim

that organisms retrace their evolution-

ary history (or "climb their own family

tree," to cite an old catchphrase) dur-

ing their embryological development.

Thus, the gill slits of the early human

embryo supposedly repeat our distant

ancestral past as a fish, while the tran-

sient embryonic tail, developing just

afterward, marks the later reptilian

phase of our evolutionary ascent. (My
first technical book. Ontogeny and Phy-

logeny [Harvard University Press,

1977], includes a detailed account of

the history of recapitulation—an evo-

lutionary notion exceeded only by

natural selection itself for impact upon

popular culture.)

As primary support for his theory

of recapitulation, and to advance the

argument that all vertebrates may be

traced to a common ancestor, Haeckel

fequendy pubUshed striking drawings

sh;Aving parallel stages in the develop-

ment of diverse vertebrates, including

fishes, chickens, and several species of

mammals, fi^om cows to humans (see,

for example, page 42). The figure

below comes from Evolution ofMan, an

inexpensive popular English transla-

tion, published in 1903, of his famous

Anthropogenie. Note how the latest de-

picted stages (bottom row) have al-

ready developed the distinctive features

of adulthood (the tortoise's shell or the

chick's beak). But Haeckel drew the

Fish, salamander, tortoise, and chick also

start out looking the same, according to

Haeckel's illustration.

earhest stages (first row), showing tails

below and giU sHts just under the pri-

mordial head, as virtually identical for

all embryos, whatever their adult desti-

nation. Haeckel could therefore claim

that this near identity marked the

common ancestry of all vertebrates

—

for, under the theory of recapitulation,

embryos pass through a series of stages

representing successive adult forms of

their evolutionary history. An identical

embryonic stage can only imply a sin-

gle common ancestor.

To cut to the quick of this drama:

Haeckel had exaggerated the similari-

ties by idealizations and omissions. He
also, in some cases—in a procedure

that can only be called fraudulent

—

simply copied the same figure over and

over again. At certain stages in early

development, vertebrate embryos do

look more alike, at least in gross

anatomical features easily observed

with the human eye, than do the adult

tortoises, chickens, cows, and humans

that will develop from them. But these

early embryos also difier far more sub-

stantially, one from the other, than

Haeckel's figures show. Moreover,

Haeckel's drawings never fooled expert

embryologists, who recognized his

fudgings right from the start.

At this point, a relatively straight-

forward factual story, blessed with a

simple moral message as well, be-

comes considerably more complex,

given the foibles and practices of the

oddest primate of all. Haeckel's draw-

ings, despite their noted inaccuracies,

entered into the most impenetrable

and permanent of all quasi-scientific

literatures: standard student textbooks

of biology. I do not know how the

transfer occurred in this particular

case, but the general (and highly trou-

bling) principles can be easily identi-

fied. Authors of textbooks cannot be

experts in all subdisciplines of their

subject. They should be more careful,

and they should rely more on primary

Hterature and the testimony of expert

colleagues, but shortcuts tempt us all,

particularly in the midst of elaborate

projects under tight deadlines.

Therefore, textbook authors often

follow two suboptimal routes that usu-

ally yield adequate results but can also

engender serious trouble: they copy

from previous textbooks, and they

borrow fr-om the most widely available

popular sources. No one ever sur-

passed Haeckel in fame and availabihty

as a Darwinian spokesman and a noted

professor at the University ofJena. So

textbook authors borrowed his famous

drawings of embryonic development,

probably quite unaware of their noted



No one coiild eejiuil

Haeckel's energy or

output, yet no major

figure took so much

liberty with nature s

observable factuality

inaccuracies and outright falsifica-

tions—or (to be honest about dirty

laundry too often kept hidden) perhaps

well enough aware, they then rational-

ized with the ever tempting and ever

dangerous argument "Oh well, it's

close enough to reality for student

consumption, and it does illustrate a

general truth with permissible idealiza-

tion." (I am a generous realist on most

matters ofhuman foibles. But I confess

to raging fiindamentalism on this issue.

The smallest compromise in dumbing

down by inaccuracy destroys integrity

and places an author upon a slippery

slope of no return.)

Once ensconced in textbooks, mis-

information becomes cocooned and

effectively permanent, because, as

stated above, textbooks copy from pre-

vious texts. (I have written two essays

on this lamentable practice: one on the

amusingly perennial description ot the

eohippus, or "dawn horse," as the size

of a fox terrier, even though most au-

thors, including yours truly, have no

idea of the dimensions or appearance

of this breed; and the other on the per-

sistent claim that elongating giraffe

necks provide our best illustration of

Darwinian natural selection versus

Lamarckian use and disuse when, m
fact, no meaningful data exist on the

evolution of this justly celebrated

structure.)

We should therefore not be sur-

prised that Haeckel's drawings entered

nineteenth-century textbooks. But we

do, I think, have the right to be both

astonished and ashamed by the century

of mindless recycling that has led to

the persistence of these dr.iwmgs in a

large number, if not a majority, of

modern textbooks! Michael Richard-

son, of the St. George's Hospital Med-

ical Scliool in London, a colleague

who deserves nothing but praise tor

directing attention to this old issue,

wrote to me (letter of August 16,

1999):

// so iiidiiy liisloiidiis kiictf all about

the old controversy [over Haeckel's

falsified drawiiii^s], then why did they

not coinniiiiiicate tliis iiifonnation to

the iniineroiis contemporary authors

who use the Haeckel drawin<^s in their

books? I know of at least fifty recent

biolo<^y texts which use the drawings

inicritically. I think this is the most

important question to couie out of the

whole story.

The recent flap over this more-

than-twice-told tale—an almost comi-

cal manifestation of the famous dictum

that those unfamihar with histoiy (or

240 b ';4..->.^^ ^''^3''/''

"Where are these copied from?" wrote

Louis Agassiz above Haeckel's drawing.

simply careless in reporting) must be

condemned to repeat the past—began

with an excellent technical paper by

Richardson and six other colleagues in

1997 {AihUoiny and End>ryology. vol.

196), following a 1995 article by

Richardson alone {Developmental Biol-

ogy, vol. 172). In these articles,

Richardson and his colleagues dis-

cussed the original Haeckel drawings,

briefly noted the contemporary recog-

nition of their inaccuracies, properly

criticized their persistent appearance in

modern textbooks, and then presented

evidence (discussed below) of the dif-

ferences among early vertebrate em-

bryos that Haeckel's tactics had covered

up and that later biologists had there-

fore forgotten. Richardson invoked

this historical tale in order to make an

important point, also mentioned

below, about exciring modern work in

the genetics of development.

From this excellent and accurate

beginning, the reassertion of Haeckel's

old skulduggery soon spiraled into an

abyss of careless reporting and self-

serving utihty. Elizabeth Pennisi's news

report in the September 5, 1997, issue

of Science told the story well, under an

accurate headline ("Haeckel's Em-
bryos: Fraud Rediscovered") and with

a textual acknowledgement that

Haeckel's work was first "found to be

flawed more than a century ago." But

the shorter squib in Britain's New Sci-

entist of September 6, 1997, began the

downward spiral by implying that

Richardson had discovered Haeckel's

misdeed for the first time.

As so often happens, this ersatz ver-

sion, so eminently more newsworthy

than the truth, opened the floodgates

to a torrent of sensationaUst (and non-

sensical) assertions: a primaiy piUar ot

Darwinism, and ot evolution in gen-

eral, had been revealed as fi-audulent

after more than a century ot conrinu-

ous and unchallenged centraht)- in bio-

logical theory. If evolution rests upon

such flimsy support, perhaps we should

question the entire enterprise and give

creationists, who have always flubbed

their day in court, their day in the

classroom.

Michael J. Behe, a Lehigh Univer-

sit\- biologist who has tried to resusci-

tate the most ancient and tired canard

in the creationist arsenal (Paley's "argu-

ment from design," based on the sup-

posed "irreducible complexit\'" ot in-
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tricate biological structures, a claim

well refuted by Darwin himself in his

famous discussion of transitional forms

m the evolution ot complex eyes),

reached the nadir in a recent op-ed

piece for the New York Times (August

13, 1999), commenting on the Kansas

Board of Education's decision to make

instruction in evolution optional

Nvithin the state's science curriculum.

(In fairness, I Uked Behe's general argu-

ment in this piece, for he stayed away

from irrelevant reUgious issues and at-

tacked the Kansas decision by saying

that we would never get a chance to

present his supposed refutations if stu-

dents didn't study evolution at all.)

As his putatively strongest refuta-

tion of Darwinism, Behe cites the er-

satz version of Richardson's work on

Haeckel's drawings. (Behe discusses

only two other arguments for evolu-

tion, one that he accepts as true [the

evolution of antibiotic resistance by

several bacterial strains], the second

judged as "unsupported by current ev-

idence" [the "classic" case of industrial

melanism in moths], with only this

third point—the tale of Haeckel's

drawings—declared "downright false."

So if this piece represents Behe's best

shot, I doubt that creationists will re-

ceive much of a boost from their latest

academic poster boy.) Behe writes:

Tlie story of the embryos is an object

lesson in seeing what you want to see.

Sketches of vertebrate embryos ivere

first made in the late 19th century by

Ernst Haeckel, an admirer ofDarwin.

In the interuetiing years, apparently

nobody verified the accuracy oj

Haeckel's drawings. . . . Ifsupposedly

identical embryos were once touted as

strong evidencefor evolution, does the

recent demonstration of variation in

embryos now count as evidence against

evolution?

In this context of media hype and

public confusion, we should step back

and reassert the two crucial points that

accurately situate Haeckel's drawings as

a poignant and fascinating historical

tale and a cautionary warning about

scientific carelessness (particularly in

the canonical and indefensible prac-

tices of textbook writing) but not, in

any way, as an argument against evolu-

tion or as a sign of weakness in Dar-

winian theory. Moreover, as a testa-

ment to greatness of intellect and love

of science, whatever the ultimate va-

lidity of an underlying worldview, we

may look to the work of von Baer and

Agassiz, Darwin's most vaHant oppo-

nents in his own day, for our best illus-

trations of these two clarifying points.
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Of Haeckel's early pig, dog, and tortoise

embryos, Agassiz railed, "Nothing like

this exists in the entire literature."

1. Haeckel'sforgeries as old news (Agas-

siz's contribution) : Tales of scientific

fraud excite the imagination for good

reason. Getting away with this acade-

mic equivalent of murder and then

being outed a century after your mis-

deeds makes even better copy.

Richardson reexamined Haeckel's

drawings for good reasons and never

claimed originality in uncovering the

fraud. But press commentary then in-

vented and promulgated this phony

version.

Haeckel's expert contemporaries

recognized what he had done, and said

so in print. For example, a famous

1894 article by Cambridge University

zoologist Adam Sedgwick ("On the

Law of Development Commonly
Known as von Baer's Law") included

the following withering footnote of

classical Victorian understatement:

/ do notfeel called upon to characterise

the accuracy of the drawings ofembryos

of different classes of Vertebrata given

by Haeckel in his popular works. . . .

As a sample of their accuracy, I may

refer the reader to the varied position of

the auditory sac in the drawings of the

younger embryos.

1 must confess to a personal reason,

emotional as well as intellectual, for

long and special interest in this tidbit of

history. Some twenty years ago, I

found, in the open stacks of our Mu-
seum's Ubrary at Harvard, Louis Agas-

siz's personal copy of the first (1868)

edition of Haeckel's Natilrliche Schop-

fungsgeschichte (The Natural History of

Creation). (After his death, Agassiz's h-

brary passed into the Museum's general

collection, where indifferent Hbrarian-

ship—before the present generation

—

led to open access, through nonrecog-

nition, to such priceless treasures.)

I noted, with the thrill that circum-

stances vouchsafe to an active scholar

only a few times in a fuU career, that

Agassiz had penciled copious marginal

notes—some forty pages' worth of

typed transcription—into this copy.

But I couldn't read his scribblings.

Agassiz, a typical Swiss polyglot, anno-

tated books in the language of their

composition. When he wrote margin-

alia into a German book pubHshed in

Once ensconced in

a textbook,

misinformation becomes

effectively permanent,

because textbooks copy

from previous texts.



Roman type, lie i.iMiiposi.'d tlu- notes

in Roman script (wliicli 1 can read and

translate). But wlieii he read a German

book printed in old but easily deci-

pherable Fraktur rspe (as in Haeckel's

1868 edition), lie wrote his annota-

tions in the correspondinij and now

extinct Siitteriin script (w inch I cannot

read at all). The Roman t^oddess For-

tuna then smiled upon me, tor my sec-

retary. Agues Pilot, had been educated

in Germany just bctoiv the Second

World Wiir, and she, Goii sci Dank,

could still read this archaic script. So

she transliterated Agassiz's squiggles

into readable German in Roman t^pe,

and I could hnally sense Agassiz's deep

anger and distress.

In 1868 Agassiz, age 61 and physi-

cally broken by an arduous expedition

to Brazil, felt old, feeble, and by-

passed, especially in the hght ot his

continued opposition to evolution

(his own graduate students had all

"rebelled" and embraced the new

Dar\vinian model). He particularly

disliked Haeckel for his crass ma-

terialism, his scientifically irrelevant

anci vicious swipes at religion, and his

haughty dismissal of earlier work

(which he often shamelessly "bor-

rowed" without attribution). And yet,

in reading through Agassiz's extensive

marginalia, I sensed something noble

about the quality of his opposition,

however ill-founded in the light ot

later knowledge.

To be sure, Agassiz waxes bitter at

Haeckel's excesses, as in his tinal note

appended to the closing flourish of

Haeckel's book, including the author's

gratuitous attack on conventional reli-

gion as "the dark behefs and secrets of

a priestly class." Agassiz writes sardon-

ically: ''Gegebcii iiii Jahrc I dcr iiciicn

Wcltcrdniing (given in year one of the

new world order) . E. Hacckcl. " But

Agassiz generally sticks to the high

road, despite ample provocation, by

marshaling the facts of his greatest dis-

cipUnar\' expertise (in geologN', paleon-

tology', and zoology-) to refute
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Haeckel's frequent exaggerations and

rhetorical inconsistencies. Agassiz may

have been exhausted and discouraged,

but he could still put up one whale of a

fight, even if only in private.

Agassiz proceeded in generally

measured prose untU he came to page

240, where he encountered Haeckel's

falsified drawings of vertebrate embry-

ology—a subject of extensive personal

research and writing on Agassiz's part

(see page 45). He immediately recog-

nized what Haeckel had done, and he

exploded in fuUy justified rage. Above

the nearly identical pictures of dog and

human embryos, Agassiz wrote:

"WoJier copiert? Gekimstelte Ahnlkhkeit

mit Ungenauigkeit verbunden, z.h.

Colohoma, Nabel, etc." (Where were

these copied from? [They include] ar-

tistically crafted similarities mixed with

inaccuracies, for example, the eye sHt,

umbilicus, etc.)

At least these two drawings dis-

played some minor differences. But

when Agassiz came to page 248, he

noticed that Haeckel had simply

copied the same exact figure three

times (see page 46) in supposedly illus-

trating a still earUer embryonic stage of

a dog (left), a chicken (middle) and a

tortoise (right). He wrote above this

figure: "Woher sind diese Figuren ent-

nommen? Es gibt sowas in der ganzen

Litteratiir nicht. Diese Identitdt ist nicht

wahr." (Where were these figures

taken from? Nothing like this exists in

the entire Hterature. This identity is

not true.)

Finally, on the next page, (see page

49) he writes his angriest note next to

Haeckel's textual affirmation of this

threefold identity. Haeckel stated: "If

you take the young embryos of a dog,

a chicken, and a tortoise, you cannot

discover a single difference among
them." And Agassiz sarcastically

replied, "Natiirlich—da diese Figuren

nicht nach der Natur gezeichnet, sondern

eiiie von der andern copiert ist! Ab-

s--': ii'lich!'' (Naturally—because these

1 : I'es were not drawn from nature.

but rather copied one from the other!

Atrocious.)

2. Haeckel's forgeries as irrelevant to

the validity of evolution or Darwinian

mechanisms (von Baer's contribution):

From the very beginning of this fren-

zied discussion two years ago, I have

been thoroughly mystified as to what,

beyond simple ignorance or self-serv-

ing design, could ever have inspired

the creators of the sensationalized ver-

sion to claim that Haeckel's exposure

challenges Darwinian theory or even

evolution itself. After all, Haeckel

used these drawings to support his

theory of recapitulation—the claim

that embryos repeat successive adult

stages of their ancestry. For reasons

elaborated at excruciating length in

my Ontogeny and Phylogeny, Darwin-

ian science conclusively disproved and

abandoned this idea by 1910 or so,

despite its persistence in popular cul-

ture. Obviously, neither evolution nor

Darwinian theory needs the support

of a doctrine so conclusively discon-

firmed from within.

I do not deny, however, that the

notion of greater embryonic similarity,

followed by increasing difrerentiation

toward the adult stages of related

forms, has continued to play an impor-

tant, although scarcely defining, role in

evolutionary theory—but through the

later evolutionary version of another

Haeckel: "With young

embryos of a dog, a

chick, and a tortoise, you

cannot discover a single

difference among them."

Agassiz: "Naturally

—

because these figures

were not drawn from

nature, but rather copied

from one another!"

interpretation first proposed by von

Baer in his 1828 treatise. In a pre-evo-

lutionary context, von Baer argued

that development, as a universal pat-

tern, must proceed by a process of dif-

ferentiation from the general to the

specific. Therefore, the most general

features of aU vertebrates wOl arise first

in embryology, followed by a succes-

sive appearance of ever more specific

characters of particular groups.

In other words, you can first tell

that an embryo will become a verte-

brate rather than an arthropod, then a

mammal rather than a fish, then a car-

nivore rather than a rodent, and finally

good old Rover rather than Ms. Tabby.

Under von Baer's reading, a human

embryo grows giU slits not because we

evolved from an adult fish (Haeckel's

recapitulatory explanation) but be-

cause all vertebrates begin their em-

bryological lives with gills. Fish, as

"primitive" vertebrates, depart least

from this basic condition in their later

development, whereas mammals, as

most "advanced," lose their giUs, and

grow lungs during their maxiinal em-

bryological excursion from the initial

and most generalized vertebrate form.

Von Baer's law, as biologists soon

christened this principle of difrerentia-

tion, received an easy and obvious evo-

lutionary interpretation from Darwin's

hand. The intricacies of early develop-

ment, when so many complex organs

differentiate and interconnect in so

short a time, allow little leeway for

substantial alteration, whereas later

stages, with fewer crucial connections

to the central machinery of organic

function, permit greater latitude for

evolutionary change. (In rough anal-

ogy, you can always paint your car a

different color, but you had better not

mess with basic features of the internal

combustion engine as your future ve-

hicle roUs down the early stages of the

assembly Une.)

The evolutionary version of von

Baer's law suggests that embryos may

give us better clues about ancestry than



adults—but not iu'ciusc tlicy icpivsciit

ancestral adults in miniature, as

Haeckel and the reeapitulationists be-

lieved. Rather, embryos indicate an-

cestry because generalized features of

large groups ofter better clues than the

specialized traits of more restricted lin-

eages cm prinklc. in a standard ex-

ample, some parasites become so

anatomically degenerate as adults that

bimtn b(t flltiittn Ib'ilt tiiiAti |U nhiiiun. !U«nn 6it bit iungtii

UmbT^ontn btl ^unbrt, Ut ^Ubn4 imb bci utbilbfiblt In gM. ». lu

unb II i)fT||l(i4(n. ntibin Sitiiiibt im «tiinbt [tm. tintn Untrf

(<bi(b ivubTiunibintn. 'lUcnn Sit buQCQtn bt( Did tDtilti (niniitftlltn

UiiibniDiitil III Tiirt-C—
t" mil tiHaribci V{i|il(idj{n. ivtiNii Sit (djuii

btiilliib bituiii|liii(atti|]t'Jlll«bilbiintiti[tnntn, unb naiittitlli^ tvabl*

/Lii-
.a

Outraged by Haeckel's distortions, t

Agassiz ends his marginal comments

with "Atrocious." I

they retain no distinctive traits of their

larger al:filiation. The adult stage of the

parasitic barnacle Sacciilina, for ex-

ample, becomes little more than an

amorphous bag of feeding and repro-

ductive tissue within the body of its

crab host. But the larval stages that

must seek and penetrate a crab can

hardly be distinguished tlom the early

stages ot ordinary barnacles. Dai-vvin

makes the key point succinctly when

he states in Origin of Species that "com-

munity in embryonic structure reveals

community of descent."

Von Baer's law makes good sense,

but nothing in Danvinian theory im-

plies or requires its validity, while evo-

lution itself clearly permits embryol-

ogy to proceed in either direction (or

in no hnearized manner at all): from

embryonic similarity to adult discor-

dance (as in groups that follow von

Baer's principle) or from larval discor-

dance to adult likeness (as in several in-

vertebrate groups, notably some

closely related sea urchin species,

where larvae have adapted to highly

different lifestyles of planktonic float-

ing versus development from yolk-

fiUed eggs that remain on the seafloor.

Meanwhile, the highly similar adults of

luiih species cniitiiuic to live .intl tunc-

tion like ordinary sea urchins).

The bottom line may now be sim-

ply stated: the validity and relative fre-

quency of von Baer's law remains an

open, empirical question within evo-

lutionary theory, an issue that can be

resolved only by observational evi-

dence from a wide variety of organ-

isms. Moreover, this issue has become

quite important in the light of current

excitement over recent advances in ge-

netics that have finally aOowed us to

icientify and trace the genes regulating

early development. In this crucial and

valid context, Richardson wisely chose

to reevaluate our complacency about

the probable validity of von Baer's law.

Richardson realized that the con-

tinuing re-publication of Haeckel's

fraudulent figures might be tipping our

behefs in von Baer's favor for indefen-

sible reasons of inherited and unques-

tioned tradition (based on falsified

drawing, to boot) rather than good ob-

servational evidence. He therefore

called attention to this Hkely source of

unrecognized bias as he marshaled sev-

eral colleagues to make the basic ob-

servations that could resolve a truly

open question, falsely regarded by

many coOeagues as an issue decided

long ago, partly on the strength of

Haeckel's doctored evidence.

The jury will be out for some time

as they debate and actively research this

important issue, too long neglected, in

the sciences of natural history. But the

1997 paper by Richardson and six col-

leagues has already poked some impor-

tant holes in the old and (as we now
learn) poorly documented belief in

early embryonic similarity among re-

lated lineages, followed by increasing

disparity toward adulthood. The early

embryonic stages of vertebrates are not

nearly so similar as Haeckel's phony

drawings had led us to believe. For ex-

ample, at the stage that Haeckel chose

for maximal similarity, the number of

somites (vertebral segments) of actual

embryos ranges from eleven for a

Puerto Rican tree trog to sixty for a

blindworm (the common name for an

unfamiliar group of limbless amphib-

ians with a basically snakelike adult

form). Moreover, although Haeckel

drew his embryos as identical in both

size and form, actual vertebrate em-

bryos at their stage of maximal

anatomical similarity span a tenfold

range in body size.

In short, the work of Richardson

and colleagues goes by a simple and

treasured name in my trade: good sci-

ence. The flap over Haeckel's doctored

drawings should leave us feeling

ashamed about the partial basis of a

widely shared bias now properly ex-

posed and already subjected to exciting

new research. But Haeckel's High Vic-

torian (or should I say Bismarckian)

misdeeds provide no fodder to foes of

Darwin or of evolution.

In other words, to give von Baer

and Agassiz a final due, we need not

fear the first and second stages of a sci-

entific revolution, because we will

fight Hke hell (perhaps unwisely and

too well but at least with gusto) so long

as we regard a new idea as either

ridiculous or opposed to "religion"

(that is, to conventional behef"). But

we must beware the dreaded third

stage, for when we capitulate and then

smugly state that we knew it all along,

we easily fall into the greatest danger

of all—smug complacency—because

we have ceased to question and ob-

serve. And no situation in science

could possibly be more abscheulich—
atrocious!

Stephen Jiiy Gould teaches biology, geol-

ogy, and the history of science at Harvard

University. He is also Frederick P. Rose

Honorary Curator in Invertebrates at the

American Museum of Natural History.

Erratum: The portrait oj Marcel

Duchamp in the 12/99-1/00 issue of

Natural History was incorrectly credited.

Tlie photographer was Victor Obsatz, to

whom we apologizefor the error.
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DUETSAND DRAWLS
When two scientists lent an ear to tropical stripe-backed wrens, they heard more

than songs and calls; they heard family histories. Here they describe the unique

vocalizing of a very social bird. . By Jordan Price and R. Haven Wiley

On a July morning in the

llanos, or savannas, of

Venezuela, the air is

muggy and thick with

mosquitoes. Most of Hato Masaguaral,

the cattle ranch and wildlife refuge

where we work, is covered with water

and mud a foot deep. On the few

patches of dry ground, tropical rat-

tlesnakes he low, and in shallow pools,

spectacled caiman doze just beneath

the surface. Occasionally we disturb the

sleeping reptiles as we wade across the

llanos, probably because our minds are

less on the perils beneath our feet than

on the staggering abundance of birds

above our heads.

More than 300 species of birds

—

from waterfowl and parrots to hawks

and flycatchers—can be seen on this

ranch alone. For birds that breed in the

Uanos, July (the peak of the wet season,

which extends from May to October)

is a time of plenty, when food for

hatchhngs is abundant. The air is fdled

with the sounds of birds busy raising

their famiHes. High in a grove of trees,

a dozen or so small, gray-and-white

streaked songbirds chase each other

through the dense fohage. These are

stripe-backed wrens, a species com-

mon throughout the Uanos of Colom-

bia and Venezuela. Two neighboring

groups are fighting over the common
boundary of their territories. Choos-

ing our steps carefully, we move in for

a closer look.

The owner of Hato Masaguaral,

Tomas Blohm, has preserved much of

the ranch's natural habitat and has al-

lowed birders, naturaUsts, and scientists

from around the world to use it as a

tropical research station. Biologists

from the University of North CaroHna

at Chapel HiU and from Purdue Uni-

versity have intensively studied the

ranch's stripe-backed wrens since the

1970s. Each bird wears a unique com-

bination of colored plastic bands for

easy identification; most have been

banded in their natal territories during

their first year. By using these genealo-

gies and DNA fingerprinting tech-

niques, Kerry Rabenold and his team

from Purdue have worked out the fam-

ily histories of nearly every bird in the

population. But our research has fo-

cused mainly on the wrens' vocahza-

tions. Without even looking at their leg

bands, we can tell which birds belong

to which family, simply by listening to

their sounds. Our most recent work

with stripe-backed wrens has revealed a

complex system of vocal communica-

tion that includes two sets of learned

vocahzations. One of these has a pat-

tern of cultural transmission urJike that

of any other songbird. Passed from fa-

thers to sons and from mothers to

daughters, these vocahzations are as re-

hable as any high-tech method for de-

termining family ties.

The development ofvocal traditions

in this species probably derives in part

from its social organization. Stripe-

backed wrens never hve alone. Year-

round residents of the llanos, they are

cooperative breeders that hve in groups

and work together to defend perma-

nent territories of about an acre. Each

A pair of stripe-backed wrens sing a duet

near their nest, a compartment in a

multiplex assembled by a rufous-fronted

thornbird. The silent wren on the left is

probably a "helper."

group is an extended family consisting

of a breeding male and female and up

to twelve of their offspring from previ-

ous years. Both male and female off-

spring help the breeders maintain the

communal nest, feed the young, and, as

we are seeing in the feuding famiUes

above us, defend the home turf from

intruding neighbors.

In each of the families we are

watching, the breeding male belongs to

the patriHne, or male lineage, that has

occupied the territory for generations.

The breeding female has immigrated

into the group from a nearby territory.
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Males Lisu.ilK' iviu.iiii 111 ilio territory ot

their birch and wait to inlierit the

breeding position when it becomes

available, while females disperse after a

few years of serx'ing as helpers and

compete for vacant breediiii; positions

in other groups. Male helpers form a

kind ot (.[ueiie based on age: the oldest

bird is first in line to become the next

breeder. Like the scions of some old

European royal families, a few unfortu-

nate males spend their entire lives wait-

ing to succeed their fathers. An adven-

turous few roam tar atield and attempt

to found their own dynasties, but most

of these birds are unsuccessful.

The wren tamilies squabbling above

us produce a variety of sounds as they

dart from branch to branch. Particu-

larly prominent are their duets. Sung by

a male and female, these consist of loud

staccato notes. (The sound is the source

of the species" onomatopoeic Spanish

name, cliocorocoy.) Although the com-

plex syncopated rhythms of duets can

sound to the untrained ear as if they are

coming from one bird, they are the ef-

forts of two wrens perched side by side

and interposing their notes with precise

timing.

The stripe-backed wren's duets, like

those of such other tropical duetters as

the Central American bay wren, seem

to be the equivalent of the territorial

songs issued by individual males of

many temperate-zone songbird species.

They advertise a groups occupation of

a territory and are usually performed

by the breeding pair. The strident take-

home message of a duet is basically,

"This territory will be defended against

intruders, and no, there are no available

breeding positions here."

But we can also detect subtler utter-

ances that act as a kind of counterpart

to the duets. Individual wrens emit

nasal calls, some of which sound Hke a

human voice drawling, "Where are

you?"' For this reason, despite our best

efforts to avoid anthropomorphism, we
have come to call these querulous-

sounding phrases WAY calls. The

modulated nasal sounds and inter-

spersed raspy cHcks of WAY calls are

some of the strangest vocahzacions pro-

duced by songbirds.

WAY calls are not nearly as loud as

duets and can be heard at only about

one-quarter the distance. Often they

are not audible much beyond a group's

home ground. The back-and-forth

WAY-calling of family members can, in

fact, with a little imagination, sound al-

most hke a human conversation. We
believe that WAY calls are used for

close-range communication rather than

tor conveying information between

neighboring groups at a distance.

Like other songbirds, young stripe-

backed wrens have to learn the com-

plex sounds that characterize their spe-

cies. Songbirds are one ot the few

groups of animals in which vocaliza-

tions are learned rather than genetically

inherited (others include parrots, hum-
mingbirds, whales, and, of course, hu-

NEANDERTHAL FLOWER POWER The

1976 discovery of a 50,000-year-otd

Neandertfiat skeleton togetfier with clusters of

ancient pollen grains and plant stalks convinced

many sdentists that it had been deliberately

buried with garlands of wildflowers. The Middle

Paleolithic remains were found in Shanidar

Cave, Iraq, with evidence of yarrow, grape

hyacinth, and Saint Barnaby's thistle. Shanidar's

discoverer, Ralph Solecki, opined in 1971 that

"with the finding of flowers in association with

Neanderthals, we are brought suddenly to the

realization that the universality of mankind and

the love of beauty go beyond the boundary of

our own species."

At about the same time, however, zoo-

archaeologist Richard Redding excavated several

burrows of Meriones crassus, a gerbil-like rodent

found in the Zagros Mountains, and observed

that the animal stores large numbers of similar

flowers in its tunnels. Learning about the habits

of these rodents almost three decades later, Jef-

frey D. Sommer, of the University of Michigan's

Museum of Anthropology, reexamined accounts

of the Shanidar excavations and noticed refer-

ences to preserved rodent bones and burrows

"very close to the skeletons." Sommer proposes

that the flowers may well have been deposited

at Shanidar by the Persian jird. A), persicus, an-

other inhabitant of the region's barren and rocky

slopes. "While the investigation of Neanderthal

cognition should continue," he concludes, "the

flower pollen recovered near Shanidar IV is more

likely to have resulted from the activities of ro-

dents than Neanderthals. "('The Shanidar IV

'Flower Burial': A Reevaluation of Neanderthal

Burial Ritual," Cambridge Archaeological Journal

9:1, 1999)
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BIGGEST OF THE SMALL An extinct

species of the disc-shaped, single-celled

organism Nummulites may have been the

biggest (and perhaps the longest-lived)

unicellular creature that ever existed. Some

individuals were the size of large clams.

A subgroup of foraminifera (microscopic

creatures that encase themselves in elaborate

calcium carbonate shells), the largest

nummulites lived some 50 million years ago.

While most modern forams are amoeba-sized,

the Eocene species /V. miliecaput reached more

than six inches in diameter. Louise M. A.

Purton, of Trinity College, Dublin, Ireland, and

Martin D. Brasier, of the University of Oxford,

investigated the conditions under which these

protozoans attained such great size. They found

that the Eocene nummulites lived in nutrient-

rich environments during a warm climatic

phase. Their shells indicate that individuals

grew slowly but steadily and may have lived

more than a century. Although there are not

enough remains of the largest nummulites for

definitive studies, researchers can estimate

their life spans by comparing fragments with

remains of the closely related smaller species W.

iaevigatus, which lived about six years. Studying

alterations in carbon and oxygen isotopes in

the fossilized shells, the researchers examined

seasonal records of these extinct giants of the

unicellular world and could thus extrapolate

growth rates and ages. ("Giant Protist

Nummulites and Its Eocene Environment: Life

Span and Habitat Insights From 5''-^0 and S-'-^C

Data From Nummulites and Venericardia,

Hampshire Basin, UK," Geology 27:8, 1999)

BIGGEST OF THE BIG Dinosaur bones

discovered in 1994 in a remote area of

soijtheastern Oklahoma may be the remains of

the la.'cest of all sauropods. Four neckbones,

the longest of which reaches nearly five feet.

If thornbird nests are not available,

wrens construct their own, with softer

architectural details.

mans). Like all learning, song transmis-

sion in birds can involve occasional er-

rors; if passed on to other individuals,

these become variations that are in turn

perpetuated. Biologists who study

birdsong can compare the acoustic de-

tails of different birds' sounds to deter-

mine who their teachers were. In

northern temperate zones, songbirds

usually copy songs not from their par-

ents but from unrelated members of the

same species, usually neighbors. Much
less is known, however, about vocal

learning in tropical birds with more

complicated social relationships, such as

stripe-backed wrens. In this species,

vocal complexity appears to mirror so-

cial complexity.

Rather than learning from unre-

lated neighbors, inale stripe-backed

wrens pick up WAY calls from their

fathers and older brothers, and young

females learn from their mothers and

older sisters. Many of the birds in-

volved in the skirmish above us are

males, and they call more frequently

than the females do as they chase each

other from branch to branch. All the

male wrens in a family have identical

repertoires of about twelve distinct

WAY calls, while unrelated males

rarely share any call patterns at all.

During territorial disputes, group-

specific calls—like the colors of

sports-team jerseys—signal to each

contestant who is and who is not on

its team. WAY calls seem not to be

given to proclaim the whereabouts of

a good food source or to alert the

group to the presence of danger (the

wrens have a distinct call to unmask

predators).

Female wrens' WAY calls consist of

sounds that resemble those of males.

We cannot tell, just by hearing a WAY
call, whether it is produced by a male

or a female. However, females have

smaller repertoires, usually of about

four different calls. Male and female

family members never share the same

call patterns, nor do female WAY calls

match those of males in nearby groups

or those of any unrelated females. In-

stead, the calls are passed firom mother

to daughter in a separate, matrilineal

tradition.

Females often issue WAY calls

when they search out and compete for

breeding vacancies in other territories.

Female relatives (usually sisters) often

travel together and compete as teams,

so their WAY calls, Uke those of males,

might be used to verify who's on

which team. Contests for breeding op-

portunities sometimes involve females

f5"om a number of faiTiilies and are char-

acterized by much WAY-calling by fe-

male competitors and resident males.

This is one of the few situations in

which females WAY-call intensively.

Because we can trace genealogies in

this population back several genera-

tions, we have shown that WAY calls

are passed from older to younger wrens

with remarkable fidelity. This is illus-

trated by our finding that while the

males of each group normally have a

unique set ofWAY calls, there are ex-

ceptions—cases of two widely sepa-

rated groups in which males have a
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nearly identical repertoire ot calls. In

each of these cases, however, the family

trees (compiled by Rabenold and oth-

ers) reveal that the males in these

groups shared a paternal ancestor that

left one group generations earUer to

join the other one and apparently car-

ried his WAY-call repertoire with him.

In two of these instances, the shared

patriarch was a great-grandtather that

had died as much as two decades ear-

lier. Few other birds are known to have

such lasting cultural traditions.

Amid the seeming cacophony of

calls to which young birds are exposed

during development, wren offspring

somehow manage to learn only the

WAY calls produced by the parent of

the same sex. Even under close inspec-

tion, male and female stripe-backed

wrens look alike (presumably to one

another, as well), so sex-specific calls

could serve to distinguish the sexes in

this highly social species. Also, because

WAY calls reflect genealogy, they may

permit individuals to identify unknown

relatives by comparing other birds' calls

to their own or to the calls of known

relatives and thus may allow them to

direct cooperative behavior preferen-

tially toward close kin. On the other

hand, if a female looking for a breeding

vacancy finds that a widowed iii.ile ot

another group has WAY calls very like

those of her fither, she might withdraw

to avoid close inbreeding. Although we

don't know for certain whether the

birds do use the calls in this manner, we

liave shown, by playing tape-recorded

WAY calls to males, that individuals

react difterently to the calls of relatives

and outsiders.

To a lesser extent, sex-specific

learning is also necessary for singing

duets. Since duets cannot be performed

by members of the same sex, when two

males or two females attempt to initiate

a duet, their efforts will degenerate into

a series of sputtering notes. A proper

duet has a male part and a female part,

learned from older birds of the same

sex. But urdike the same-sex teachers

ofWAY calls, duet vocal coaches need

not be relatives. Some duet patterns of

neighboring families can be nearly

identical, although playback experi-

ments have shown that the wrens can

identify neighbors solely by hearing

their duets.

The gregarious stripe-backed wrens

of Hato Masaguaral continue to spur

scientific inquiry. Their vocal commu-
nication alone has proved to be rich

and layered, with two sets of learned

vocalizations: duets and WAY calls.

The dual, his-her routes of WAY-caU

transmission are unlike any previously

described. Yet we suspect they might

not remain unique for long. Many
tropical birds have complex social orga-

nizations, and many await the attention

of rubber-booted, caiman-hopping re-

searchers eager to learn more about

them. Once we do, we are likely to

discover patterns of avian communica-

tion of equal or maybe even greater

complexity.

Jordcm Price is cuiretitly a postdoctoral asso-

ciate at tlie Bell Museum of Natural His-

tory at the University ofMinnesota in Min-

ncapolis/St. Paul. R. Haven Wiley is a

professor of biology at the University of

North Carolina in Chapel Hill.

were found by amateur paleontologist Bobby

Cross, who thought they were the trunks of

prehistoric trees. Close examination of the

bones by Richard Cifelli and his colleagues at

the University of Oklahoma revealed that they

belonged to a relative of Brachiosaurus.

Extrapolating from the fragmentary bones.

the researchers believe that the animal, which

they named Sauroposeidon ("earth-lord lizard")

proteles, was thirty times larger than the largest

giraffe ever known. It was nearly a hundred feet

long, weighed more than sixty tons, and had a

thirty-foot neck.

Since the dinosaur lived about 110 million

years ago, toward the end of the Age of

Dinosaurs, it was given the species name

proteles, from the Greek for "completion." This

new find may begin to fill in the blanks about

the last North American sauropods, which may

have left behind the gigantic tracks near Glen

Rose, Texas, that have puzzled researchers for

decades. {"Sauroposeidon proteles, a New

Sauropod From the Early Cretaceous of

Oklahoma," Journal of Vertebrate Paleontology

20:1, 2000)

AND SPEAKING OF TRACKS . .

.

After six years of searching for tracks in the

Raton basin of southern Colorado and northern

New Mexico, geologist William T. Caneer discov-

ered imprints in Upper Cretaceous sandstone

that he believes were made by the king of

carnosaurs. One track, in Colorado, indicates a

Tyrannosaurus rex walking in normal, bipedal

fashion. The New Mexico tracks may be impres-

sions made by the animal's forearms and two-

digit "hands." Caneer believes that the individ-

ual was rising from a prone position. ("One of

Two T. rex Tracks From the Raton Basin Left

Traces of the Forearms and Hands in Addition to

the Foot," Journal of Vertebrate Paleontology

19:3, 1999)—Richard Milner
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ASTHMA,
ENVIRONMENT,
and the

GENOME

Researchers are constantly adding

to the list of substances that

trigger asthma.

They're also finding

more and more genes

that influence

susceptibility. But the real problem

may be our pampered immune systems.

By Matt Ridley

u
Inlcss you arc unlucky cnougli to have a rare

and serious genetic condition (and most of us

do not), the impact of genes upon your life is

a gradual, partial, blended sort of thing. You are not

tall or dwarf like Mendel's pea plants; you are

somewhere in between. You are not wrinkled or

smooth, but somewhere in between. There is a hint

ofyour father's looks in your face, but it blends with

a hint ofyour mother's looks, too, and yet is not the

same as your sister's.

Welcome to pleiotropy and pluralism. Your

looks affected not by a single "looks" gene but

by lots of them—and by nongenetic factors as well,

with fashion and free will figuring prominently

among them. Asthma is another good example of

these muddy genetic waters. As a disease, it is not

very clear-cut and certainly not genetic in the usual

sense. In fact, it has proved maddeningly resistant to

simplification. Everything about it screams

pleiotropy—a technical term for the multiple ef-

fects of multiple genes.

Nearly every statement we might care to make

about asthma can be challenged, including the as-

sertion that it is getting worse. One study says that

asthma incidence has grown by 60 percent in the

past ten years and that asthma mortaUty has trebled.

Another study, published just a few months later,

claims with equal confidence that the increase is il-

lusory; according to this argument, people are more

aware of asthma, more ready to go to the doctor

with mild cases, and more prepared to define as

asthma something that would once have been called

a cold.

Still, the probability is that asthma and allergy

problems are getting worse and that the cause is, in

a word, pollution. But what kind of pollution?

Most of us inhale far less smoke than our ancestors

did, with their wood fires and poorly constructed

chimneys, so it seems unhkely that ambient smoke

can have caused the recent increase. Some modern,

synthetic chemicals can cause dramatic and danger-

ous attacks of asthma. Transported about the coun-

tryside in tankers, used in the manufacture of plas-

tics, and leaking into the air we breathe, chemicals

such as isocyanates, trimellitic anhydride, and

phthaUc anhydride are a new form of pollution and

a possible cause of asthma. When one tanker over-

turned, spilling its load of toluene diisocyanate on a

U.S. highway, it turned the poHce officers who di-

rected traffic around the wreck into chronic asth-

matics. Yet there is a difference between exposure

to pollutants at acute, concentrated levels and at the

normal levels encountered in everyday life. So far,

no Hnk has been found between asthma and low-

level exposure to such chemicals. Indeed, asthma

appears in communities that have never encoun-

tered them.

There are more than 250 defined causes of oc-

cupational asthma, and the list of asthma triggers

compiled by the American Lung Association cov-

ers substances and factors occurring in all walks of

life: pollen, feathers, molds, foods, colds, stress,

vigorous exercise, cold air, plastics, metal vapors,

wood, car exhaust, cigarette smoke, paint, sprays,

aspirin, heart drugs—even, in one kind of asthma,

sleep. But by far the most common asthma trig-

ger—accounting for about half of all cases—is the

humble dust mite's droppings. Microscopic arach-

nids, dust mites are creatures that benefit from our

fondness for centrally heated indoor winter stuffl-

Adapted from the book

Gaioiiic: Tlic

Ataoblogriipliy o/'ii Species

in 23 Clhiplcrs. by Matt

Ridley. Published by

HarperCollins

Publishers, Inc.

Copmght © 2000 by

Matt Ridley.





iR-ss, .iiid iii.ikc clicir home in carpets and bedding,

rhcrc is material here for anybody to grind any

axe. One theory holds that people who wash too

much as children or who encounter less dirt m
everyday life are more likely to become asthmatic:

that hygiene, not lack of it, is the problem. In a

stuciy of 14,000 children near Bristol, in Britain, it

emerged that those who washed their hands five

times a day or more and bathed twice a day stood a

25 percent chance of having asthma, while those

who washed their hands less than three times a day

and bathed every other day had slightly over half

that risk of asthma. The theory is that dirt contains

bacteria, especially mycobacteria, which stimulate

one part of the immune system, whereas routine

AIR QUALITY As early as the 1870s, investigators were

connecting asthma with airborne particles. Subsequent research has

linked the disorder with dust mites, cockroach body parts, animal

dander, molds, pollens, and flingi, as well as with smoke, ozone,

nitrogen dioxide (the brown in smog), and other particles from fiiel

combustion. Recently, several molecular studies showed that flimes

from household cleaners and industrial chemical waste are also

asthma triggers. Nonetheless, the connection between air quality and

asthma remarns elusive: a major 1992 German study showed that the

highly polluted city of Leipzig had a lower incidence of asthma than

did cleaner Munich.

vaccinations stimulate a different part. Since these

two parts (the Thl cells and Th2 cells, respectively)

normally inhibit each other, the modern, sanitized,

disinfected, and vaccinated child is bequeathed a

hyperactive Th2 system, which is specially designed

to flush parasites from the wall of the gut with a

massive release of histamines—hence hay fever,

asthma, and eczema. Our immune systems, the the-

ory goes, are set up in such a way that they "ex-

pect" to be educated by soil mycobacteria early in

childhood; when they are not, the result is an un-

balanced system prone to allergy. More than one

study supports this theory. Asthmatic attacks can be

staved off" in mice that have been made allergic to

egg-white proteins by the simple remedy ot forcing

them to inhale mycobacteria. Among Japanese

schoolchildren, all of whom receive the BCG tu-

berculosis vaccine (a dose of weakened Mycobac-

tcritiin tiibcmdosis) but only 60 percent ofwhom be-

come immune as a result, the immune ones are

much less Hkely to develop allergies and asthma

than are the nonimmime ones. This may imply that

o-ivins; the Thl ceEs some stimulation with a my-
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cobacterial inoculation triggers the suppression ot

asthmatic effects. The message here seems to be that

we should throw away those bottle sterilizers and

seek out mycobacteria.

Another, somewhat similar, theory holds that

asthma is the unleashed frustration of the worm-

fighting element in the immune system. Back in

the Stone Age (or the Middle Ages, for that mat-

ter), the immunoglobuUn E (IgE) system had its

hands full fighting off roundworms, tapeworms,

hookworms, and flukes; it had no time for being

precious about dust mites and cat hair. Today it is

kept less busy and gets up to mischief instead.

A related hypothesis is that asthma's connection

with urbanization is actually a connection with

prosperity—^wealthy people stay indoors, heat their

houses, and sleep on feather pillows infested with

dust mites. Yet another theory is based on the un-

doubted fact that mild, casual-contact viral infec-

tions (such as the common cold) are increasingly

common in societies with rapid transport and com-

pulsory education. There is a definite connection

between childhood infection with mild viruses

—

such as respiratory syncitial virus—and asthma sus-

ceptibility. Schoolchildren harvest new viruses from

the playground at an alarming rate, as every parent

knows. When nobody traveled much, the supply of

new microbes soon ran out, but today, with people

jetting off to foreign lands or meeting strangers at

work all the time, parents pick up and pass along an

endless supply to their children, who then sample

one another's viruses at the saHva-rich, germ-ampH-

fying stations we call primary schools. More than

200 different kinds of viruses can cause what is

known as the common cold. A theory now in

vogue holds that chlamydia—a bacterial infection

that causes nonspecific urethritis in women and in

men, as well as pelvic inflammatory disease in

women, and is becoming more common at roughly

the same rate as asthma—may set up the immune

system in such a way that it responds aggressively to

allergens in later Hfe.

Take your pick. My favorite theory, for what it's

worth, is the hygiene hypothesis, though I wouldn't

go to the stake for it. But one thing is for sure: we

cannot argue that asthma is on the increase because

"asthma genes" are on the increase. The genes

could not have changed that quickly.

So why do so many scientists persist in empha-

sizing that asthma is at least partly a genetic disease?

What do they mean? Asthma is a constriction ofthe

airways. It is triggered by histamines, which are in



turn released by mast cells, whose transformation is

triggered by their IgE proteins, whose activation is

caused by the arrival of the very molecule to which

they have been sensitized. It is, as biological chains

of cause and effect go, a fairly simple concatenation

of events. The multiplicity of causes is brought

about by the design of IgE, a protein that comes in

many forms, any one of which can fit onto aknost

any foreign molecule or allergen. Although one

person's asthma may be triggered by dust mites and

another's may be triggered by coffee beans, the un-

derlying mechanism is still the same: the activation

of the IgE system.

Where there are simple chains of biochemical

events, there are genes. Every protein in the chain is

made by a gene (or, in the case of IgE, two genes).

Some people are born with, or develop, immuno-

GENES, GENES, GENES in 1989 Wmiam Cookson, of

Oxford University's Wellcome Trust Centre for Human Genetics,

and other researchers identified a gene on chromosome 1 1 that

controls the inimunoglobuUn E response, a component of asthma.

This was the first of several genes to be associated with the disorder.

Several recent studies have revealed genes on chromosomes 2, 5,

6, 12, and 13 that are strongly connected specifically ^\^th asthma

susceptibility. Other asthma-related genes have been found on

cliromosomes 14, 16, and (again) 11.

That asthma has a genetic component is dramatically illustrated

by the residents of Tristan da Cunha, an island in the mid-Adantic.

Despite the virtual absence of pollutants and allergens there, tuUy

one-third of the population of about 300 are asthma sufferers.

Historical records reveal that three of the island's original fifteen

setders had the condition. Efforts to locate a specific group of

"asthma genes" within this community are under way.

logical hair-triggers, presumably because their

genes are subtly different from those of other

people, thanks to certain mutations. That much is

clear from the fact that asthma tends to run in fam-

ilies (a fact known, incidentally, to Maimonides, the

twelfth-century Jewish sage). In some places, by ac-

cidents of history, asthma mutations are unusually

frequent. One such place is the isolated mid-

Atlantic island of Tristan da Cunha, whose asthma-

susceptible inhabitants are descendants of a few set-

tlers who had the disorder. Despite a fine maritime

climate, more than 30 percent of the inhabitants

have overt symptoms of asthma. In 1997, seeking

the mutations responsible for this state of affairs, a

group of geneticists funded by a biotechnology"
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company made the long sea voyage to the island

and collected the blood of 270 of the 300 islanders.

To fmd those mutant genes would be to find the

prime cause of the underlying mechanism of

asthma and, with it, all sorts of possibiHties for a

cure. Although hygiene or dust mites can explain

why asthma is increasing on average, only differ-

ences in genes may explain why one person in a

family gets asthma and another does not. But with

asthma, it is not obvious (as it is with, say, sickle-cell

OCCUPATIONAL HAZARDS Research linking asthma risk

with job-related exposure to chemicals and airborne particles was

pubUshed throughout the 1980s and 1990s. Last year the British

medical journal Lancet reported the results of a major study of

workers in twelve industriaUzed European nations; farmers, painters,

plastics workers, and cleaners (as well as others who were routinely

exposed to biological and mineral dusts, gases, and fumes) were

defmitively identified as being at the highest risk of occupationally

induced asthma.

anemia) that one version of the gene is "normal"

and the other "abnormal." Back in the Stone Age,

before feather pillows, an immune system that fired

off at dust mites was no handicap, because dust

mites were not a pressing problem in a temporary

hunting camp on the savanna. And if that same sen-

sitive IgE system was also especially good at kiUing

gut worms, then the individuals who were (even

theoretically) vulnerable to asthma would be the

normal ones, and the abnormal (or mutant) indi-

viduals would be those who were vulnerable to

worm infestations.

In the late 1980s, off went various groups of sci-

entists in confident pursuit of the "asthma gene."

By mid-1998, they had found not one but fifteen.

There were eight candidate genes on chromosome

5 alone, two each on chromosomes 6 and 12, and

one on each of chromosomes 11, 13, and 14. This

list doesn't even include the two genes on chromo-

some 1 involved in making parts of IgE, the mole-

cule at the center of all allergic processes. The ge-

netics of asthma could be underwritten by all of

these genes in varying orders of importance or by

any combination of them—and by others, too.

Each gene has its champion, and feelings run

high. WiUiam Cookson, an Oxford University ge-

neticist, has described how his rivals reacted to his

discoveiy of a link between asthma susceptibility

and a marker on chromosome 1 1 . Some were con-

gratulatory. Others, usually on the basis of flawed or
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small sample sizes, rushed into print to contradict

him. One wrote haughty editorials in medical jour-

nals, mocking his "logical disjunctions" and "Ox-

fordshire genes." One or two turned vitrioHc in

their pubUc criticism, and one anonymously ac-

cused him offraud. (To the outside world, the sheer

nastiness of scientific feuds often comes as some-

thing of a surprise; by contrast, poUtics is a relatively

poHte affair.)

This is the reality of gene hunting. There is a

tendency among ivory-towered moralists to dispar-

age some geneticists as gold diggers seeking fame

and fortune. The whole notion of "genes for" such

things as alcoholism and schizophrenia has been

mocked because such claims have often been re-

tracted, and the retractions are taken not as evi-

dence against this or that specific genetic Hnk but as

a reason to condemn altogether the practice of

seeking genetic Unks. Yet anybody who discovers

evidence of a Hnk between a disease and a gene has

a duty to publish it, even though the simplistic

headlines used in the media to announce it can be

very misleading. If the connection proves illusory,

little harm is done. Arguably, more damage has

been done by false negatives (reUance on inade-

quate data to prematurely rule out important ge-

netic links) than by false positives (suspicions of a

link that later prove unfounded)

.

Cookson and his colleagues eventually got their

gene and pinned down a mutation within it that

the asthmatics in their sample carried more often

than the nonasthmatics did. It was an asthma gene

of sorts. But it accounted for only 15 percent of

the explanation of asthma, and the finding has

proved remarkably hard to replicate in other sub-

jects—a maddening feature of asthma-gene hunt-

ing that has recurred with distressing frequency. By
1994 one of Cookson's rivals, David Marsh, was

suggesting a strong link between asthma and the

gene for interleukin 4, on chromosome 5, based

on a study of eleven Amish famihes. That, too,

proved hard to replicate, and by 1997 a group of

Finnish researchers was comprehensively ruling

out a connection between asthma and this gene.

The same year, scientists studying a mixed-race

population in the United States concluded that

eleven chromosomal regions, of which ten were

unique to only one racial or ethnic group, could be

Hnked to susceptibility to asthma. In other words,

the gene that most defined susceptibihty to asthma

in blacks was not the same gene that most defined

susceptibility to asthma in whites, nor was it the 4
i
I



one chat most defined susceptibility to asthma in

Hispanics.

Gender differences are just as pronounced as

racial ones. According to research by the American

Lung Association, whereas ozone from gasoline-

burning cars triggers asthma in men, particulates

from diesel engines are more likely to trigger

asthma in women. As a rule (although rules have

exceptions, of course, including the rule that rules

have exceptions), males seem to undergo an early

bout of asthma and then to outgrow it, while fe-

males develop asthma in their mid- or late twenties

and do not outgrow it. This could explain some-

thing peculiar about asthma inheritance: people

often appear to inherit it from mothers but rarely

from fathers. However, this could simply mean that

the fathers asthma had occurred in his youth and

been largely forgotten.

The trouble seems to be that there are so many

ways of altering the body's sensitivity to asthma

IMMUNIZATION in 1995 Taro Shirakawa andJuHan Hopkin,

of the Churchill Hospital in Oxford, England, and several colleagues

studied 867 Japanese schoolchildren who had received the BCG
vaccine (a dose of weakened Mycobacteriuw tuberculosis) in early

childhood. The children with the strongest immune response to

subsequent tuberculin skin tests turned out to be the least Hkely to

have asthma. Shirakawa and Hopkin suggest that the bacteria in the

BCG vaccine induce the kind of T-cell response that not only fends

off the invading pathogen but also suppresses overreactions to

airborne particles, such as dust and pollen. Exposure to cold viruses

and other respiratory pathogens, the scientists maintain, may

accomphsh the same task.

triggers (at so many points along the chain of reac-

tions leading to the symptoms) that even though all

sorts of genes may be "asthma genes," no single one

can explain more than a handful of cases. ADRB2,

for example, Ues on the long arm of chromosome

5. It is the recipe for a protein called the beta 2

adrenergic receptor, which controls bronchodila-

tion and bronchoconstriction, or tightening ot the

airways—the main symptom of asthma. The com-

monest antiasthma drugs work by attacking this re-

ceptor. A mutation in ADRB2 might make it a

prime "asthma gene." First pinned down in a study

of cells derived from the Chinese hamster, the gene

is a fairly routine, 1,239-letter recipe of DNA. In

another study, this one done on humans, a promis-

ing difference between some severe nocturnal asth-

matics and some nonnocturnal asthmatics soon
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emerged: letter number 46 of y4DRJ52 was G in-

stead of A. But the result was far from conclusive.

Approximately 80 percent of the nocturnal asth-

matics, but only 52 percent of the nonnocturnal

asthmatics, had a G in that position. The study sug-

gested that this difference was sufficient to prevent

the damping down of the immune system that usu-

ally occurs at night in nocturnal asthmatics.

But nocturnal asthmatics are a small minority.

To muddy the waters further, the very same

"speUing" difference has since been hnked to a dif-

ferent asthmatic problem: resistance to asthma

drugs. People who have a G in position 46 of the

same gene on both copies of chromosome 5 are

more likely to find that their asthma drugs (such as

formoterol) gradually become ineffective over a pe-

riod ofweeks or months than are people with an A
on both copies.

HYOlcNu Building on a hypothesis first proposed in 1989 by

David Strachan, an epidemiologist at Saint George's Hospital in

London, two researchers at the University College London medical

school—Graham Rook and John Stanford—suggested in 1998 that

excessive cleanliness may be the main factor in the rise in asthma. To

achieve a balance between the body's two main T-cell responses, they

argue, the immune system must be constantly "primed" with small

doses of germs throughout childhood. In industrial societies, the

general elimination of once-common human parasites such as the

tapeworm, combined with an obsession wdth antibacterial products,

may be biasing the immune system toward allergy.

"More Hkely," "probably," "in some of": this is

hardly the language of determinism. The A-to-G

change at position 46 on the ADRB2 gene plainly

has something to do with asthma susceptibiUty but

ADRB2 cannot be called the "asthma gene," nor

can it be used to explain why asthma strikes some

people and not others. It is at best a tiny part of the

tale, applicable in a small minority of cases or hav-

ing a small influence that is easily overridden by

other factors.

We'd better get used to such indeterminacy. The

more we delve into the genome, the less fatalistic it

wiU seem. Gray indeterminacy, variable causality,

and vague predisposition are the hallmarks of the

system. The genome is as comphcated and indeter-

minate as ordinary life because it (5 ordinary Ufe.

This should come as a reUef. Simple determinism

—

whether of the genetic or the environmental

kind—is a depressing prospect for those with a

fondness for firee will. D
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DOING LUNCH

Dedicated teams of

couriers bring home-

cooked meals to

workers in India's

commerdal center.

Crowded in with the rest of the midmorning

passengers on Mumbai's commuter trains

are the dabbaimlas, men who convey heavy

loads of metal lunch pails

—

dabbas—from

their chents' home kitchens to the chents' work-

places in offices, mills, and factories. In this modern

Indian metropolis of more than 15 miUion, for-

merly called Bombay, many

workers go out for lunch, but

others prefer traditional

home-cooked meals—in part

because different dietary pre-

cepts distinguish the many

religious, ethnic, and caste

groups that populate the city.

Lunch pails are

collected from

suburban homes,

top, and moved

by train, above,

and then by

pushcart, right,

for delivery in

downtown

Mumbai.

In addition to being or

not being vegetarian, various

groups observe prohibitions

against eating certain spices,

vegetables, and other foods,

and they obey particular caste

and kosherhke rules of ritual

purity that govern the prepa-

ration of meals. As a conse-

quence, the curries, breads,

and rice dishes prepared by a

mother, wife, or trusted cook

wiU be pure, dehcious, and

familiar. In addition, home

cooking enhances family re-

lationships and is cheaper

than restaurant food. Fixing a

freshly cooked Indian meal is

time consuming, however,

and often the food is not

ready until after a worker has

left home for the day. Somehow the two have to

connect at lunchtime. Enter the dabbawalas.

The business of deHvering dabbas—also known

as tiffms, from an Anglo-Indian word for

"lunch"—began more than a century ago, reput-

edly at the request of a hungry English administra-

tor. From small beginnings, spurred by enthusiastic

Indian patronage, Mumbai's unique network of

dabbawalas evolved. The profession includes some

3,000 deliverymen and 2,000 supervisors; the latter

acquire rights to a collecting territory, pay monthly



story by Doranne Jacobson ~ Photographs by Kadir van Lohuizen



68 HUMAN STRATEGY natural history 3/00

salaries and expenses, and co-

ordinate the operation. To-

gether these 5,000 men see to

the dehvery of more than

100,000 lunches daily.

Each carrier is responsible

for a particular section of a

route and is part of a relay

team of at least four mem-
bers. By following a code of

colorful symbols painted on

the lunch pails, the largely il-

Hterate dabbawalas can trans-

port meals from outlying

neighborhoods to the com-

mercial zones precisely at

lunchtime and later collect

the owners' empty tiffins for

dehvery back home. The ser-

vice costs the clients, who
range from mill hands to gov-

ernment servants and corpo-

rate executives, less than $10

Top: Assisted by

a cook, a woman

prepares a

homemade meal

for delivery to

her daughter,

who is an office

worker. At the

office, the

daughter picks

up the lunch pail

(called a dabba,

or tiffin), above,

and digs into its

dishes, right.

per month (some parents use the service for school-

children, too). For hauling the huge wooden trays

or pushing the carts laden with dabbas, a carrier

earns about $100 per month.

Dabbawalas are extremely proud of their relia-

bility: lunches are rarely late or lost. The entire sys-

tem depends on each carrier being unfaiHngly pre-

sent and punctual—a rarity in much of traditional

India. Trust and cooperation are essential. The tiffin

carriers belong to a union, which helps settle griev-

ances among members or between members and

cHents. But perhaps most important to the success

of this complex network is the way dabbawalas are

hnked through kinship and religion.

Virtually all are migrants from rural villages near

the city of Pune, eighty miles southeast ofMumbai,

and obtain their jobs and learn the trade through

family ties. They wear the traditional white cap and

clothing of their region. In "Mumbai's Dabbawalla:

Omnipresent Worker and Absent City-Dweller,"

an article in the March 29, 1997, issue of Mumbai's

Economic and Political Weekly, French researcher

Alexandra Quien explains that the carriers identify

themselves as Marathas, a Hindu group with a mar-

tial heritage, and their names suggest roots in the

Kunbi agricultural caste. Their families—often

poor—remain in the villages, and the dabbawalas'

earnings help support them and finance the expan-

sion of their farms. The tiffin carriers visit their

home villages frequently and usually retire there.



As a homeless

woman sleeps,

empty dabbas are

sorted at the

train station,

left, for their

homeward

journey.

Transport and

distribution of

the dabbas

depends on relay

teams of

dabbawalas, or

tiffin carriers,

below, who may

consume any

uneaten lunches.

The dabbawalas' identity and sense of purpose,

Quien has observed, is also shaped by reverence for

the thirteenth-century poet-saint Jnaneshwar and

by membership in a sect devoted to the Hindu

deity Vithoba, a form of Vishnu. The tiffin carriers

have endowed pilgrims' rest houses at several sites

sacred to their sect and wear a rosary signifying ded-

ication to their way of life. On a rare break from

their arduous work, a group ot dabbawalas may

travel together on a reUgious pilgrimage.

Changes in eating habits and an increase in

women's employment, as well as traffic jams and

rising costs, threaten to undermine the tiffin carri-

ers' livelihood. But for now the dabbawalas remain

an essential fixture of dailv life in Mumbai. D
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SECRETS OF THE
FLOODED FOREST
Where do Amazonia's top aquatic predators nest?

Scientists find the hidden nursen'es of black caiman.

By John Thorbjarnarson and Rom's Da Silveira ~ Photographs by Lui'z Claudio Mango

"It is scarcely exaggerating to say that the waters of the SoHmoens are as well

stocked with large alligators in the dry season as a ditch in England is in

summer with tadpoles," wrote Henry Walter Bates in 1863. A British naturalist,

Bates was astonished by the abundance of "alligators"—or black caiman

—

particularly in western Brazil, where the Amazon River is referred to as the

Solimoes (Bates's SoHmoens). For more than four years, Bates lived in the

sleepy village of Ega, now called Tefe, and observed the natural

history of the region, including the habits of the area's top

predator, the black caiman.

During the mid-twentieth century, the black caiman became

the target of intensive conimercial skin hunting and in the 1970s .

'
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caiman have made a comeback in some areas.

Today the largest known population resides in the

Mamiraua Reserve, just upstream from Bates's old

haunts. A complex of islands at the confluence of

the Amazon and Japura Rivers, the reserve

encompasses 2.7 million acres of forest, lakes,

marshes, streams, and river channels. Yet every year

the distinct features of the landscape are largely

submerged, for this is the land of the flooded

forest, or uarzea, that borders the v^^hite-water

rivers of the Amazon basin. Water ebbs in

September and October and begins to rise in

November and December, reaching its annual

peak in June. During an average year, the water

level in the reserve can rise thirty to forty feet.

In the varzea and in other Amazon aquatic low-

lands where they are numerous, black caiman have

probably long played an important ecological role.

Yet little was known about the natural history of

this large reptile—and in particular about its nesting

habits in the varzea—when we began to study it in

1993. We have found the Mamiraua Reserve,

which was first estabhshed in 1990 (see p. 75), to be

the ideal location for our work. Here the eminently

belong to the group known as crocodiUans, which

also includes alligators and crocodiles. Black caiman

are slightly larger than American aUigators—adult

males reach lengths of seventeen feet—but they are

not easy to spot from our floating station at this

time ofyear, being widely dispersed throughout the

flooded forest. Using an old hunter's trick, how-

ever, we imitate the caiman's calls and fmd that they

reveal themselves by bellowing in return, at times in

an impressive chorus of voices that emanate from

the surrounding forest. Later, during the height of

the dry season, the tree trunks emerge from the

water, and the lakes and streams take shape. Caiman

from nearby areas concentrate in the upper end of

Lake Mamiraua, which takes on a primeval look as

thousands of black caiman rub shoulders. In some

areas the eyeshines that reflect our headlamps are so

numerous that they resemble the distant lights of a

modern metropoHs—a startHng sight in the black

Amazonian night.

We knew that black caiman needed dry land

near the water's edge for nesting and that, Uke aUi-

gators, they laid their eggs in mounds of decaying

vegetation scraped together by the female. So dur-

^
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practical solution both for staying dry and for doing

research is to hve in a floating house, or flutuante,

built on massive logs from the spiny-trunked assacu

trees common in the varzea. Our project's buoyant

house, named the Cauafu, after a local palm, is sit-

uated in Lake Mamiraua, one of the largest lakes in

the reserve. We rope the house to trees along the

shore to prevent it from drifting away when we are

bufieted by strong winds during the area's frequent

tempests.

When the Amazon is high, the reserve is a water

world where the trunks of trees disappear into dark

depths that are home to freshwater dolphins, more

than a hundred species offish, and the occasional

Amazon manatee, as well as black caiman. Caiman

Mothers defend the nests against most

animal predators, but only the boldest 2 or 3

percent dare take a stand against humans.

ing our first year in Mamiraua, we began looking

for nests, during the dry season, in the most logical

place we could think of—the forested banks that

line many streams in the reserve. These are some of

the park's most elevated areas and are flooded for

only one to two months at a time. We thought they

would ofler female caiman the best chance ofkeep-

ing eggs safe from rising water during the two to

three months of incubation.

But the nests we found along the stream banks



were those of a smaller species, the spectacled

caiman. Situated in the dense shade of the trees, the

nests were occasionally as much as sevenil hundred

yards from any permanent water source. We would

sometimes also discover a four- to five-foot-long

female not far from the nest, hidden under leaves or

wedged beneath a fallen log. Many of the nest

mounds had been opened by predators, and in

some areas, half the nests had been lost to egg-raid-

ing animals. We were surprised by this finding; the

entire reserve constitutes a group of islands even

when not flooded and is thus an inhospitable place

for the usual caiman-egg predators, such as rac-

coons and foxes. Some nests had clearly been raided

by tegus—large black-and-white lizards common

m the reserve—and jaguar footprints and scratch

marks on trees near nests implicated the big cats as

well. Typical jaguar prey (including agouti, deer,

peccary, and tapirs) are not found on the varzea is-

lands, so during at least part of the year, the jaguars

turn to caiman eggs and, in some cases, we discov-

ered, to the nesting females themselves.

Black caiman nests, however, remained a mvs-

tery. It was not until we started \\orking with local

fishermen who knew their way into some of the

most inaccessible lakes that \\'e liit the mother lode

of black caiman nesting sites. To reach some of

these lakes, we spent hours paddling or poling up

vegetation-choked streams, or dragging a canoe

through the forest that separates the lakes from the

Opposite page: A

hatchling is

marked for

Identification.

After much

vocah'zing within

the leathery

confines of its

egg, a black

caiman breaks

out. Above: An

unusually

bellicose female

guards her nest

of newborns.
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main rivers and channels. Some of the lakes are fbU

of the floating mats common in the varzea. These

range from flimsy "floating meadows" of inter-

twined grass to thick rafts of peatlike material that

often support rooted trees and are likely to support

nests as well. While we found some black caiman

nests on the mats, most were on land, within two or

three feet of the lake's edge.

Black caiman appear to be more selective about

where they nest than their spectacled cousins are.

The edges ofLago Sarapaio, a small forest lake, were

home to many nests, while the perimeter of Lago

Samaumeirinha, a very similar lake in many respects,

had none. On our first excursion to the lakes, while

paddling and portaging between the two, we no-

ticed that the water level of Lago Sarapaio, judging

by vegetation and water marks, appeared to have

been static over the previous few weeks. On Lago

Samaumeirinha, in contrast, we found evidence that An aerial view of

the water level had dropped about two and a half western Brazil's

feet just in the preceding few days. seasonally

While much of the Amazon floodplain appears flooded forest

I
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by virtue of slight topographical diftl'rences, the

water levels of certain lakes are decoupled from tii.it

of the Amazon River, with its great yearly oscilla-

tions. Those lakes are to some degree raised or

"perched," and their water levels are determined by

the height i)f the surrounding land and by the

streams that lead from the lakes into the main Ama-

zon. From October through December, as the river

falls and then rises, water levels in perched lakes can

remain high—up to thirteen feet higher than the

More Than a River View
The IVlamiraua Reserve is the brainchild of

J.
Marcio Ayres, a biol-

ogist for the Wildlife Conservation Society in New York who first

went to the imzca of Brazil in 1 983 to study a unique species of

monkey, the white uakari (see "Scarlet Faces of the Amazon," Nat-

ural History, March 1990). While living in the flooded forest, Ayres

recognized the singular character of the region and also witnessed

the rapid loss of its resources to commercial fishing, logging, and

other human enterprises, largely launched from outside the area.

As a result of Ayres's work, the Maniiraua area was first given

regional protection in 1990 and in 1996 became the first Sustain-

able Development Reserve in Brazil. Some 10,000 people live in

and around Mamiraua and depend on this part of the flooded for-

est for their daily needs; they fish, hunt, or plant a variety of sea-

sonal crops on the higher ground. More than 100,000 other users

indirectly depend on Mamiraua for fish or other products. Ayres's

approach has been to inform local communities ot the results ot

scientific research and to collaborate with them in making deci-

sions to ensure that their activities benefit both people and wildlife.

By Umiting commercial fishing, Mamiraua is now famous for an

abundance of fish that are becoimng rare elsewhere.

The reserve also offers visitors unmatched opportunities to see

Amazonian wildlife, including freshwater dolphins; sloths; uakari,

howler, and squirrel monkeys; macaws, kingfishers, herons, and

many other birds; and, ot course, caiman. A source ot income for

residents of the reserve is a tourist lodge on a floating house near

Mamiraua Lake.

Ayres's eflbrts to protect central Amazonia continue to bear

fruit. In 1998, in an area contiguous with the reserve, Amana Sus-

tainable Development Reser\'e was created. This new reserve links

Mamiraua with Jaii National Park. Together these tracts form the

world's largest block of protected tropical forest, covering an area

larger than that of Costa Rica.

—

-J.T.

For information on the Mamiraua Reserve, go to www.cnpq.br/

mamiraua/mamiraua2.hrm.



Amazon at its lowest—and also stay relatively con-

stant. The perched lakes make ideal nesting areas for

black caiman because they allow females to build

their nests right along the edge of the water. Brief

periods of intense rainfall can temporarily raise

water levels, but they usually return to normal after

a few days, and caiman eggs appear to be highly re-

sistant to occasional flooding.

Since 1 993 we have found many more of the

small, hard-to-reach, vegetation-clogged lakes that

serve as the breeding nuclei of black caiman in the

Mamiraua area. They are always fuU of the reptries.

Once we understood the hydrology of the pre-

ferred nesting sites, we set out to gather informa-

tion on black caiman numbers and habits. While

mothers defend the nests against animal predators,

only the most aggressive 2 or 3 percent dare take a

stand against humans. Even so, counting the eggs in

a caiman nest does require a bit of caution. Nest

predators are the same as for spectacled caiman, the

top three being tegu Hzards, jaguars, and humans

(who collect the eggs for consumption). Jaguars,

however, appear not to prey upon black caiman fe-

males, which can grow to almost double the length

f)t their spectacled counterparts. And while specta-

cled mothers hide out near nests on land, black Staying afloat in

caiman females station themselves near nests but in the flooded

the water. forest takes

The average black caiman clutch consists of varied forms:

thirty to thirty-five eggs that incubate in the warm residents of

mounds and usually hatch within eighty-five to Mamiraua's

ninety days. Eggs are less apt to be guarded than are Jaraua village,

new hatchhngs. For the first few months of their top left; Amazon

lives, young caiman nest mates stay together and are water lily,

watched over by the female. At this stage, they eat bottom left; and

mostly insects and other aquatic invertebrates. As black caiman in

they grow, their diet shifts to include more verte- Lake Mamiraua,

brate fare, including fish, some birds, turtles, and above.

even other young caiman (both black and specta-

cled). We believe most young stay in their home
lakes for two or three years before moving out.

We learned that black caiman have one nesting

season annually but that not all females nest every

year. On average, a female will nest every two to

three years. During the past three years, we have

radiotagged eleven females to keep track of their

whereabouts year-round. We have found that even

when not nesting, females still spend most of their

time in the nesting lake, moving only a short dis-

tance into the forest during the high-water period.
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Males, which do not tend eggs or young, usually

disperse farther afield.

Black caiman appear to have a social hierarchy.

While most adult males do not breed but live a re-

productively marginal existence in the less remote

streams and lakes, such as Lake Mamiraua, where

there are no nests, dominant males maintain terri-

tories in the nesting lakes, where they have access to

females. These animals are usually the biggest and

AREA OF
DETAIL

AMAZONAS

During the flood season, the water level rises

thirty to forty feet. The varzea becomes an

aquatic world where trunks of trees disappear

into dark depths.

S BRAZIL

oldest—and also the wariest. Survivors ot the era ot

widespread hide hunting that was most intense

from 1950 to 1970, they avoid the prying eyes of

hunters and researchers. Our closest encounters

with these savvy males have taken place when we

accidentally stepped on their backs as we hopped

across the floating mats to reach nests. On these oc-

casions, both parties beat a rapid retreat and sought

to avoid any conflict.

Caiman numbers have rebounded in the thirty-

years since conmiercial hunting was prohibited in

1968. That industry, which primarily enriched

people who did not live in the region, decimated

the reptile's numbers. Today, although caiman

hunting is illegal in Brazil, both spectacled and

black caiman are taken for meat and are an eco-

nomic mainstay for many permanent native inhabi-

tants of the Mamiraua Reserve. A vital part of our

research involves finding out how this smaller-scale

but widespread hunting affects caiman populations.

The situation is complex, but basically our conser-

vation goal is to control illegal hunting and possibly

replace it with a managed, legal hunt that w-ould

maintain healthy caiman numbers and also benefit

the people who have inhabited the varzea and Uved

Caiile graze on a

buoyant

"pasture,"

above. In the

flood season,

human

inhabitants of

the varzea adapt

readily, using

rafts to maintain

cattle and

gardens.
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with and hunted these creatures for centuries.

Toward this end, we are investigating the popu-

lation ecology of both black and spectacled caiman

and have started what is called a mark-recapture

project. We use a Httle motorboat to search for the

crocodilians at night, when they are active. With

long-handled tongs we grab relatively small ones,

and we catch larger ones by shpping a noose on a

pole over their heads. After it struggles a bit, a cap-

tured caiman wiU tire, and we close the mouth with

tape or rubber bands and puU the subdued beast

into the boat or, if it is hefty, haul it onto land or

the floating house. We place a metal tag in the toe

webbing on a rear foot and chp a unique pattern

into the scales of its tail. Within ten to twenty min-

utes of capture, the animal is released, equipped to

do its part for conservation biology. Over time,

these identifiable caiman wiU provide information

On occasion, we have accidentally

stepped on the backs of dominant male

caiman as we hopped across floating mats of

vegetation to reach nests.

: arlet. macaws

( fiuniraiia

Eer.e, right

on growth rates, density of population in different

habitats, and numbers according to size.

Even after five years of intensive study, we have

no firm estimates of overall numbers. Mamiraua

harbors the largest known population of black

caiman in the world, but the nature of the habitat

hinders a full count; we see only a fraction of the

total. Yet more and more young are hatching, and

as the perched lakes become saturated, young black

caiman are dispersing into the surrounding areas

and will eventually fill the Amazon River itself

during the dry season, just as they did when Bates

observed them more than a century ago. While

caiman are certainly not as numerous as they were

in Bates's time, we can safely say that the popula-

tion in the reserve is growing. The species also ap-

pears to be holding its own in parts of French

Guiana and Guyana and throughout the lowland

Amazon basin in Colombia, Peru, Ecuador, and

Bolivia.

The nursery lakes, by virtue of their hydrology

and the surrounding forest, buffer the black caiman

against the vagaries of the level of the Amazon

River and from the worst impacts of an ever-ex-

panding human presence in the region. If Mami-

raua is any indication, black caiman may once again

reign as the monarchs of the flooded forest. D
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REVIEW

Beasts and
Brain PoAver
specializations do not make one species "smarter" than

another, but they do make for uniquely sculpted minds.

Do animals think? And if they

do, how similar are their

thoughts to our own? Tradi-

tionally, scientists have taken two ap-

proaches to cognition in animals, with

the "Uberals" (often those who study

wUd animals) arguing that there are

clear parallels between animal and

human thinking and the "skeptics"

(often those who focus on captive ani-

mals) defending the uniqueness of the

human mind. Harvard psychologist

Marc Hauser is in an ideal position to

evaluate the nuances of both positions,

because in addition to observing and

running experiments on cotton-top

tamarins in the lab, he has studied

vervet monkeys in the Kenyan savanna,

chimpanzees in a Ugandan rainforest,

rhesus monkeys on a Caribbean island,

and crows on a CaUfornia golf course.

Plus he knows and lucidly cites the

work of the evolutionary biologists,

ethologists, neuroscientists, develop-

mental psychologists, and cognitive

scientists who have contributed to this

burgeoning field.

Hauser introduces us to an extraor-

dinary range of feats of cognition by

animals—from the New Caledonian

crow, which constructs and modifies

tools, to Clark's nutcracker, which uses

its extraordinary spatial memory to lo-

cate during the winter the 30,000 or so

pine nuts that it stored during the fall.

In this thoughtful book, Hauser gives

evidence to support both the skeptical

and the liberal camp. Believing that

language is unnecessary for certain

kinds of animal cognition, and that we

must look at the environments in

which animals evolved to understand

what they think and feel, he concludes,

"We share the planet with thinking an-

imals."

All animals, according to Hauser,

have the mental tools for three distinct

tasks: recognizing objects, evaluating

quantity, and navigation. But how do

we know that animals universally possess

these capacities, and how do these abil-

ities expand or contract in particular

species? In experiments with tamarins

and macaques, Hauser adapted a tech-

nique used by developmental psychol-

ogists to show that preverbal infants

understand cause and effect, are able to

discriminate quantity, and know that

objects exist even when they can't be

seen. Like infants, Hauser's monkeys

show little interest when two toys are

lowered behind a screen and the same

two toys are revealed when the screen

is raised. But both monkeys and infants

demonstrate that they know when the

number has changed: if there is only

one toy or if there are two different

toys when the screen is raised, both

look longer at the scene.

Other cognitive abilities appear to

be restricted to a few species. Great

apes that encounter mirrors demon-

strate self-awareness. If a researcher sur-

reptitiously places a mark on a part of

the ape's face that it can see only by

using the mirror, some of these animals

react by immediately grooming the

spot, suggesting that they recognize
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images of themselves. To date, how-

ever, no monkeys have unequivocally

passed this test, so perhaps self-recogni-

tion and self-awareness are mental

properties limited to humans and apes.

Self-awareness is closely related to

another ability: awareness of what oth-

ers know and don't know. Teaching re-

quires this skill, as does successfi.il, de-

liberate deception. Some studies of

great apes and monkeys suggest that

these primates both teach and deliber-

ately deceive, but few such fmdings

exist for other species.

Humans, according

to Hauser, are unique in

having a language sys-

tem capable of express-

ins2; abstractions and of

producing and under-

standing unpredictable combinations of

words. Although some monkeys make

vocalizations that refer to specific ob-

jects (East African vervets distinguish

between eagles and snakes) and other

species (chickadees and tin monkeys)

have simple grammars, nonhuman ani-

mals (including our closest relatives, the

great apes) cannot create novel utter-

ances, although some dolphins and apes

understand novel sentences.

Morality also appears to be absent in

nonhunian animals, according to

Hauser, despite a wealth of anecdotes

to the contrary. Emotions ot guilt and

shame have not yet been clearly

demonstrated by systematic observa-

tions and controlled experiments. Even

though acts of reciprocal altruism, co-

operation, reconciliation, and empathy

have been documented in animals (es-

pecially apes), Hauser questions

whether such behavior should be cate-

gorized as moral, because we don't

know if the animals are thinking about

these actions the way we would. I was

surprised at his requirement of unifor-

mit\' in this case, since on other levels

of behavior he accepts the notion that

birds and monkevs may code informa-

Wild Minds: What Animals

Really Think,

by Marc Hauser. Henry Holt;

$25; 315 pp.

tion about objects, quantity, and space

differently than humans do. "Although

there is some evidence that animals

have self-recognition," writes Hauser,

"there is no evidence that they are ac-

tually aware ot their own beliefs and

desires. . . . Without self-awareness, the

kind of empathic response that appears

to underlie some of the experimental

results described is impossible."

Wild Minds provides a clear and

critical survey of mental capacities in

animals and introduces us to new ex-

perimental methods—especially in de-

velopmental psychol-

ogy—for studying these

processes in animals.

Unfortunately, the

book says little about

the evolutionary pres-

sures that led to human cognition.

What selective advantage is gained by

our having a complex and open lan-

guage system? Why have we evolved

self-awareness? Why was it adaptive for

humans to develop a moral sense? We
need to understand what led to our

own mental abUities in order to analyze

why it hasn't been equally beneficial for

apes, monkeys, birds, or rats to have

similar abilities.

I wish Hauser had spent more time

comparing the mechanisms of cogni-

tion in humans and animals. Until re-

cendy, most of our understanding of

human brain funcdon had been depen-

dent on abnormal samples of brain ac-

tivity in victims of closed-head injury

or stroke. Because of advances in brain

imaging techniques, however, neuro-

scientists can now examine normal

human cognitive and emotional activ-

ity. Such imaging is certain to give new-

insights into the workings of animal

minds as well.

Charles T. Siwwdoii, a psycliologist at tlic

University of Wisconsin, studies primate

ccnunutiication and edits the Journal of

Comparative Psychology.

Digital Earth
I have always loved maps in all their

forms. Globes are especially nice be-

cause they show the world without the

distortion that comes from flattening

it. While I still prefer the kind I can

spin with my hand, some of the Inter-

net's three-dimensional representations

of our planet display information that

you won't get from old globes, with

their outdated political boundaries.

The Great Globe Gallery (hum

.amu.edu.pl/~zbzw/glob/globl.htm)

gathers together a remarkable number

of globes and world maps, although

most of the images lack proper cap-

tions. Exploring the whole gallery

takes time, but finding images that

show the planet in new ways is worth

the effort. Chck on any of the hun-

dreds of gallery choices, and you'll be

linked to the site where they origi-

nated. I particularly Uked the "Atlas of

Cyberspaces," which shows how the

planet is wired, and "Breathing Earth,"

an interesting animation showing the

global occurrence of earthquakes.

For map lovers, a wonderful new

site called TopoZone (www.top

ozone.com) offers U.S. Geological

Survey topographic maps (adjustable

to different scales) of any spot in the

United States. You can search by lati-

tude and longitude or by place name,

but make sure to check Find Tips first,

since place names must be put in the

correct form. Before setting out on a

weekend drive or hike, you can print

out a map that shows even- road and

every rise and dip in the terrain. Al-

though printed maps are undoubtedly

nicer, the Internet versions are a lot

easier to come by

Robert Anderson is a freelance science

writer based in Los Angeles.
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The Pepper Trail: History and
Recipes From Around the World, by

Jean Andrews (University of North Texas

Press, 1999; $50; 261 pp.)

The dispersal of Capsicum peppers (of

prehistoric Bohvian origin)—which

accelerated when Columbus brought

them back to Spain after his first voy-

age—has made them, after salt, prob-

ably the world's most popular condi-

ment. Andrews describes more than

twenty-five species and offers recipes

for such unlikely edibles as Arizona

chiltepin ice cream, roasted bell-pep-

per mousse, and jalapefio truffles.

Orchid Fever: A Horticultural Tale of

Love, Lust, and Lunacy, by Eric Hansen

(Pantheon Books, 2000; $23; 288 pp.)

While examining the "lunatic fringe of

the orchid world," Hansen exposes the

failure of the 1973 Convention on In-

ternational Trade in Endangered Spe-

cies of Wild Fauna and Flora (CITES)

to protect orchids. Along the way, the

reader is treated to a dazzUng array of

facts and lore on a plant family encom-

passing some 25,000 naturally occur-

ring species and 100,000 artificial hy-

brids, some of which are used in

products ranging from ice cream and

aphrodisiacs to pig feed, adhesives, and

medicine for sick elephants.

Brother Astronomer: Adventures of

a Vatican Scientist, by Brother Guy
Consolmagno (McGraw-Hill, 2000; $24.95;

256 pp)
An American baby boomer of Italian

and Irish ancestry, Consolmagno

worked as a planetary scientist at MIT,

spent two years in Kenya in the Peace

Corps, and taught physics at Lafayette

College before joining the Jesuits at

the age of thirty-seven and becoming

curator of the Vatican Observatory's

collection of some 1,000 meteorites.

The book mingles memoir with theol-
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ogy and science and includes a particu-

larly memorable chapter on meteorite

hunting in Antartica.

Rare Earth: Why Complex Life Is Un-
common in the Universe, by Peter

Douglas Ward and Donald Broumlee (Coper-

nicus, 2000; $27.50; 333 pp)

Basing their theory on, among other

things, Earth's unique features and

conditions, paleontologist Ward and

astronomer Brownlee beheve that mi-

crobial life-forms probably permeate

the galaxies but that complex life may
exist almost nowhere.

Journey of the Pink Dolphins: An
Amazon Quest, by Sy Montgomery (Simon

and Schuster, 2000; $26; 317 pp.)

Weaving together legend and natural

history, Montgomery lyrically portrays

the Amazon's freshwater dolphins,

which are thought to descend from

toothed whales that entered the river

before the formation of the Andes in-

terrupted the Amazon's westward flow

to the Pacific.

Tigers in the Snow, by Peter

Matthiessen (North Point Press, 2000;

$25; 169 pp.)

www.columbia.edu/cu/gsas/liberalstudies/



Those who enjoyed Dirsii the Trapper, a

iiincteeiith-centiiry tale of exploration

in Russia's Far East, or Akira Kuro-

sawa's film Dersii Uzala, can return to

the coastal Sikhote-Alin Mountains

—

now a l,34()-square-niile wildlife re-

serve—via Matthiessen's report on the

Siberian tiger. His account also touches

on the tate of other tiger populations

that once ranged from eastern Turkey

to the Sea ofjapan.

Linnaeus: Nature and Nation, by Lis-

het Kocriicr (Hanuml Ihiiivrsily Press, 1999;

$39.95; J20 pp.)

The fame of Swedish botanist Carolus

Linnaeus rests on the system ofnomen-

clature for organisms that he began to

develop in the 1730s. According to

Harvard historian of science Koerner,

Linnaeus was no visionary modernist

but a provincial eccentric who, incor-

porating the mercantile ideas of his day,

dreamed of somehow creating a tropi-

cal empire in Nordic cUmes.

The books in "Natural Selections" are

usually available from the Museum

Shop of the American Museum ot

Natural History, (212) 769-5150.
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1, Adventures Abroaa

Adventures Abroad otlers small group

tours to 1 10 countries. Our tours are

part education, part exploration and a

complete holiday. 1-800-665-3998.

www.adventures-abroad.coni.
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11. Charles County, MD

It's for the birds! Take a hike! Hunt
for fossils, golf fish, shop. Experience
the wild side of the Potomac where
eagles soar, explorecharlescomd.com
800-766-3386

12. Costa RicI

Costa Rica is unique in having more of

its territory protected in national parks,

biological reserves and wildlife refuges

than any other nation on earth. With all

the right ingredients, a trip to Costa Rica
is sure to suit your tastes.

C)'prus ')()()() years!

a free color brochure call 212-683-5280.

U. Djoser, Inc.

"THE OTHER WAY TO TRAVEL!"
Travel for small groups to Egypt, Turkey,

Vietnam, Thailand,Venezuela, Costa

Rica, India, Nepal, Tibet, South Africa.

14-28 days from $1495-12995 including

land, conifortable hotels, tour leader and
air with top airlines. CaU toU-free

1-877-356-7376 for 48 page brochure.

15. Eagle Optics

Comprehensive catalog and price list on
complete Une of visual optic equipment of

all major brands. Guide on how to

select the right binoculars or spotting scope

for your needs. 1-800-289-1132. Free.

16. The Ecotourism Soifiety ^^^H
Discover how to take journeys that are

enlightening to you and beneficial to the

planet contact The Ecotourism Society

Source of Ecotravel Awareness Worldwide
www.ecotourism.org/travelchoice.

1-888-724-8687.

17. French Government Tourist Office -^^
Order your free France Discovery Kit,

which includes 100-page travel planner.

Mastercard savings, special offers,

and Air France Holidays brochure. CaU
1-800-2FRANCE.

18. Galapagos Explorer II

The Galapagos Explorer II, the newest

most cornfortable exploration vessel in

the Archipelago.

l9. Galapagos Network^

Enjoy an exhilarating adventure amid the

same volcanic islands that inspired

Charles Darwin. Cruise the enchanted

island of the Galapagos in maximum
comfort and safety aboard our popular

fleet of first class vessels.

,20. Holbrook Travel ,,,„_

Natural History tours to Latin America
and Africa. Travel independently or in

smaU groups escorted by an educational

leader. Holbrook Travel 800-45 1-7111.



ADVERTISEMENT

t A)mf tiiid Id.iho and come hack to lite.

Spectacular sceticry, world-reiiowii

outdoor adventures, fascinating history.

Send for FKEE, full-color travel guide,

and visit our website at www.visitid.org.

29. Mountain Travel Sobek

Safaris, natural history cruises, hiking,

sea kayaking, rafting and more.

Worldwide destinations, e.xpert leaders,

small groups. Call 1-888-MTSOBEK
(687-6235). Request free catalog at

www. iiitsobek.com.

36. Tourism Saskatchewan flHH
Saskatchewan - Western C^anada.

Receive the official 1 60-page travel guide

FR£E. Packed with great vacation

escapes and planning information. Toll-

free 1-877-2ESCAPE, Operator 99NH..
www.2escape.com.

22. Inclinator Company of America j|^|
"Elevette" the custom built residence

elevator offers the ultimate in home
lu.xury and convenience. Send for free

descriptive Uterature.

30. nearrtica.com, ItHs

M.ikr iKMivtu.i Nuiir gateway to the

Natural World of North America,

www.neartica.com

37. Toyota and the Environmen

I ukI iHit .ihiiut li)\ui,i\ cinironmental

breakthroughs, including hybrid

technology, electric vehicles and tuel cells.

23. Inka Naturaj

liika N.itui.i offers customized itineraries

111 Peru for both individuals and groups.

With over 20 years experience designing

ecotourism in the Peruvian Amazon.

24. Kapawi Ecolodgej

It IS ail innovative award-winning project

in the Amazon.

25. KD River Cruises of Europe

See Europe from a ditlerent perspective.

Take a KD River cruise on the Rhine,

Elbe, Danube and Europe's other historic

waterways. For a tree brochure, call

1-800-River-KD, or visit our website at

ww^v.rivercruises.com.

Lapa Rios, model of ecotourism and

sustainable development. Upscale rain-

t'orest ecolodge offers personalized

service, 1,000-acre reserve, 14 private

ocean-view bungalows, gardens, private

decks. Corcovado Park, mangroves,

hiking, sea kayaking, excellent birdmg,

wildlife and swimming pool.

27. Undblad Special Expeditions

L'xpedition travel by the tanuly that

pioneered travel. For information on our

worldwide journeys call 1-800-EXPE-
niTION or w\v\v.e.xepeditions.com.

aa.XttClg&„Qn Little St. Simons Island

Exclusive lO.OOO-acre ("Teorgia island

paradise, private 7 mile pristine beach,

natural history tours, birding and

recreational activities galore, gourmet
regional cuisine and gracious

acconmiodations await just 30 guests.

^. Nort;h Carolina's Outer Banks

North t'aiolina's Outer U.iiiks. Pristine

Beaches. History. Fishing. For a Free

Travel Guide & Outer Banks Getaway

Card good for seasonal values at over 1 50

businesses, log onto www.outerbanks.org,

call toU-free 1-877-BY-THE-SEA
(1-877-298-4373) or e-maU visitor-

info{@outerbanks.org.

32. Pax World Fund J

The Pax World Fund Family, a socially

responsible fund group, has offered

investors the opportunity to achieve

"performance with principles" for over

25 years.

33. Scottish Tourist Board

Scodand. See ancient casdes reminiscent

of our rich, tumultuous history.

Grand old cities vibrant with culture,

Quaint villages, friendly people,

heather-clad hiDs, beautiful lochs. Visit

us at www.ToScotland.com or call

l_800-969-SCOT for comprehensive

free Vacation Planner.

3.4. Swift Instruments.^

QualitT.' in optics since 1926. Free

brochure displays Swift's complete line of

birding and compact binoculars contains

photographs and detailed descriptions

with binoculars use chart. On the web at

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

35. TIAA-CREF ^

T1.-\A-C'REF IS a leading, nation.il,

nonprofit financial services organization

servicing the general public and is also die

premier pension system for people

employed in education and research in die

U.S. It offers high-C}u.ility low-cost mutual

flinds, annuities, IRAs, insurance and trust

services and ;ilso manages several state-

sponsored college financing programs.

38. Visit Florida

What to do on endless miles of sugar-

sand beaches? For your firee Florida

Vacation Guide call toll-free 1-888-

7-FLA-USA. www.flausa.com.

§^7West Virginia State Parks

Escape to the niountaiiis at West Virginia

State Parks. Come enjoy scenic splendor,

outdoor adventure, historical sites

and much more. For more information,

caU 1-800-CALLWVA or visit us at

www.wvparks.com.

4p^Wildland Adventures

Authentic worldwide cultural and natural

history explorations for sophisticated,

active travelers. Call to request free Travel

Planners 1-800-345-4453 or 206-365-

0686. Email info@wildland.com or

www.wildland.com.

lOSirc^tei- tburi^^'Mrism^

Marvland's oiiK seaside count\-. Visit

Assateague Island National Seashore.

Kayak, canoe, birdwatch or golf Stay in

one of our many Bed & Breakfast Inns.

800-852-0335. skip-

jack. net/le_shore/visirworcester.

42. Zeiss Company

Carl Zeiss binoculars are renowned for

their superior optics and precision

construction. There are models tor all

activities, including birding,

yachring.travel. sports and the theatre.



XPLORER GUIDE

4, 5, or 6 nights^<iilS^ on the elegant

riverboat Canadian Empress, cruising the

calm inland waters ot tlie historic St. Lawrence

& Ottawa Rivers. Experience the 1000 Islands...

the remarliable International Seaway locl(s...

castles, museums, resorts, historic villages

& world-class capital cities.

Kingston, Ottawa, Montreal, Quebec City Departures

For information or FREE brochures call

St. Lawrence Cruise Lines, 1-800-267-7868

1-888-724-8687 418-724-6227

kOTOURSDkOliVEinES

7and8days:Anli[ostilslanii,

Quebec's lower North Shore

and Mingon Islonds.

7 days : Eostern Quebec's Parks.

5 days : Antlcosti Islond and

Mingon Islonds

2, 3 and 4 days : Sogueno^

Fjord ond Grosse-ile

The rich dwerjity anil

beauty of the
St. Latvreiice aboard
the Echo iej Mem

'kOTOURSnHrAISiES

• 7 doys : Seobirds, Wholes and

Islands of the Gulf of

St. Lawrence with Jacques

Lorive, bird specialist.

• 8 days : Wholes. Whales and

Wholes with Ricnord Sears,

whole specialist.

Iiones@globetrotler.nel www.ecDmertours.com

ASIA HIMALAYAS!
Treks, tours, wildlife safaris & overland journeys in India. Nepal,

Tibet, Bfiutan. Thailand. Burma, Vietnam, Cambodia, Laos. Indo-

nesia, Borneo & China. Group & independent programs. Asian

adventure travel specialists since 1 978. Free color trip catalog.

Plione: 800-225-2380 (24 Hr.) Email: worldai)v@nelaxis.com

Wild Indonesia The Face of Nature
Join us as we explore the flora anct fauna of ttiis fascinat-

ing island country. We will search for Elephant, Tiger, Rare

Sumatran and Javan Rhino, Orangutan, Komodo Dragon,

Birds, Birds, Birds. Jungle Treking, Elephant Safari, River

Trips. Complete guided program all inclusive from LA.

888-7 10-WILD • email: advlndoeidcnet.com
web: wvvw.wildindonesia.com

'I Rainforests, Reefs and Ruins

BELIZE TIKAL
iwww.ietravel .-«-« m

INTERNATIONAL
i°"8 oo^'e s's - 4 7 3 4

'

EXPEDITIONS'^^ c-mail:bclizc®ictr a v cK c o^ra^

From Your Jungle to Theirs.

IMMERfIA 800-207-5454

= -T -== ^h1e^=^= ~ innnersiatraveLcoin

Go Beyond Ordinary Travel. .

.

GALAPAGOS
i-carn about the Origins of Species

from our gifted naturalist as you

explore Darwin's Islands in comfort

aboard small, deluxe yachts. Swim
wilti poriguins and sea lions, savor

equatorial sunsets, and realty get

INC/.
Si^., liffi

1311-rjG163rdS

Emeryville, CA 9-.,

(5101420-1550

Mtjli^'incadoats.ci

GALAPAGOS
COSTA RICA

PERU

AFRICA
AUSTRALIA &. more

Voyagers International

Box 915, Ithaca, NY 14850

1-800-633-0299 mm
wAvw.voyagers.com

/\yk AFRICA

fi cnSn^jJ^. ASIA

^„,^ ^^s3:^B^^ AUSTRALIA

CENTRAL
AIMERICA

Ahentures Akoai
• Comfortable small group

In-depth tours for adults EUROPE

• 3 &4StarHotels Included MIDDLE

• Most meals Included
FAST

NORTH

1-800-665-3998 AMERICA

SOUTH
www.adventures-abroad.com AMERICA

Vietnam • Egypt

Thailand • China • South Africa

Costa Rica • India • Nepal • Tibet

14-27 day trips $ 1,495 - $ 2,995

Includes Land, Air, Hotels!

V
Toll-free: 1-877-356-7376 for brochure

www.djoserusa.com

POLAR BEARS
Join us for the world's

greatest gathering

of polar bears in

K Churchill, Manitoba

along the shore of

Hudson Bay.

800-368-0077

,
www.travelwild.com

TravelWild Exoeditions .u..

Athena Review
Journal ofArchaeology, History, andEjq)loration

Romans on the Danube, I

Sites and Museums in

Bulgaria

Also: VDdng Shq) Sag^; Peruvian

Petrogtyphs; TheCunaofPanama

For a free trial issue on the Maya or
Roman Gaul write or fex us today.

4 issues/yr $16 (US) $25 (Can)
$36 (overseas).

Athena Publications

Box 10904, Naples, FL 34101
Fax; (941) 594-2163. See our website at www.af/zena/'w/j.com

Ctiarleston's Beach Resorts

Kixawa
Seabrook 8i Wild Dunes
28-Page Resort Guides include

nautical chart, maps, golf pack;

oges, bike trails, fistiing, boatini

tours of historic

Charleston and more!

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 greatbeach.com
Ad #349 • Greot Beach Vocations • kiowah Island , SC 29465

Environmental Careers
Environmental & natural resource vacancies nationwide

from nonprofit, private, & governmentemployers. 4 issue/

2 month trial subscription is only S1 6.00. Subscribe todayl

The Job Seeker
DeptNH. 28672 CtyEW, Warrens, Wl 54666

http://www.tomah.com^obseeker

EUROPE

ROUNDTRIP

Madrid, Paris, Rome $200.

Australia $900. Banql(ok,

Hong Kong, Seoul, Itfoniia, $450,

ALL ROUNDTRIP!

I-800-822-0888.N2HM

AirCeurienerg >>-
(303-21 &-9000) www.olrcourier.org

Subject to avollabllity, membership, & departure.

discover fTfrv

with

EXPLORAMA
mtpy/uiuiui.eKoiorama.com
E-mall: amazon@8HDlorama.Goin

Fax:(51 94) 25 2533 P.O.Box 446
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DISCOVERY TOURS TRAVELERS PROVIDE FOR THE
MUSEUM'S FUTURE AND FOR THEIR OWN RETIREMENT

Bob and Marie Bergh love to travel. Since their first

trip with the Museum in the early 1980's, they have

participated in eight Discovery Tours, to destinations as

diverse as the British Isles, the Black Sea, Scandinavia,

the Caribbean, Greenland, Antarctica, the North Pole, the

Middle East, India and Southeast Asia.

Exploring the world on Discovery Tours, Bob and

Marie have become increasingly aware of the significance

of the Museum's work. This is why they recently decided

to provide for the Museum's future through a Charitable

Gift Annuity.

"We wanted to give to the Museum, especially because

of what the Museum gives to children and young adults.

We wanted to foster that and also give something to our-

selves. With a Gift Annuity, we could help the Museum

and add to our income."

A Gift Annuity is a way to support the Museum and provide lifetime income to one or two people.

When low-yield stock is used to fund the plan, capital gains tax is avoided. Marie offers a tip to

Natural History readers: ''We learned about the Museum 's Gift Annuity program through this magazine,

and we encourage you to find out about it, too!" Here are the sample rates and benefits for one person

with a $10,000 gift:

IncomeTax

Age Rate Deduction Annuity Payment

65 7.0% $3,721 $700

70 7.5% $4,080 $750

75 8.2% $4,460 $820

80 9.2% $4,884 $920

85 10.5% $5,334 $1,050

90 12.0% $5,807 $1,200

For more information, please call (800) 453-5734 or reply by mail to: Office of Planned Giving, American

Museum of Natural History, Central Park West at 79th Street, New York. New York 10024-5192

Please send information on:

Gifts that provide lifetime income.

Bequests to the Museum in my will.

I have already included a provision for the Museum in my estate plans.

Name
Address

Phone(Home)

My (our) birth date(s) is (are):_

Office

Your reply is confidential and implies no obligation. 03/00
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Kinship
^ ^ * -L V y Musings on the ties of blood and marriage

By Meredith F. Small

On the left-hand side of the entrance

to the African Peoples hall at the

American Museum of Natural History

is a small diorama that lacks the usual

accoutrements of culture that a viewer

might expect to see—no traditional

costumes, no sacred items, no curious

tools. Instead, it is a miniature model of

an African village, laid out according to

its kinship network. Garnished by a

border of green forest, groups of tiny

thatched huts are set together to form

compounds, or extended households.

Rising above them is an elaborate scaf-

folding of sticks, triangles, and circles

representing individuals in the village

and their relationships. Every time I

visit the Museum, I drift toward this

display, arrested by its simple but pro-

found message about connections be-

tween people.

It looks complex from a distance,

but up close and with a little time, a

visitor can follow paths of individual

relationships and eventually figure out

the whole system. When Unes of sticks

are connected vertically, they show de-

scent; double Unes connected horizon-

tally show marriage. In keeping with

the traditional shorthand that anthro-

pologists employ to trace kinship, males

are shown as triangles and females as

circles.

Irmnediately above each compound

are the circles and triangles of the

household—Mom, Dad, and the

kids—colored red, blue, green, or yel-

low to distinguish lineage. Because de-

scent in this village is patrilineal, off-

spring are the same color as Dad.

Branching from the parents are lines

that connect to other households across

the clearing or that reach outside the

village. It's striking to follow a few in-

dividuals through the maze and to see

that by one route or another, everyone

has connections throughout the village.

What we don't see is how relatedness

affects village society: how one woman
helps another tend the field because

their mothers are sisters or how two

men exchange livestock because they

have a common relative.

And those ties also affect marriage

rules, which may be simple and general

(such as marrying outside the vUlage)

or quite specific. Most common are

cross-cousin matches (a daughter or

son marrying the father's sister's or

mother's brother's offspring) or parallel-

cousin matches (a daughter or son mar-

rying the father's brother's or mother's

sister's offspring).

As the diorama illustrates in micro-

cosm, humans have a long history of

knowing and relying on others; know-

ing to whom we belong is inextricably

Hnked to knowing who we are. And
without the ties of kinship, we would

be nothing more than a disconnected

horde. But in Western culture, it is easy

to forget the power of kinship. Our

families are usually nuclear, and rela-

tives beyond the ring of first cousins are

virtual strangers. Frequently, young

people dream of leaving their families

behind and creating a new nuclear unit

of their own. These days, knowing

one's more distant relatives seems im-

portant only in the doctor's office: Any

cancer in the family, or heart disease, or

depression? Long-lost relatives become

significant only after the doctor recon-

structs a patient's pedigree and esti-

mates the probability of death from a

particular cause.

To compensate for this, I think we

often imprint lines of kinship on

friends and colleagues, transferring fa-

milial expectations onto those with

whom we share time but not blood or

genes or vows, so that we can have the

experience of an extended family.

Young people join gangs, older people

join clubs, and even babies are put into

play groups. Pushed by a culture that

favors independence and self-reliance,

the social animal in us nonetheless

seeks connections, even if they are

bloodless and fragile.

Perhaps the weakness of kinship ties

in my own culture is what draws me to

the diorama in the glass case. The title

of the display is simply "Family," but

this hypothetical African village appears

to be knit together more strongly than

any family I know. And so, time and

again on my visits to the Museum, I

find myself standing before the diorama

and feehng a bit envious as I trace the

connections that belong to others.

Meredith F. Small is a umter and a professor

of anthropology at Cornell University. She

writes frequently for Natural History. Her

latest book is Our Babies, Ourselves

(Bantam Doubleday Dell, 1999).



EVENTS

MARCH 1

In the final talk of the 7:00 P.M. series

I he Primal Feast: Food, Sex, Forag-

II ii;, and Love," Susan Allport, author

ot A Sdtura! History of Pairntitit^, focuses

ou foraging and food sharing among

hiunans and other animals.

MARCH 2 AND 30

In the first of a series of five 7:00 p.m.

lectures sponsored by Earthwatch Insti-

tute, archaeologist Christopher De-

(.Airse talks about the medieval empire

of Ghana's coastal kingdoms and their

trading cultures. In the second, biolo-

gist Rolf Peterson discusses his long-

term studies of wolves and moose on

Lake Superior's Isle Royale. Both talks

are at 7:00 p.m.

MARCH 3, 4, AND 5

In conjunction with the body art exhi-

bition, the Kunju Opera Theatre pre-

sents the sixteenth-century opera Tlie

Peony PiU'ilion. For performance times,

call (212) 769-5315.

MARCH 6

As part of the "Frontiers in Astro-

physics" series, Mario Livio, of the

Space Telescope Science Institute, gives

a talk at 7:30 p.m. entided "Beaut\' in

Physics and Cosmology."

MARCH 8

At 7:00 p.m., Niles Eldredge, curator of

invertebrates in the Museum's Division

of Paleontology, gives a talk entided

"Field Guide to the SLxth Extinction,"

about the value ot^—and increasing loss

ot—biodiversity.

MARCH 9

Natural history writer Sy Mont-

gomery, in a slide-illustrated talk at

7:00 P.M., discusses her four expeditions

to the Amazon River to study treshwa-

ter dolphins—the subject of her new
book

—

-Journey of the Pink Dolphins: An
Anhi:on Quest.

MARCH 9, 16, 23, AND 30

The wedands of eastern North Amer-

ica are the subject of a series of four

talks at 7:00 p.m. by William Schiller,

Museum botany lecturer. (He gives the

same talks on four consecutive Mon-
days, at 2:30 KM., stardng March 13.)

MARCH 11

"Why Is the Earth Habitable?"—a 1:30

P.M. discussion led by Edmond A.

Mathez, of the Museum's Department

of Earth and Planetary Sciences—is the

last in a series by geologists and clinia-

tologists on issues explored in the new

Gottesman Hall of Planet Earth.

MARCH 15 AND 22

"What's New in Geology" is the sub-

ject of two 7:00 P.M. talks by Sidney S.

Horenstein, the Museum's Coordinator

of Environmental Programs.

MARCH 18

Beginning at 10:30 A.M., panehsts in a

symposium entitled "The Changing

World of Tattoo" discuss the cultural

and social facets of the phenomenon in

the United States. Call (212) 769-5176

tor informarion.

MARCH 20

The seventieth annual James Arthur

Lecture on the evolurion of the human

brain
—"Do Wc Owe Our Intelligence

to a Predatory Past?"—will be given at

6:00 P.M. by South African zoologist

C. K. Brain, former director and cur-

rcndy emeritus curator of the Transvaal

Museum in Pretoria.

MARCH 27

As part of the "Distinguished Authors in

Astronomy" series, Thomas Gold, of

Cornell UniversitN; gi\'es a talk at 7:30

P.M. enriried "The Deep Hot Biosphere."

MARCH 28

At 7:00 P.M., primatologist Birut Mar-

ija Galdikas and primate communica-

tion specialist Nancy Erickson Briggs

talk about working with orangutans in

Indonesia, as outlined in their book

Orangutan Odyssey.

MARCH 29

David Hurst Thomas, curator in the

Museum's Division of Anthropology,

discusses his new book, Skull Wars: Keii-

iiewick Man, Archaeology, and the Battlefor

Native American Identity, at 7:00 p.m.

DURING MARCH

The Interfaith Center of New York

and the Museum have scheduled free

presentations, panel discussions, work-

shops, and performances March 10-12

and 25—26 to explore youth violence

and discuss strategies for collaboration

and conflict resolution. Call (212) 769-

5 176 for information.

For the first three weekends in

March, the Museum celebrates Inter-

national Women's History Month with

the theme "Women Honoring

Women." For a complete schedule of

free films, storytelling, lectures, and

dance and music performances. caU

(212) 769-5315.

The American Museum ot Natural

History- is located at Central Park West

and 79th Street in New York City. For

hstings of events, call (212) 769-5100.

Visit the Museum's Web site at

\\^\^v.amnh .org.
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Coming Out
An Arctic ground squirrel in Alaska surveys the thawing landscape from beneath a

retreating snowbank—a sure sign of spring. Ranging from Alaska to the Hudson Bay

area of northeastern Canada, the species is adapted to long, harsh winters, short

growing seasons, permafrost, and limited cover. Active foragers in summer, these

ground squirrels scour the terrain for berries, seeds, leaves, grasses, and tubers. But

in fall they retreat to underground burrows, which they line with grasses and

sedges, for a seven-month period of dormancy.

Males emerge in mid-April, when they establish territories that they defend

against rivals. Females appear above ground shortly thereafter and take up

residence in a male's territory. A territorial male typically impregnates several

females, and litters of six to eight young are born in early June.

Hibernators without peer, Arctic ground squirrels can withstand

temperatures below 30° F for months at a time, to all appearances frozen

solid. How they are able to survive without suffering extensive cell damage is

a mystery that has long intrigued physiologists.

—

Richard Milner

Photograph by Michio Hoshino
HINDEN PiauRES
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The eminently adaptable polar bear has already sur-

vived many oscillations in the Arctic climate since its

relatively recent evolution from the brown bear

some half a million years ago. Recent cUmate studies in parts

of the Arctic, however, suggest that a strong, long-term

warming trend may be threatening its icy home.

Polar bears wander over great distances to hunt seals,

their preferred prey, and require ice as a platform from

which to hunt them. The bears wait at gaps in the ice where

seals come up to breathe and, occasionally, to bask. After the

breakup of sea ice each spring, the bears can no longer hunt

and may come ashore to rest and fast for weeks or months,

living off their stored fat. But in the Eurasian Arctic and in

western Hudson Bay (although not in the eastern Canadian

Arctic or in northern and eastern Hudson Bay), steadily ris-

ing spring air temperatures are causing the ice to break up

about two weeks earHer than it did only two decades ago.

From 1981 through 1998, my colleagues and I moni-

tored the condition and reproductive rates of adult polar

bears, as well as the age of their cubs at weaning. We were

able to tranquihze, collar, weigh, and generally evaluate in-

dividuals that had come ashore during the summer, after the

sea ice had melted.

Running Out
of Ice?
Polar bears need plenty of it.

By Ian Stirling

We found that the bears have been coming ashore in

progressively poorer condition and that their birth rate has

steadily decreased over the past two decades. In addition,

cubs are staying longer with their mothers before being

able to hunt seal pups on their own. The western Hudson

Bay polar bear population is the only one known in

which some cubs become independent at one and a half

years (two and a half is the norm). But over the course of

fifteen years, the proportion that matures early has de-

clined from 40 percent to about 10 percent. Without their

seal-hunting platforms, the bears have less time to accu-

mulate fat. If the early-warming trend continues, the

bears of western Hudson Bay will eventually disappear:

they cannot move farther north because that habitat is al-

ready occupied.

But how secure are the northern populations of bears,

especially those of the Eurasian Arctic, where the rate of

climate change has been the greatest to date? Some recent

research results are worrisome. One study found that since

1978, the ice cover in the circumpolar Arctic has fallen by

about 3 percent per decade; another estimate puts it at 14

percent per decade. Moreover, the average thickness of ice

over the Arctic Ocean has decreased by 4.3 feet since

1976 (after holding relatively constant at 10.2 feet over

previous decades).

Are humans aggravating the situation by contributing

to the increase in greenhouse gases, or is the current trend

toward earlier ice breakup simply part of a natural cycle?

Cores from the Greenland ice sheet do show significant

shifts of climate in the past (the polar bear's distribution is

now Arctic and circumpolar, but an 11,000-year-old skull

was found near London's Kew Gardens). Similarly, trap-

ping, hunting, and fishing records from Greenland over

the past two centuries show marked changes in the distri-

bution and abundance of arctic animals every fifty years or

so, apparently because of fluctuations in the amount of sea

ice. We also know that climatic variations from decade to

decade are normal, so the possibility exists that the vanish-

ing ice of Hudson Bay is part of a larger natural pattern.

However, a group of meteorologists recently con-

cluded, on the basis of computer weather modeling, that

there is a less than 2 percent chance that the observed

changes in sea ice across the entire Arctic have resulted

from natural causes alone. How much of the current

warming trend is attributable to industrialization is uncer-

tain, but I believe such studies should be interpreted as yet

another warning that we should move quickly to reduce

production of greenhouse gases. Our canary in the coal

mine just might turn out to be a polar bear. j

A poiar bear waits for a seal to surface.

Ian Stirling is a research scientist with the Canadian Wildlife Ser-

vice in Edmonton, Alberta.
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TECHNOLOGY UPDATE

Make your cell phone "hands-free". .

.

in seconds!
Navigator Hands-Free Kit'" turns your cell phone into a speaker phone, powers and charges, and moves between

cars without expensive adapters or installation.

(1/ John Bfll

It's
.1 fact, more and more auto-

mobile accidents are being

blamed on the use of cell

phones while driving. The problem

has become so bad that many states

have made it illegal to use a phone

while driving, unless it is equipped

with a hands-free speakerphone

Until now, if you wanted to pur-

chase an adapter for your car, you

were forced to buy one from the

phone manufacturers or cell phone

carriers. Now, there's a great new
product that lets you keep both

hands on the wheel while using

vour cell phone: the Navigator

I lands-Free Kit'".

No more dangerous driving.

Chances are, you've seen people

driving down the road, cradling a

cell phone on their shoulder, as

thev trv to carry on a conversation

while navigating traffic. With the

increasing number of cell phone

users on the road, the problem has

gotten progressively worse. You'\'e

seen them, drifting across the cen-

ter line while they're talking on the phone.

For that very- reason, some states have enact-

ed legislation banning the use of cell phones

in cars, unless they are operated hands-free.

Now, there's a great new way to carry on con-

\ersations that's safe, convenient and afford-

able. The Navigator Hands-Free Kit is a snap

to install and incredibly easy to use. Now you

can turn vour cell phone into a car speaker-

phone. This enables you to keep both hands

Why pay your
cellular cannier fon

expensive adaptens?

Hands-free
speaker

Adjustable
^ power source

i'"" Volume
..control

Microphone

on the wheel while using youi

Motorola, Nokia or Ericsson cel-

lular phone. No more cradling the

phone between your ear and your

shoulder. ..and no more dangerous

one-handed driving.

Installs in seconds. Simply plug the DC
adapter into your car's cigarette lighter and

set your phone in the cradle. A special con-

nector in the base recharges your phone,

sa\-es your batter\' and converts your conver-

sations to speakerphone mode. The speaker

at the top of the cradle provides your in-car

audio and the microphone at the bottom cap-

tures your voice. The unit also features a

built-in volume control and an adjustable

swivel connector between the cradle and

the DC plug for perfect positioning in

almost any vehicle.

Why pay hundreds of dollars? Service plans

are not the onl\- vsay that cellular phone com-

panies generate their explosive profits.

Accessories are a major source of profit for

these firms, and they want to keep it that

wav. The\' would like to sell you their hands-

free adapters, chargers and power sources

separately. Then, they would like for you to

pay their technicians to install these products

in your car. They pull up carpet, remove

molding and install permanent
wires in your vehicle. This all-in-

one unit goes with you from car to

car. All you have to do is plug it in.

Try it for yourself... risk-free.

There's no reason to endanger the

safety of you and your passen-

gers. Now, anyone can turn their

cell phone into a hands-free speak-

erphone in seconds. The Navigator

Hands-Free Kit comes with a one-

year manufacturer's limited war-

ranty and Comtrad's exclusive

risk-free home trial. If you are not

completely satisfied for any reason,

simply return it within 90 days for

a full "No Questions Asked" refund.

No installation
required. You
simply plug
the holder
into your
car's cigarette

lighter and
place your
cellular phone
n the charger.

You can enjoy a

clear conversation
and keep both hands

on the wheel.

Navigator Hands-Free Holder/Charger

S69.95 SS,95 S&H

Please specify Motorola StarTAC or Nokia

6100/5100 series or Ericsson.

Please mention promotional coiif 6956-17601.

For fastest service, call toll-free 24 hours a day

800-992-2966

To order by miiH. scud check or money order for tite total

amount itkluding S&H. To charge it to your credit card,

enclose your account number and expiration date.

Virginia residents only—please add 4.5% sales tax.

» comtrad

2820 Waterford Lake Dr., Suite 102

Midlottiian, Virginia 23112
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a car that sometimes runs on

gas power and sometimes runs on

electric power from a company that

always runs on brain power

The Toyota Prius. Introducing a breakthrough in

environmental technology. The Prius combines a

super-efficient gasoline engine, an electric

"lotoi 'lowered by a battery that never needs to

be recharged, and an intelligence system that

knows when to use which. The world's first mass-

produced hybrid car — cleaner, affordable, and

arriving here this summer. What a smart idea.

more information, call 1-800-CO-TOYOTA or visit www.toyota.com/ecologic

today tomorrow TOYOTA
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Environmental coverage

lOU turned a failing factory into a booming business. You made promises to the

community and to your shareholders. And you kept them. Then the government declared

your property a hazardous waste site. You didn't dump the chemicals. But now you own the

factory, so you own the problem.

This is the real world companies live in. And if your company is not properly covered,

the world becomes an ugly place.

How can AIG help? By doing things others can't. By taking what you've always

thought about insurance and turning that notion on its head.

Who insures

you9
Take our Environmental coverage. Environmental laws vary country by country, state

by state. Which means a detailed understanding of local regulations is essential. The AIG

Companies have the largest global network of offices with underwriting authority for

environmental risks. This enables us to provide the type of innovative flrst-to-market products

that often redefine the industry—products like Cleanup Cost Cap and Pollution Legal

Liability Select? Products that help turn unforeseen disasters into manageable situations.

We've built our reputation on fulfilling promises. And because that reputation

is solidly backed by Triple-A-rated financial strength, you can rest assured that the AIG

Companies will be there for you.

So no matter what the risk, no matter where the risk, the AIG Companies have the

resources and experience to custom-tailor a policy that helps protect you from the unexpected.

Call your broker or e-mail us directly at AIGEnvironinental@aig.com.

What's the worst that could happen? That's what we think about every day.

WORLD LEADERS IN INSURANCE AND FINANCIAL SERVICES
ALL FOBMS OF COMMERCIAL INSURANCE • PERSONAL AUTO AND HOMEOWNERS INSURANCE • LIFE. ACCIDENT

AND HEALTH INSURANCE • RETIREMENT PRODUCTS AND MUTUAL FUNDS THROUGH SUNAMERICA • IVWIVJUG COM AIG
Insufance coverage pfovicled by memfiers of American International Group, Inc. Issuance o( coverage is su^ect (o underwriting. Please refer to the actual poUcy (or a complete description ol scope and limltaDons of coverage-
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it s gas, it s electric

boogie-oogie-oogie-oogie

The Toyota Prius. Introducing a breakthrough in

environmental technology. The Prius combines a

super-efficient gasoline engine, an electric

'ootor powered by a battery that never needs to

be recharged, and an intelligence system that

knows when to use which. The world's first mass-

produced hybrid car — cleaner, affordable, and

arriving this summer. Ready for the next step?

; WV3 Information, call 1-800-GO-TOYOTA or visit www toyota com/ecologic

today tomorrow TOYOTA
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FEATURES
COLLARED GREENS
The great green macaw, the

second-largest parrot in the New
World, is endangered. In Costa Rica, a

radiotelenietry project aims to play

a role in the birds salvation.

STORY BY CHARLES BERGMAN

PHOTOGRAPHS BY STEVE WINTER

COVER A pair of

courting cuttlefish.

Researchers are

beginning to

decipher how these

cephalopods

communicate.

STORY BEGINS ON
PAGE 70

PHOTOGRAPH BY

MARK STRICKLAND;
OCEANIC IMPRESSIONS

BATS, BEES, AND
BRAZIL NUT TREES

In some parts of the Amazon, you

can't go far withotit bumping into a

member of the Brazil nut family.

STORY BY SCOTT MORI

ILLUSTRATIONS BY MICHAEL ROTHMAN

!^l'.5"*t-'.

THE HIDDEN UNITY
OF HEARTS

Question: How did the heart evolve

from a simple tube to a multichambered

pump? Answer: Quickly.

BY CARL ZIMMER

62 AND THE BEAT GOES ON
BY WARREN BURGGREN
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Collisions
In an ideal world, every article in

Natural History would be something

like this month's cover story on

cutdefish—a pure celebration of the

natural world and how it works. But

explorations of natural science may
also lead in disturbing directions

—

often because of the human factor.

About 3 million years ago in

Africa, a handful of hominid species

(their total population numbering

perhaps in the tens of thousands)

hved among the multitudes of

animals, plants, fungi, and unicellular

organisms that populate our planet.

These protohumans probably didn't

Hve in perfect harmony with nature

(if there is such a state), but they

weren't colliding with it either.

Their impact on the biosphere must

have been negligible.

We are the sole surviving

descendants of those early Africans.

A single species. Homo sapiens, we
number more than 6 biUion. And
because of our sheer numbers, we
are bumping into, moving about,

and altering other Hving things on

every continent. Some of the

consequences—erosion,

deforestation—are obvious; many
more are just beginning to be

understood. As science writer

Yvonne Baskin reports this month,

our tiniest earthly companions

(protozoans, fungi, bacteria, viruses)

are being forced into novel

encounters with some of our more

familiar fellow travelers (frogs,

squirrels, birds, elephants). Such

abrupt introductions, which are the

natural result of our species'

procUvity to manipulate the

envirormient, have promoted the

emergence of diseases that threaten

wild animals. To learn more, turn to

"A Sickening Situation" (page 24)

.

—Ellen Goldensohn

TO THE EDITOR

Emphasize the Emptiness

Hooray for your February 2000

issue ("To Know the Universe")!
'

But with aU the pictures of things in

the sky, you should have mentioned

how much empty space there is out

there. The ratio of space to all the

visible and invisible matter in the

universe is approximately that often

cubic meters to one atom of

hydrogen. And it takes about ten

million hydrogen atoms to span the

diameter of the head of a pin.

Pete Seeger

Beacon, New York

Wrong Distance

The caption on page 48 of the

February 2000 issue says that

Supernova 1987A exploded 12

million years ago. But since it is in

the Large Magellanic Cloud, I think

the time must be much more like

175,000 years ago.

Stephen Hopkins

via e-mail

You are right. The supernova (at

left) exploded only 175,000 years

ago, and the light reached us in

1987. (Many of the nearby bright

stars in the picture are

members of a

generation of stars that

became supernovas 12

million years ago.) We
apologize for the

error.

—

Eds.

In Praise of Skunk

Cabbage

As a nearly lifelong

observer and writer

about skunk cabbage, I

thank you for again bringing that

plant to the attention ofyour

readers ("First With a Flower,"

March 2000). When bruised, the

plant indeed releases malodorous

substances (once described as a

combination of burnt sugar and

rotting onions), but the flowers in

the enclosed spathe have a faintly

sweet and pleasant smell and are

even attractive to honeybees. The

presence of dung beetles or flesh

flies in the inflorescence can most

easily be explained by their

attraction to the heat produced by

the plant, not its odor.

The skunk cabbage's reputation

for malodorousness has deprived

generations of early-spring swamp

explorers of a pleasurable

experience.

Go smell a skunk cabbage. You

must get really close to the opening

of the spathe, but the effort is worth

it. No carrion, no dung—only the

sweet smell of spring.

Roger M. Knutson

Charlevoix, Michigan

I
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Want to know more about how we make Jack Daniel's? Write us, and v:p ; .,[;[<: .Cu djcK

THE ONLY REASON Jack Daniel settled in

our hollow was this cool limestone cave spring.

More than 134 years ago, folks said Jack Daniel

v/asn't good at business. He built his distillery

twelve miles from the nearest railroad. But

Mr. Jack v/as a \vhiskeyman first and a

businessman second. So he settled near this

cave spring, where ironfree water flov/s

cool and pure. One sip, we beheve, will

tell you v/hy we still regard this spring

so highly And why Jack Daniel, all

things considered, v/asn't so bad at

business after all.

SMOOTH
TENNESSEE

SIPPIN'
WHISKEY

We're glad you like out whiskey. Please enjoy it responsibly

.

Tennessee Whiskey • 4043% alcohol by volume (8l>36 proof) • Distilled and Bottled by Jack Daniel Distiller,,

Lem Mollow. Propnetor. Route 1. Lynchburg (Pop. 361). Tennessee 37352* www.jackdaniels.com

Placed in the Natiorud Re^isrer of Historic Places by the United States Govemrrxent.
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Experience One of the Marine Wonders of

The Bay of Fundy

Travel Network

Arrive at your destination

by air or by rail, with:

AIR CANADA

The Bay ofFundy's
major city centres are:
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Walk on the
Ocean Floor...

It is amazing ecosystems. And vibrant cities.

It is the highest tides in the world. And lobster

dinners. It is sea kayaking and shopping.

Jet boat rides and colourful culture. It is more

kinds of whales more often than anywhere

else. Experience New Brunswick, Canada's

Bay of Fundy... One of the Marine

Wonders of the World!

Quebec y
NewYoik' anSrt

AlbanyO

Ttain Route

Ttans-Canada Highway

Ferry

iSfi AJrport

Make plans for these
'don't misi'dttractJons:

>^^v FUNDY
.
"W Canada ^^^

Enjoy these

fine accommodations:

^ @ /^
DELTA '",[.i.\s.°.f,S.'" Delta Your dollar Is worth MORE in New Brunswick]

NEW BRUNSWICK'S BAY OF

FUN&Y•*^ CANADA
One of the Marine Wonders of the World

Call for Your Free

Bay of Fundy Explorers Kit!

1 800 561-0123
or visit our web site

www.nbfundy.com

Write: Tourism New itil Bnins»-ick, Oept. 142, P.O. BOX 12345

Campbellton, New Brunswick. Canada E3N 3T6



A Merrill Lynch

sponsored exhibition,

"Leonardo's Codex

Leicester:A
Masterpiece of

Science, "offered visitors

an in-depth view ofthe

scientific thinking of
one ofthe greatest

geniuses in the history

ofthe Western world.

m
For ten years,

Merrill Lynch and the

American Museum

of Natural History

have worked together

to create a successful

partnership built on a

mutual belief in the

importance of science

and education, both

today and in the next

millennium.

SPECIAL ADVERTISING SECTION

For well over a century, the American Museum of Natural

History has been a leader among the world's science,

research, and educational institutions. Since its founding

in 1 869, it has dedicated itself to the compelling quest to

understand the natural world and man's place in it. The

Museum's innovative and interactive presentations educate

about four million visitors each year on-site, and over 30

million visitors on-line.

To continue its 130-year tradition of excellence in scientific

research, unparalleled exhibitions and innovative educational

programs, the Museum relies on support from the corporate

community.

THE COMMITMENT
Over the past ten years, Merrill Lynch, one of the world's

leading financial management and advisory companies, has

been an important supporter of the American Museum of

Natural History. Like the Museum, Merrill Lynch has been

devoted to community service and leadership in education

through its participation in educational initiatives, such as its

ScholarshipBuilder program. On a global scale, all of the

company's philanthropic efforts flow from a fundamental belief

that people from all walks of life can become self-sufficient,

fulfill their dreams, and realize their goals when offered access,

tools, and knowledge.

In 1996, Merrill Lynch was the principal sponsor of the

acclaimed "Leonardo's Codex Leicester: A Masterpiece of

A Partnership in Motion

) Merrill Lynch

'% 'W

GiiiilinDdati()n,k,



SPECIAL ADVERTISING SECTION

Science," on view at the Museum from October 26, 1996 through

January 1, 1997. This exhihition of a rare manuscript bv Leonardo

da Vinci oftered an in-dcptli view of the scientiHc thini<ing ol one ot

the greatest geniuses in the history of the Western world. The Codex

Leicester, written between 1 506 and 1510, opens a window into the

mind ol the awe-inspiring Renaissance artist, scientist, and thinker

while illuminating both the scientific and creative process. This

enlightening exhibition included an innovative demonstration

room, lectures, and children's worLshops.

An additional grant fi-om the Merrill Lynch Foundation in suppon

ot education programs to complement the exhibition allowed over

6,000 children from New York Cir\- public schools (grades 6-12) to

attend the exhibidon with a guide and to pardcipate in special pre-and

post-viewing programs.

The tremendous success of this partnership has led to an

enduring relationship between the Museum and Merrill Lynch, and

in 1996 Chairman and Chief Executive Officer David Komansky

joined the Board ot Trustees ot the Museum.

"The American Museum of Natural History has been a source of

inspiration, fiin, and knowledge

throughout my life," says Komansky.

"I'm pleased that, as a trustee of the

Museum, I'm able to support the vital

role this institution plays—not only in

the metropolitan area, but wherever

knowledge is highly valued."

THE MOVEABLE MUSEUM
In July 1 997, Merrill Lynch made a

$1 million, three-year gift targeted to the Museum's educational

outreach programs. As part of the gift, Merrill Lynch

purchased and outfitted a new "Moveable Museum," a

recreational vehicle converted into a mobile

exhibition space. The Moveable Museum now
travels to schools, community centers, parks,

street fairs and other neighborhood

organizations throughout the five boroughs of

New York Cit>'.

The Merrill Lvnch vehicle features an

exhibition called "Structures and Culture,"

which invites visitors to explore the

traditional homes of nomadic people in

Africa, Asia, the Middle East and North

America and to discover what architecture

and artitacts tell us about each culture.

"With our new 'Structures and

Culture' Moveable Museum, we can

bring thousands ot school kids on a

virtual, round-the-world expedition of

cultural discovery," says Jeff Rodgers,

Director of the Moveable Museum
Program. "Merrill Lynch helped us

create a new wa\' tor kids to learn about

their world without ever leaving their

neighborhood."

"I'm especially proud that Merrill Lynch

will be honored for helping the Museum

fulfill its growing mission. The truth is,

it's very easy to support an institution that

appeals to all people and is characterized by

excellence at every turn."

David Komansky

hi iIk Merrill Lynch Moveable Museum, ayoung visitor leaves New York Cityfor

a moment and explores Montana, home ofthe Black Feet Indians.

MUSEUM EDUCATION AND
EMPLOYMENT PROGRAM

In addition to supporting exhibitions both within and beyond the

Museum's walls, Merrill Lynch allocated a portion of its three-year

grant to the Museum Education and Employment Program (meep),

to demonstrate its support of the Museum's "human" resources. The

MEEP program offers meaningfijl work

experience to 60 young adults in New
York Cit}'. These students complete a

rigorous training program that

prepares them to ser\'e for sLx weeks as

Museum guides, thereby enriching the

Museum experience for the thousands

of children who visit it each summer.

As Rosa Almonte, meep Program

Supervisor, described so well, "This

year's program was so rich. Not only did I learn earth science in the

Hall of Planet Earth, but I also

learned about myselfby interacting

with such a diverse group of

people."

THE PARTNERSHIP

In 2000, the American Museum
of Natural History will honor

David Komansky and Merrill

Lynch for their generous support

of the institution and of science

and education in general. "David

Komansky and Merrill Lynch

have been generous both with the

Museum and the entire New York

City communit)'. David is a During the summer: .\ r . r-un

valued trustee and member of the supervisors Rosa Almonte and M.mo

business communin' and we look ^""'^^f"'" '"'"?"'' ''•ff'''''"
.

_ . . 11.1. 1 African objects on the touch cart in
forward to acknowledgmg his and

if,e Hail ofAfrican Peoples.

Merrill Lynch's tremendous

support and vision as we enter the new millenniLmi,"' says Ellen V.

Putter, President of the American Museum ofNatural History.

For information on the many programs that the American

Museum of Natural Histor}' offers, please call 212-769-5100.
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On leave from Pacific Lutheran University in Tacoma, Washington, where he teaches

English literature and nature writing, Charles Bergman ("Collared Greens"), left, is

currently spending a year as a Fulbright scholar in Mexico. While there, he has been

taking the opportunity to learn more about Mexican and Central American wildhfe and

conservation issues. Bergman is the author ot Orion's Legacy: A Cidtmal History ofMan as

Hunter (Penguin, 1997). He wrote about the Iberian lynx for the October 1998 issue of

Natural History. Photographer Steve Winter has traveled the world on diverse projects

involving ice cHmbing, river rafting, Haitian culture and music, oil pollution in the

Galapagos, medicinal rainforest plants, nesting ridley sea turtles, and Guatemala's resplendent quetzal—as well as the

great green macaw. His work has appeared in many pubUcations, including National Geographic, Time, and Neivsiveek.

"I've always been fascinated by how evolution produced compUcated things Uke the heart

and the brain," says freelance journahst Carl Zimmer ("The Hidden Unity of Hearts"),

"and now scientists are coming up with good evidence for how it happened." Zimmer put

his interest in evolution to good use in his last book, At the Water's Edge (Touchstone,

1999), which describes recent research on two of the most significant transitions in the

history of life: from fish to four-legged land vertebrate and then, back to the water, from

land mammal to whale. This September, Simon & Schuster wiU pubHsh Zimmer's next

book. Parasite Rex, a close look at tapeworms, flukes, and other long-underestimated

parasitic organisms that just may turn out to be "the dominant force in the evolution of

life." Zimmer also writes a monthly column on biomechanics for Natural History.

Scott Mori ("Bats, Bees, and Brazil Nut Trees") is a curator at the New York Botanical Garden

(NYBG) and director of its Institute of Systematic Botany. A native of Wisconsin, he has taught

botany and zoology, managed herbaria in Panama and Brazil, and pursued the study of tropical

plants in Mexico, Costa Rica, and Panama and throughout South America. He is shown with a

"monkey's bailing cup," left, one of the extraordinary fruit casings produced by plants in the

Brazil nut family. To illustrate the article, Mori chose

Michael Rothman, renowned for his attention to scientific

accuracy as well as his superb draftsmanship. Rothman
accompanied Mori to French Guiana, sketching and

photographing plants on the ground and in the canopy. Five

years ago, he joined NYBG botanists on a field trip to the BraziUan Amazon.

Rothman 's drawings often grace the Neu' York Times's science section, and his many
children's books include Jaguar in the Rain Forest (Wilham Morrow, 1996) and Here

Is the Tropical Rain Forest (Hyperion, 1997).

Marguerite Holloway ("Cutdefish Say It With Skin") is a New York City-based

freelance journahst speciahzing in environmental and science reporting. She has

written for many publications, including Scientific American (where she is a

contributing editor), Discover, Audubon, Wired, and the Nation. Her last piece for

Natural History was "The Parado.xical Legacy of Franz Boas" (November 1997).

HoUoway developed an inordinate fondness for cuttlefish during a fellowship several

summers ago at the Marine Biological Laboratory in Woods Hole, Massachusetts, and

has been obsessed with them ever since.

Steve Bentsen ("Going Online") hves in McAUen, Texas, on the Mexican border,

and splits his time between two professions: veterinary medicine and freelance

photography. An avid birder and outdoorsman, he has published photographs in

Birder's World, Living Bird, Outdoor Life, Smithsonian, and Field & Stream. He
photographed the buff-bellied hummingbird after receiving a call from the local

media about the unusual nest.
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iiangroves,

unerican crocodile.
Oi

By Robert H. Mohlenbrock

1

:^t\\.

n the west coast of Mexico

near tlie town of San Bias is a

limestone spring called La

Tobara (or La Tovara), part of an

in\'iting system of lagoons, canals, and

navigable tidelands. These wetlands are

about a ninety-minute drive from

5 Tepic, the state capital of Nayarit, but 1

§ traveled there from the coastal town of

" Puerto Vallarta, Jalisco, where I was

staying. Heading nortii on Mexico's

I lighway 200, I soon crossed from the

C Central into the Mountain time zone.

The route followed the coastal plain

—

past crops of avocado, mango, papaya,

teak, and pineapple—and then

meandered up and down the low

tbothills of the Sierra Madre. As I

continued along the coast on Route

161, a mangrove swamp lay to my lett,

on the ocean side of the road, while to

the right were agricultural crops,

including peanuts and jackfruit.

Just north of the village of Santa

C3ruz, I stopped to investigate a small

stream flowing toward the ocean.

What caught my eye was a tree that

looked very much like the black

willow that grows in the temperate

eastern half of the United States. It

turned out to be a yew-leaf willow,

which ranges from western Texas and

southern Arizona all the way south to

Guatemala. Near the stream I noted

buttonbush, golden glow, and bushy

broom sedge—all familiar plants that 1

hadn't expected to find in Mexico.

Eventually, just three miles south ot

San Bias, I reached La Aguada boat

docks, the starting point for my trip

through the wedands (a second boat

landing. El Conchal, is at the edge of

town). Boarding a motorized canoe

called a piiiign, which carried seven

other passengers and our guide, I set

out on one of the most captivating

nature excursions I have ever taken.

A member of the custard-apple family,

anonillo grows in a mangrove swamp.

The branches are draped with bromeliads,

while Crinum lilies nestle in the roots.

After leaving the dock, we glided

slowly and quiedy along a narrow canal

that had been cut through an otherwise

impenetrable jungle of red, white, and

black nuingroves, with overhanging

branches and intricate tangles of cur\'ed

prop roots. About ninety species of

mangrove exist worldwide. They grow

primarily in tropical climates between

25° north latitude and 25° south

latitude, in salty or brackish water

—

near the ocean, in marshes, and at the

nuHiths of rivers. The root cell

membranes of the red mangrove are

specialized to reduce the intake of salt

from the water, and the thick, leathery

leaves of the black and white

mangroves are adapted to excrete salt

compounds. Red mangrove roots

provide protecrion for young fish,

invertebrates, reptiles, mammals, and

birds, while the underlying peat

formed from root matter traps soil and

silt and filters runotf and pollution.

As we made our way along the

canal, we saw several American

crocodiles sheltering within the

mangrove roots, as well as a modest-

sized green iguana lying on a \o\\-

hanging branch. Although they teed

primarily on fruits and lea\'es, iguanas

in this part of Mexico may grow

nearly sLx feet long; their heaw tails

can deliver a good wallop, and their

strong jaws can inflict a deep bite.

Our guide was especially

knowledgeable about the bird life and

was able to show us three boat-billed

herons—magnificent tropical birds

with broad bills. This kind of heron

uses its sensitive bill to detect edible

food in the water (mainly fish and

shrimp), which it can then quickly

engulf We were treated as well to the

sight of a common potoo, whose

coloration blended perfecdy \\'ith the

lichen-striated mangrove branch on

which it sat. A distant relative of the

whippoorwill, the potoo feeds mainly

at night, opening its short, cun'ed bill

very wide to sweep up fl\'ing insects.

We also saw a citreoHne trogon, a
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gorgeous bird with a predominantly

yellow underside.

Passing out of the mangrove

swamp, we entered a deep marsh.

Large wading and diving birds seemed

to be everywhere: great white egrets,

great blue herons, green herons,

tricolored herons, roseate spoonbills,

anhingas, cormorants, and jacanas. Just

as we were leaving the deep marsh, we

startled a bare-throated tiger heron,

which flew away from our paiiga,

while a chachalaca (a pheasant-sized

bird whose name reflects its call) went

scurrying offamong the trees. We
followed the canal into another

wooded area, this one with swamp

forest trees instead of mangroves. Our

HABITATS

journey ended at a beautiful lagoon

fed by La Tobara spring. Here visitors

may leave their pangas for a guided

tour around a crocodile breeding farm

that was created to help preserve these

endangered creatures.

Robert H. Mohlenhrock, 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 in the United

States, caU (800) 44-MEXICO
Or write:

Tourist Office

CityHaU

Main Plaza

San Bias, Nayarit

C.P 639426

Mexico

Mangrove swamp has abundant red

mangrove and lesser numbers of black

mangrove and white mangrove. Other

common trees are mahoe, whose large

yellow flowers turn red as they mature,

and the pahn Sabal mexicana.

Bromehads, including at least three"

kinds of Tillandsia, bedeck many trees.

In the understory is the giant leather

fern, the same species that grows in

brackish waters in peninsular Florida,

and a huge Crinum Hly with strap-

shaped leaves up to six feet long and

clusters of foot-long white flowers.

Deep marsh is dominated by false

cane, a grass that grows as taU as twelve

feet and has large terininal clusters of

spikelets, and flag plant, which reaches

ten feet and has large, cannalike leaves

and rather small lavender flowers

borne on slender, zigzagging stems.

Narrow-leaf cattail, with stout stems

up to ten feet tall, is also coiTimon.

Somewhat shorter plants include

Johnson grass, the same species that is

a troublesome weed in the United

States; a five-foot-taU deciduous fern

(Tlielypteris interrupta) related to the

lady fern of the eastern United States;

and a broad-leaved arrowhead that

appears to be the same species

common in southern U.S. wetlands.

Smaller herbs are marsh pennywort

and camphor weed (both also

common in U.S. wetlands). Other

plants are false nettle, a pink Saint-

John's-wort, and two species of white-

flowered smartweeds. Morning glory

vines and chmbing hempweed

scramble over much of the vegetation.

Wooded swamp trees usually have

either thick, leathery, toothless leaves or |

leaves divided into numerous leaflets. In

the first group is Persea podadenia

(similar to and related to the red bay of

the southeastern United States) and a

tropical species called Pisonia aculeata. In

the second group are a species of

mimosa and a cats-claw, members of

the legume family. Here also are the

pakn Acrocoinia mexicana and several

large species ofwild fig. Wild orchids

and bromeliads find homes in the

crotches of many trees. Visitors should

beware of poison ivy, the same species

found in the United States.

Spring-fed lagoon plants include

watercress, a species that inhabits

spring-fed swamps in many parts of

the world. Overhanging the lagoon are

several handsome specimens of

Cecropia peltata, a tree whose large

lobed leaves have a whitish underside.
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Everybody Into the Pool
Wood frogs mate and their eggs and tadpoles mature en masse.

IN THE FIELD By Bernd Heinrich

A male wood frog, atop a female, will hold fast until his

mate sheds her eggs, even if it means taking a ride.

In the Maine woods, winter lasts well

into April, but toward the middle of

the month I begin to watch some

dozen roadside ditches and small pools

in anticipation of a rite of spring.

Snowstorms still come and go. On
some nights, ice covers pools and

ponds. But whenever I'm outdoors, I

watch and Hsten. Then, from one day

to the next, the whole surface of a

newly ice-free pool wiU sprout wood
frogs. Spaced almost evenly a foot or

so from one another, dozens upon

dozens of the three-inch-long frogs

float with their legs extended, hind

legs buoyed apart, and snouts above

water. If I had failed to see the frogs, I

would have heard them. Calling, they

pump their cheeks in and out, Dizzy

Gillespie—Hke. But on the pool there

are no solos. When one frog calls, the

others immediately join it in a concert

of quacks and croaks.

As I creep toward the pool for a

closer look, all the callers fall silent.

Many remain motionless on the

waters surface. One step closer, and

they submerge with kicking strokes,

dive the foot or two to the bottom.

and hide under last

year's fallen leaves. But

I've found I can conjure

them up again, simply

by playing back their

calls with a tape

recorder. Thus

summoned, they wiU

cautiously resurface,

approach the sound,

and resume their

concert.

The wood frog, Rana

sylmtica, is well named,

being adapted to Hfe in

a sylvan, or woodland, setting. In

summer, one seldom sees these tan

frogs with the black eye stripes, and I

consider it a rare treat to encounter

one in the woods near my cabin. For

the six months of winter, they are

totally under cover, having burrowed

under fallen leaves or loose soil. In a

physiological feat, wood frogs survive

subfreezing temperatures by

manufacturing a glucose that protects

their cells (which shrink in winter)

from being penetrated by ice, while

the fluid outside the cells freezes.

After their spring

resurrection, they

abound in temporary

bodies of water left by

the previous fall's rains

and by melting snow.

By far the majority of

frogs I see are males.

They have lost the tan

tones ofsummer and

taken on a rich chocolate

brown to almost black

color, save for a deUcate

touch of yellow on the

head and a chalk white

belly. Occasionally, however, I see

pinkish tan, sHghtly larger individuals.

These are the females. I seldom see

more than six or so females at any one

pool, but that does not mean they are

not there. They come to the water

mostly under cover of darkness, when

they can be seen crossing roads and

heading directly toward song-filled

pools of waiting males.

Once at a pool, a female is not to

be found sprawUng at the surface Hke

the males. If she is at the surface, the

female will be engulfed in a bobbing

ball of up to twelve males, aU

jockeying for position and pushing in a

frenzied contest to claim her as a mate.

A male takes possession by perching

on the female's back and clasping his

powerful front legs around her neck.

Once this headlock—the scientific

term is amplexus—has been achieved,

the two can be disentangled only by

force. (A woman once brought a thus

engaged wood frog couple to me,

thinking it was a two-headed frog.)

The female, with male attached,

sometimes dives to the bottom of the

pool. The male will hold on until she

"Explosive" breeders, wood frogs congregate in large

numbers to mate in temporary pools.



sheds her cluster of eggs. In captnity, I

U)und, he will cling for several days. In

the pool, he holds fast for a day or less;

the female lays her eggs on the evening

of their coupling. With the male

appended, she swims lo a spawnnig

site near submerged vegetation and

extrudes black, gelatin-coated eggs in a

mass that is pardally exposed at the

waters surface. The male fertilizes the

eggs, and the pair decouple. Each

female deposits about a thousand

eggs— I counted 1,025 in one egg

mass. The gelatin encasing each egg is

highly hygroscopic and thus c]uickly

Black, gelatin-coated eggs form masses that swell to

baseball size in the water.

absorbs water. Within hours, the egg

cluster sweOs from walnut size to

baseball size.

Wood frogs are aptly known as

"explosive" breeders. After just the

first night of the mating org);

hundreds of egg clusters float in a

supercluster at one end (in my
experience, usually the eastern end) of

the pool. Why would aH the females in

a particular pool put their eggs into

one big "basket"? It may lessen the

risk of predarion; alternatively or

additionally, it couki relate to the

temporary nature of the breeding

places, where timing is a matter ot life

and death to the young. I've measured

egg-mass temperature and found it to

be at least 2°C higher in communal

masses—^where the output from many

females is bunched up—than in a

single mass. This temperature

difference speeds up the hatching rate

of the eggs by a day or more. And a

clumping of thick, gelatinous masses

reduces convective heat loss as the

black eggs are warmed by the sun.

Speedy development ot the eggs

.iiid tadpoles is crucial. As a survival

strateg)' tor their offspring, wood frogs

generally avoid permanent bodies ot

water, which may contain fish,

leeches, and other predators. Suitable

temporarv' pools are colonized quickly;

one that I dug by backhoe near my
cabin attracted dozens of breeding

wood frogs (determined

by counting egg masses)

the first spring and

nearly a hundred the

second. But while eggs

and tadpoles thus escape

becoming a meal for a

predator, they must

develop into froglets by

the time the pools have

dried up in late June or

early July.

The tadpoles of some

species, such as the bull-

frog, take as long as two

years to metamorphose

into young frogs. Wood frogs take just

fort\'-five days on average to go from

egg to tadpole to froglet. This

metamorphosis is fast even when
compared with the development rate

of other amphibians that breed in

temporary pools. Also, unlike other

tadpoles I know of here in the

Northeast, wood frog tadpoles will,

Hke fish, swim around in schools. I

have seen them swimming in long

Unes and sometimes in giant circular

formations. Slow moving, they stay-

close to the water surface. At frequent

intervals one can see their silver beOies

as they twist about at the surface to

gulp air or graze on algae.

Many questions posed by the wood

fi-og's unusual, seemingly social,

behavior are not yet answered. Why
do the males go precisely to those

pools where the competition for

temales is greatest? Why do they prefer

to congregate in specific pools when

they could go to a pool with no other

wood frogs and thus avoid

competition? Why do they join the

chorus to produce even louder, and

presumably stronger, vocal lures that

attract still more males to the arena to

compete? I think one answer is that

their behavior is driven by females.

Given the ephemeral nature of the

pools, females need to deposit eggs

early and quickly. This means going to

pools where the presence of males

—

and plenr\' of them—is guaranteed.

The same aural cue that entices the

females also lures more males: the

loudest chorus will be the one that is

closest and that also has drawn the

most females. 1 am reminded of some

species of tropical fireflies in which

males also converge and "call" (flash)

synchronously to enhance a communal

mating display.

Wood frog reproduction is a boom-

and-bust atfair. Of an original clutch

of a thousand eggs, almost all may

develop into froglets and leave the

pool, or almost all may perish. In late

(une, when the pools shrink, the

bottoms sometimes turn soupy and

black with congealed masses of dead

tadpoles. As long as there is a Utde

water, the dying individuals sustain the

others, their bodies pro\dding

sustenance to their fellows. Just before

metamorphosis, the tadpoles weigh

only- a fraction of an ounce. Within

several day's, they lose much ot their

larval body weight, absorb their one-

inch tails, and sprout legs. The tiny,

freshly metamorphosed wood froglets

then leave the water for a life on land.

They usually reach at least half their

adult body weight by summer's end in

the north woods.

Benid Hciiiriili is a professor of biology at

rlie University of I ennont in Burlington.

His latest hook is Mind of the Raven

(Cliff Street Books, 1999).
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CELESTIAL EVENTS By Richard Panek

Betelgeuse

On the night of April H,
Saturn, Mars, and Jupiter

form a tight triangle.

' Aldebaran

Saturn

. Jupiter

planets—against the

seemingly immovable

backdrop of stars.

But in the broad sense,

conjunctions mark mere

cosmic coincidences, and

even then, only from the

point of view of an

observer on Earth. Once

our planet lost its position

of privilege as the center of

the cosmos, that point of

view lost its relevance,

except where it might

prove useful for science.

Studies of the motions of

Venus as it neared inferior

and superior conjunctions

—

passing on our side and on

the far side of the Sun

—

helped validate the

hehocentric model of the

cosmos (see "Venusian

Testimony," Natural History,

6/99). Observations of

The Astrology Connection
Celestial events are alw^ays significant—or are they?

When celestial conjunctions

occur, they often belong to

the close-but-no-cigar

school of sky watching. Technically, a

conjunction describes a precise

alignment of heavenly bodies that

happen to have the same celestial

longitude—that is, they appear to line

up in the sky, one directly above the

other. On occasion, the bodies line up

one in front qfthe other, a circumstance

that historically has lent itself to all

manner of scientific investigations. But

on an informal basis, the word

"conjunction" generically refers to the

fleeting convergence of celestial

objects, a happenstance that's

aesthetically pleasing—and

astronomically significant for that

reason alone. When a serendipitous

close gathering of celestial objects is

assigned greater significance, the

reason is likely to be astrological.

At one time, astronomy and

astrology were virtually

indistinguishable. Astronomers of old

might study the sky to help plan the

hai-vest or coordinate a calendar, but

they earned their keep primarily by

prophesying favorable heavenly portents

for the rulers who employed them.

And those portents tended to focus on

the movements of the mysterious

wanderers—the Sun, Moon, and

Mercury and Venus transiting the

Sun—passing directly in front of it,

from the point of view of an observer

on Earth—helped determine the scale

of the solar system (see "Mercury in

Transit," Natural History, 11/99). And
in 1919, a total solar eclipse (an

extreme example, being a conjunction

that's also an occultation) helped

validate Einstein's general theory of

relativity.

But what about plain old

conjunctions in the broadest sense? For

acadeinic purposes, virtually their only

astronomical significance is measured

in terms of insights they might offer

into ancient astrology. (For a riveting
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example ofhow conjunction

scholarship can open a window on

ancient cultures, see Michael R.

Mokar's 1999 book Tlie Star of

Bethlehem: Tlie Legacy of the Magi.)

This is not to say that people don't

still confuse astronomy and astrology

(or that, heaven knows, astrology isn't

still popular). In fact, I can personally

attest to having been asked many

times about my writing on

"astrology." And a subscription

mailing referring to this magazine's

coverage of "astrology" was sent out

for years before an alert reader fmaUy

noticed it. (A similar fate sometimes

befalls cosmology. A recent press

release for a book by physicist

Lawrence M. Krauss highlighted his

research into dark matter as "one of

the great paradoxes of modern

cosmetology"—indeed, as a problem

"now connected with two of the

hottest areas in recent cosmetology."

In this case, however, cosmology and

cosmetology don't bear any historical

relation to each other, except that

both vocations can get a little hairy.)

Even when popular interest in a

planetary conjunction isn't purely

astrological, it can still be the result of

mere superstition. This year, a

gathering of planets on May 5 has

generated a great deal of apocalyptic

speculation on the Internet, specifically

about whether the combined

gravitational pull of Mercury, Venus,

Mars, Jupiter, and Saturn on the far

side of the Sun will be enough to

knock Earth off its axis. (It won't.) To

viewers on Earth, alas, that particular

spectacular aHgnment will be lost in the

glare of the Sun.

This month, however, offers a rare

and equally notable conjunction that

will be fully visible. On April 1 1 ,
just

after sunset, Saturn, Mars, and Jupiter

will form an equilateral triangle within

an area of the western sky about half

the size ofyour fist at arm's length.

Jupiter will be the brightest of the trio

and Mars the dimmest, although easily

identifiable by its reddish hue. Should

the sky be cloudy on April 11, don't

despair; over the following five nights,

the three planets will still appear

unusually close together—closer than

at any time since 1921. In addition,

they'll be joined by a crescent Moon
for a few nights starting April 6.

The only possible meaning offered

by such a conjunction would be

astrological. Nonetheless, this

aesthetically auspicious occasion, like

all celestial events, will indeed be an

important one for professional

astronomers. And you'U even be able

to observe it just as they will. Simply

foUow these directions: go outside and

look up.

Richard Panek is the author ofSeeing and

BeHeving: How the Telescope Opened

Our Eyes and Minds to the Heavens

(Penguin, 1999).
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THE SKY IN APRIL By Joe Rao

Mercury and Venus .uv .ill but

invisibli.- chis luoiith because of their

close proximity to the Sun. Butli

planets are deeply immersed in tiie

bright morning t\vilight and rise less

than an hour before the Sun. A very

slender crescent Moon passes south of

the planets on the mornings of April 2

and 3 but will probably be of litde

help in guiding you to them. These

two planets pass within half a degree of

each other on April 28. This would

make for a splendid sight were it not

for the fact that on this date, they are

too close to the Sun to be visible.

Mars, Jupiter, and Saturn put on a

spectacular show during the first half of

April, when they are readily seen in the

western sky for at least a couple of

hours after sunset. During the first

week of the month, we'll see a rather

dim Mars (magnitude 1.4) and a

brilliant Jupiter (magnitude -2)

crowding close together in the fading

evening twilight, with Saturn

(magnitude 0.3) sitting just above

them. (On the evening of April 6, the

crescent Moon joins this planetary trio,

sitting below and just to the left of

Saturn.)

During the second week of April,

the configuration of the three planets

changes noticeably from night to

night. On the evening ot April 1 1 they

form a beautiful triangle, and on the

evening of April 14 they are the closest

they'O be to one another for quite a

while, fitting into an imaginary circle

ofjust under 5° in diameter. Not until

May 2002 will we easily be able to see

three planets so close together again.

After Mars passes Saturn on April 16,

it cjuickly leaves both Jupiter and

Saturn behind to be swallowed up by

the bright evening twilight.

The Moon is at new phase on April 4

at 2: 12 l'..M. It reaches first quarter on

April 1 1 at 9:30 A.M. Full Moon is on

April IS at 1:41 KM., and last quarter is

on April 26 at 3:30 P.M.

Daylight saving time begins on

April 2, the first Sunday of the

month. Don't forget to set your

clocks forward one hour before

turning in for the night. Remember,

the mnemonic is "Spring forward, fall

back." (A note of caution: Hawaii,

Arizona, most of Indiana, Puerto

Rico, and the Virgin Islands remain

on standard time.)

Time is not officially counted

between 2:00 A.M. and 3:00 A.M. on

April 2. Unfortunately, you'll lose an

hour of sleep (it's "hour" loss!).

Unless otheni'isc noted, all times are given

in Eastern Daylight Time.
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By
the 1890s, with the eastern

forests of the United States

ravaged by extensive logging,

the tree-dwelling gray squir-

rel was in trouble. Hoping to find new

homes for the animals, well-meaning

souls began exporting them to England,

where they were welcomed as novelties

and pets. Since then, gray squirrels have

gone forth and multiplied.

Unfortunately, their advance has

caused the decline of Britain's native

red squirrels, all but ehminating them

in the south ofEngland. Biologists long

assumed that the grays (Sciurus caroliiien-

sis) simply outcompeted the reds (S.

vulgaris) for food and nesting sites. But

recent findings by veterinarian Tony

Sainsbury, of the Zoological Society of

London, and several colleagues suggest

that the takeover has been abetted by a

powerful ally: a pathogen known as a

parapoxvirus. Sainsbury points out that

reports of dead red squirrels with skin

lesions characteristic of a viral intection

date back to the early 1930s and that

the pathogen itselfwas identified in the

late 1970s. Yet, until recently, no one

cormected the mammal's decline with

an infection.

Now, along with Peter Nettleton

and Janice Gilray, ot the Moredun Re-

search Institute in Edinburgh, Scodand,

and John GurneU, of the University of

London, Sainsbury has tested blood

taken from red squirrel carcasses all over

the United Kingdom and found that

very few of the animals had para-

poxvirus antibodies. The researchers

hypothesize that the red squirrels died

because they could not develop resis-

tance to the virus. (Antibodies indicate

past exposure to a pathogen or toxin as

well as the ability to develop immunity

to it.) By contrast, a high proportion of

the gray squirrels tested did have anti-

bodies to the virus, indicating that they

had been exposed to it and survived.

These scientists do not yet know
whether the grays carried the parapox

infection with them to Britain or

\vhether they merely serve as a "reser-

voir" for a local pathogen, enabHng it

to persist in greater concentrations than

it otherwise could. In either case, the

plight of the red squirrel highlights

what parasitologist Peter Daszak, of the

University of Georgia, calls "the role of

disease as a hidden mediator of ecolog-

ical change"—a subject that is drawing

particular attention now with the

('.a/^^:^

because, says Daszak, "wildhfe disease

has always taken second place to veteri-

nary work on domestic animals." Until

recently, he adds, even field ecologists

paid little attention to dead animals as

they went about their studies of plant

and animal interactions. With Httle data

to go on, they could only debate

whether parasites and pathogens have a

/ -^^r-'
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Situation By Yvonne Baskin

Emerging pathogens pose a threat to wildHfe.

emergence of new wildHfe infections,

including deadly fungal diseases in frogs

on three continents, canine distemper

in African wild dogs and Hons, and a

strain ofWest Nile encephahtis recently

identified as a killer of both birds and

humans in the New York City area.

The idea that such diseases pose a

significant threat to global biodiversity

has been slow to dawn on biologists

significant impact on wildlife popula-

tions or whether they simply kill the

weak and unfit. Although computer

models and lab studies have demon-

strated that disease can regulate wild

animal populations, it was not until

1998 that some field experiments with

game birds confirmed these findings.

Most red grouse populations on the

moors of northern England go through



boom-aiKi-bust cycles every tour to

eight years, ami the popLilation craslics

were known to coincide with liii^lier

rates of infection of the birds by 7n'-

(/i()j(rt)H(jy/i« tenuis, a parasitic worm. To

prove cause and etTect, however, re-

searchers Peter Hudson, of the Univer-

sity of Stirling, and Dave Newborn, of

tlie C'l.une Conservancy Trust in North

Yorkshire, teamed up with Andy Dob-

son, of Princeton University. Working

with gamekeepers, they caught and

treated thousands of grouse with an

oral worm medication. The result: an

end to population crashes.

Dobson fmds the grouse results

gratifying but not surprising. After all,

more than hall" the species on Earth are

parasites, and most organisms are host

to .1 number ot them. Pathogens—and

the diseases they cause—should there-

fore play an important role in maintain-

ing genetic diversity in a population,

since some individuals prove better able

to resist than others. Pathogens may

even influence the balance of species in

a community. "If you believe predators

can be keystone species and lead to in-

creases in biodiversity and affect the

way ecosystems function, then it's ap-

pallingly naive to think that pathogens

can't do the same thing," Dobson says.

The power of pathogens is never so

apparent as when they first encounter a

vulnerable new host, and thanks to hu-

mans, that is happening more and more

often, says Peter Daszak. Diseases can

emerge when people transport wildlife

to new areas, move themselves and

their domestic animals into wildlife

habitat, or otherwise inadvertently

shuffle pathogens around (a phenome-

non Daszak and his colleagues call

"pathogen pollution").

The "spillover" of pathogens from

domestic livestock and pets to wildlife

probably dates back to early human
migrations around the globe. Indeed,

paleomammalogist Ross MacPhee, of

the American Museum of Natural

History's Department of Manmialogy,

beUeves that pathogens brought by Ice

Age hunters entering the New
World—and not stone-tipped spears or

climate change—wiped out the mam-
moths and other Pleistocene mega-

fauna. Modern history provides less

speculative examples. In the late nine-

teenth century, cattle exported from

either Italy or India to colonial Africa

set oft" an epidemic—or, rather, an epi-

zootic—of rinderpest, a disease that

swept the continent in only a few

years, killing huge numbers of wilde-

beest, bufi"alo, and other wild grazers,

as well as cattle. By the mid-1960s,

widespread cattle vaccination had

brought rinderpest under control, but

to this day, pockets of unvaccinated

catde in Somalia and elsewhere still act

as reservoirs for the pathogen and are

responsible for periodic outbreaks of

this devastating disease.

Rinderpest is caused by a morbil-

livirus; other viruses in this group

cause distemper and measles. Morbil-

liviruses are notorious for their ability

to exploit new species. The burgeon-

ing population of domestic dogs

around Tanzania's Serengeti National

Park is blamed for outbreaks of canine

distemper virus, which apparently

wiped out the last of the park's dwin-

dling number of wild dogs in 1991 and

killed more than a third of its Uons in

1994. Die-ofFs of seals in both Siberia

and Antarctica have been hnked to

contact with distemper-infected sled

dogs. And measles contracted from un-

vaccinated humans now threatens

mountain gorillas in the forests of cen-

tral Africa.

In some quarters, the recognition

that wild animals are threatened by

emergent diseases has raised fears that

wildhfe infections will "spill back" to

domestic stock and humans. But as

Princeton's Andy Dobson points out,

such pubhc anxiet)' is often unwar-

ranted, because populations ofwild an-

imals are often too small and scattered

to sustain a pathogen. Rinderpest, for

example, disappeared naturally from

wdldlife when domestic catde were vac-

cinated. StiU, badgers in Great Britain

have been killed because some beUe\'e

them to be responsible for the rising in-

cidence of tuberculosis in catde. And

bison wandering out of Yellowstone

National Park have been shot because

they may carry brucellosis, a disease of

catde. In both cases, there is Utde e\d-

dence to support such measures.

Human modification of the envi-

ronment also encourages the emer-

gence of infectious diseases in wild an-

imals. With U.S. wedands shrinking,

migraton,' birds are crow-ding into re-

maining sites, causing an upsurge in

a\dan cholera and botuhsm. Tiger sala-

manders in Arizona, now confined

(because of wetland drainage) to man-

made watering holes for cattle, and

I
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common frogs packed into garden

ponds in the United Kingdom have

been hit hard by outbreaks of emerg-

ing iridovirus diseases.

Even such seemingly benign activi-

ties as the feeding ofbackyard birds can

bring about unhealthy crowding and

comminghng of species. In the United

States, these conditions have been

blamed for the spread of an eye disease,

cephalopathy, better known as mad cow

disease. And the common zoo practice

of housing African and Asian elephants

together has apparently allowed a her-

pesvirus carried by African elephants to

infect and kill at least eight juvenile

Asian elephants in the United States. In

African elephants, the infection seems

to cause only skin or genital warts.

When animals are released from

port or displacement of wild animals.

In the process, the animals are exposed

to new diseases, and the pathogens they

already carry are introduced into new
environments. Whirling disease—

a

bone-deforming parasitic infection

devastating prized wild-trout fisheries

in Colorado, Montana, and other west-

ern states—has been hnked to hatchery

fish imported from Europe in the

Contact between species that do not normally share an environment can foster disease. In zoos, Asian elephants (such as the one

at right) have succumbed to a herpesvirus that is only a minor problem for the African species.

mycoplasmal conjunctivitis, through-

out eastern house finch populations.

Holding wild animals in captivity,

where they are hkely to eat unusual

foods and share space with other spe-

cies they would never encounter natu-

rally, can also foster disease. In Europe,

for instance, at least fifty-eight zoo ani-

mals (ofseventeen different species), in-

cluding cheetahs, kudu, and an Arabian

oryx, died after eating feed contami-

nated with the infectious protein

known to cause bovine spongiform en-

captivity, either officially in reintroduc-

tion programs or unofficially (and often

illegally) as "repatriated" pets, they may
carry diseases into previously unex-

posed wild populations. An upper res-

piratory tract infection that was first

identified in captive tortoises showed

up in desert tortoises in the Mojave in

1989. The result was the first disease-

induced hsting of a species under the

Endangered Species Act.

Hunting, agriculture, aquaculture,

and the pet trade all involve the trans-

1950s. In turn, North American cray-

fish introduced into Europe carried

with them a fungal plague that now
threatens related native species.

International trade in produce, raw

logs, plants, soil, and livestock, as well

as the handhng of ballast water and

landfill, are spreading novel pathogens

to remote parts of the globe. River

runoff carrying mud and silt that was

washed away by flooding or eroded

during land-clearing activities has al-

lowed the terrestrial soil fungus As-



I'ci\;illus >yiloii'ii to iiitci.t ,i new Ljroup ot

hosts, the C '.inbbc.in sc.i t.ins, leaving

thciii witli n.isty lesions and weakened

inmiLine systems.

In many cases of emerging disease,

human involvement is suspected but

dirticult to prove, A recent example, re-

ported by Dasi-ak and others in ]'>')8, is

the tiingal dise.ise chytridiomycosis,

which appears to be responsible tor

many mass trog die-otis m Australia and

the Americas and even for local extinc-

tions ot as many as eight amphibian

species in the high-elevation tropical

rainforests of Costa Rica and Australia.

"This is a very rare example of a wild-

lite disease wiping out multiple species

over large areas, in pristine habitats, and

on a global scale," Daszak says.

The culprit is a chytrid, a type of

tungus tound in streams and moist soil

worldwide but never before known to

infect vertebrates. Because of its global

distribution, Daszak suspects that this

fongus may have long been endemic in

lowland frogs, infecting them in the

cool of spring or fall and then dying

back in the heat of summer. He hy-

pothesizes that in the past few decades,

as people have begun moving higher

into the forests, this chytrid has some-

how "been introduced into montane

regions where it's cool enough all year

round to really let it cause havoc in spe-

cies that never have been exposed."

Prehminary findings by Daszak and

others show that the chytrid fungus

may be hiding out in an unusual place:

tadpoles. This fungus feeds on the pro-

tein keratin (the main constituent of

hair, nails, bonis, and snake and frog

skin), which abounds in dead matter in

the soil. The mouthparts of tadpoles

also consist of keratin, enabling the

chytrid to subsist in larval frogs.

The fungus seems to do no harm

until the tadpoles start to metamor-

phose and develop the keratin-rich skin

of the adult stage. At this point, it ap-

parently spreads trom the mouthparts

to the rest of the body, killing the

young frogs. "It seems the disease can

mine mto .111 ,ire,i, wipe out .ill the

adults, ,uul then live in the environ-

ment t)r m the larvae, which survive in

the stream for the rest of the year,"

Daszak says. "More adult frogs arrive

the next year, and the chytrid moves

onto them and kills them."

The etll'cts of such a virulent, un-

usu.il pathogen will undoubtedly ripple

throughout the ecosystem. When
rinderpest decimated grazing animals

on the AtVican savannas, vast stretches

reverted to bush and thicket, providing

habitat tbr the tsetse fly, which carries

sleeping sickness. Daszak suggests that

loss of tadpoles from tropical mountain

streams could cause an overgrowth of

the algae they teed on, a decline in

water quality, and an unpredictable dis-

ruption of the food web.

It pathogen-driven extinctions of

mountain frogs are confirmed, they

would represent a first for wild popu-

lations. But disease is already known
to have delivered the coup de grace to

one species whose few remaining in-

dividuals had been placed in a cap-

tive-breeding program: two years ago,

Daszak and colleagues confirmed "the

first definitive example of extinction

by infection" when they reported that

a protozoan parasite had killed the last

Polynesian tree snails (Partida tiirgida),

a species that was already gone firom

the wild.

Andy Dobson is quick to point out

that the threat posed by emerging

pathogens makes up only half the

story: "Just as surely as we're causing

lots of extinctions in free-living organ-

isms," he warns, "we're creating lots of

extinctions in parasitic ones." The dis-

appearance of these organisms may go

largely unlamented, indeed unnoticed,

but given the ecological power of

pathogens and parasites, their passing

will not be without etfect.

A science writer and frequent contributor to

Natural History, Yroiiue Baskiti is at

u'ork on a hook about invasive plants, ani-

mals, atid pathogens.
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Walking on Water
Also rowing, galloping, and sailing—these spiders do it all.

Story by Carl Zimmer ~ Illustrations by Sally J. Bensusen

Ahandful of animals can perform

the biomechanical miracle of

walking on water. The insects

known as water striders flit about on

the surface of streams and ponds, and

the Jesus lizard) of Central America can

rear up on its two hind legs and dash

across short stretches of water. An even

more accompHshed water walker is the

fishing spider (Dolomedes triton). Basihsk

gle gait on water, while fishing spiders

can use three different kinds of loco-

motion, switching from one to another

whenever they're so inclined. For

them, the surface of the water is like a

the basilisk lizard (sometimes known as hzards and water striders use only a sin- dance floor.

ROWING Dimples form where a

fishing spider's legs touch

the water's surface. To row across

the water (left to right), a spider uses

its middle pairs of legs, sweeping first

the third pair from front to back, then

the second pair. The dimples act like

oars, pushing the spider forward.



Fishing spiders live tliroughout the

United States, although they're particu-

larly abundant in the South. They lurk

along the edges ot ponds and streams,

and when insects drop to the water,

these spiders rush across the surface to

attack. They can also dip their legs un-

derwater and grab swininving tadpoles

and small fish.

The first order of business for ani-

iii.ils with this lifestyle is to stay on top

of the water. Fishing spiders do so by

taking advantage of surface tension.

Water molecules are more attracted to

one another than they are to molecules

in the air. This molecular pull makes

the surface ot water act like a sheet ot

rubber. When a spider sets a leg on the

water, a dimplelike depression tonus

around it, and the water pushes back up

to regain a smooth surface.

Surface tension is not a very power-

fiil force—try resting a stone on thc

water, and it will sink like, well, a

stone—but the spiders are real hght-

weights, usually weighing less than a

gram. In addition, the spiders" legs have

a waxy coating that repels water. Their

legs are also long, a helpRil attribute.

Because surface tension pushes on the

edges of objects sitting on water, long

legs—with their long edges—mean

more surface tension. (The same prin-

ciple explains why a needle will float

on water ifyou set it down carefully.)

Although surface tension can keep

fishing spiders afloat, it makes it hard

for them to go anywhere. On land they

can push their legs against sohd ground,

generating an opposing force that car-

ries them forward. Their waxy legs

can't get a purchase on the surface ot

the pond, however; the water is, in ef-

fect, too slippery to permit the spiders

to move.

But move thev do, and for the past

few years Robert Suter, a biologist at

Vassar College, has been studying just

how they do it. What he has found is

that the spiders row across the water's

surface by using the dimples their legs

make in it. When a fishing spider

moves one of its legs from front to

back, it draws that dimple back with it.

As the dimple moves, it acts Hke an oar,

pushing against the surrounding water

and creating a force that propels the

spider forward.

A fishing spider rows with the mid-

dle two of its tour pairs of legs. First it

swings back its third pair, then the sec-

ond pair, and when both pairs are ex-

tended as far back as they can go, the

spider raises them from the water and

brings them forward again. Meanwhile,

it keeps its front and rear pairs of legs

motionless, using their surface tension

to keep itself atloat while it prepares for

the next stroke. (Although no one has

carefully studied the biomechanics of

water striders, Suter says that they, too,

move by rowing. But because they have

just three pairs of legs, only their mid-

dle pair can use dimples as oars.)

There's a limit to how tast fishing

spiders can travel this way, however. To

speed up, a spider can either make

deeper dimples (giving itself bigger

oars) or push them back faster. Yet both

these strategies produce greater pres-

sure from the surrounding water, and

beyond a certain point, that pressure

overcomes surface tension and the

dimples collapse.

Thus if they need to go faster than

about a foot per second, spiders have

to shift to a second gait, which Suter

calls a gallop. They rear up, hold their

legs up almost vertically, and then slice

them down into the water, essentially

cutting through the surface. A gallop-

ing spider cannot rely on surface ten-

sion to keep afloat. Instead, when the

spider pushes its legs down and back,

the water responds with an opposing

force, pushing up and forward. The

upward force keeps the spider from

being submerged, and the forward

force propels it. (Basilisk Hzards use a

similar technique as they run on

water.) Somewhat similar to a gallop-

ing horse, the spider, having once

pushed off the water with its legs, is

completely airborne.

Galloping, which can propel tishing

spiders at three feet per second, is hard

work. Spiders probably use it only

when they need to reach top speeds to

chase fast prey or to avoid becoming

prey themselves. At less urgent times,

the spiders may rely on a third and

more efficient form ot locomotion;

saOing. When a breeze blows, fishing

spiders sometimes wave their two front

legs into the wind (smaller spiders raise

their entire bodies) and let the breeze

push them across the water like sail-

boats. Because the water is so exquis-

itely sHppery under the spider, even a

weak push can carry the creature across

a pond.

Carl Ziniiner's book Parasite Rex is forth-

coming front Siinoti and Schuster Zimmer

also wrote "Tlic Hidden Unity of Hearts"

Jor tliis month's Natural History.

To gallop, a spider (shown

here in a lateral view) raises

its legs almost vertically and

then slices them down into

the water. The water responds

with an opposing force that

propels the spider forward

and keeps it from sinking.

GALLOPING
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The First Day of the

Rest ofOur Life

Or, What I Did onJanuary 1, 2000

By Stephen Jay Gould

The comparison of the human body

with the universe—the microcosm

with the macrocosm—has provided a

standard device for exphcating both

the factuality and the meaning of na-

ture throughout most of Western his-

tory. When Leonardo da Vinci, for ex-

ample, likened our bodily heat, breath,

blood, and bones to the lavas of vol-

canic eruptions, the effusions of inte-

rior air during earthquakes, the emer-

gence of streams from underground

springs, and the rocks that build the

Earth's framework—and then inter-

preted both sequences as particular ex-

pressions of the four Greek elements of

fire, air, water, and earth—he did not

view his argument as an excursion into

poetry or metaphorical suggestion but

as his best understanding of nature's ac-

tual construction.

We now take a more cynical, or at

least a more bemused, view of such

analogistic reveries, for we recognize

that the cosmos, in all its grandness,

does not exist for us or as a mirror of

our centraUty in the scheme of univer-

sal things. We would now freely admit

that most attempts to understand such

geological or astronomical scales of size

and time in terms of comfortable regu-

larities noted in our short life spans or

puny dimensions can only represent, in

the most flattering interpretation, an

honorable "best try" within our own
mental and perceptual limits or, at

worst, yet another manifestation of the

ancient sin of pride.

As a striking example, however un-

recognized by most people who could

scarcely avoid both walking the walk

and talking the talk, the recent fuss

over our millennial transition cannot

be entirely ascribed to modern com-

mercial hype, because the taproot of

concern draws upon one of the oldest

surviving arguments about deep and

meaningful coincidence between the

human microcosm and the surround-

ing macrocosm of universal time and

space—in this case, an explicit com-

parison of human secular calendars to

the fuU sweep of the creation and sub-

sequent histoiy of Earth and life.

By this reckoning, January 1, 2000,

should have marked the termination of

I feel not the slightest

discomfort—on the

contrary, nothing but

joy—^in singing the text

ofHaydn's Creation. Its

factual inaccuracies are

quite irrelevant.

the old order and the inception of

something new and at least potentially

glorious. This momentous turning of

calendrical dials should therefore have

inspired our attention for reasons al-

most immeasurably deeper than the

simple visual attraction of changing all

four markers firom 1999 to 2000—the

"odometer rationale," if you wUl. (Of

course, the vast majority of people in

our secular and technological age have

forgotten this old, and factually dis-

carded, Christian argument for the sig-

Creation of the Animals, Flemish school, 11

nificance of millennial turnings. But

vestiges of these historical claims still

affect both our calendars and our dis-

course. Moreover, and with potentially

tragic results, these vestiges persist as



literal portents tor a few "true belie\-

ers," leading in tlie most extreme case

to the suicide of thirtv'-nine members

of tile Heavens Clate cult in 1997.)

The traditional linkage of Ininian

calendrical microcosms to universal

historical macrocosms followed an ar-

gument in five stages:

1. The original millennium, as ex-

pressed in the famous biblical proph-

recorded luiiii.ni history. How, then,

did the primary meaning of "millen-

nium" change from the duration of a

future epoch to the ticking of cur-

rent calendars?

2. The earliest Christians expected

an imminent inception of the millen-

nium, as Jesus had apparently stated in

foreseeing his quick return after bod-

ily death: "Verily I say unto you,

ecy of Revelation, chapter 20, re-

ferred to i future 1,000-year period

of bliss following the return of Jesus

and the binding of Satan, not to a

secular passage of 1,000 years in

There be some standing here, w"hich

shall not taste of death, till they see

the Son of man coining in his king-

dom" (Matt. 16:28). The failure of

this expectation unleashed an ex-

tended discussion among early Chris-

tians on the meaning of the millen-

nium and the true timing of the Sec-

ond Coming of C^hrist.

3. Opinions varied widely, but the

most popular claim rested upon several

biblical passages suggesting an equation

of God's days with a thousand human

years, as in the admonition of 2 Peter

3:8, "But, beloved, be not ignorant of

this one thing, that one day is with the

Lord as a thousand years, and a thou-

sand years as one day."

4. The link between human calen-

dars and the inception of the true mil-

lennium then rested upon an analogis-

tic argument that we, by modern
standards, would tend to regard as

fuzz^', indefinite, and metaphorical but

that seemed quite satisfactory' to many

ot our forebears (who used their

equally powerful brains in different

conceptual contexts): If God created

the Earth in six days and rested on a

seventh, and if each of God's days

equals 1 ,000 human years, then Earth's

full history must mirror God's com-

plete span of creation by enduring for

6,000 years, while God's seventh day of

rest must correspond to the forthcom-

ing, blissful millennium of 1 ,000 addi-

tional years. If, therefore, we can count

Earth's history in millennia (periods of

1,000 years representing God's days),

we will know, with precision, the end

of the current order and the time of

inception tor the true iniUennium, tor

this transition wiU occur exacdy 6,000

years after Earth's beginning.

5. This argument inspired a burst of

scholarship (culminating in the seven-

teenth century) that tried to use the

Bible and other ancient records to

construct a true chronology for uni-

versal history. In the most popular

scheme, Christ's birth follows Earth's

creation by exactly 4,000 years, and

the current order may therefore persist

for an addirional 2,000 years. Finally, if

the birth of Jesus occurred at the

B.C.—A.D. transition of our calendar,

then the end ot this secular millennium

I
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Jt

should terminate our current order

and initiate the blessed millennium (in

its original meaning) of Christ's Sec-

ond Coming. Clearly, then, we should

care about microcosmal human calen-

dars because they mark the epochs of

macrocosmal universal history and pre-

pare us for the fearfiil apocalypse fol-

lowed by a better world to come.

I have presented this influential ar-

gument of Christian history as a pro-

logue to the following segue inserted

to remind readers about the most bor-

ing of all topics for essayists, as we all

remember so well from our primary-

school years: the inevitable "what I

did on my . .
." that was assigned upon

inherent limitations ofthis general topic.

The purely factual resolution re-

quires but a sentence: I sang in a per-

formance ofJoseph Haydn's great ora-

torio The Creation, presented by the

Boston Cecilia at Jordan Hall on New
Year's Day. For my larger aim of tran-

scending boredom from the most un-

promising of aU general topics, let me
try to explain (an effort, alas, that wall

take a bit more space than the factual

assertion stated just above) why the

conjunction of this particular piece

with the millennial day strikes me as so

optimally appropriate in a general and

symboUc sense; why the privilege of

participation meant so much to me

Creation of Adam and Eve, Flemish school, 17th century

every return to school after an ex-

tended absence (with "summer vaca-

tion" and "Christmas break" as the

most common particulars). I shall now
dare to regale you with an essay in

precisely this dreaded form: "What I

Did on the Millennial Day ofJanuary

1, 2000." I can only hope and pray

that my prologue, combined with a

forthcoming explication, may build

an apparatus for overcoming the

personally (an otherwise private mat-

ter, but vouchsafed to essayists ever

since Montaigne defined this genre

more than four centuries ago as per-

sonal commentary upon generahties);

and why a topic so off the left-field

wall (to combine two common
metaphors for the bizarre)—namely, a

musical composition on a text drawn

from the same creation narrative. Gen-

esis 1, now urged by our antiscientific



opponents as .in alternative to tlic

teaching of e\olution m America's

public schools—might find a truly fit-

ting place in a magazine (.ievoted to

natural history.

Now, if I may try your patience for

just one more round of annoyingly

necessary (anti prefitory) footnotes,

let me dismiss three little niggling

How did the priniary

meaning of

"niiUemiiuni" change

from the duration ofa

flitiire epoch to the

ticking ofcurrent

calendars?

issues about dates before we come to

Haydn's magisterial creation of hght in

C major:

1. With apologies for shining the

fictual torch of modern science on the

best-laid intellectual schemes ot ances-

tral mice and men. Earth is really about

4.7 biUion years old, and life's known

fossil record extends back about 3.6

billion years, so days and millennia

scarcely qualify' as terms for a serious

discussion of factual matters related to

life's origin and history.

2. Even within the system that ex-

alted millennial transitions as God's

days and the end of the sLxth transition

as the termination of our current uni-

verse, the year 2000 really doesn't

qualify for much consideration. You

see, poor Dionysius Exiguus (Dennis

the Short), the sixth-century monk
who devised the B.C.-A.D. calendrical

system, made a Utde error in setting

Christ's birth. We have no direct testi-

mony about the historical Jesus, and

no eyewdtness account can set his time

of birth. But we do know that Herod

died in 4 B.C. (kings tended to leave

better written e\adence ot their Hves

than poor kids born in stables). Now, if
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Herod and Jesus overlapped—and

some of the most rousing biblical sto-

ries (the Slaughter of the Innocents;

the return of the Magi to their own
country, rather than their making a de-

tour to Jerusalem and presenting their

promised report to Herod) must be

discounted if they did not—then Jesus,

despite the oxymoronic nature of the

claim, must have been born in 4 B.C.

or earlier. Thus, by the millennial

chronology, the current order should

actually have ended a few years ago

—

and it didn't.

3. Even ifwe had never heard about

this inconvenient issue ofJesus' birth or

just wish to maintain a pohte fiction

about his appearance right at the

B.C.—A.D.junction, we have stiU erred in

concentrating our millennial fears on

the 1999-2000 transition. Again, we
must recognize Dionysius Exiguus as

the culprit, although we cannot cast

much blame this time. No zero existed

in Western mathematics when Diony-

sius performed his calendrical duties, so

he began A.D. time on January 1 of the

year one—and our calendar never ex-

perienced a year zero. Now, if you be-

lieve that the blessed millennium of

Jesus' Second Coming will begin ex-

actly 2,000 years after the inception of

A.D. time, then you still have another

year to wait, for the completion of

2,000 years since Jesus' birth occurs at

the 2000-2001 transition, not on the

fearful day that has recendy passed.

As most folks know by now, this

same issue underhes the great, unre-

solvable, and basically silly debate

about whether the new millennium

starts at the beginning of 2000 or of

2001. I won't rehearse this particularly

well beaten and very dead horse, al-

though you may all consult my now
remaindered book Questioning the Mil-

lennium if the subject still holds any in-

terest for you. I will only observe, and

then promise never to raise the subject

again, that this debate expresses noth-

ing new but has erupted at the end of

every century (admittedly with greater

intensity this time because our turning

encompassed a millennium as well and

also happened to unfold in an age of

media overkill about everything). I

merely append a figure (see below) of a

French pamphlet published in 1699

and entitled "Dissertation on the Be-

ginning of the Next Century and the

Solution to the Problem, To know
which one of the two years 1700 or

DISSERTATION
SUR LE COMMENCEMENT

,

D U

SIECLE PROCHAIN*

LA SOLUTION DUPROBLEME,

Sgavoir laquelle des deux annees lyoo

ou 1701 eft la premiere da Siecle.
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; Be rimprimerie de Jean Moreau,
t,

rue Galande , pr^s le coin de la rue

m' S. Julien le Pauvre.

.

M.
AFEC

DC. XCIX
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A French pamphlet on the turn-of-the-

century problem

1701 is the first of the Century." As

our Gallic cousins like to say, "Plus ga

change, plus c'est la mime chose" ("The

more things change, the more they stay

the same").

Haydn's text faithfully follows the

six-day sequence of creation in Genesis

1—the basis (by the traditional argu-

ment outlined above) for regarding the

day of our singing as the end of history

and the inception of a new order.

(Haydn wrote The Creation in German

but based it on a translated English

text, taken mostly from Genesis and

from some paraphrases of Milton's Par-

adise Lost. Haydn published the text in

both English and German, apparently



intending his piece for perforin.iiicc in

either language.)

One can easily fornuilate the obvi-

ous and legitimate rationales: "Such

great music, but . .

." and "You can't

blame Haydn in 1798 for not antici-

pating what Darwin would publish in

I.S5')." Hut shouldn't a paleontologist

and evolutionary biologist, sitting on-

stage in the chorus, become at least a

bit uncomfortable when the angel

Kaphael, recounting the origin of land

animals on the sixth day, explicitly pro-

claims their sudden creation "in per-

fect forms, and flilly grown"?

1 don't deny that participation in

some great music can raise difficult is-

sues and cause considerable emotional

distress, particularly the strongly anti-

Semitic choral passages (representing

the Jewish crowci taunting Jesus or de-

manding his death) in
J. S. Bach's sub-

Ume St. Matthew and St. John Passions,

perhaps the greatest choral works ever

written (the power and quality of the

music only enhances the discomfort) . I

''But, beloved, be not

ignorant of this one

thing, that one day is

with the Lord as a

thousand years, and a

thousand years is as one

day."—2 Peter 3:8

find the "blood guilt" passage from the

St. Matthew Passion especially disturb-

ing because I know that these very

words served for centuries as a primary

argument—often with explicitly

deadly consequences for my people

—

for labeling Jews as the killers of

Christ. For my own, personal resolu-

tion, I decided long ago that whenever

we sang this work, I would at least

mention, during our tirst rehearsal, the

historical context of this text, based on

the statement of the Jewish crowd after
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Pilate finds no guilt in Jesus and liter-

ally washes his hands of the affair:

"Sein Bliit koinine iiber nns imd iinsere

Kinder" ("Let his blood then be upon

us and upon our children").

I do, by the way, accept the differ-

ent historical context of Bach's time. I

feel no enmity toward this great man,

who may never have known a Jew and

who probably never considered the

issue as he simply set the Hteral text of

Matthew. Nor would I ever consider

changing the text for any modern per-

formance, lest an understandable deed

for a particular purpose establish a

precedent and open a floodgate for

wholesale revision ofany great work to

suit the whims of fashion. But I do

think that the issue should never be

avoided and should always be expHcitly

discussed in preconcert lectures or pro-

gram notes.

But 1 feel not the sHghtest tinge of

discomfort—and, quite to the con-

trary, experience nothing but joy—in

singing the text of Haydn's Creation. In

explaining these different reactions, I

must begin by saying that 1 don't use

factual accuracy as a major criterion

forjudging a musical Ubretto any more

than I would look for aesthetic beauty

(according to my personal sensibilities)

or moral rectitude in assessing the va-

lidity of a scientific conclusion. (Much

of nature's factuahty strikes us as both

messy and unpleasant but no less fasci-

nating thereby.) I recoil fi'om the anti-

Semitic Passion texts because they ex-

press the worst aspects of our common
nature and because these words have

wreaked actual death and havoc. Simi-

larly, I embrace Haydn's Creation text

for its moral and aesthetic qualities,

while regarding its factual inaccuracies

as quite irrelevant and beside the point.

After all, we read the Bible as a

source ofmoral debate and instruction,

not as a treatise in natural history.

Moreover, even if Haydn had decided

10 express the science of his day, he

would not have written a libretto

.'fviat evolution. As for creation in six

days, Haydn, as a devout Catholic,

surely never conceived the text as a set

of statements about twenty-four-hour

periods, for no UteraHst tradition ex-

isted within the doctrines of his

church, and such interpretations had

never gained currency after Saint Au-

gustine's denials more than a thousand

years earlier. (Our currently active

scourge of fimdamentalism, or bibHcal

literalism, arose later and from different

traditions.) The basic analogy of God's

days to human millennia, while still

ungenerous by the standards of geolog-

ical time, surely illustrates a Catholic

consensus for reading "days" of cre-

ation as sequential intervals, not as

equal and predetermined tickings of

God's stopwatch.

AH cultures generate creation

myths, and such stories enter the

drama ofhuman hfe in a role far differ-

ent from the part we assign to the fas-

Haydn does not entirely

neglect the subject (so

prominent in Genesis 2)

ofthe dangers of

knowing too much. But

he certainly reduces the

point to a bare reminder.

cination and utOity of factual discover-

ies made by science. With this

perspective, 1 can summarize my case

for Haydn's text in a paragraph: The

Book of Genesis presents two strik-

ingly different creation myths, told in

chapters 1 and 2. I find two aspects of

the second myth morally troubling,

whereas (with one exception) I rejoice

in the meanings and impUcations of

the first story. Interestingly, Haydn's

text uses only the first story and ex-

pHcitly deletes the one theme (human

hegemony over the rest of God's cre-

ation) that disturbs me (and has trou-

bled so much of human history). I do

not think that these textual decisions

were accidental, and I therefore regard

Haydn's Creation as an affirmation of all

the themes that a wise and maximally

useful creation myth should stress

—

joy, generosity, and optimism—^while

not forgetting the dark side and our re-

sulting capacity to make a horrid mess

out of such promise.

The second creation myth of Gen-

esis 2—the text that Haydn did not

set—emphasizes two themes that I

find less than inspiring: God's demand

(by fiat and not by explanation) that

we must not seek certain kinds of

knowledge, and an anatomical ratio-

nale for the subjugation of women.

We tend to forget the profound differ-

ences between the two stories ofGen-

esis, and we usually amalgamate parts

of this second tale with our primary

memory of the first story. In Genesis

2, God creates Adam first and then

constructs the Garden of Eden. To as-

suage Adam's loneliness, he then cre-

ates the animals and permits Adam to

assign their names. But Adam is still

lonely, so God creates Eve from his

rib. (Genesis 1, Haydn's text, says

nothing about forbidden fruits and de-

scribes a simultaneous creation ofman
and woman: "So God created man in

his own image . . . male and female

created he them.")

The theme of forbidden access to

knowledge occurs only in Genesis 2:

"And the Lord God commanded the

man, saying. Of every tree of the gar-

den thou niayest freely eat: But of the

tree of the knowledge of good and

evil, thou shalt not eat of it: for in the

day that thou eatest thereof thou shalt

surely die" (Gen. 2:16-17). (I recog-

nize, of course, that some exegetes

favor a benign meaning for these pas-

sages by reading them as statements

about the need for moral restraint

upon our darker capacities. But most

people, throughout Western history,

have regarded these words as a divine

order that we not question certain

(Please turn to page 82)
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IS lv^\EL* Celebrate the dawn of the millennium in the Holy Land

srael's Biblical landscape sets the scene

for all kinds of adventures, from tfie epic and

educational to the spiritual, and the serene. With

over 4.000 years of history to explore. Israel offers

something new with each visit.

Jerusalem is a must on any Israel itinerary, especially

in this momentous year. Within the ancient walls

of the Old City lie some of the world's major religious

shrines. Outside the walls, the Mount of Olives,

the Garden of Cethsemane and the Church of All

Nations punctuate an endlessly fascinating landscape

of archeological sites. A variety of early Christian

artifacts are displayed at the Tower of David Museum

of the History of Jerusalem, part of an enormous

complex of buildings known as the Citadel, sections

of which are more than 3,000 years old. Newly

accessible to the public, the ancient Ramparts Walk

offers the best view of the entire city. The holiest

of all Jewish sites, the Western Wall is a remnant

of the Second Temple retaining wall where Jews

have come to for centuries to pray, mourn and

leave their written pleas and prayers in its crevices.

The Temple Mount marks the site of Solomon's

Temple and Herod's Temple, where Jesus prayed

and v/here Mohammed is believed to have ascended

'^ ii63ven. The Mount is topped by the massive

Lcme of the Rock and the Al-Agsa Mosque,

regarded as Islam's third-holiest shrine. Of special

significance to Christians, the Via Dolorosa follows

the Nine Stations of the Cross from St. Stephen's

Gate through the Church of the Holy Sepulchre.

A seemingly endless source of archeological finds,

the Cardo was Jerusalem's main thoroughfare

in the sixth century A recent excavation has

unearthed remnants of Israelite walls and Byzantine

structures. In a more modern vein, the Israeli Knesset's

reception hall features tapestries by Marc Chagall

and The Israel Museum's Billy Rose Sculpture Garden

is dotted with works by Henry Moore and other

internationally renowned artists.

To the east of Jerusalem lies the otherworldly

desert terrain surrounding

the Dead Sea. the saltiest

and most mineral-rich body

of water in the wodd at

the lowest spot on earth, 400 meters below sea

level. Year-round, naturally filtered sunshine, high

barometric pressure and a relaxed, pollen-free

environment combine with its sulfur hot springs

and famously therapeutic black mud to make this

region the ultimate spa destination. Here, on a high

plateau, Herod built Masada. destined to become a

symbol of Jewish heroism in the revolt against the

Roman conquerors. Recent excavation efforts have

made Qumran — the Essene settlement in whose

caves the Dead Sea Scrolls lay undiscovered for 2.000

—
- Cover: The holy city of Safed in Israel's Galilee

region offers a beautiful portal to the past. Left and
Center: Scenic Eilat is a natural playground. Above:

A Christian Church in Capernaum, Cahlee.

years— more accessible than ever before. The En

Gedi Nature Reserve is home to the region's most

splendid flora and fauna. Thejudean Desert, with

it's dramatic, craggy cliffs, offers special opportunities

for adventurous hikes, climbing, and rappelling.

The Negev Desert is a multifarious natural wonder

of stark mountain ranges, cratered canyons and

massive sand dunes. Explorations by camel caravans,

on horseback, or in desert Jeeps lead through ancient

highways, waystations, monasteries and fortresses

hewn out of rocky cliffs, and Bedouin encampments

that have changed little in 4,000 years.

At Israel's southernmost tip, on the shores of the

Red Sea, lies the sun-drenched paradise of Eilat. On

the site where the Queen of Sheba arrived on her

historic visit to King Solomon, nature lovers now

enjoy carefree days of escape and exploration in

the mountains, on the sea,

or underwater amidst

some of the wodd's most

beautiful coral reefs.

Three miles north of Eilat, the International

Birdwatching Center invites visitors to observe

the migration of over four million migrating birds

of prey. The breathtaking Timna Park is home to

King Solomon's Mines, where geological wonders

tell their own story of the earth's earliest history.

From the southern seaside resort of Ashkelon to

the lovely village of Nahariya in the far north,

the country's Mediterranean coast offers miles

of sandy beaches, inviting waters, limestone

grottoes, archeological sites, and a sumptuous

FOR MORE INFORMATION CONTACT YOUR
TRAVEL AGENT, CALL 1-888-77 ISRAEL OR
VISIT WWW.COISRAEL.COM.



Come to the land where time began.

Year looo

Year 2000

The eternal city of Jerusalem.

20

Abraham. David. Jesus.

Mohammed. The great events

they inspired — events that

have shaped civilizations

through the centuries-

happened in just one small

country. Israel. Here is where

our Vi/orld changed. Here is

where our time began.

Certainly no other place

on earth belongs to the

millennium as Israel does.

And whatever your own

history, no one belongs here

more than you.

Now is the time to plan your

unforgettable millennium visit

to Israel. We promise you'll

have a wonderful time

—

and, quite possibly, the most

meaningful trip of your life.

Where else would you go?

ISRAEL !
NO ONE BELONC? HERE MORE

THAN YOU.

See your travel agent or call 1-888-77-ISRAEL or visit us at www.goisrael.com Israel Ministry of Tourism
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The Territory Ahead
Clothes for the Journey

OUT OF THE BOX AND INTO THE BUSH!
Prom their unique jungle-green

color, light weight and smooth,

quiet, unobtrusive operation...

down to the convenient

carrying sfrap, integral padded

"leg warmers" and matching

green 3 -way or fluid head

options, Tracker is the first

and only bipod system

that comes right from the

factory, ready for the field!

For more information see your

dealer, contact us or visit our web site.

TRfleKER TRIPODS
^

L_

Bogen Photo Coip. ^_
565 East Crescent Ave.. Ramsey, HJ 07446-0506

(2011818-9500. Fax:(201)818-9177

B mai; in!o®l)ogenpliolo,com • web: www.tiogenpholocom

A view from within Jerusalem's Dome of the Rock.

variety of beachfront restaurants and cafes.

Tel Aviv is the centerpiece of a modern nation

grov/ing ever more cosmopolitan and sophisti-

cated. This is a city made for v/alking. from its

elegant beachfront promenade through its

lovely parks, chic shopping districts and fine

museums. Among Tel Aviv's newest cultural

treasures is the Nev/ Center for the Performing

Arts. The city's burgeoning cultural diversity is

deliciously expressed in its cuisine, served in

an equally diverse array of locales. The birthplace

of modern Tel Aviv, the picturesque 4.000

year-old port of Jaffa is a fascinating destination

all its ov/n. Long a thriving artists' colony.

Jaffa is also home to a wide spectrum of craft

shops, galleries, and museums.

In Israel's Galilee region, pastoral settings evoke

the feeling of Biblical times. Perched atop Mount

Canaan at the highest point in Israel, the ancient

holy city of Safed offers magnificent views east to

the Sea of Galilee and the River Jordan. Safed is a

favorite refuge for many Israelis who revel in the

purity of its mountain air, the serenity of its tiny

meandering medieval lanes, and the ornate

brilliance of its brightly colored synagogues.

On the shores of the Sea of Galilee (also

known as Lake Kinneret) lies the scenic and

holy city of Tiberias, the ideal base for

excursions throughout the Galilee, including

the Mount of Beatitudes and Capernaum,

two of Israel's most tranquil spots.

There has never been a better time to visit

Israel. To mark the advent of the new millennium,

Israel invites you to take a pilgrimage of

your own design. A variety of special events,

exhibitions, and opportunities have been

created to make a visit to Israel in 2000 an

even more extraordinary journey. Take part in

a variety of tours, conferences, and festivals:

enjoy special concerts and museum exhibits:

commemorate your visit by fulfilling the

Biblical injunction to plant a tree In the Holy

Land. Whatever you choose to do. your trip to

Israel promises memories to last a lifetime.
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France's lovely, historic architecture invites exploration and inspires awe

AS A FITTINC FOLLOW-UP TO ITS ULTIMATE

New Year's Eve fete on the

Champs-Elysees and at the Eiffel

Tower. France invites visitors to join in a series

of ongoing celebrations throughout 2000 and

well into the 21st century.

Among the most notable commemorative

programs are the Mendienne Verte and the

Bastille Day 2000 Incredible Picnic. On November

25. 1999. over 100.000 French school children

and their teachers were invited to participate and

FOR MORE INFORMATION VISIT

WWW.2000ENFRANCE.COM.

witness the simultaneous planting of over 3.500

young trees marking the beginning of the

Meridienne Vert, or Green Meridian, a 576 mile-

long line along the Meridienne de Paris, running

from Dunkerque to the north and descending

south, via Paris, to Prats-de-Mollo. a village in

the eastern Pyrenees close to the Spanish border.

When completed in the late spring, this line of

over 10.000 indigenous trees, including oaks.

hornbeams, cedars, and olive trees, will traverse

8 regions. 20 departments and 337 cities and

towns in France. Fields of poppies, clove, and

other predominantly red flowers will be planted

at 20 sites along the Meridienne Verte. and are

expected to be in full bloom for the Incredible

Picnic, a huge national outing to be held along

the Green Meridian on July 14. 2000.

On July 8. 2000. Pans will host

"PeripheRock." the Millennium

edition of the annual "Fete de la

Musique" featuring performances

by scores of live rock-and-roll bands.

The peripherique, the beltway of

Pans, will for the first time be partially

closed to traffic and transformed

into a huge stage and nightclub

where revelers will dance the day

and night away to the sounds of

top music groups from all over

the world. The celebration will also continue

well into the night in the city's major squares

and in the suburbs and throughout the country.

This year also marks the reopening of the

Georges Pompidou Center, housing France's

National Museum of Modern Art. now tripled in

size. The museum exhibits on two full levels a

permanent collection of 1.400 works. The

contemporary art collection, exhibited on level

4. includes works in the plastic arts, architecture

and design from the 1960s to the present. Level

5 houses the modern art collection of 900 works

dating from 1905 to the 1960s.

The restoration and expansion projects at the

Louvre also reach fruition in 2000. Finishing touches

this year include the completion of reorganized

collections, including the Graphic Arts department,

the Northern Schools 18th and 19th century

paintings, and the Mediterranean Antiquities in

the Denon Vi/ing. The new Musee de la Publicite.

housed in the Pavilion Marsan of the Palace of the

Louvre, is dedicated to advertising, featuring a

collection of 10,000 posters form the 18th century

to the present as well as thousands of television,

film, and radio clips.

For the best buys, consider the La Carte

Museum and Monument Pass, covenng

admission for 70 museums and monuments

in Paris and its environs. It's available for one.

three, or five consecutive days for roughly $12,

$25, and $37 US.

FOR INFORMATION ON EVENTS IN PARIS, VISIT THE PARIS CITY HALL SITE AT

WWW.PARIS-FRANCE.ORC. FOR GENERAL INFORMATION ON TRAVEL TO FRANCE,

VISIT WWW.FRANCET0URISM.COM OR CALL 212-838-7855.

IN FRANCE

COME SEE THINGS OUR WAY

Imagine yourself strolling through the

magnificent halls and gardens of a chateau

in the Loire Valley. Now you know how it

feels to be royalty! This is just one of the

2000 ways to enjoy the pleasures of France.

To help plan your trip, order a free

France Discovery Kit, which includes:

• France Discovery Guide ~ a 112 page

planner with itineraries, tips on travel,

events and the pleasures each region

has to offer.

• Air France Holidays catalog of travel

pacl(ages featuring romantic getaways

to Paris, cooking classes in Provence,

wine tours of Beaujolais, villa rentals

and more.

For a free France Discovery Kit call or visit:

1-888-788-9777
WWW.FRANCEGUIDE.COM

AIR PRANCE \;taiSOn.

rPENCH GOVEBN«MT TOURIST OFPCt
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ABOVE & BEXOND * Taking the mad less-traveled

THIS SEASON, CONSIDER DESTINATIONS

ML that offer a true departure from the

norm and adventures that will expand your

horizons, both geographically and personally.

The volcanic island of Mauritius is distinguished

not only for its exotic location and natural beauty,

but for its unique heritage, history, and culture.

Situated just north of the Tropic of Capricorn in

the Indian Ocean, off the east coast of Madagascar,

Mauritius is almost entirely surrounded by one

of the largest unbroken coral reefs in the world.

The first attempt at actual colonization was

made by the Dutch who arrived in 1 598 and

named the island Mauritius after Prince Maurice

of Nassau, eventually abandoning their

settlements in 1710. The French occupied the

island between 1715 and 1818. The British

takeover led to the importation of Chinese and

Indian indentured laborers who were soon

followed by traders of their own nationalities.

in 1968, Mauritius gained independence from

Britain and is now a sovereign Republic.

Today, visitors to Mauritius enjoy colorful

reflections of the island's history in its languages,

architecture, and cuisine. Local festivals reflect

the variety and distinct flavor of this cultural

melting pot, with religious ceremonies and feast

days observing Hindu, Muslim, Chinese, and

Christian traditions, among others.

The Maltese Islands offer an idyllic Mediter-

ranean vacation to suit nearly any interest.

Blessed with year-round sunshine and set in

crystal clear waters, Malta and its sister islands

of Gozo and Comino create the perfect setting

for quiet relaxation, active adventure, or a bit of

both. Malta's outstanding archeological and

architectural sites "a living testimony to 6,000

years of history" serve as an impressive

backdrop for all kinds of experiences, from the

serene to the hypercharged. For lovers of music,

theater, and the arts. Malta offers an abundant

for more information on travel to
Mauritius, contact air Mauritius

^i%7l-8382 OR EMAIL INQUIRIES

mkusa@concentric.net.

calendar of events. For the

sports-oriented, the islands

offer golf, tennis, sky-diving,

horseback riding and a variety of watersports, from

sailing and windsurfing to some of the best scuba

diving in the Mediterranean.

To travel to Malta is to taste its colorful cultural

history with all of the senses. Delicious local cuisine

and wines, bustling open-air markets, traditional

festivals and fireworks, lovely local crafts, lace, and

glassware, and the thrilling pulse of the casinos

and nightclubs combine to make a visit to Malta

an unforgettable journey of discovery.

Travel through the Mediterranean is made

even more enticing onboard an elegant cruise ship.

The region offers a nearly overwhelming array of

FOR MORE information ON TRAVEL
TO MALTA, CALL 212-695-9520 OR
EMAIL OFFICE. US@TOURISM. ORG. MT.

choices. But when you leave

your travel planning to the

experts, all you have to do is

relax and enjoy Among the best options for under-

stated yet indulgent cruise vacations are Swan

Ffellenic cruises. In addition to spring and summer

journeys along the coastline of Turkey and through-

out the Greek islands. Swan Hellenic offers a mid-

summer round-Britain cruise. As the first Millennium

year draws to a close. Swan Hellenic will host

special tours of the ancient wodd, around the Red

Sea and beyond, visiting tombs and temples along

the Nile and onwards to the Gulf to enjoy Arabian

days and nights in Oman, Dubai, and Fujairah.

Christmas itineraries include a sun-filled cruise

along the west coast of India from Mumbai

DRIFT AWAY WITH
A GOOD BOOK.

Worldwide adventure,

discovery, culture. Discover

it all in our new brochure.

Only Swan Hellenic gives

you an innovative choice

of exotic, and often rarely

visited, destinations. Other

unique features are our

inclusive prices and the

new 300-passenger

Minerva, a four-star plus

floating country house

hotel. We'd tell you

more,..but why spoil

a good read.

www.swanhellenic.coni

For your copy, call

your travel agent or

1-877-219-4239.

SWANEX I

HELLENIC

, P&DV-*, c

- Madagascar =
A Madagascar Discovery

four from $3,960-4,440*

for a 1 2-day tour with

air, hotel, most meals
and sightseeing.

Plus optional stopovers

in London/Paris.

See Madagascar the exotic

island with the world's most

dense rainforests, wildlife to

befound nowhere else,

the world largest variety of

chameleons and uniqueflora

including over 1000 varieties

of native orchids.

For Madagascar or our

new brochure to the

islands of the hidian

Ocean & South Africa,

caU 1-800-537-1182
www.airmauritiususa.com

AIR MAURITIUS.
560 Sylvan Ave., Englewood Cliffs, NJ 07632 (201) 871-8381

Airline to the islands of the Indian Ocean
* Package ovoil, throuqh Ocl. 23, 2000. Per person price vories by departure

dale, based on NYC departure with 8 nights nolel, double occup, Hus $65 in

airport fees. Hotel upgrodes ol extra cost. Some restrictions apply.



SPECIAL ADVERriSINC SECTION

adventurers: call international
WILDLIFE adventures AT 800-S93-888I

OR VISIT www.wildlifeadventures.com.

(Bombay) to Kochi (Cochin) and Sn Lanka.

With Swan Hellenic, you can design your own va-

cation, choosing from among "Cruise 6 Stay," "Cruise

6 Beach," and "Cruise b Tour" package options.

This year, why not take a trip to the truly wild

side? International Wildlife Adventures, a Wash-

ington-based tour company invites intrepid nature

enthusiasts to experience one of the world's most

engaging wildlife events. Each year in the fall

along the western shore of Canada's Hudson Bay

scores of polar bears gather around the bay near

Churchill. Manitoba to await the moment when

the water freezes so they can venture out to hunt

seals. To make closer viewing of this natural

phenomenon possible, the company is utilizing

innovative Tundra Buggies,"' giant, soft-tire

vehicles that take explorers into the polar

bears' domain. For those wanting an even

more in-depth experience of the bears' world.

Polar bears do what comes

naturally near Churchill, Manitoba.

there is a specially-designed Tundra Camp, a

modular lodge on wheels set right on the shores

of the Hudson Bay. serving as an excellent

base for observation and photography.

FOR MORE INFORMATION ON SWAN HELLENIC

CRUISES, VISIT WWW.SWAN-HELLENIC.CO.uk.

This special editorial/advertising supplement was created by the Natural Historv Special Sections Department and did not involve the

magazine's editonal stafL writer Kathryn Brennan • DESIGN Mindy Phelps Stanton PHOTOGRAPHY Covet and Israel photos

courtesy of the Israel Ministry of Tourism: France photo courtesy of the French Government Tourist Office: polar bear photo j) Randy Green.
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Bear Watching
We've pioneered for more than a

decade the most popular and
exciting trips now available to see

the

Polar Bears of

Churchill
Led by top naturalists and
professional photographers, using

the original 'Tundra Buggies® as

seenonPublic TV!

International Wildlife

Adventures
(800) 593-8881

Check out our online newsletter:

www.wildlifeadventures.com
Email: info@wildlifeadventures.com
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Imagine the splendor of

Europe with the charm

of the Mediterranean. Add

some exotic flavor and a hint

of mystery. The place is real.

The name is Malta.

Direct flights from New Yorl</JFK:

1-S00-75-MALTA

Malta Tour-ist Office

2t2 695-9520 Fax:212695-8229 i

office.tjs@visitmalta.com j

MAurA

IN FRANCE

COME SEE THINGS OUR WAY
Imagine yourself picnicking by the Loire

River. A baguette, cheese, a bottle of

wine, and a magnificent chateau for a

backdrop. This is just one of the 2000
w/ays to enjoy the pleasures of France.

To help plan your trip, order a free

France Discovery Kit, which includes:

• France Discovery Guide - a 112 page

planner with itineraries, tips on travel,

events and the pleasures each region

has to offer.

• Air France Holidays catalog of travel

packages featuring romantic getaways

to Paris, cooking classes in Provence,

wine tours of Beaujolais, villa rentals

and more.

For a free France Discovery Kit call or visit:

1-888-788-9777
WWW.FRANCEGUIDE.COM

AIR FRANCE Maison

FRENCH GOVIRWOfr TO>.-<?iT [>~>t£



.V~i> 1£?^»oi'>-i Exr-;-«>,i«i:^'r4

MONGOLIA 5Jft| ANr-MUTICA l-OSIA RICA MADAGASCAR
S?^

'-

-''ST ^ }

is^

The _
Amazon

J^^^i:

' tCOLCIJBE'i RRSgRVi;

n'ww.kapawi.com
Canodros S.A. Ecuador - South America

DENAUNmONALPARK
and the Best ofthe Kenai Peninsula

I Active Travel— Multi-day trips feature

Alaska's best wilderness lodges, wildlife viewing,

nature walks, hiking, rafting.

I Eco-Award Winning Style— Only us.

Tour Operator honored in 1 999 Conde Nast

Ecotourism awards. ,. ,„„
j^ Since 1977

^ALASKA
tSwiLDLAND

'ADVENTURES

800-334-8730

www.alaskawildland.com/nh

"m^'

Exceptional natural history & cultural ^.,_ V%
adventures to Mongolia & beyond. '^% ' ^^

1-800-998-6634
;.^

www.NomadicExpeditions.com .j..

Wlien was the last rime
you ran away from home?

Saforis, namra] hlstor)' cruises, hiking, pudtUespurts antl

I more, Wirltluide (lestin;iii(in.s, expert leaders, small gniups.

MOUNTAIN T RAN \: L v sO B L K
The Advents
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Call fur ihc calidog that wilt chungc your life. 2

800-227-2384 www.mtsobek.com'
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Your Travel

Choice Makes

a Difference.

ne travel clioices you

make arrect tne glooal

t environment and millions or people

around tne world. Discover now

to take journeys tnat are botn

enligntening to you and neneticial

to otners. Learn now purposerul

travel can kelp you rediscover your

lite-long interests, conserve natural

"'"NEtWORK

pv8CK): 633- 7972

\T\v\v:ccoventura.com,

Award winning lodge on the Tamshlyacu-Tahuavo
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.pemandes.com

00-262-96

AdVeMTUReS
Authentic Worldwide

Cultural and Natural History

Explorations for Active and

Inquisitive Travellers

Family, Small Group and

Independent Travel.Trips support

Travelers Conservation Trust.

1-800-345-445B
www. WILDLAND.COM

H
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WILOERftK^S ADVENTURE
in c/oss by itself
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Tel.: (506) 735-5130 Fax: (504) 735-5179

14 > ,

www.galapagosexpiorer.com
Canodros S.A. Ecuador - South America

If you change the way you travel,

you can change the world. .

.

Remeniner, when you travel,

support saving wild and natural

places and advocate nuying services

rrom local communities.
^

Learn more from... ^s,^ \/
Tlie Ecotourism Society

—
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Calling
with Imiii, raspy scroeclu-s, a pair of

great green macaws flew around the huge

alinendro tree several times before gliding

onto a high branch. Deep within a nest cav-

ity near the top of the tree, the pair's two chicks ut-

tered hoarse coos, begging for food. Without en-

tering the nest, both macaw parents began a soft

nuirinuring exchange witii the expectant young.

At the base of the tree, Fani Wright and Ulisis Ale-

man waited, as they had all morning, hoping one of

the parents would enter the nest hole and thus be-

come easier to catch. Then, if all went well, they

would outfit the two-and-a-half-foot-long bird

with a radio collar and transmitter. Wright is the di-

rector of and Aleman a long-time volunteer in a re-

search project sponsored by the Tropical Science

Center in Costa Rica. The information they gather

may help determine the future of this macaw spe-

cies in Central America.

Although Ara ainbii^Ha, the great green macaw

—

also known as Buffons macaw—is a magnificent

bird by any standards, until recently this species has

been a stepchild of Costa Rican conservation. A
model among Latin American countries for its

strong environmental policies, Costa Rica is home
to an impressive system of national parks and re-

serves. But a look at a map of protected areas reveals

that the land set aside—about 24 percent of the en-

tire country—is primarily high mountain cloud

forest and secondarily the beachy Pacific coast. Vir-

tually none of the lowland tropical rainforests of

the species' primary habitat, food sources, or nest-

ing habits had appeared in the scientific literature.

That year, George Powell visited northeastern

Costa Rica, near the Nicaraguan border. Then a

conservation biologist for the Philadelphia-based

l^RE Center for Tropical Conservation, Powell

was well known in Costa Rica for his research on

the resplendent cjuetzal and his leadership in estab-

lishing the Monteverde Cloud Forest Reserve to

protect the quetzal and other species. Powell also

became interested in setting conservation priorities

for the lowland rainforests, and he thought the

great green macaw could serve as an indicator spe-

cies, a kind of barometer of the health of the

ecosystem.

Conferring with residents of the region, Powell

launched a study of the parrot. Ulisis Aleman, a na-

tive of El Salvador but long a resident of Costa

Rica, showed Powell his first great green nest, lo-

cated on a farm for the cultivation of heliconia

flowers, where Aleman worked. They found three

more nests that year, and PoweU returned the next

year to set up a team and begin full-scale research.

Today, while Powell continues to guide the work,

Louisiana native Pam Wright directs project opera-

tions, leading a team of volunteers: Aleman and five

women from five different countries, both Central

and North American.

What makes the project unusual as well as suc-

cessfijl—and has made possible the accumulation of

much of the data—is the radio-collar technique de-

The great green macaw project has a mission: to find out everything it can about

the big parrot and save it from extinction. High tech is helping.

northern Costa Rica near the Caribbean coast have

received protection. Characterized by evergreens

and broad-leaved trees, some reaching up as high as

200 feet, this disappearing wet lowland forest is the

prime habitat of the great green macaw.

The situation probably owes something to the

Umited resources and economic realities of the re-

gion and to the sheer numbers of species to study

and protect throughout Central America. Never-

theless, it is telling that a bird so large—the second-

largest parrot in the Western Hemisphere—and en-

dangered, according to the Convention on

International Trade in Endangered Species

(CITES), should have been overlooked. Local

people knew the great green macaw {lapa vcrde in

Spanish), but as recently as 1993 no description of

veloped by Powell. Together with biologist Robin

Bjork, PoweU pioneered the use of radiotelemetr%'

to discover the seasonal movement patterns ot the

resplendent quetzal, and he was able to adapt the

device to the macaws. Only one other study, con-

ducted in Bohvia, has used radiotelemetry to study

macaws. By 1999, thirty-seven great green

macaws—nineteen adults and eighteen juveniles

—

had been equipped with ti'ansmitters.

Radiotelemetry has proved crucial in docu-

menting the breeding ranges, foraging habits, and

seasonal movements of the great green macaw.

Such natural history intbrniation is a prerequisite of

any sound conservation plan. The species" habitat is

Hmited to lowland, primarily coastal, rainforests

from eastern Honduras to northern Colombia. An

Opposite page:

At nestside, an

adult great green

macaw wears a

brass cylinder

harboring a radio

transmitter. Only

the brass design

has proved to be

beakproof.
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In six years, the researchers have located fifty-one active great green macaw

nestSr although no more than nineteen have ever been in use in any one year.

Above, left: A

parent bird peers

from a

particularly lofty

nest cavity in an

almendro tree.

Veteran climber

and macaw

handler Ulisis

Aleman quickly

extracts the bird,

center, and

places it in a

soft bag for its

descent, right, to

the hands of

project leader

Pam Wright.

isolated population of fewer than two dozen indi-

viduals survives near Guayaquil, in Ecuador. Ac-

cording to the 1989 Guide to Birds in Costa Rica, by

F. Gary Stiles and Alexander F. Skutch, the species

once nested throughout Costa Rica's lowland

forests. Through extensive fieldwork and local in-

terviews, the macaw project has identified the

major remaining breeding range of the birds in the

country as an area roughly outhned by the Rio

Sarapiqui on the east and the Rio San Carlos on the

west; both these rivers flow into the Rio San Juan,

which forms part of the country's border with

Nicaragua. At about 2,600 square miles, this cur-

rent range covers only 10 percent of the species'

original known range (see map, page 52).

During the first six years of the study, re-

searchers located fifty-one active nests, although no

more than nineteen were ever in use in any one

year. Long-hved and slow-breeding, great green

macaws take four or five years to mature and even

then do not nest every year. Powell and Wright es-

timate that there are only about 35 breeding pairs

and about 100 to 150 juvenile and other nonbreed-

ing great greens in Costa Rica.

I visited the study area in the summer of 1998

and again in April 1999, when I met Pam Wright

and her team at the cabin that serves as their re-

search headquarters in Boca Tapada. A small agri-

cultural town situated on the Rio San Carlos, just

twelve miles from the Nicaraguan border, it is

reached by a dirt road that winds past huge planta-

tions of pineapple, banana, and palm—the kind of

cultivated landscape that is replacing the lowland

rainforest in Costa Rica. Our plans were to stake

out a great green macaw nest and try to capture one

of the parent birds.

We drove for about forty minutes and then

hiked for another half hour through largely treeless

pasture to reach the nest. (Wright mentioned that

just a generation ago, local people would see flocks

of a hundred or more of the birds.) The nest cavity

was high, about a hundred feet up a lone almendro

tree that grew on a privately owned cattle ranch.

Because macaws are inteUigent and wary birds—not

Hkely to approach their nest while a group of hu-

mans is milling about—Wright and Aleman, who
had the trap apparatus, hid in some bushes at the

base of the tree while the rest of us hunkered down

farther off. Even then, the pair were skittish when

they appeared, noisily circling as we waited and



VVrighi., dLiove,

records data as

volunteer Tana

Wood hoists a

radio antenna

that will help

the team map

the birds'

movements. Left:

Adult great green

macaws average

thirty inches in

length and are

Ihe second

largest of the

macaw species,

all of which are

native to the

Western

Hemisphere.
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storm clouds loomed. We had been stationed in the

pasture for about four hours when they landed and

finally neared the cavity.

As one of the adults slid over to the Up of the

nest, Wright care&lly reached for a rope at her feet.

Wise to all the "moves" of the macaws, Wright

held back when the bird made a quick ducking

motion—a kind of head fake, she later joked—into

the hole. Then, when the macaw swiftly slipped in-

side for real, Wright jerked on the rope. Attached

to nearly invisible fishing Hne threaded through eye

screws in the tree, the rope flipped a homemade

trap of sticks and more fishing line over the nest

hole. A piercing scream confirmed that the parent

was inside with its two chicks.

Instantly Aleman began to hoist himself up the

tree in harness and ropes. At the nest, and hanging

far above ground, he used another stick-and-hne

device (this one looked vaguely like a lacrosse

racket) to gingerly scoop the parent macaw from

the nest while avoiding its powerful beak, which

could snap a finger. He placed the bird in a sack

and lowered it to the ground, where Wright and

several volunteers handled the macaw with prac-

ticed efficiency. First they weighed it—it was three

pounds—and checked for parasites and other

health indicators. Then they fitted the bird with a

brass collar and a radio transmitter. Trial-and-error

work on captive birds with other collar designs had

made clear that the coUar had to be brass; macaws

use their massive beaks to gnaw through any mate-

rial that is less durable. The cyhndrical transmitter

on this bird's collar was painted black and orange so

that even when the transmitter died, the bird could

Pacific

Ocean

Historic range in Costa Rica

Current range in Costa Rica

lUilcs

Still be identified. Because the anterma is inside the

collar's small brass cyhnder, it cannot be chewed

off. The macaw would now be known by its radio

frequency, "76.8."

To call a bird by its number is precise, if dull,

but I found that none of the various names for this

species prepares one for the beauty of the birds up

close. This was especially true of the two chicks,

which Aleman lowered one at a time for Wright

to inspect and fit with identification bands. Their

new plumage was particularly fresh and vibrant

and shone like a forest of greens—^hme to jade to

emerald. The birds' wings are blue and their tails a

rainbow of yellow, red, and blue. In the young,

the blue of the tail feathers is a gleaming tur-

quoise. A shock of red feathers rims the beak like

a bonnet, and one of the chicks had a splotch of

cadmium yellow on its head. On their cheek

patches the birds have small black feathers that

form stripes, the patterns of which may vary with

the individual. Biologist and macaw expert

Charles Munn, who has studied macaws in Peru

for many years, has shown that in scarlet macaws

these facial markings are individualized, like fin-



,iiv l.iRi. tlu- young fledge—that is, they take their

first flight. Still, the family will stay together for

about atiotlicr year.

Powell and Wrights macaw project has moni-

tored eighteen nesting attempts and recorded an av-

erage success rate (chicks raised to the fledging

stage) of 1.8 chicks per nest. This is slightly higher

tiian the average for other macaws. Some re-

searchers working with otlicr endangered macaw

species take a second egg and rear it by hand to in-

crease the chances ot the youngs surviving and to

augment the productivity of a nest. But Wright has

found that more often than not, great green

macaws fledge rvvo healthy young on their own.

On another day, we visited the nest of radio-

equipped macaw "29." Wright hoped to be able to

put a radio collar on this bird's mate because she

wanted to see whether pairs maintain their bond

from year to year—a connection that is suspected

but not documented. Situated much lower than the

nest of "76.8," this nest was easier to watch. Macaw
"29" and his mate ("29" had not incubated eggs, so

Wright inferred it was male) worked as partners.

They arrived together at the nest every two to four

hours, ted the young, and always left together.

Never silent, the birds announced their presence

with screams, resonant and unmistakable even in a

forest filled with natural sounds. Macaws are social

Left: A chick

(sinking its

already

formidable bill

into a woven

bag) was fitted

with an

identifying leg

band and

returned to the

nest. The pattern

of black cheek

feathers may be

individual to

each bird.

The macaw chicks fledge, or learn to fly, when they are three to four months old,

but they will remain with their parents for another year.

gerprints. He suspects that the case is the same in

great green macaws.

Wright and Aleman quickly returned ail three

birds to the nest. According to Aleman, who has

seen all the nests, this one was t^'pical in its roomi-

ness, at about four feet deep. The average nest,

however, is a mere sixt\- to seventy-five feet off the

ground. By observing nests, the team has learned a

lot about the habits of great green macaws. A noisy

courtship begins in earnest in November, with

squawking, prancing, and strutting. By late January

or early February-, the female has laid one to three

eggs. Only one parent, which the researchers as-

sume to be the female (the sexes cannot be distin-

guished in the held), broods the eggs; the other de-

livers tbod. Once the eggs hatch, both parents

forage and carry food back to the nest in their

crops, regurgitating it for the chicks. Usually at the

end of April, or about a hundred days after the eggs

and demonstrative. When not perched near the

ca\aty and cooing constandy to the young, this pair

would be high in a nearby tree, preening, grooming

each other, beak nipping, and "chatting."

Like the other macaw family I v-isited, this one

nested in an almendro. About 90 percent of the

nests are located in this kind of tree. Scientifically

known as Dipteryx paiuviiensis, it is "emergent,"

with branches that poke through the high canopy

of the forest, although on cattle ranches and in

other cleared fields it stands stately and alone. The
macaw project has shown that the life and tliture

ot the great green macaw are closely ried to this

tree species. Not only do the macaws prefer the

almendro for nests, they also avidly devour its fruit

and seeds. A green legume about the size of an

apricot, the fruit contains a large, hard seed,

which is nevertheless easily crushed by the beak of

a macaw. The tree is in frmt from October to
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April, which corresponds with the great greens'

breeding season. At nests monitored by the pro-

ject, 80 percent of all feeding observed during

January has been on almendro. Wright noted that

the birds seem to love the fruit; she has seen as

many as thirty macaws feeding in a single tree.

When the almendro is not in season, the macaws

switch to another fruit, that of the titor, or

Sacoglottis trichogyna, which forms the bulk of the

macaws' diet from April to June.

According to the radiotelemetry data, foraging

and seasonal movements are closely connected.

The research team uses ATVs, aerial surveillance,

and plain bushwhacking to follow radio signals,

and they have pieced together the pattern of the

hard to be cut readily. As a result, many individual

almendros have survived, often standing alone in

otherwise cleared fields that are used for catde graz-

ing. In the 1990s, however, almendros have fallen

victim to new and tougher saw blades. Since the

macaw project began, 16 percent—or 8 of 51—of

the nest trees the team has monitored have been

chopped down.

The project has developed a macaw conserva- I

tion plan that focuses on the protection of habitat.

Only small sections of Tortuguero and BrauUo Car-

illo national parks jut into the macaws' breeding

range. The project hopes to protect enough land in

both the breeding area and the migration area to

support at least fifty breeding pairs. In conservation

The future of the great green macaw is closely tied to the almendro tree. Not only

do the macaws nest in the almendro, but they also avidly devour its fruit.

Now eight years

old, Paquita,

opposite, was a

chick when her

nest tree, an

almendro, was

cut down.

Although young

macaws are often

sold to the pet

trade, she was

saved and raised

by a local

resident.

species' movements. Great green macaws are ele-

vational, rather than distance, migrants. When
titor becomes scarce in the breeding range, a few

birds stay and manage on what they can find, a

few move into Nicaragua to look for food, but

many move upslope. The family of bird "29" is

typical. At the end of June, both adults and the

one surviving juvenile (also radio-coUared, and

known as "8.7") moved about twenty-four miles

south of the nest site. The project members lo-

cated them as they fed near the La Selva Research

Station, at about 900 feet elevation, where titor is

more densely distributed. Then, in September,

the family migrated again, up to 2,100 feet in the

mountains of Costa Rica's Central Range. At this

point, the birds were feeding on a wide variety of

fruit, some thirty different species.

Like most species of parrot, great green macaws

have suffered as a result of hunting and the pet

trade, but their most serious problem is the loss of

their habitat to agriculture. The fertile lowlands are

especially coveted by agricultural interests, and eco-

nomic pressure is brought to bear to clear land for

tree and fruit plantations. A study of deforestation

in Costa Rica conducted in the 1970s and 1980s

revealed that forests were being lost at a rate of 3

percent a year. Between 1986 and 1992—until the

year before the macaw project began—satellite im-

ages of the species' breeding range showed a 35 per-

cent loss.

The favored almendro tree once enjoyed a kind

of de facto protection because its wood was too

biology, that is the minimum necessary for a popu-

lation to maintain its numbers in the short term.

In 1996 the Comision Nacional Lapa Verde,

made up of local residents, government representa-

tives, planters, and even a few loggers, successfully

lobbied for the setting of some limits on almendro

harvesting. Along with project volunteers, the

commission is active in an outreach program to in-

form local people of its work. The great green

macaw is becoming a symbol of local pride.

As their natural history becomes better known,

these birds may prove to be their own best ambas-

sadors. This was brought home to me at the third

nest I visited with the team. Wright and Aleman

were hoping to radio-tag one of the young before it

fledged. When we arrived, it was clear that one

chick was indeed close to flying for the first time. It

sat peering out at us from the nest cavity and

watched with an almost comic attentiveness as Ale-

man scaled the almendro, scrambUng over epiphytes

and bromeHads growing on the tree trunk. When
Aleman neared the hole, the young bird squawked

and jumped—into the air.

We watched as it sagged into its maiden fhght,

pounded its wings as it plunged toward the ground,

and then caught enough lift to rise, if unsteadily.

Although this meant one less bird collared, we

cheered and clapped; it was the first time Wright

had seen a juvenile fledge. The young great green

macaw wobbled aerially into a nearby copse of

trees, where it disappeared in the dense leaves,

green vanishing into green. D
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THE HIDDEN
UNITY OF
HEARTS BY CARL ZIMMER

Every second or so of every minute of every

hour of every day, something remarkable hap-

pens inside your body. The valves of your

heart open, blood surges into its chambers, the

heart contracts, and then blood comes blasting out,

either to load up with oxygen in the lungs or to

flow into the rest of your body. Every beat ofyour

heart is the result of a precise choreography of elec-

trical impulses and swirling fluids, a choreography

without which you'd be dead in minutes.

Over the past several years, scientists have gone

a long way toward figuring out how, this complex

and vital organ evolved. By comparing the hearts

of Uving animals and unlocking the genes that

buUd them, they have found that while there may

be no physiological truth to the expression "my
heart is in my throat," that may be exactly where

hearts began. They've also discovered that the

change from simple tube to complex, chambered

organ may have happened in an evolutionary flash.

The first foreshadowings of the heart reach

back to at least 800 million years ago, when the

first known multicellular fossils formed. A single

cell can draw in oxygen and nutrients through its

membrane, but once cells start huddHng together,

some wiU be cut off from the outside world. Cells

can pass nutrients to one another across their mem-
branes, but it's a slow process that works only over

tiny distances. An animal of any size needs a

plumbing system.

You can find a simple (though elegant) version

ofplumbing in sponges, which are among the most

primitive animals on the planet. The sponge is shot

through with tunnels that branch into smaller and

smaller tunnels. Lining the tunnels are cells with

little hairs that wave back and forth, pumping

water through the organism at a tremendous rate;

as the water flows past, the cells extract oxygen

from it and filter out particles of food. These tun-

nels enable a sponge to bring seawater directly to

all its cells, making it, in a sense, a multicellular an-

imal trying to Hve a unicellular Hfe.

But evolution later produced more complex

animals, with cells that could no longer fend for

themselves. The bodies of these more complex or-

THE ANCESTRAL HEART OF ALL CREATURES—

FROM THE TINY FRUIT FLY TO THE ENORMOUS

BLUE WHALE—MAY HAVE GOTTEN ITS

START IN THE THROAT OF A WORM.

ganisms have cells of many different types, each

dedicated to its own specialized work. A photore-

ceptor ceU in a squid's eye, for example, helps the

squid see but doesn't feed itself. These animals

need a circulatory system to replenish their cells,

and they need something to keep that system

pumping. You can find hearts, or heartUke struc-

tures, beating in the bodies of many complex ani-

mals, including moUusks, arthropods, and chor-

dates (among which are vertebrates such as

ourselves.) Yet few of these hearts, other than those

of vertebrates, resemble our own.

A fly's heart, for instance, is a muscular tube that

simply squeezes the insect version of blood (called

hemolymph) into the body cavity, rather than

being connected to a closed system ofveins and ar-

teries. The fly's heartbeat is somewhat like the

peristalsis in your digestive tract: a simple ripple of

contraction. Unhke flies (and more Uke us), the

earthworm has a closed vascular system, but instead Studies of an ox

of a heart, it has eleven contracting vessels, each of heart, by Leonardo

which pumps much as a heart does. The octopus da Vinci, ca. 1512
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(a mollusk) has two powerful, chambered hearts,

each pumping blood through a set of giUs.

For decades, biologists assumed that all these

hearts, which look so different firom one another,

had evolved independently. But in recent years, re-

search on how genes orchestrate the development

of hearts within embryos has revealed a hidden

unity. In the laboratory, scientists alter or remove

particular genes in animals and then look at the

consequences in the developing embryo. The de-

formities that result firom these experiments help

the researchers figure out a particular gene's usual

role in development.

Much of this work has been done on mice,

which have the advantage of being closely related

to humans but which have some drawbacks as well;

for one thing, their embryos grow inside a uterus

and are difficult to observe. Other experiments

have involved organisms that are less closely related

to us yet easier to study, such as vinegar worms and

firuit flies. A major breakthrough came in 1993,

when Rolf Bodmer at the University of Michigan

discovered the gene that controls the development

of the firuit fly heart; a fly that lacks this gene never

forms a heart at all. The gene was named tinman,

after the Tin Woodman in the Wizard of Oz, who
joins up with Dorothy and sets off for the Emerald

City to ask the Wizard for a heart.

Tinman belongs to a special class ofgenes. Many
genes carry instructions for making a single protein

that has a specific job—to build fingernails or make

hemoglobin, for example. But some genes make

proteins that control other genes. Some act like

master switches, triggering many different genes to

work together to build a structure. Tinman is one

such "master gene" for the firuit fly. Within a few

years of its discovery, scientists found master genes

for building hearts—named, far less poetically, Nkx
genes—in mice as well.

What surprised scientists was just how similar

the mouse's Nkx genes and the fi-uit fly's tinman are.

When they compared the genes' sequence of base

pairs (the bonds between the strands of DNA's
double heUx, which carry genetic information),

many parts were practically identical. What's more,

the genes that control Nkx genes, and the genes

that Nkx genes control in turn, are also similar to

the genes that play the same roles in flies. The only

logical conclusion was that tinman and Nkx genes

have a common origin in the common ancestor of

insects and mammals, which scientists think was

probably a flatwormlike animal that lived 700 mil-

lion years ago or so. This creature most likely had a

heart much simpler than any of its descendants has

today—perhaps nothing more than a crude muscu-

lar tube capable of contracting regularly.

Genes also provide a hint as to where that first

protoheart might have come from: the throat. The

tinman and Nkx genes bear a striking resemblance

to a gene that helps build the throat muscles in ne-

matode worms. So here's a possible scenario for

how the first heart evolved. Every now and then

during cell division and reproduction, one gene

(or, rarely, a group of genes) is accidentally dupH-

cated. Perhaps this happened to the genes that in-

duced throat formation in a Hneage of primitive

animals. At first, the second set of throat genes may

have kept on doing their original job of helping to

buUd the throat. Then, thanks to a mutation, the

genes started switching on in cells in a different

part of the animal's body. Instead ofmaking a mus-

cular tube that pumped food, these genes began to

make a muscular tube that pumped blood.

It's a long way from a simple tube to the cham-

bers and valves of the vertebrate heart. A look at

the history of vertebrates suggests the stage at

which hearts became complex. Vertebrates prob-

ably descend firom an ancestor similar to ascidians

(chordates also known as sea squirts). In their larval

form, ascidians have some anatomical features

much like our own. They have, for example, a pre-

cursor to the backbone, a gristly rod in their backs

known as a notochord. As adults, however, they

root themselves to the seafloor to fdter out food

fi-om the water, develop a throat with gill slits, and

lose their notochord. An ascidian's heart is Uttle

more than a glorified stretch ofblood vessel.

The oldest true vertebrate fossils date back 530

miUion years. Less than 100 million years later, the

first fish evolved, and because the hearts of all fish

ahve today have chambered hearts and tightly syn-

chronized contractions, biologists assume that their

common ancestor—the first fish—did, too. As it

does in living fish, the blood would have flowed

past the giUs to pick up oxygen and then continued

on to the rest of the body. A new kind of cell layer,

called the endocardium, would have lined the

heart, thickening it and making it more powerfiil.

EventuaDy the heart itself grew larger.

"The question is, how do you transform a sim-

ple tube into a vertebrate heart in relatively little

evolutionary time?" asks Mark Fishman, a geneti-

cist at Massachusetts General Hospital. "That's a re-

markably ornate change."

Six-day-old chicken
|

embryo, above.
|

Below: Corazon de I

America, by Juan

Elso, 1987.



To answer that question, Fishniaii and other re-

searchers turned to genes—specifically to the genes

of the zebraFish (Danio nrio), a species common in

home aquariums but relatively new as a "model an-

imal." Because it's a fish—not an insect, such as the

fruit fly—the zebrafish has a multichambered

heart. And unlike a tiny mouse embryo hidden in-

side its mother's uterus, a zebrafish larva matures on

its own. Even better for those who want to study

hearts, its body is transparent.

When Fishman started studying the embryonic

zebrafish heart, however, he wasn't sure "if the

heart would be decipherable, because the genes

might be used more than once in development." In

other words, a gene involved in the formation of

the heart might have had another job earlier in an

embryo's development, when the embryo was just

a b.vll of cells. If Fishman created a mutation that

made such a gene inactive, the embryo would

never become anything more than that ball, and

he'd never discover the gene's normal role in build-

ing the heart.

"Fortunately, that turned out to be a false

SCIENTISTS HAVE DISCOVERED THAT THE

TRANSFORMATION FROM SIMPLE TUBE

TO COMPLEX VERTEBRATE HEART MAY HAVE

HAPPENED IN AN EVOLUTIONARY FLASH.

worry," says Fishman. His team and others have

found more than a hundred genes involved in heart

development. After tmman-]ike genes have finished

creating a simple tube, these other genes switch on,

transforming the tube into the complex organ

we're familiar with. And some of the genes took

Fishman by surprise. By knocking out a single one

of them, his group could create a heart that was

missing its ventricle but was otherwise normal;

knocking out a different one produced a heart that

was missing valves but nothing else. These genes

seemed to be in charge of litde modules of genes

that worked together to build specific parts of the

heart. Fishman ended up finding about a dozen

heart-module genes. "It was more than we could

have hoped for," says the geneticist. "It meant we

could dissect organ development, because we had

individual elements that could be removed."

Fishman also reaHzed that the way these heart-

module genes work in hving fish might hold a clue

to the evolution of vertebrate hearts. It's possible

that the complex, chambered heart didn't change

gradually, with many genes evolving minor muta-

tions that changed their functions. Instead, each of

the lieart modules may have existed in earlier ver-

tebrates, where they performed other, still un-

known jobs. Merely by tinkering with the master

gene that controlled a module, evolution could

have quickly invented a new structure for the

heart. To picture the difference between these two

kinds of evolution, imagine building a concrete

bridge. If you build it by adding sand grains one at

a time, it will take a lot longer than if you assemble

it firom large prefabricated blocks.

With powerful chambers, valves, and all the

other parts of the vertebrate heart in place, the

blood of an early fish could be pumped at higher

pressures and therefore travel farther from the

heart. And this souped-up circulatory system

meant that fish could grow large enough to hunt

down smaller prey. Thanks to a genetic revolution,

Fishman suggests, vertebrates changed from lowly

filter feeders into the ocean's top predators.

There's a built-in problem with the fish heart,

though. It pumps blood through the gills, where

the blood loads up with fresh oxygen before travel-

ing through the rest of the body, nourishing mus-

cles and organs as it goes. By the time it returns to

the heart, it has used up a lot of the oxygen. The

heart is hke a waiter who is forced to eat only the

scraps left at the end of a meal.

This design can cause trouble when a fish tries

to swim fast: the harder it swims, the more oxygen

is devoured by its swimming muscles, leaving even

less to nourish the heart. But there are a couple of

ways to get around this constraint. One is to divert

blood back firom the gills to the heart while it is stiQ

rich in oxygen. That's what some fish have done,

evolving coronary arteries that move blood

through the heart tissues. Tony Farrell, a physiolo-

gist at Simon Fraser University in British Colum-

bia, has found that the flow of blood through the

coronary arteries of a trout triples during exercise,

enabling the fish's heart to keep pumping hard.

Another way to become a stronger swimmer

may be to evolve lungs. Today lungs are found not

only in land vertebrates but also in a few obscure

fish lineages, such as gar, bichir, and lungfish. Many

other species of fish have swim bladders, which

they use to control their buoyancy. For a long time,

paleontologists thought that lungs had evolved

fa.-om swim bladders, helping fish survive in stag-

nant waters, where ox\-gen often ran low. But the

fish themselves tell a diflerent stor\'. About 420
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million years ago, evolution split jawed fish into

two great branches: cartilaginous (such as sharks

and rays) and bony (everything else, from lungfish

and trout to sea horses). Sharks have neither swim

bladders nor lungs, suggesting that both these use-

flil organs must have evolved in bony fish after the

spht. Which came first? The most primitive

branches of bony fish all have lungs, while swim

bladders are found only in the teleost branch. The

simplest explanation of the evidence is that the

common ancestor of today's bony fish had lungs

and that lungs turned into swim bladders in the Hn-

eage that led to teleosts.

The oldest fossils of bony fish aU come from

marine waters, where fish presumably didn't have

to worry too much about running low on oxygen.

So why did fish evolve lungs, when they had gOls

that seemed perfectly well adapted for getting oxy-

gen from water? CoUeen Farmer, a physiologist at

the University ofUtah, thinks that the evolution of

lungs made fish better swimmers. In air-breathing

fish, some of the blood that flows through the gills

gets diverted to the heart, and when these fish

swim hard, they tend to breathe more air. Farmer

suggests that they're trying to keep their hearts sup-

pHed with enough oxygen. And that, she proposes,

may have been the initial pressure driving the evo-

lution of the first lungs some 400 million years ago.

"These lunged fish," says Farmer, "were active

predators cruising around the open ocean."

The question then becomes why (and when) so

many fishes lost their lungs. Farmer speculates that

the change started when rising to the surface to

breathe became risky. About 220 million years ago,

the sky began to fill with predators—scaly-winged

pterosaurs and, eventually, birds—that snatched up

the fish they saw while flying over the water. Per-

haps fish species that lost their lungs flourished,

while those with lungs became rare.

Fortunately for humans, one Uneage of lunged

fish hauled ashore about 360 million years ago,

KEEPING HARD-WORKING HEARTS SUPPLIED

WITH OXYGEN MAY HAVE BEEN THE

INITIAL PRESSURE BEHIND THE EVOLUTION

OF LUNGS 400 MILLION YEARS AGO.

eventually giving rise to land-dwelling amphibians,

reptiles, and mammals. In the millions of years that

followed, these vertebrates have retooled their

hearts in multiple ways. Hummingbirds evolved

rapid-fire hearts that can beat twenty-two times per

second; frogs and squirrels evolved the abiUty to

slow down their hearts during hibernation. Whales

returned to the sea and evolved huge hearts—in

the case of the blue whale, a heart capable of

pumping sixty gallons per minute. And crocodiles,

when underwater, can redirect the flow ofblood to

bypass their lungs entirely. What makes these trans-

formations all the more amazing is that the basic

genetic recipe for the vertebrate heart hasn't

changed much at all. When it comes to the heart,

we all swim with the fishes. D

Opposite page: In

the Egyptian hall of

judgment, the gods

Anubis, left, and

Thoth weigh the

heart of a dead

person (21st

dynasty, 1075-ca.

945 B.C.). Left:

Nancy and I at

Ithaca, by Jim

Dine, 1966-69.
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AND THE
BEAT GOES ON
A BRIEF GUIDE TO THE HEARTS OF VERTEBRATES

BY WARREN BURGGREN

Biologists would love to know just how the verte-

brate heart evolved from the simple, two-cham-

bered organ of early fish to the complex, multi-

chambered hearts of birds and mammals, vwth their

two atria (which receive blood from the veins) and

two ventricles (which pump blood back out

through the arteries). Unfortunately, soft tissues

rarely make good fossils, so we are unlikely ever to

know for certain. But we can construct a hypothet-

ical scenario by looking at the wide variety ofhearts

found in animals aHve today. Amphibians, reptiles,

birds, and mammals have been foUovwng indepen-

dent evolutionary paths for millions of years, of

course, and no modern biologist would dare suggest

that a frog or alligator is a step en route to an eagle

or human being. However, comparing the hearts of

living vertebrates—and specifically how they han-

dle the transport of oxygen to the body's tissues

(one of the organ's most important frinctions)—can

provide insights into what the intermediate steps

between one type of heart and another might be.

We start with the heart found in most fish

today: a relatively simple organ, with one atrium,

from which blood flows into a single ventricle.

After leaving the heart, blood picks up oxygen at

the gills, but by the time the blood returns to the

heart, most of its oxygen is gone. With the evolu-

tion of lungs came a partial separation of oxy-

genated from deoxygenated blood, ensuring a

steady supply of oxygen to the heart and its more

efficient distribution to the rest of the body. The
division of the atrium into two chambers—evident

in Uving lungfish—^was an important step toward

more complete separation.

In the the heart of modern frogs and toads, we
see the beginnings of distinct ventricular chambers

as well. Although these animals have only one ven-

tricle, its spongy walls help separate oxygenated and

deoxygenated blood: oxygen-rich blood flowing in

from the left atrium tends to get soaked up by the

left ventricular wall; oxygen-poor blood from the

right atrium is taken up by the right wall. When the

amphibian ventricle contracts, it expels all the blood

into a central artery, where the two flows are again

kept largely separate by a long winding valve that

spirals down the length of the artery, functionally

dividing it into two channels. Most of the poorly
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oxygenated blood travels through the channel that

leads toward the lungs and skin, where it picks up a

fresh supply of oxygen (in amphibians, the skin also

functions as a gas-exchange organ). Most of the

oxygenated blood ends up in the channel that leads

out to other tissues in the body, providing them

with nourishment. Partial division of the ventricle

can be seen in the lesser siren (Siren mtennediaj, a

salamander with a ridge of muscle rising up from

the floor of the ventricle.

Division of the ventricle into more than one

chamber is more complete in turdes, tortoises, and

snakes. In addition to two atria, these reptiles have

a three-chambered ventricle, however, and so don't

fit neady on our hypothetical continuum. Enter

the varanids, or monitor Hzards, a group that in-

cludes the huge Komodo dragon of Indonesia.

Like those of other reptiles, the varanids heart has a

total of five chambers, but one of the ventricles is

little more than a sniiill pathway for the blood that

traverses the heart. There is still some mixing of

oxygenated and deoxygenated blood from the

other two, larger ventricular chambers but much

y^ :. -.-.y: A?.;.
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less than occurs in the heart of a turtle or snake.

The varanid heart introduces, for the first time,

a way to deal with a vital but potentially dangerous

component of the circulatory system: blood pres-

sure. High blood pressure helps the heart pump
harder to deliver more blood more quickly to

working muscles and other tissues in the body. Un-
fortunately, these same pressures can "blow out"

the lung's delicate vessels, which operate most ef-

fectively at lower blood pressures. With its two

nearly separate ventricular chambers, the varanid

heart can pump at two different pressures: low for

blood to the lungs, high for blood heading out to

the rest of the body. Perhaps not surprisingly, this

efficient heart enables some of the monitor Hzards

to be truly frightening predators, able to capture

very active prey.

THE COMPLETELY DIVIDED HEARTS OF BIRDS

AND MAMMALS CAN PUMP BLOOD HARD AND
FAST TO WORKING MUSCLES AND MORE

GENTLY TO DELICATE LUNG MEMBRANES.

KOMODO DRAG©^

feS^^

f,^\,



Wc turn next to crocodiles and alligators, in

which the heart has two anatomically separate ven-

tricles. When breathing air at the waters surface,

these reptiles, like monitor hzards, pump blood at

two different pressures. Once they slip beneath the

surface, however, they do not breathe, and their

hearts produce a single, intermediate pressure.

While underwater, crocodiles and alligators per-

form another neat heart trick: blood that would

have gone to their lungs (which become less usefial

during a dive, as their o.xygen is depleted) is

sliunted, via an extra aorta emerging from the right

ventricle, back toward the general body circularion.

In birds and mammals, the separation of the left

and right sides of the heart is complete. This allows

for high-pressure distribution of blood to the body,

with no risk to deUcate lung membranes. (For div-

ing birds and mammals, this is a mixed blessing.

Whether resting on the beach or diving for food

[when the lungs are not ventilated], a seal or pen-

guin must pump the same amount ofblood both to

its lungs and to the rest of its body.)

The next steps on our hypothetical continuum

have yet to be determined. The human heart is no

more the ultmiate in cardiac design than was that of

reptiles before mammals evolved. Perhaps in the

future, our descendants will inhabit other parts of

the solar system. Could the vertebrate heart evolve

to handle life on a planet with less gra\ity or less

oxygen than we have on Earth? Or v^th more? If

not, space colonizers \\t11 have no choice but to re-

create Earth "s enviromnent wherever they go.

Warrcii Burggren. a biologist, is dean of the College of

Arts and Sciences at the University of North Texas.
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Story by Scott Mori Illustrations by Michael Rothman

BATS, BEES, AND
BRAZIL NUT TREES
Most people think of Brazil nuts as the huge pointy things in a

of mixed nuts. To a botanist, however, Brazil nuts represent

only one species in a large and diverse famUy of flowering

trees, the Lecythidaceae, which dominate some Amazonian

rainforests. Several years ago in the central Brazilian

Amazon, working in a plot that measured slightly less

than half a square mile, my colleagues and I were able

to identify some 7,800 plants belonging to 38

species in the Brazil nut family. (During the

same study, but in a smaller plot—the size of

two and a half football fields—we found

285 species of trees in numerous plant

families. In Wisconsin, where I grew

up, there are only 74 tree species in the

entire state!) Brazil nut trees are symbols

of the Amazonian forest, where, as

Charles Darwin put it, plants and animals

have evolved such varied and diverse

forms as to throw a naturahst's mind into

"a chaos of delight."

As in the orchid family, which also

dehghted Darwin, many species of the

Brazil nut family have evolved flowers

that are adapted to specific pollinators

—

mostly various kinds of bees. The

trees' seeds are dispersed by birds,

wild pigs, agoutis, bats, and monkeys,

as well as by wind and water. We are

just beginning to grasp the complexity

of these relationships; unfortunately,

our understanding comes at a time

when tropical forests are threatened with

destruction. Flower pollinators, seed-

dispersing animals, and Brazil nut plants

—all these organisms are part of the intricate

living mosaic that is life in the Amazon.

can



POLLINATORS OF TREES in the BrazU nut family include the female carpenter bee (Xylocopa

frontalis), above, shown as she is about to enter the flower of a sapucaia tree. Proceeding

headfirst into the blossom, the bee collects sterile pollen to feed her larvae. As she does

so, she brushes against fertile pollen, picking it up on her head and back. When

the bee flies to a distant tree, she will deposit this pollen on another

flower's stigma. Opposite page: Orchid bees (Eulaema peruviana) visit an

Eschweilera pedicellata, or mahot tree. For several months during the dry

season, each flower cluster on the tree produces a single bright pink

blossom daily. Once they have discovered a flowering tree, the bees

return each day to gather nectar, visiting each cluster in rapid

succession, apparently having memorized the locations of individual

trees. Stamens in one area of the blossom are modified for producing

the nectar sought by the bees; stamens in a second location produce

fertile pollen that clings to the insects. A longitudinal cross section of a

mo/iot flower, left, shows the bee's extraordinarily long probosds

reaching around the flower's inner curves to the nectar while the insect

receives a dusting of fertile pollen on its thorax and head.
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i

LIBERATING BRAZIL NUT SEEDS
by gnawing through the fruit's hard, thick

casings, the red-rumped agouti, left,

seeks a meal. Although the fruit's woody

casing may have evolved to protect the

seeds from predation, its opening is too

small to allow them to fall out. The tree

therefore depends on animals to open the

fruits. Agoutis feed on some of the seeds

immediately and cache others for future

consumption; uneaten seeds germinate

about a year later. The brown capuchin

monkey, a seed predator, can recognize

which fruits are about to open on a

Carim'ana micrantha tree, above. Tearing

them from the stems, the monkey bangs

them against thick branches to get at the

small, nutritious seeds. Some fruits open

on their own while still in the tree,

releasing their seeds. Aided by winglike

appendages, the seeds are carried away by

the wind.

y
^^^S



TRAVELING BY AIR EXPRESS, a sapucaia seed is transported by

Palla's spear-nosed bat, above. The seeds are attached to a durable fruit

casing by a cord with a fleshy outgrowth, or aril, at its base that bats find

appetizing. The bats may later drop the seeds or discard them while

roosting far from the mother tree. Right: The flowering and fruiting of the

"monkey's bailing cup" coincide with annual floods produced by the rising

Amazon. When the cup-shaped fruits open, the seeds drop into the water

and, buoyed by their corky coats, are carried by the current.
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A mesmerizing repertoire of quick

changes in skin color and texture

qualifies cuttlefishes as masters of
communication and disguise.

M fleet of tiny creatures swim the length of a shallow

^1 tank at the Marine Biological Laboratory at Woods
1 Hole, Massachusetts, passing above yellow sand,

then brown sand, then variegated pebbles, and finally a

bed of white shells. These newly hatched animals, each

no larger than a thumbnail, undergo instant and

seemingly magical transformations as they travel

the route, their skin color shifting from

yellow to a tasteful khaki, to mottled ^» V
black and white, to a uniform soft « * '; *.

white. Protean masters of disguise, the *
.•

*"-'

apogee of marine cryp.sis, these *»*..'»''
,

young creatures are cutdefishes, and '»'* '

'

according to their devotees, we ,»*""•

should be so luckv f^'"
''-^'

.:<

Lanier is amon<r the manv

that cuttlefishes seem to wear

.
*•.;.•»'

'••.%*-

^n[iition cuttlefish

mjf>1a<officinalis)
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Camouflaged

against the

reef, a male

S. plangon,

above, hovers

over the female

in a classic

"mate guarding"

pose (Australia).

Opposite page,

top: A male

S. pharaonis

defends a female

from another

suitor (Thailand).

their thoughts on their skin. "This is what virtual

reality is about, the ability to directly express your

images," he says with obvious envy. Indeed, he as-

serts, the purpose of technology "is to turn people

into cuttlefish." A single cuttlefish can become

speckled, ocellate, stippled, Hneate, whorled, black,

white, brown, gray, pink, red, iridescent—aU in dif-

ferent combinations and all in less than a second. It

can hold zebra stripes for hours or send waves of

color flickering across its skin. It can make half its

body white while the other half displays hnes. Its

skin can pucker into riffles and spines and bumps,

then suddenly go smooth as polished stone. And
that's just the common cuttlefish (Sepia officinalis);

each of the hundred or so other species has its own
repertoire of quick changes.

Cuttlefishes—which, like snails and scallops,

are mollusks—are highly advanced invertebrates, a

distinction they share with several cephalopods, a

class that includes squids and octopuses. But while

cuttlefishes are closely related to these other ink-

spurting, color-flexing creatures, they remain

more mysterious, largely

because they are for the

most part so hard to

observe in their natural

habitats. Researchers

have recently ventured

into the field vwth night-

vision video cameras

and other high-tech

equipment, but most of

what we know about

cuttlefishes still comes

from the laboratory,

where, often clustered together in tanks, these

cephalopods—which are probably solitary by na-

ture—continue to yield surprises. In the past few

years, scientists have found that cuttlefishes can

detect water motion in the same way that fishes

do, that their large eyes (which have W-shaped

pupils) can see polarized Hght, and that their re-

productive behaviors and modes of communica-

tion are quite complex.



(Aittk-tishcs r.ini;c cnoriuously in size, troni

tlie two-incli Mclascpia pli'(tcri to the tlircc-toot-

liMii; Scpid apanta. But all have oii^ht arms and two

tentacles, the Litter usually reniainini; retracted

unless the cuttlefish is teeihng. Like other

cephalopods, cuttlefishes seem to grow cjuickly,

mate once, and then die: most live for no more

than eighteen months. Like squids and octopuses,

cuttlefishes have a funnel for jet propulsion, but

unlike the other two, they also have an internal,

oval-shaped bony chamber that fills with gas. The

result is that, as well as being able to swim and

sc]uirt backward and forward, they can gracefully

hover, rise, and tall.

Found 111 tropical .aid temperate oceans every-

where except in the Americas, cuttlefishes favor

mostly near-shore environments such as coral reefs,

mangrove swamps, and fields ot sea grass and algae.

Although they are an important source of food for

many people, no data have been compiled on

whether they have been endangered by overharvest-

ing, and demand for them has been growing in Asia

and the Mediterranean. Still, even if they can't al-

ways escape nets, cuttlefishes can stay hidden from

their other predators: sharks and teleosts (a range ot

bony, jawed fishes). This ability probably evolved

between 370 million and 190 million years ago,

when teleosts began taking over coastal environ-

ments and forcing some moUusks into deep water,

where hydrostatic pressure made their shells cum-

bersome. So the cephalopods (with the exception of

the chambered nautilus) shed their shells and slowly

moved back to compete with, and to avoid, the fish.

The secret to cuttlefishes" capacity to fade into

the background lies in several special t)'pes of mus-

cle groups and cells: papillae, which allow the ani-

mals to deform their skin so they can assume the

texture of seaweed or a bumpy rock; chro-

matophores, which contain pigment; and two kinds

ot reflecting cells, iridophores and leucophores,

which influence color. In the common cutdefish

—

the most extensively studied species because it is

rather easily tound in the eastern Atlantic Ocean,

An S. tatimanus,

above, floats

over coral (Bali).

Another S.

latimanus, right,

raises its arms in

defense (Papua

New Guinea).

A single

cuttlefish

can send

waves of

color

flickering

across its

surfaces. Or

pucker its

skin into

spines and

bumps,

then

suddenly go

smooth as

polished

stone.
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An S. pharaonis,

below, raises its

arms combatively

(Thailand). A

cuttlefish's

astonishing

range of color

and texture

can be seen in

two photographs

of Metasepia

pfefferi,

opposite page.

the English Channel, and the Mediterranean Sea

—

the chromatophores are yellow, red, orange, and

dark brown to black, with a density of about 30,000

per square inch. The muscles around these sacs of

pigment expand or contract in response to "mes-

sages" from the brain as it processes visual informa-

tion. This neural control allows cuttlefishes and

other cephalopods to transform their appearance

rapidly; chameleons, on the other hand, control

coloration through hormones traveling in the

blood—a much slower process.

Iridophores are made of stacks of very thin lay-

ers of chitin that diffract (cause interference patterns

in) light, giving rise to shimmering blues, greens,

and silvers. Recent research by Roger T Hanlon,

of the Marine Biological Laboratory, suggests that

iridophores also may be under indirect neural con-

trol, through the action of the neurotransmitter

acetylchohne. Leucophores, found in some cuttle-

fish species, some octopuses, and in one type of

squid, are fiat, branched cells that, like sequins, re-

flect all colors.

The mesmerizing array of hues and patterns re-

sulting from these specialized cells is important not

only for hiding but for communication. Cuttlefishes,

as well as squids and octopuses, have a rich repertoire

of signals for defense, hunting, reproduction, and

warning—and perhaps for types of communication

not yet understood. In S. officinalis, for instance, the

so-called Intense Zebra display warns other males to

stay away. This and other dermal changes are often

accompanied by a complex set of postures and arm

movements. Hanlon and his colleague John B. Mes-

senger, of the University of Sheffield in England,

have described fifiy-four components of the com-

mon cutdefish's "vocabulary," including such pos-

tures as Drooping Arms, Flanged Fin, Wrinkled First

Arms, and Extended Fourth Arm.



DcciplKTing tins viK alnil.iry li.is been chal-

k-ngiiig—and has just bcLonic more so. Watching

fenialc cuttlefishes choose mates, Jean (I. Boal, ot

the University of Texas Medical Branch (UTMB)
at Calveston, recently discovered that they shied

away from males making aggressive Zebra dis-

plays. Instead, the females seemed interested in

males that had just mated, which suggests that the

females were responding to a chemical cue from

the male. Sure enough, Boal and Sherry Painter,

also at UTMB, found that cuttlefishes recognized

a pheromone that Painter had recendy isolated

from a marine snail, a cephalopod relative. "Mol-

lusks, in general, use pheromones to coordinate

their behavior because they are not all that mo-

bile," explains Boal. "It serves as a communicator

over much longer distances than visual signals

could ever work."

Boal's studies have also revealed that cuttlefishes

cannot recognize each other individually. But, she

explains, the lack of recognition works perfectly for

them. If, say, a male encounters another male and

responds aggressively, he'll repeat the behavior after

swimming around the tank and bumping into the

same male a minute later. "I talked to many people

who were very disappointed: 'Oh, cutdefish are

stupid, huh?' " Boal recalls, laughing. Cutdefishes

probably live far apart in the wild, except when

they gather en masse to mate, so they have no real

need to recognize individuals: "If two males have a

fight," says Boal, "the loser can leave and is not

likely to bump up against that

male again. He has a whole

blooming ocean out there."

And because cuttlefishes, like

almost all cephalopods, die be-

fore their eggs have hatched,

there is no reason for them to

recognize their young.

The question of intelligence

is what attracted Boal to cut-

tlefishes in the first place. "No
matter how you measure it,"

she points out, "their brain is

larger than an octopus brain."

Her current experiments on

learning suggest that both

cephalopods do well with spa-

dal learning; cutdefishes seem

to learn their way around a

maze with the same facility" as

octopuses. Such sav\y comes

as no surprise to cuttlefish afi-

cionados, who can sit en-

tranced in front ot a tank tor

hours, feeling the creature's

curiosity or (making al-

lowances for the perils of anthropomorphism)

what seems to be its passing interest in the human

observer. "I think that's part of the allure of cuttle-

fish," says John W. Forsythe, a biologist at

UTMB's National Resource Center for Cephalo-

pods in Galveston, a sort of Cuttlefish Central that

supplies the animals to aquariums and researchers
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tentacles
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toward a

shrimp

until, with
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speed, they
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prey.



An S. latimanus,

above, is quite

unruffled by an

approaching

diver (Bali).

Cuttlefishes'

W-shaped pupils

probably allow

them to see

forward and

backward at the

same time.

all over the world. "They're really interactive.

They're looking at you as much as you're looking

at them." Forsythe, who has been tending cuttle-

fishes for about twenty years, recently moved a

few Sepia pharaonis from the Red Sea and the In-

dian Ocean to the Galveston center. Swimming

around in a tank, each pharaonis flashes a thin blue

iridescent band marking the edge of the fm that

encircles its body. "Officinalis can't do that,"

Forsythe sighs.

The reverie is broken. It's feeding time in Gal-

veston. As Forsythe begins to toss large frozen

shrimp into the tank, a pliamonis swims forward, its

eight arms all touching one another so that they

look almost hke an elephant's trunk. Slowly its two

tentacles appear, stretching almost lazily toward a

shrimp until, with staggering speed, they shoot out

to their fuU extent and grab the prey, pulling it back

into a beaked mouth. Another pharaonis flashes

bright yellow for an instant; that's a color Forsythe

hasn't seen before in this species. Mealtime contin-

ues fast and furious; the tank is clean within min-

utes. "They're the most awesome predators. I'm

very thankful they don't get to be six feet," says

Forsythe, adding that if crabs had been on the

menu, the waters would have roiled. "They're the

master crab destroyers of the universe."

Cuttlefishes are indeed perfectly honed hunters.

Everything about their physiology enhances their

search for shrimp, crabs, and fish; their huge eyes,

for instance, are as sophisticated as those of verte-

brates. Although they seem unable to see in color

(unlike most of the fishes that feed on them), their

eyes can detect polarized light, allowing them to

easily locate transparent or camouflaged prey. Thir-

teen or fourteen muscles control their eyes, while

humans' eyes are controlled by only six muscles and

octopuses' by seven. The extra muscles allow cut-

tlefishes to see pretty much everything, because

they can move their eyes to compensate for the po-

sition of their bodies and can cause their lines of vi-

sion to converge for optimal perception of depth.

Why they have W-shaped pupils remains a mystery,

however; Forsythe suspects it allows them to see

backward and forward at the same time.

Cuttlefishes can sense movement in other ways

as well. Bernd U. Budelmann, of UTMB's Marine

Biomedical Institute, has determined that cuttle-

fishes have tiny hair cells that detect the directional

flow of water, enabHng them to sense and interpret

changes in currents or water movement up to sixty

feet away. And they are also outfitted with statocysts

(organs similar to the vestibular structure, or inner

ear, in vertebrates), which allow them to maintain

orientation. So whether they're swimming forward,

jetting in reverse, or just hovering, cuttlefishes can

figure out which way is up. "They're hke cats

—

built to right themselves," explains Forsythe. And

then, with some of the fervor that cuttlefishes seem

to evoke, he blurts out, "They're so cool!"

Every day Forsythe gets e-mails from people

obsessed with these animals, people who want a

cuttlefish as a pet so that they can sit and stare

into its mesmerizing eyes and commune with a

creature that can project the workings of its col-

orful mind. Jaron Lanier may be right. The day

may come when we catch up with the mollusks

and can make our skin dance with the patterns of

our thoughts. D
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Australia's Rock Stars

For the giant cutttefish of southern Austrah'a,

Spencer Gulf is the place to spawn.
By Simon Foale and Mark Norman

From April to |iily ot most years, tlic nortliwest coast of

Spencer CUilf in the state of South AustraHa is the setting

for one ot the most colorful and vibrant biological events:

the spawning of Sepia apania, the giant cuttlefish. These

animals, which measure up to three feet, can be found

along the entire south coast of Australia. But the greatest

concentration (as many as thousands per acre) is found

only on the few rocky reets between the industrial port of

Whyalla and Point Lowly, ten miles northeast. This dis-

tinction may be related to the scarcit\' of rocky seafloor

teen feet of land, where the water is as shallow as six feet.

Because sites for laying eggs may be limited, males often

rove from boulder to boulder in search of a good spot that

isn't already being used. Having found one, the males can

then court females that come looking for a place to lay

their eggs. Males compete for females by swimming along-

side their opponents and trying to make themselves look as

large and frightening as possible. They flare out their or-

nately decorated arms, which bear bannerlike webs, and

also produce a mesmerizing pattern—an inverted V ot

black stripes in constant motion^
on the side ot the body tacing their

rival. When rival males are unevenly

matched in size, the smaller one in-

variably swims away before too

long. If thev are evenly matched,

however, the showdown can some-

times escalate into violence; most

A male giant cuttlefish (Sepia apama), left, swims out to meet the challenge of another male. Right: Another giant cuttlefish

decks itself out in camouflage.

elsewhere in the gulf—a circumstance that forces the cut-

tlefish to congregate on the shallow reefs close to shore,

where the undersides ot large boulders afford the females

suitable surfaces on which to lay their eggs.

The gripping choreography ot cuttlefish combat,

courting, and copulation can be observed within about tif-

individuals sport the e\ddence of past brawls, such as bite

marks, missing tentacles, and scratches and scars of vai-)-ing

severity. In any case, the winner gets the female.

Giant cuttlefish copulate head to head, with the male

using the tip of an .u'ln to n-ansfer a spermatophore (sperm

packet) to a pouch under the females mouth. Many males
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Mating takes place head to head. The male, right, transfers sperm

the female's mouth, having first attempted to hose out the sperm

first attempt to displace previous suitors' spermatophores by
vigorously squirting jets of water into the female's pouch,

using the funnel they normally employ forjet propulsion—in

effect, hosing out their competitors' sperm. The females lay

the spindle-shaped, marble-sized eggs one by one, and each is

fertilized by being passed over the pouch of spermatophores

under her mouth. The spermatophores that fertilize the eggs

are the ones closest to the outside—that is, those from the

most recent mating. This explains the practice of "mate

guarding": after copulation, the male maintains a close watch

over the female as she lays the eggs that have been fertilized by
his sperm, and he vigorously tries to fend off the frequent, if

not constant, challenges from numerous sources.

Every now and then, however,

much smaller males manage

—

through stealth and disguise—to

mate with females. By pulling in

their arms and bannerhke webs and

taking on a mottled coloration, they

achieve a typically female appear-

ance. These small males may even

approach females that are guarded by

large males. Seemingly cued to the

aggressive visual displays of sizable

competitors, a large guarding male

wiU readily accept the approaches of

an apparent female. Then, when the

guard is busy fending off some other

big brute, the small "sneaker" male

makes his move to mate with the fe-

male. The small male's disguise ap-

pears to work even during mating;

large males have been observed to

tolerate copulations between a fe-

male they're guarding and a sneaker

male dressed up as a female.

During the three-month breeding season, a female can

lay several hundred eggs in a number of separate clutches.

Before laying them on the undersides of boulders or in

crevices—away from currents and large predators—she

uses her arms to draw the eggs out of their gill cavity and

pass them under her mouth to fertilize them. With her

head in a crevice and the rest of her body protruding into

the open, the female may produce a pair of large black

eyespots on the back of her mande: possibly a deterrent to

would-be predators. Egg laying is a hazardous business.

Each egg is glued to the boulder individually, and eggs are

frequently caught on the spines of urchins, which take

shelter in large numbers on the undersides ofboulders and

to a pouch under

of previous suitors.

Eggs are laid as far from predators as possible. Freshly laid

eggs, above, are glued to the roof of a small cave.

After about five months, the eggs hatch. A newly hatched

giant cuttlefish swims past the egg of an unhatched sibling.



Eggs can catch on the spines of urchins sheltering under the

same boulders used by the giant cuttlefish.

A giant cuttlefish tries to grab a fishing line with its

tentacles, which have pads of strong suckers on their tips.

are among the many predators known to feed on the eggs.

Wlien the female 5. apaiiia is not laying eggs, she and her

guard can be seen close to their boulder, with the male

usually hovering a little above his mate. Even then, chal-

lengers often attempt to get to the female by using their

tentacles to "scoop" the male up and away from her.

About five months after being laid, the eggs hatch into

free-swimming, miniature cutdefish;

by then, the adults will have long

since dispersed or died.

Recent interest in fishing for

Spencer Gults giant cutdetish may

threaten the spawning aggregations.

For many years, a small number of

giant cutdefish (10 tons" worth a

year) were harvested for use as bait,

without apparent impact on the

spawning popularion. In 1996, how-

ever, a new Asian market for cuttle-

fish was discovered, and tlshing ef-

forts exploded. More than 2(10 tons

were taken in the 1997 season alone.

After lobbying by local divers and

conservarionists, the South Australian

state government placed a temporars'

ban (for 1998) on fishing for these

animals in the gulf Catches at the

start ot die 1999 season were so low

that the fisheiy was quickly closed to

protect remaining stock. In advance

of the 2(100 season, fisheries scientists

released research findings that sup-

port permanent closure of the region

to fishing. The fate of the giant cut-

defish now lies in the hands of politi-

cians and other decision makers.

Simon Foalc studies the itidigetious use ofinaritie resources and the

ecology of target species. Much of his time has been spent in the

tropical Pacific; he is currently a research scientist in the Solomon

Islands for the World IVildlite Fund. Mark Xorman. a research

fellow at the University ofMclhoitruc, has studied cephalopod di-

versity, evolution, and behavior for many years, in the course of

which he has discovered more than 150 new species of octopus.

Giant cuttlefish are voracious predators, feeding on a variety of fish and crustaceans.

Dinner, on this occasion, is a rock crab.
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{Continued from page 38)

forms of authority or seek certain

forms of knowledge—injunctions that

cannot be congenial to any scientist.)

Similarly, no statement in Genesis 1

speaks about inequality between the

sexes, but Adam uses Eve's status as

both subsequent and partial to hint at

such a claim in Genesis 2: "And Adam

After all, we read the

Bible as a source of

moral debate and

instruction, not as a

treatise in natural history.

said. This is now bone of my bones,

and flesh ofmy flesh: she shall be called

Woman, because she was taken out of

Man" (Gen. 2:23).

Haydn's text divides the creation

myth of Genesis 1 into three sensible

and dramatic units. We usually view

the six-day sequence as a story of suc-

cessive additions, but I think that such

a reading seriously mistakes the form

of this particular tale. Creation myths,

based on limits to both our mental

powers and the structural possibilities

of material objects, can "go" in only a

few basic ways, and Genesis 1 invokes

the primary theme of successive differ-

entiation from initial chaos, not se-

quential addition. The universe begins

in undefined confusion ("without

form and void"). God then constructs

a series of separations and consolida-

tions to mark the first four days. On
Day 1, he divides hght from darkness.

Haydn's amazing overture violates

many contemporaneous musical tradi-

tions of tonality and structure to depict

this initial chaos. The composer then,

at the end of the first chorus, describes

the creation of light with a device both

amazingly simple and (to this day) star-

thngly evocative: a series of crashing

chords in bright and utterly unsophis-

ticated C major. (A virtual cliche

among statements in the history of

classical music designates this pas-

sage—but so truly—as the most stun-

ningly effective set of C-major chords

ever written.)

On Day 2, God divides the Earth

firom the heavens; on Day 3, Earth's

water from Earth's land (also allowing

the land to bring forth plants). On Day

4, he returns to the heavens to concen-

trate the diffuse Ught into two great

sources, the Sun and the Moon ("he

made the stars also," as an after-

thought) . Soloists describe the work of

each day, and each sequence then fin-

ishes with a wonderful chorus. Part 1

tion He as much in the Httle foibles as

in the grand overarchings. Haydn

shows this bumptious and quotidian

side of totaHty in describing the cre-

ation of animals. First, the soprano

soloist, in a charming and idyUic aria,

describes the birds—the noble eagle,

the merry lark, the cooing dove, and

the nightingale, who has not yet

learned (but, alas, soon wiU) to sing an

unhappy note: "No grief affected yet

her breast, nor to a mournful tale were

tuned her soft, enchanting lays." The

bass soloist, alternating between the

bucoHc and the simply fimny, then de-

scribes the tawny lion, the flexible

Separation of Land from the Water, by Raphael, 16th century

therefore ends with Haydn's most fa-

mous text and tune, "The heavens are

telling the glory of God"—the heav-

ens, that is, because no animals have

yet been formed!

Part 2 describes the work ofDays 5

and 6, the creation of animals: crea-

tures of the water and air on Day 5 and

of the Earth, including humans, on

Day 6. Soloists and chorus alternate as

in Part 1. Haydn's music exudes

beauty, power, and exultation, but he

also describes whimsical, earthy, and

ordinary events—a combination that

captures the essence of the humanistic

(or should I say naturalistic) spirit by

acknowledging that glory and fascina-

tiger, the nimble stag, and finally, "in

long dimension creeps, with sinuous

trace, the worm" (usually ending, if

the bass soloist can, and ours could, on

a low D—actually set an octave higher

by Haydn but taken down by soloists as

a traditional bass Ucense corresponding

to those annoying high Cs that tenors

forever interpolate).

The shorter Part 3 then uses Mil-

ton's style (if not exactly his words) for

two long and rapturous duets between

Adam and Eve, interlaced with choral

praises and culminating in a paean of

thanks and a final musical device that

always thrills me as a singer (and, I

hope, pleases the audience as well).

I
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The final expostulation ofjoy for the

glorious diversity of the Earth and its

life
—

"praise the Lord, utter thanks,

Amen"—runs twice, first as an alter-

nation of passages for a quartet of

soloists and the fuU chorus, and then,

even louder, for the fuU chorus alone.

This acceleration or promotion

—

more an emotional device than a

compositional beauty per se, but mas-

tery of such devices also marks a com-

poser's skill—always leaves me feeling

that we should mount even higher,

over nature: "And God said. Let us

make man in our image, after our like-

ness; and let them have dominion over

the fish of the sea, and over the fowl of

the air, and over the cattle, and over all

the earth, and over every creeping

thing that creepeth upon the earth. . . .

And God blessed them, and God said

unto them. Be firuitfiil, and multiply,

and replenish the earth, and subdue it"

(Gen. 1:26,28).

Instead, following the creation of

land animals, Haydn's text, in a non-

architectural task (far exceeding the ac-

complishments of Fasolt and Fafiier in

building Valhalla). Not a single item in

his creation has enough mental power

to appreciate the beauty and glory of

these optimal surroundings. God just

has to make men and women so that

some creature can know and praise the

grandeur of existence. And so, the

angel Raphael, having just hit his low

D to celebrate the sinuous worm, ex-

claims: "But aU the work was not com-

plete; there wanted yet that wondrous

Creation of the Stars and Planets, from the Sistine Ceiling, by Michelangelo, 16th century

thus allowing the performance to re-

verberate beyond its formal ending

(which can only be deemed quite

grand enough already!).

Haydn's text represents a great doc-

ument of optimism and humanism, as

much for its omissions as for its inclu-

sions. Interestingly, although nearly the

entire text of Genesis 1 enters the nar-

rative, one long passage has been con-

spicuously (and, I assume, consciously)

omitted—the set of "objectionable"

(to me, at least) statements about di-

vinelv ordained human domination

bibUcal interpolation, suggests an en-

tirely different reason for the creation

ofmen and women. In Genesis 1, God
fashions us to have dominion over

everything else. But in Haydn's text,

the world needs us simply because

God's noble efforts remain unfulfilled

if the great work must end with the

tawny lion and the sinuous worm. In

nearly six full days of hard labor, God
has stuffed the Earth with a glorious

series of diverse and wonderful objects.

But he then realizes that one omission

precludes the fulfillment of his greatest

being; that, grateful, could God's

power admire, with heart and voice his

goodness praise."

I don't want to make either this

recitation or Haydn's text sound too

saccharine or devoid of complexity.

The humanistic tradition does not deny

the dark side but rather chooses to use

these themes as warnings for potential

correction rather than as statements

about innate depravity. Thus, Haydn

does not entirely neglect the common
biblical subject (so prominent in Gene-

sis 2) of the dangers inherent in know-



iiiu; loo iirilIi. but he ccrt.iinly reduces

I lie point to a bare reminder. Just he-

lore tlie final chorus, tlie tenor soloist

Mu^s .1 quick passage in the least impas-

sioned narrational st^'le of "dry recita-

ti\e" (with only keyboard and con-

tinuo as accompaniment): "O happy

pair and happy still might be if not mis-

led by talse conceit, ye strive at more

tlian is granted and desire to know

more than you should know." Modern

listeners might also be discomfited by

Iac's promises of obedience to Adam
111 their second duet (from Milton, not

tiom Genesis 1), even though her in-

spiration follows Adam's promise to

"pour new delights" and "show won-

ders everywhere" with every step they

take together upon this newly created

world. We can't, after all, impose the

sensibilities of 2000 upon 179S. And

who would want to defend 2000 be-

lore any truly just court of universal

righteousness?

But while we identify Haydn's text

IS a creation myth in the most expan-

si\e and optimistic spirit of love and

wonder for all works of Earth and lite,

we must also confront a historical puz-

zle. Haydn began his work in 1796,

and the first pubhc performance took

place in 1 799 (with Haydn conducting

and none other than Antonio Salieri,

the much and unfairly maligned villain

otAmadcHS. at the fortepiano). Such an

expansively optimistic text seems en-

tirely out of keeping with the conserv-

ative gloom that spread throughout

Europe after the excesses ot the French

Revolution, culminating in the guillo-

tining of the gihllotiner Robespierre in

1794. Moreover, the spread of the Ro-

mantic movement in music and art, for

all its virtues, scarcely sanctioned such

old-fashioned joy in the objective ma-

terial world.

The apparent solution to this prob-

lem includes an interesting twist.

Haydn wrote Tlie Creation as a result of

inspiration received during trips to

London, particularly in 1791, when he

heard (and felt overwhelmed by) the
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power of Handel's oratorios. This

source has always been recognized, and

the pleasure of singing Tlie Creation Kes

at least partly in the wonderful Han-

delian anachronism included amidst

the lush Classical and near-Romantic

orchestration. But Handel's posthu-

mous influence may have run far

deeper. The source of Haydn's text has

always presented a mystery. Who
wrote it, and how did Haydn obtain

the goods and the rights? (We know

that Haydn's friend Baron Gottfried

van Swieten translated the text into

German from an EngUsh original, but

whence the original?) The latest schol-

arship indicates that the text may have

been originally written for Handel

more than forty years earlier (Handel

died in 1759) but never set by the

greatest master of the oratorio and

therefore still available for Haydn two

generations later.

Such an earHer source would solve

all problems of content, for if Haydn's

libretto really dates from the 1740s or

1750s, then all incongruities disappear.

The text becomes a document com-

posed during the heart of the Enlight-

enment, an intellectual and artistic

movement that embodied all the opti-

mism of the age, all the pleasure in na-

ture's beauty, aU the faith that a combi-

nation of human reason and moral

potential might ensure both goodness

and justice. The text of 77?e Creation

reflects this hopeful world, when Lin-

naeus worked in Uppsala, classifying all

plants and animals for the glory ofGod
and the knowledge of men, while Ben
Frankhn promoted the virtues of fire

departments, pubhc Hbraries, and uni-

versities in Philadelphia. The Enlight-

enment may have veered toward

naivete in its optimism about human
and worldly possibilities, but the goals

stiU seem attainable, and we will never

get there ifwe lose the hope and spirit.

Ya gotta beheve.

The difficulty of this task (so well

epitomized, in some great words ofan-

other famous Enlightenment thinker.

as the realization, for all people, of our

inalienable rights of "life, liberty, and

the pursuit of happiness") requires that

all facets of human achievement be

mobiLized in the great work. We will

surely need the benefits of science, if

only to feed and keep healthy all the

people that science has permitted us to

rear to adulthood. We will also need,

and with equal force, the moral guid-

ance and ennobHng capacities of reh-

gion, the humanities, and the arts, for

otherwise the dark side of our person-

alities will win, and humanity may
perish in war and recrimination on a

bUghted planet.

Art and science provide different

and legitimate takes on the same set of

"There is grandeur in

this view oflife," wrote

Darwin. And as

Haydn said, "The

heavens are telling the

glory ofGod."

saving subjects, and we need both ap-

proaches. Thus, as a scientist who has

devoted an entire career to the study of

evolution (but who also fancies himself

a serious and competent avocational

choral singer and not just an occasional

duffer at a Saturday-night piano bar), I

see no contradiction, but only har-

mony, in integrating the final Une from

a great work of science (a statement

that Darwin chose to make in personal

terms of poetic awe) with Haydn's in-

spirational choral work based on an

Enlightenment version of a creation

myth that seems to employ (in its dif-

ferent way) the same subject of Dar-

win's scientific studies. The factual

truth of evolution cannot conflict with

the search for meaning embodied in a

good creation myth. "There is

grandeur in this view of Hfe," Darwin

wrote. And as Haydn said, "The heav-

ens are telling the glory of God."

The task before us remains so

daunting that we need to find tools

even beyond the integration of science,

morality, and the other separate

patches that construct what I hke to

designate as the coat of many colors

called wisdom. We also need symbols

to intensify and epitomize this grand

effort that must ultimately lead us all to

hang together or to hang separately (a

great pun by the Enlightened Mr.

Franklin). Given my propensities and

procHvities, I do not know how, in this

symboHc sense, I could have spent the

inception of the millennium in a more

meaningful way. And so, Mrs. Ponti,

my truly beloved fifth-grade teacher, I

dedicate this version of "what I did on

my . . ."to your memory and to the

inspiration that you so freely provided

with your dedication and skill.

I consecrated the day that symbol-

ized the end of history to the opposite

service of praising its optimistic begin-

nings, by joining a group of colleagues

who had worked long and hard to pre-

pare a performance of the greatest mu-

sical work ever written about the joyfial

and glorious inception of an order that

can end (on our time scale) only if we
fail to unite the spirits of Darwin and

Haydn, thereby potentiating aU the sav-

ing graces of our nature. We express

this union in many ways. The closing

words of Genesis 1 do not represent my
personal choice, but who can doubt

the nobility of the sentiments, and

what person of goodwill can fail to be

horrified by the prospect (and therefore

be inspired to devote some personal ef-

fort toward prevention) that one species

might eviscerate something so wonder-

fiil that we did not create and that was

not fashioned for us? "And God saw

every thing that he had made, and, be-

hold, it was very good."

Stephen Jay Gould teaches biology, geology,

and the history of science at Harvard Uni-

versity. He is also Frederick P. Rose Hon-

orary Curator in Invertebrates at the Amer-

ican Museum ofNatural History.
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Archaeological excavation of an

Indian burial mound in the

Mississippi valley

REVIEW By Dougias Preston

Anthropology and American Ancestry
New controversies have opened old v^ounds over how scientists have

historically treated Native Americans.

In
July 1996 two young men wad-

ing through the shallows along the

Columbia River near Kennewick,

Washington, stumbled across a skull

partly buried in the sand. Thinking it

was that of a murder victim, they

called the poUce. A forensic anthropol-

ogist named James Chatters concluded

that the skuU looked Caucasoid. After

an almost complete skeleton had been

collected, radiocarbon dating indicated

that it was more than 9,000 years old

and thus one of the oldest and most

complete skeletons ever found in the

New World. As a result, under the Na-

tive American Graves Protection and

Repatriation Act of 1990, the U.S.

government seized the bones and was

planning to turn them over to a coali-

tion of local Indian tribes. The Indians,

believing that scientific study ofthe re-

nins was an act of sacrilege, said they

v.ciuld bury the skeleton where no sci-

entist would ever fmd it. A group of

distinguished anthropologists, seeking

the opportunity to study the bones and

analyze the so-called Caucasoid fea-

tures of the skull, sued. "So began the

furious controversy over Kennewick

Man," David Hurst Thomas writes in

his remarkable and groundbreaking

book Skull Wars.

The Kennewick controversy pro-

vides an apt introduction for SkuU

Wars, because it embodies all the con-

tradictions and passions generated by

anthropologists' efforts to unravel the

Native American past of our conti-

nent. This highly readable history ot

American anthropology is proof that a

work of scientific scholarship can be

set forth in straightforward, elegant

English prose, free of jargon. As a

founding trustee of the National Mu-
seum of the American Indian, a mem-
ber of the National Academy of Sci-

ences, and a former chairman (now a

curator) of the anthropology depart-

ment at the American Museum ofNat-

ural History, David Hurst Thomas was

well positioned to write this book.

This is no dusty history. The author

tells stories ofgrave robbing in the dead

of night, of researchers decapitating In-

dians after battles in order to send their

heads back to museums for study, ofthe

elevation of scientific materialism

above people s deepest religious values.

He recounts tales of anthropologists

who collected hving people for study,

as his own museum did a century ago,

with six Eskimos from Greenland.

The book's foreword is written by

Vine Deloria Jr., a Standing Rock
Sioux activist and educator, who says

that his "rage was almost incandescent"

as he read Thomas's manuscript about

what had been done to Indian people

in the name of science. The choice of
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Dcloria to write tlic foreword may

seem odd, siiiee lie rejects tlie central

tenet of American anthropoloiiy—tliat

liuman heini;s migrated from tlie Old

World to the New. Yet givmi; 1 )eloria

the opportunity to speak is wry iiiiich

in keeping with Thomas's goal, vvhicii

IS to present both sides fairly. On the

Do we have a model tor how ar-

chaeologists and Native Americans can

work together? According to Thomas,

we do; a project in southeastern

Alaska's Tongass National Forest, where

archaeologists and spelunkers have

been mapping and excavating the hun-

dreds of caverns and fissures in the

otiier hand, he's no wimp. He states his limestone bedrock of Prince of Wiiles

own views forceflilly, and some Indian

activists, including Deloria himself,

come in for pointed criticism.

Stiiill War.': is iiuicli iiioiv th.in ,i

litany of scientihc injustices. Thomas

recounts, tor example, how American

anthropologists led the way both in de-

bunking racist theories

that "ranked" human

beings and in develop-

ing the powerful idea

that all cultures—even

the so-called primitive

ones—are equally com-

plex and important. Al-

though U.S. anthropologists dici much
to save and protect Native American

cultures and peoples, their record is

mixed; Franz Boas, often called the fa-

SkuU Wars: Kennewick

Man, Archaeology and the

Battle for Native Ameri-

can Identity, by David

Hurst iiwiiuu.

$25; 350 pp.

Island. In 1993 Terry Fifield, the is-

land's USDA Forest Service archaeolo-

gist, joined the team; he soon moved to

Klawock, one of the eleven local Haida

and Tlingit villages, and regularly at-

tended the council meetings, making a

point of sharing news of discoveries.

The first finds

—

41,60()-year-old bear

bones and 17,565-year-

old seal bones—dated

back to the "very peak

of the Ice Age." When
researchers found hu-

man remains in the

same caverns, Fifield immediately

asked the advice of tribal elders. Alter

much discussion, writes Thomas, "they

finally agreed that the potential increase

Basic Books

ther ot American anthropology, robbed in knowledge about their oldest ances-

j

Indian graves but also denounced his tors overwhelmed all other concerns."

discipline's embrace of racial determin- Subsequent radiocarbon dating of the

ism. Smithsonian anthropologist Frank bones and tools proved that they were

Hamilton Gushing pushed his way into as old as Kennewick Man and of im-

the Zuni Indians' sacred ceremonies but mense value to archaeology,

also fought passionately for the rights of The Tongass remains were discov-

the Zuni against those who were trying ered at the same time as Kennewick

to steal their land and water.

The battle over Kennewick Man
marks another chapter in the some-

times bitter history of relations be-

tween anthropologists and American

Indians. Using this fracas as an example

oi how not to practice archaeology,

Thomas makes an eloquent plea to heal

the breach; "If archaeologists—of all

people—can draw some lessons from

the past," he writes, "perhaps we can

rediscover a more human side to our

science and come to value once again

the importance of face-to-face rela-

tionships with those whose ancestors

we wish to studv."

Man. Today the Kennewick bones are

mired in controversy and legal maneu-

vering, while the Tongass bones have

been quietly and intensively studied,

yielding a trove of information. As

Thomas proposes, "One of these cases

may well define the future (if any) of

twenty-first century archaeology. The
question is; Which one?"

Douglas Preston, a /cinnci- colmniiist for

Natural History, has written about Ken-

newick Manfor the New Yorker. His most

recent novel, Thunderhead. coaiithored

with Lincohi Child, is about an archaeologi-

cal expedition to a legendary site in Utah.

I

X-Ray \%ion
Soon after it was launched into Earth

orbit in July 1999, NASA's Chandra

X-Ray Observatory began gathering

images of supernovas, black holes, and

quasars—some of the most enigmatic

objects in the sky. Because cosmic X
rays are emitted by matter heated to

millions of degrees by violent explo-

sions or intense magnetic or gravita-

tional fields, the Chandra telescope is

revealing new features of the hottest

and most turbulent regions of the uni-

verse. On the Internet, an album of

the observatory's images can be found

at chandra.harvard.edu/photo/index

.html, on a site run by the Harvard-

Smithsonian Center for Astrophysics.

With a resolution twenty times

better than that ot previous X-ray tele-

scopes, Chandra has peered into the

crowded region at the center of our

Milky Way gala.\)'. Pinpointing emis-

sions from a supermassive black hole

about 2.6 million times the mass of

the Sun (chandra.harvard.edu/photo

/cyclel/(}2()4), the new telescope

promises to clarify' the true nature of a

galactic core.

Chandra is also illuminating the su-

pernova remnant EO 102-72 (chandra

.harvard.edu/photo/cyclel/0015). In

the ashes of an exploded star in a

neighboring galaxy 200,000 light-

years from Earth, researchers can ob-

serve a ring of ox\'gen heated to nearly

10 million degrees by shock waves

from the original blast. The ring, now
some 30 Ught-years across, contains

enough ox^'gen to form thousands of

solar systems like our own. Chandra's

spectacular images are providing an

unprecedented glimpse into the cre-

ation and dispersal of the hea\y ele-

ments (ever^'thing beyond hydrogen

and heUum) necessar\' for the forma-

tion of planets like Earth.

Robert Anderson is a freelance science

writer based in Los Angeles.
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Jacobson's Organ and the Remark-
able Nature of Smell, by Lyall Watson

(WW Norton, 2000; $24.95; 256 pp.)

Most of us know that smells are picked

up by the nose, relayed to the brain's

olfactory bulbs, and translated as, say, a

whifF of perfume, or the stink of

skunk. Few know about the transmis-

sion of subtler sexual, pheromonal, and

other chemical odors via the vomero-

nasal organ, or Jacobson's organ

(named after the Danish anatomist

who discovered it in 1809), to an en-

tirely different part of the brain—the

hypothalamus. Science writer Watson

explores the scent-sensing mechanisms

that have evolved not just in humans

but throughout the animal kingdom.

Millions of Monarchs, Bunches of

Beetles: How Bugs Find Strength in

Numbers, by Gilbert Wddbauer (Harvard

University Press, 2000; $24.95; 264pp.)

According to entomologist Waldbauer,

insects, spiders, and many other ani-

mals live cheek by jowl to defend

themselves against enemies, to find

mates and food, and to cope with ex-

tremes of weather. He cites, among

many colorful examples, a group of

daddy longlegs that formed a huge

cluster, about 70,000 strong; their mass

of long, threadlike legs created a thick

pelt that deflected the wind and slowed

the loss of moisture.

Medicine Quest: In Search of Na-

ture's Healing Secrets, by Mark j.

Plotkin (Viking, 2000; $24.95; 214pp.)

Ethnobotanist Plotkin ranges far afield

to report on the race to discover and

botde natural remedies, from eriostatin

(a protein from Asian pit vipers that ap-

pears to inhibit the spread ofmelanoma

cells) to myrrh (a fragrance used as an

antibiotic in the ancient world)

.

Defending the Cavewoman and
Other Tales of Evolutionary Neurol-

ogy, by Harold Klawans (W W Norton,

2000; $24.95; 224 pp.)

'<iawan,% plays the double role of detec-

tive and neurologist as he attempts to

figure out the genesis of his patients'

symptoms, which range from alexia

and other aphasias to "painful-foot-

and-moving-toe syndrome."

Walking With Dinosaurs: A Natural

History, by Tim Haines (Dorling Kindersley,

2000; $30; 288 pp.)

Although published to accompany the

BBC television series of the same

name, this book by zoologist Haines

can stand alone. It contains an abun-

dance of eerily lifelike images of ex-

tinct dinosaurs, marine reptiles,

pterosaurs, and early mammals, all

based on the "animatronics" of the

film. The you-are-there text is lavishly

supplemented with graphics and with

brief essays filled with scientific back-

ground information.

Africa in My Blood: An Autobiogra-

phy in Letters, byJane Goodall (Houghton

Mifflin, 2000; $28; 371 pp.)

Selecting from the letters Jane Goodall

wrote between the ages of seven and

thirty-two, editor Dale Peterson has

PHOTOGRAPHY

Botanica, by Tom Baril, (Arena

Editions, 2000; $75.00; 60 plates)

presented an intimate and vivid por-

trait of the British primatologist who
went out to East Africa at the age of

twenty-three, became the assistant to

Louis Leakey in his studies of apes,

and remained there to conduct her

own (now world-famous) research on

chimpanzees.

Wanderlust: A History of Walking, by

Rebecca Solnit (Viking, 2000; $24.95;

318 pp.)

Jean-Jacques Rousseau: The Rever-

ies of the Solitary Walker, Botanical

Writings, and Letter to Franquieres,

edited by Christopher Kelly (University Press of

Neiv England, 2000; $65; 349 pp.)

Two very different books extol the

benefits of walking. Solnit's eclectic

compendium covers everything from

human bipedal beginnings to reli-

gious pilgrimages. Rousseau's medita-

tions affirm that "these hours of soH-

tude and meditation are the only ones

in the day during which I am fully

myself and for myself, without diver-

sion, without obstacle, and during

which I can truly claim to be what

nature willed."

On Tycho's Island: Tycho Brahe and

His Assistants, 1570-1601, by John

Robert Christianson (Cambridge University

Press, 2000; $34.95; 451pp.)

For twenty years, Tycho Brahe, a six-

teenth-century Danish astronomer and

patron-practitioner of science, main-

tained an international research com-

munity on the island of Hven, granted

to him by King Frederick II. Partici-

pants (among them Johannes Kepler)

were trained in the use of new instru-

ments and innovative methods of ob-

servation and experimentation, and

many of them contributed to the sci-

entific revolution that culminated in

the Enlightenment.

Book mentioned in "Natural Selec-

tions" are usually available in the Mu-
seum Shop, (212) 769-5150, or on the

Museum's Web site, www.amnh.org.
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Events
APRIL 3

Thejoliii liuiRHighs Association lipids

its annual meeting at 10:30 A.M. Bernd

Heinrich, author of Mind of the Riwcii,

will receive this year's award for nature

writing. For tickets to the awards lun-

cheon, call (212) 769-5169.

APRIL 4

At 7:00 I'.M., Marc Hauser, professor of

psychology at Harvard University and

author of Wild Minds: lilnit Animals

Really Tliink, discusses new ideas about

animal intelligence, gleaned from evo-

lutionary theory and cognitive science.

APRIL 10

As part of the "Frontiers in Astro-

physics" series, Robert Kirshner, of the

Harvard-Smithsonian Center for As-

trophysics, gives a talk at 7:30 KM. enti-

tled "The Runaway Universe: Measur-

ing the Universe with Supernovae."

politan C Conservation Alliance, a two-

day symposium entitled "Nature in

Fragments: The Legacy of Urban

Sprawl." To register, call (212) 769-

5200. For additional information, go to

research.amnh.org/biodiversity/Sprawl

/Symposium2k.html.

An exhibition

of bookbindings

by S. A. Neff Jr.,

who speciaUzes

in piscatorial

subjects,

is on display in

the Library

Gallery from

April 1 through S.^^ ~^~

June 25.
*^' ^'''

of research on Yellowstone's threatened

grizzly bear in a 7:00 P.M. talk.

APRIL 28

At 7:30 RM., storyteller Diane Wolk-

stein, using a combination of voice,

gesture, and song, presents a 4,000-

APRIL 11

In his 7:00 p.m. talk, geneticist Steve

Jones draws on his new book, Damnn's

( ]host: The Origin of Species Updated,

tt) survey what's been happening in

evolutionary biology since 1859.

APRIL 11, 18, AND 25

The first three speakers in a series of

7:00 P.M. talks on the state of genetic

research are molecular biologist and

1989 Nobel laureate Harold E. Varmus

("How Genetics Is Transforming Med-
icine"), cell biologist and 1999 Nobel

laureate Giinter Blobel ("The Empow-
ered Cell"), and legal scholar Bartha

M. Knoppers (leading a panel dis-

cussing "Ethical and Legal Implications

of Genetic Medicine"). For informa-

tion, call (212) 769-5176.

APRIL 13 AND 14

The Center for Biodiversity' and Con-

servation is cosponsoring, with the

Wildlife Conservation Society's Metro-

APRIL 15 AND 16

From 1:00 to 4:00 P.M. during "Di-

nosaur Weekend," sponsored by the

Museum and Dicovery Kids, children

between the ages of six and eleven can

participate in paleontologic activities in

the Fossil Halls.

APRIL 17

As part of the "Distinguished Authors

in Astronomy" series, writer Andrew
Chaikin gives a talk at 7:30 p.m. entided

"The Apollo Odyssey."

APRIL 21

At 7:00 P.M., a musical visualization

program, conceived by computer sci-

entist and musician Marty Quinn in

collaboration with University of New-

Hampshire scientists, evokes 110,000

years of Earth's climatic history.

APRIL 25

Dave Mattson, of the U.S. Geological

Sur%'ey, discusses his twenty-five years

year-old Sumerian epic in a perform-

ance entitled "The Story of Inanna:

Queen ot Heaven and Earth."

DURING APRIL

"Full Moon," an exhibition of pho-

tographs from the archives of NASA's

Apollo missions, is on display in the

new Rose Center for Earth and Space.

The works were compiled and printed

by artist Michael Light.

For information about this month's

weekend multicultural programs, "Na-

tive Cultures of the Americas: A New
Generation," call (212) 769-5315.

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. caU (212) 769-5100. Visit the

Museum's Web site at \v\\'w.amnh.org.

Space Show tickets, retail products,

books, and Museum memberships are

now available online.
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Going Online

In McAUen, Texas, a buff-bellied hummingbird

sits in the cup-shaped nest she has anchored to

a clothespin. These diminutive birds usually

choose the elbow of a branching twig as the

nest's base, but this one used a familiar human

artifact instead. The nest itself is constructed

from plant fibers, lichens, shredded bark, and

blossoms, bound together with spider silk.

Other species of hummingbird pass through

southern Texas during migration, but the buff-

bellied hummingbird resides year-round in the

Rio Grande valley. The birds' nests are com-

monly hidden in low shrubs; this one, however,

was boldly established in the open courtyard of

an apartment building.

An elderly resident called the local media

when she discovered the nest. After the as-

pirin-sized eggs had hatched and the hum-

mingbirds had left, the woman gave the nest,

clothesline and all, to the photographer's busi-

ness partner, who displays it in a place of

honor in her own backyard.

—

Richard Milner

Photograph by Steve Bentsen
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Explore the World with Discovery Tours
Since 1 869, the American

Museum of Natural l-iistory

has sponsored thousands of

scientific expeditions around

the globe in an effort to

unravel the world's greatest

mysteries. It is this passion

to discover and to under-

stand that inspires

Discovery Tours, the

Museum's educational

travel program.

LAND PROGRAMS' CRUISES
Mongolia: Land of Nomads,

Monks, and Genghis Khan

June 4-20, 2000

September 3-19,2000

$6,990

Life on the Mississippi:

Memphis to New Orleans

Aboard the Delta Queen
April 15-22, 2000 |

From $695 to $5,785
!

Participants in the

Discovery Tours travel pro-

gram have the unique

opportunity to explore the

world with Museum
scientists as they continue

to uncover new insights into

the nature of life on earth.

Since 1 953, over 17,000

Museum travelers have

participated in Discovery

Tours to some of the

world's greatest wildlife

areas, archaeological sites

and cultural centers,j

Northern Australia:

In Quest of Rock Art and

Natural Treasures

June 23- July 7, 2000

$6,990

Qiina and the Yangtze Rivex
September 6-24, 2000 T
September 27-October 13, 2000

From $6,690 to $7,290

(Airfare from L,A, included)

Exploring the Prehistoric
j

Caves and Medieval T
Castles of Southern France

September 14-26, 2000

$4,990 .
j

The Isles of Britain and
Ireland Aboard the

Caledonia Star !

June 10-23, 2000

From $6,540 to $11,70,0

North America's

Great Lakes:
~

Toronto to Chicago

Aboard Le Levant

June 30 -July 8, 2000

From $3,690 to $5,190

The Enduring Spirit of

Tibetan Buddhism:
Bhutan, Ladakh, and Sikkim

September 24-

October 13, 2000

$6,990 •
I

Elephant Walk:
Zimbabwe, Zambia, and
Botswana

September 12-28, 2000

$8,590

Voyage to the North Pole:

Aboard the Icebreaker Yamal
July 23 -August 6, 2000

From $16,950 to $22,950

Journey to the Top of the

"World: From the Northwest'^"

Passage to Greenland Aboard

the Clipper Adventurer

August 15-27, 2000
|

From $4,380 to $7,920

From Early Man to

Contemporary Civilization:

Dordogne Valley, the Iberian

Penifisiila, and Bilbao

Aboard the M/S Explorer

September 21 - October 4, 2000

$4,475 to $6,2F5

Under Sail in the Western
Mediterranean: ]ourne\/ From
Sicily to South^n Spain Aboard

the Sea Cloud i,

October 14-27, 2000

From $6,270 to $10,620

Egypt and the Nile Aboard
the M/S Sovereign

October 15-29, 2000

$5,^90 i

j
I

Circumnavigating South

Georgia and the Falkland

Islands Aboard the

M/S Explorer

November 20-

December 9, 2000

^.Frorn $7,990 to $12,890 ._^_

*Most of our land programs

are limited to 15-25

travelers.

Magnificent Passage:]

A Journey of Discovery from

Paris to Rome Aboard the

Seabourn Goddess n
j

August 20- September'2, 2000

From $6,995 to $14,195
(Airfare from N.Y. included!)

Splendors of Antiquity: Egypt,

Israel, Syria, Cyprus, and

Lebanon Aboard the Clelia II

November 30-

December 13, 2000

$5,995 to $12,995j

PLANE TRIPS

Anciet Crossroads by
Private Jet: London, Petra,

Jerash, Damascus, Palmyra,

Rangoon, Pagan, Angkor Wat,

Borobudur, Mongolia,

Silk Road Oasis, and Iran

October 31-November 21, 2000

$291950

prices based on double occupancy. Single rates available on all tours. All prices, dates, and itineraries are subject to change.
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DISCOVERY TOURS
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TRAIN TRIPS
The Ancient Silk Route
China and Central Asia

September 15-

Octoher 7, 2000

From $8,990 to $12,990

FOR THE MORE
ADVENTUROUS
TRAVELER...

Tibetan Buddhism
Bhutan, Ladakh, and Sikkim

September 24 -October 13 2000

$6,990

Nepal: Trekking Through
the Annapurna Foothills

October 27-

November 9, 2000

Sb,790 (Airfare from N.Y. included)

Journey Through Rajasthan:

,4 Cnnicl Trek and the

Exotie Pushkar Fair

November 2-17, 2000

$5,690 ^-

Submarine Safari 2000:

/// Searcli of the Six\;ill Sharks

July 10-14, July 12-16, and
July 14-18, 2000

$3,890

FAMILY PROGRAMS
Family Alaska Aboard
the M/S Seven Seas
Navigator
June 16-28, 2000
From $2,995 to $7,795

Galapagos Family
Adventure Aboard the

Santa Cruz

July 1-11, 2000
From $2,780 to $5,560

A Summer Family
Adventure in Tuscany
July 14-22, 2000
From $3,390 to $4,990

Voyage to the Lands of Gods
and Heroes: A Family Voyage

to the A)icient Mediterranean

Aboard the Clelia II

July 8- August 18, 2000

Julv24-August4, 2000

From $1,995 to $9,875

Costa Rica:

A Family Rainforest Adventure

August 18-27,2000

From $2,390 to $3,290

2001
HIGHLIGHTS

Here is a sample of the

unique tours we are

offering for 2001!

Heaven & Earth: Around
the World Private Jet

Expedition to Celebrate the

Rose Center for Earth and
Space: Tikal, Cuzco, Machii

Picchu, Easter Island, Samoa,

Ayers Rock, Borobudur,

Angkor Wat, Taj Mahal,

Luxor, Petra, Nonvax/'s

Northern Lights

January 19-February 10, 2001

$32,950

Exploring Antarctica and
the Falkland Islands

Aboard the Hanseatic

January 14-29, 2001

From $7,975 to $15,475

Bhutan and Northern 'f
India Aboard the Royal
Orient Train

January 29 - February 15, 2001

$8,590

Indian Ocean Odyssey:
South Africa, Madagascar
& the Seychelles

Aboard the Hanseatic

March 17 -April 5, 2001

Estimated $9,250 to $17,500

Contact the Discovery
Tours office for a free

catalogue of all our
tours or for a special

family program guide.

(800) 462-8687 or

(212) 769-5700

Fax: (212) 769-5755

email:discovery@amnh.org

Please mention code:#G400

American Museum of

Natural History ^

Discovery Tours
Central Park West at

79th Street New York,

NY 10024-5192 ,.,^

Visit us at:

www.discoverytours.org

Disfot't'n/ Tours is pleased

to assist private^oups of
10 or more travelers in

designing fascinating and
enriching tours to diverse

destinations around the

it'orld.

%ft^H0^\

Discovery Tours, the educational travel department of the American Museum ot Natural History, is a registered service mark of this institution.



GEORGE SCHALLER IS

ALL HE CAN TO HELP THE 1^

THIS PLANET SURVI

Natural history
AM. MUS. NAT. HIST. LIBRARY
Received on: 03-27-2000
Ref 5, 06(74. 7) Ml

LUCKILY, HE DOESN'T HAVE
ABOUT HIS ROLEX.

George Schaller, science director of tine Wildlife Conservation Society, has spent four decades studying
\A/Jldlife and fighting for its survival. His Rolex has proven its reliability in some very rugged environments.

ROLEX
DateJiTst Officially CertifiOT^Swiss Chronometer.

For i:he name and location of an Official Rolex Jeweler near you, please call 1-800-36ROLEX. Rolex. *, Oyster Perpetual and Datejust are trademarks.
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It turns out you

bought
a lot more than jiist

a



Environmental coverage

OU turned a failing factory into a booming business. You made promises to the

community and to your shareholders. And you kept them. Then the government declared

your property a hazardous waste site. You didn't dump the chemicals. But now you own the

factory, so you own the problem.

This is the real world companies live in. And if your company is not properly covered,

the woi'ld becomes an ugly place.

How can AIG help? By doing things others can't. By taking what you've always

thought about insurance and turning that notion on its head.

Who insures

you9
Take our Environmental coverage. Environmental laws vary country by country, state

by state. Which means a detailed understanding of local regulations is essential. The AIG

Companies have the largest global network of offices with underwriting authority for

environmental risks. This enables us to provide the type of innovative first-to-market products

that often redefine the industry—products like Cleanup Cost Cap and Pollution Legal

Liability Select! Products that help turn unforeseen disasters into manageable situations.

We've built our reputation on fulfilling promises. And because that reputation

is solidly backed by Triple-A-rated financial strength, you can rest assured that the AIG

Companies will be there for you.

So no matter what the risk, no matter where the risk, the AIG Companies have the

resoiirces and experience to custom-tailor a policy that helps protect you from the unexpected.

Call your broker or e-mail us directly at AIGEnvironinental@aig.com.

What's the worst that could happen? That's what we think about every day.

WORLD LEADERS IN INSURANCE AND FINANCIAL SERVICES
AIL FORMS OF COMMERCIAL INSURANCE • PERSONAL AUTO AND HOMEOWNERS INSURANCE • LIFE. ACCIDENT

AND HEALTH INSURANCE • RETIREMENT PRODUCTS AND MUTUAL FUNDS THROUGH SUNAMEflICA • mmMe.oou AIG
Insurance coverage provided by members of Amehcan IntemaQonai Group, Inc. Issuance ol covefage is subject to undenvniing. Please refer to trie actual policy for a complete description of scope and limitations of coverage.



gasolectric?

electroline?

The Toyota Prius. Introducing a breakthrough in

environmental technology. The Prius combines a

super-efficient gasoline engine, an electric

motor powered by a battery that never needs to

be recharged, and an intelligence system that

knows when to use which. The world's first mass-

produced hybrid car — cleaner, affordable, and

arriving this summer. Fun to drive? Absotively.

re information, call 1-800-GO-TOYOTA or visit www.tovota.com/ecologic

today tomorrow TOYOTA
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FEATURES
IN THE COMPANY OF HUMANS
There is no question that we are drawn to wild animals. Bnt arc they ever

drawn to ns? BY JOHN TERBORGH

DIG IT, AND THEY WILL
COME

111 the underground world of dung

beedes, the strong, well-armored males

always win the females—or do they?

STORY BY DOUGLAS EMLEN
ILLUSTRATIONS BY UTAKO KIKUTANI

; COVER To a spore

blowing in the wind, a

fresh green leaf is

an inviting place to

settle down.

STORY BEGINS ON
PAGE 70

PHOTOGRAPH BY

MICHIO HOSHINO;
MINDEN PICTURES
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LIFE ON A LEAF
All summer long, a tree's green

t'ohage hosts burgeoning communities

ot tiny flingi. In autumn, the guests

become the undertakers.

BY PETER J. MARCHAND

i

SEARCHING FOR THE
WILD BACTRIAN CAMEL

It truly wild camels exist, biologists

w ant to study them. But first they must

tmd them in the trackless waste.

BY JOHN HARE
ILLUSTRATION BY RODICA PRATO
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There are few gifts that last a lifetime.

Bar/Bat Mitzvah in Israel

It's one of the most meaningful events of their lives. And yours.

Why not share this once in a lifetime experience in the most meaningful place of all?

To learn more about Bar/Bat Mitzvahs in Israel and special offers for the Bar/Bat Mitzvah child,

call your travel agent or the Israel Ministry of Tourism

at 1-888-77-ISRAEL or visit us at www.goisrael.com

ISRAEL
NO ONE BELONGS HERE MORE

THAN YOU.
Israel Ministry of Tourism



Museums play an important and irreplaceable part in our education and appreciation

or tne world we innaDit. Eacn visit broadens our understanding or nature and tne

environment. l[!et, beyond tne walls or a museum lies tbe natural world.

And tbat is wnere we come in. My company, Lindblad Expeditions, bas been in

tbe expedition business ror over two decades, taking adventurous travellers to our

planet's rew remaining natural wonders. Or course, I bad a great teacber, my ratber,

wbo pioneered expedition travel in 1958.

Tbere is an explorer lurking in all or us and we can belp njlrill tbat part or you.

It is one tbing to see a pboto or a magniacent wbale. It's quite anotber to be close

enougb to reel its breatb. A polar bear and ber c^m lumbering along an Arctic ice £oe

is a privilege rew get to witness. And underwater pbotograpbs cannot compare to

Discover Wik
Tne Great
Mnseums Get
Tneir Inspiration.

swimmmg alalongside a playrul sea uon. Our expeditions are worldwide rangin

Antarctica to Galapagos. From Alaska to Baja.

Ir you join us, I promise you tbis. Along witb

vast experience, you'll get tbe linest, most dedicated

start or naturausts and bistorians. As well as an

etbos tbat combines adventure witb knowledge and

a proround respect ror our guests and tbe world we

kom
Daily Reports Direct From Aboard Ship. On OurWeb Sitej

"...Two or the Zodiacs were rewaraea witli s

exceptional view or a male walrus!

^e turnea orr our outboard engines and ueet

our paddles ror an awesome view or tnis
j

3,000 pound marine mammal. Alter a nail

nour, we left nim to nis afternoon nap."
|

-Neil jR?lsom, Naturatis]

www.expeditions.coni

sbare in our travels. And, rinally, adventure can be synonymous witb comrort and

great rood wbicb you'll nnd aboard any or our rive expedition sbips.

Please enter our contest to win a bree expedition to tbe Galapagos.
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TO THE EDITOR

The Not-Always-Frozen

Ground Squirrel

"The Natural Moment"

(3/00) reports that Arctic

ground squirrels "can

withstand temperatures

below 30° F for months at a

time, to all appearances

frozen solid."

In fact, however, even

when the animal's "core"

body temperature is as low

as 27° F, its head and

anterior body do not get

colder than 32° F Moreover,

for roughly eighteen hours

every two to three weeks,

the squirrel's body warms to

between 97° and 100° E

During these episodes, the

animal generally remains in

the curled posture of

hibernation, sleeping 67

percent of the time. Brain

waves, absent when the

animal is deeply torpid,

return spontaneously.

Other small mammals

that hibernate at low

temperatures pass through

similar cycles, which are

beheved to be critical for

refreshing brain circuitry.

These periodic returns to

In the coming issues of

Rhythm and Blooms How does a plant sense

that the time is right for flowering? After years of

sleuthing, molecular biologists are beginning to find out.

On the Trail of a Hat it gave spirit to Harry

Truman, charm to Albert Einstein, and identity to

Charlie Chan. But the Panama hat really comes from

Ecuador.

normal metabohc levels may

be necessary for protein

synthesis at brain synapses.

J. Lee Kavanau

University of California

Los Angeles, California

Historians Need

Sdentists . .

.

Stephen Jay Gould brings

some welcome clear

thinking to bear on Ernst

Haeckel's faked embryo

pictures {"Abscheulich!

Atrocious!" 3/00).

Admittedly, some of those

sensational press stories from

1997 that Gould criticizes

were based on interviews

with me. So the errors in

them may reflect my
(former) ignorance of the

fact that German

embryologists in Haeckel's

own day recognized his

fabrications. As a biologist, I

read the Haeckel pictures as

scientific hypotheses. For

their part, historians of

science sometimes defend

Haeckel by saying he was

only attempting to idealize

what he believed to be true

of natural forms. Maybe so,

but in that case, his drawings

are not science.

The problem may be

that academic history of

science looks at the cultural

and political factors that

surround scientists but not

in detail at the science itself.

Professional scientists need

Gould's scientifically

informed brand of the

"history of ideas."

Michael K. Richardson

Saint George's Hospital

Medical School

London

. . . and Scientists Need

Philosophers

Charles T. Snowdon's

review of Wild Minds:

Wliat Animals Really Think

(3/00) presents the

following six-step

argument: (1) When
looking into mirrors,

great apes (gorillas,

chimpanzees) react to

marks surreptitiously

placed on their faces. (2)

They couldn't react in that

way without understanding

the image in the mirror to

be their own. (3) One can

perceive an image to be of

oneself only if one has self-

awareness. (4) Great apes

thus have self-awareness.

(5) Monkeys in the same

circumstances do not react

to marks on their faces.

(6) Monkeys, therefore, do

not have self-awareness.

Statement 6 follows oidy

if statement 3 presents a

necessary rather than a

sufficient condition for self-

awareness. Some humans

from technologically

undeveloped cultures, for

example, do not recognize

images of themselves in

photographs. What follows

about their self-awareness?

Nothing.

Concepts such as self-

awareness need more

analysis than they are

typically given by scientists

studying animal cognition.

Philosophers have been

doing that kind of analysis

for quite some time.

Ken W. Gatzke

Southern Connecticut

State University

New Haven, Connecticut
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John Terborgh ("In the Company of Humans") is James B. Duke Professor at Duke

University's Nicholas School of the Environment and codirector of the university's Center

for Tropical Conservation. For nearly three decades, he has managed the Cocha Cashu

Biological Station in Peru's Manu National Park. His research there has focused, at

different times, on primates, birds, jaguars, and forest dynamics. His 1999 book Requiem

Nature (Island Press) vyas reviewed in the September 1999 issue of Natural

.

n̂r ' History.

Another recent work. Continental Conservation, coedited with Michael E. Soule (Island

Press, 1999), lays out the principles for designing nature preserves. His current project is

another coedited volume entitled Making Parks Work. It is Httle wonder that he sometimes

seeks refuge in a screened tent deep in the forest.

As a graduate student, Douglas Emlen ("Dig It, and They Will Come") was looking for a

splashy beede with big horns to study. When biologist WiUiam Eberhard showed him a box

of tiny black dots and said, "These are the beetles you should work on," he was reluctant.

Now, a decade later, he is very glad he took the advice. Onthophagine dung beetles—in

addition to having impressive horns (ifyou look very closely) and interesting mating

behavior—are nearly ubiquitous, which makes them perfect for studying both in the

laboratory and in the field. They have taken him to Panama, Ecuador, Austraha, and several

parts of the United States. Emlen hopes next to explore species in which gender roles are

reversed—that is, in which the females wear the horns. Emlen is assistant professor in the

Division of Biological Sciences at the University of Montana in Missoula.

Trained in earth sciences and ecology at the University ofNew Hampshire, field biologist

Peter J. Marchand ("Life on a Leaf") has devoted his career to the ecology of forests, tundra,

and, more recently, desert. A visiting professor at Colorado College and a regular contributor to

Natural History, Marchand has focused on cold-season phenomena. His latest book. Autumn: A
Season of Change (University Press ofNew England), will be published this year. Describing

himself as "broken loose from the halter of academic specialization to rummage freely, like a

bear in a garbage dump, for the biological spoils" that interest him the most, Marchand travels

throughout Europe and North America when he's not in Arizona, which he now calls home.

Born in Great Britain, John Hare ("Searching for the Wild Bactrian Camel")

acquired his practical knowledge of domesticated camels in Africa, beginning in

Nigeria, where he served as an administrator in late colonial times and during

the early years of independence. He subsequently worked for the BBC and in

international publishing before again encountering camels, this time as an

employee of the United Nations Environment Programme in Kenya. In this

issue. Hare describes his most recent adventure investigating wild camels in Asia.

EarHer explorations are recounted in his book Tlie Lost Camels of Tartary: A
Quest into Forbidden China (Little, Brown, 1998). In 1997 Hare founded the

Wild Camel Protection Foundation, with Jane Goodall as patron, and proposed

establishing the Lop Nur Nature Sanctuary to save the animals, whose lands are threatened by development. China

signed on to this project in March 1999, and Hare has now raised more than $800,000 to help make it a reality.

"I have always had a fascination with the geology and landforms of the Great Rift Valley," says

photographer Gerry ElllS ("Scorch and Soda"). Ellis's interest evolved into a project

commissioned by the World Wildlife Fund to document the ecosystems of African rift lakes.

While growing up in the Pacific Northwest, EUis often hiked into the foothills around Mount

Rainier. He now travels to remote corners of the world to photograph endangered wildlife. His

photographs have appeared in BBC Wildlife, Natural History, Terre Sauvage, Audubon, GEO, and

National Geographic, as well as in more than a dozen books. For the featured image, Ellis used a

Nikon F4 and a wide-angle lens while flying low over the lake in a single-engine plane.
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Phoebe Diary
A naturalist takes an intimate look at the family over the door.

IN THE FIELD By Bernd Heinrich

Almost two hundred years ago,

John James Audubon attached

.a Ught silver thread to the legs

of a pair of eastern phoebes that were

nesting in a cave on his father's estate

in Pennsylvania. This early experiment

in American bird banding paid off:

Audubon was dehghted to see the

birds he had marked return the next

year. A few of these fly-catching

songbirds may still nest in caves; others

use more traditional sites, building

their nests under cliff overhangs. But

today, hke barn swallows and adaptable

imports such as house sparrows and

rock doves, many eastern phoebes raise

their young near humans and their

structures: under bridges, in barns, or

beneath the eaves of houses.

My first intimate contact with these

dark- to smoky-gray birds with the

white bibs was in 1951, when my
family moved to Maine. A pair nested

in our three-seater outhouse. Later I

nailed a small piece ofboard onto the

underside of a beam in the barn.

Phoebes buUt there the next spring, and

they continue to do so today. Probably

most farmsteads close to woods in the

Northeast and Midwest host a pair of

phoebes. For five months of the year at

my current home in rural Vermont, my
family and I enjoy watching a near-

tame mated pair raise two successive

broods offour to five young. Phoebes

help mark my annual cycle, one that

begins, come spring, with their arrival

back "home" from their wintering

grounds in the southern United States.

My diary for March 24, 1998,

records that year's first intimations of

the phoebes' return. A warm wind that

day was rapidly melting the remaining

snow. Down in the bog, the first red-

vwnged blackbirds were yodeling, and a

robin sang in the evening. I went to

sleep hearing the wind.

I awoke suddenly in the night,

almost sure I had heard a phoebe. But

I could see only darkness through the

skyhght above my bed. 1 went back to

sleep thinking this would be a great

night to migrate. If I were a phoebe, I

might ride home on the wind.

The next night, from the maple

tree just outside the bedroom window,

I heard it again, a phoebe's excited

"dchirzeep, dchirzeep" call. There was

just the faintest glow of dawn in the

sky, and 1 jumped out ofbed to look.

Perched barely five feet from the

window, the phoebe wagged its tail up

and down (a characteristic move),

stretched a wing, and continued

calHng. I made a cup of coffee, took

notes, and waited for dawn.

Dayhght revealed two birds.

Phoebes typically refiirbish an old nest

or build a new one on top of the old.

This pair wasted no time inspecting

the two spots where they had nested

in previous years. One was the bend in

the drainpipe by the bedroom

window, the other a one-inch ledge

just above the back door. Each time

one of the pair landed on one of the

old nests, it made a soft cluttering call

and vibrated its wings. Quickly the

pair decided on the back-door site.

The male's dependable greeting

starts the day, every day, for two

months. The "song" can be described

as a short, high buzz-whistle or can be

Hkened to the sound of a zipper pulled

rapidly up and down. The song

consists of thirty two-syllable "fee-bee,

fee-bay" phrases per ininute, all

deUvered with clocklike regularity.

From April 2-4 it was overcast and

spitting snow, and the phoebes were

uncharacteristically silent. When 1

awoke on April 5 to find the ground

covered with an inch of snow, I feared

for their hves. Phoebes belong to the

tyrant flycatcher family and are

adapted for capturing insects on the

wing. They have favorite perches

from which they sally forth to snatch

their airborne prey. But there had

been no insects aloft for days. I was

surprised to see one of the phoebes

on the ground under my truck,

apparently searching for insects there.

I was even more struck to see one

bird first hover nearby, then pick at,

and finally eat the suet I had hung

from the porch railing for

woodpeckers. Although their

predation is usually triggered by the

movement of insects in flight, the

phoebes had, when necessary,

improvised to find food.

The end of that week brought

milder weather, and my diary indicates

that the pair was present but quiet:

"Only soft whisper calls near the nest."

On April 9 the female, with her mate

in attendance, began gathering billfuls

ofmud and bright green moss for the

nest, making trip after trip with speed

and apparent urgency. Phoebes are

unusual among songbirds in

refiirbishing old nests and in using

mud to cement the structure onto the

smallest of platforms.

The eggs were not laid until the

last week of April, as the weather

warmed up, serviceberry bloomed,

and maples, poplars, birches, and

beeches were leafing out. That week,

five species of warblers arrived. The

phoebes seemed intent and wary, the



female incubating aiul tlic iii.ik-

aggressively guarding the iiest ,iiui

eggs. Males have gooil reason to

mount a iletense, uk! I iiave

intervenetl more tli.in once myself

when the nest was threateneil. One
morning, when the phoebes had

fallen silent, 1 noticed a cowbird

hanging around. Brown-headed

cowbirds lay their eggs in the nests of

other species, usually small songbirds

that are duped inti) raising the alien

young while their own offspring

perish. I was sure the cowbird, a

female, was targeting the phoebes,

and apparently they knew it too. Five

minutes after the cowbird was gone,

they erupted into a song that

continued unali.ited lor tuc iinnutes.

Several years earlier I had leinoved a

chipnuuik that repeatedly trieii to get

at the nest, persistuig even in the face

of the phoebes' frantic attempts to

repel it. The pair's vocal response was

similarly vigorous.

Tiiese events and the fact tiiat the

birds are so accustomed to our

household—they never even flush

when we go in and out the squeaky

door, and they use our vehicles as

perciies—lead me to wonder about

this species' choice of nest sites. They

may not only be adapting to new

situations but also benefiting from the

human presence. Some tropical bird

species rear their young near wasp

Bed and breakfast: Snug on a barn ledge, eastern phoebe nestlings gape hungrily.

nests and depend on the insects to

repel predators. Perhaps humans

perform the same service for phoebes.

After about sixteen days of

nil t:l),ition, five young hatched in

mid-May. In addition to filling the

nestlings' demands tor food, the adults

kept the nest meticulously clean, at

first by eating the chicks' fecal pellets

and later by carrying them off for

disposal tar from the nest. By the last

week in May, when the young were

rapidly feathering out, pellets started to

accumulate under the nest, on our

back steps. That meant the chicks

would soon fledge. Sure enough, on

June 1, at about 6:00 A.M., I heard

excited chirp calls and then saw one of

the young fluttering away, with the

parents accompanying it. Another

chick was on the ground by the back

door. I picked it up. It closed its eyes

and feigned death, but when I put it

on the woodpile, it quickly revived

and scampered off. By afternoon,

when all was quiet around the house. I

heard the adults in the nearby woods.

When I investigated, I found all five

young perched in a row about fifteen

feet up in a leaf\' ironwood tree.

The next dawn, the male was back,

singing by the house. While sha\dng, I

heard the pair's nest chatter that says

"Here is the place." With not a day

wasted, the phoebes were at the nest

site. They were still feeding their

fledged voung. but in r\vo more days

the female iiad relined the nest arid

then immediately started laying a

second clutch of eggs. On July 1 1 the

second brood of four nestUngs fledged.

The phoebe pair spends litde time

around the house after late July. In

mid-September we commonly hear

and see the pair, but onl\' for a day or

two. As the foliage brightens and the

forest turns silent, they lea\-e. I always

nuss these h\'ely housemates until they

return the followdng spring.

Bcnui Heiimcli is a professor of biology at

the University ofl'eriiiont in Burlington.
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CELESTIAL EVENTS By Richard Panek

Peering: Into the Past
To understand the

concept of light-speed,

just bring it closer to

home (plate).

One of the most basic concepts

of modern cosmology is also

one of the most baffling for

sky watchers: the finite speed of Hght.

Again and again, in hushed tones that

suggest embarrassment at not "getting"

something so fundamental, people

have told me they know that looking

out across space is the same as looking

back in time—but how can that be}

Much of astronomy is anything but

intuitive, and the idea that the speed of

light is finite does indeed lead to

mind-bending impHcations and

conclusions. Unfortunately,

astronomers' usual way of explaining

what they call lookback time only

further obscures its meaning.

Their explanation goes Hke this:

Traveling at a speed of 186,282 miles

per second, the light from the Sun

takes a Uttle over eight Hght-minutes to

reach us. The Hght firom Proxima, the

next-nearest star, takes about four

years; the light from the Andromeda

Galaxy, the most distant object visible

with the naked eye, more than two

million years. And so it goes, farther

and farther out in space, further and

further back in time, until you are

suitably overwhelmed with just how
vast and strange this universe of ours

really is. But this explanation, I think,

only succeeds in putting more

distance—literally—between you and

the universe. Perhaps it would be

easier to grasp the relationship

between space and time ifwe brought

the universe closer to home.

The Energy of Explosions 25 Billion Years B.C., by Vance Kirkland, 1978

It's spring, so let's imagine that we're

at a baseball game. From where we're

sitting in the bleachers, we can watch

the Sun setting and, on the opposite

horizon, the full Moon rising. The

Sun is sHghtly more than 8 Hght-

ininutes away. The Moon is 1.25 light-

seconds away. But what about the

batter poised at the plate?

Crack! We hear the sound of bat on

ball a moment after we see the batter

swing and make contact. Since we're

sitting in the bleachers, maybe 400 feet

from home plate, the sound takes

about a third of a second to reach our

ears, and we think nothing of the time

lag. We're used to the fact that sound

takes time to reach us—that when we

hear something, it actually happened

moments ago. Sound waves and Hght

waves are not the same thing, but for

our purposes in this Httle

gedankenexperiment, the comparison

is useful. We take for granted that we
hear things in the past. The fact is, we

see things in the past, too, but that lag

isn't as obvious.

As it happens, ifyou do the math,

the speed of Hght translates into an

easy-to-remember formula: light

travels one foot in about a biUionth of

a second. So at 400 feet from home
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plate, you're seeing the batter

400-billionths of a second in the past

because it took that amount of time

for the Hght striking your eyeballs to

get there from the batter. That may

not sound like much, but it's

something: a quantifiable window into

the past.

But let's look around the ballpark

some more. The left fielder who's

maybe 100 feet in front of you? He's

about 100-biUionths of a second in the

past. The cotton candy vendor, two

rows over? She's 20-billionths of a

second in the past. The loud guy with

the cigar sitting in front ofyou? He's

only 3-biIlionths of a second in the

past. Your hand in front ofyour face

waving away the cigar smoke? It's

1 -billionth of a second in the past,

even though it's part ofyour body.

But that's just your past: to the guy

with the cigar, the batter is

397-billionths of a second in the past;

to the vendor keeping one eye out for

a home-run ball, the batter is

380-billionths of a second in the past;

and to the left-fielder, the batter is

300-billionths of a second in the past

—

even though it seems that you and

everyone else in the ballpark are seeing

the batter swing at the same time.

In other words, where you are in

space is where you are in time. The

two concepts don't just coexist, they

co-relate. You can't have one without

the other. There can be no now

without a here.

This was one of the insights to come

out of Einstein's special theory of

relativity, and it certainly provides

plenty of fodder for philosophical

contemplation. But from a sky

watcher's point ofview, it can add a

whole new dimension to appreciating

what's out there. The next time you

look up at the night sky and struggle

to make sense ofyour place in the

universe, just remember that you're

struggling to make sense ofyour time

in the universe, too. And if that doesn't

help, try telling yourself this: Play ball!

Richard Panek is the author ofSeeing and

Believing: How the Telescope Opened

Our Eyes and Minds to the Heavens

(Penguin, 1999).

THE SKY IN MAY By Joe Rao

The (In)visible Planets Sometimes

an astronomically useful word

becomes prematurely obsolete—for

instance, "combust." It was once used

as an adjective, referring to a planet or

star seemingly extinguished by the

Sun's Hght. This month, every one of

the planets that can be seen by the

naked eye (Mercury, Venus, Mars,

Jupiter, and Saturn) will be combust at

one time or another, and during an

interval between May 9 and 21, all

five wiU efrectively be hidden from

our view because of their proximity to

the Sun.

The exceptional clustering starts

May 3—4, when the five planets, the

Sun, and the Moon wiQ be contained

in a 27° span of sky. Then, on May 5,

at 4:04 A.M., the span containing them

wiU shrink to only 25.9°. At 6:30 a.m.

on May 17, after the Moon moves out

of the arrangement, the remaining six

celestial bodies will be contained

within a span ofjust 19.5°.

Whenever an unusual gathering of

the planets occurs, it is nearly always

accompanied both by a sense of

wonder and by outright fear. In 1186

A.D., for instance, a similar celestial

event prompted predictions of natural

disasters and produced widespread

panic in Europe. But absolutely

nothing happened.

WiU the upcoming planetary

conjunction afreet Earth, bringing

about volcanic eruptions, earthquakes,

and floods, as today's doomsayers

predict? Even if all five planets were

exactly in Hne with the Earth and at

their closest possible distance to us,

their combined gravitational force

would equal only 1/6460 of the Sun's

average tide. Bottom Hne: the Great

Celestial AHgnment of 2000 should

have no effect on Earth.

Mercury is invisible early in the month

as it passes behind the Sun (superior

conjunction) on May 9. It then slowly

emerges in the evening sky. Beginning

May 22, look for it as a very bright star

(magnitude -1) very low in the sky

near the west-northwest horizon about

an hour after sundown.

Venus is too close to the Sun during

May to be seen.

Mars bids evening observers adieu

during the first week ofMay, as it

disappears in the bright evening

twiHght.

Jupiter and Saturn are both in

conjunction with the Sun in May
(Jupiter on the 8th and Saturn on the

10th), rendering the planets invisible

for most of the month. They slowly

emerge from the bright morning

twiHght during the final days of May.

Carefully scan the east-northeast

horizon with binoculars about half an

hour before sunrise, and both planets

wiU be visible within 1.1° of each

other. This is their first conjunction

since 1981. Jupiter will appear as a

bluish white disk about seven times

brighter than yeUowish Saturn.

The Moon is at new phase on May 4 at

12:12 A.M. First quarter is on May 10

at 4:00 P.M. Full Moon occurs on May
18 at 3:34 A.M., and last quarter on

May 26 at 7:55 A.M.

All times are given in Eastern Daylight

Time.
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The waters here invite fishing, sailing,

and kayaking. Charming towns and cities

offer eclectic galleries and boutiques and

fine dining on fresh, succulent seafood.

Whale watching is also a favorite activity

here, where a variety of species put on a

spectacular, unrehearsed daily show.

The Bay of Fundy itself is one of the world's

FOR MORE INFORMATION

ON TRAVEL TO THE BAY

OF FUNDY REGION, CALL

1-800-561-0123 OR VISIT

WWW.NBFUNDY.COM

most captivating natural

phenomenons, an awe-inspiring

display of truly monumental

proportions. Considered one

of the Marine Wonders of the

World, the Bay of Fundy is a

place of natural wonder, on

par with the rainforests of Brazil and the Great

Barrier Reef of Australia.

The bay is an amazing force of nature. Twice a

day, one hundred billion tons of seawater surge

in and out of the Bay of Fundy, enough to fill the

Grand Canyon to the brim. The bay's unique

funnel shape pushes and squeezes the

incoming tides to incredible heights, up to 48

feet in some places. The tides here are the

highest and most dramatic in the world. They

create a spectacular panorama of carved coast-

lines and headlands as well as a rich ecosystem

that supports an unusual abundance of wildlife.

Because of the size and frequency of the

tides, there are certain notable attractions that

are visible only at low tide, like the Hopewell

Rocks. The Ocean Tidal Exploration Site at The

Hopewell Rocks is the icon of New Brunswick's

Outdoor Network. It is comprised of National and

Provincial Parks, natural sites and

amazing trails. In 1998, the Hopewell

site was tripled in size and enhanced to

include a new interpretive center with

food services, multimedia exhibits, a gift

shop, and visitor services, as well as an

extensive trail network and viewing

decks. In 1999 the site was the winner of

Attractions Canada's Best New Site and British

Airway's Tourism for Tomorrow award.

Visitors to the Bay of Fundy are warmly invited

to observe over 350 million years of natural

history while exploring towns that reflect the

region's multifaceted native and colonial history.

The city of Saint John is the Fundy City, an

ideal starting point for travel along the New

Brunswick coast. A journey along the city's

steep streets reveals over 400 years of history.

Many of the city's most interesting boutiques,

cafes, and historic properties are connected by

a convenient indoor walkway system. The

bustling farmer's market here is the oldest in

the country.

A rich blend of English and French-Acadian

traditions gives the city of Moncton a distinct

cultural flare, fine dining and accommodations,

vibrant nightlife and renowned shopping

centers make Moncton a great stop along any

New Brunswick itinerary Moncton's Capitol

Theatre, restored to its 1920s vaudeville

grandeur, provides a stunning venue for live

entertainment. The city's music scene offers

something for everyone, from classical concerts

to jazz, country and Acadian pop-rock. Naturalists

will be equally entertained by the dramatic

Tidal Bore of the Petitcodiac River, another of

the province's famously beautiful waterways.

Left: The Bay of Fundy offers some of the world's best whale

watching. Above: Saint John's streets invite leisurely strolls.

On the Cover: The Hopewell Rocks.
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SPECIAL ADVERTISING SECTION

SCENIC

BYWAYS

THIS STATE OFFERS A VARIETY OF ROUTES FDR

summer vacationers with natural beauty in mind. In

New York, a Scenic Byway is officially defined as a

highway designated by the federal government and

New York State that reflects regionally significant

resources. New York's Scenic Byways system invites

unhurried tourists to fully experience the unique

features of each of the state's scenic regions.

The Seaway Trail has been a historically important

travel corridor for thousands of years. The waters of

Lake Erie, the Niagara River, Lake Ontario and the

mighty St. Lawrence River supplied Native Americans

and early European explorers with food and transport.

Later, as shipbuilders created larger vessels, lumber,

grain and commodities to serve the world's populations

began to move along this great seaway The great

battles of the War of 1812 were fought on these

waters. Forty-two signposts note points significant to

that struggle. Today, the 454 miles of this unique

freshwater shoreline offer well-marked roads to

villages, harbors, fishing ports and family attractions.

Overnight accommodations range from hotels and

inns to cottages and campgrounds.

Some of America's finest sportfishing can be

enjoyed along the Seaway Trail. Marinas, state and

public boat launches, professional charters and

guides are ready to serve you on two Great Lakes

and many marvelous bays and streams including Oak

Orchard Creek, the Salmon River a growing wild

fishery on the Black River and ice fishing on the St.

Lawrence. More than 600 waterfront services line

the Nautical Seaway Trail. Trailwide tournaments

offer large prizes.

More than two dozen lighthouses stand guard

along the trail's freshwater coastline. Several have

public museums: Dunkirk, Old Fort Niagara, Thirty-

Mile Point, Charlotte-Genesee, Old Sodus and

Tibbetts Point, and Buffalo Main Light, which has a

walking trail of interest. Museum sites show and tell

of shipwrecks and lives saved, the evolution of water

travel, and the life of the seagoing adventurer.

Oswego Lighthouse can be seen from the ramparts

of Fort Ontario, a site sought by the British, French

and Americans.

Old Fort Niagara in Youngstown is a National

Historic Site, dating to 1679. Original stone buildings

backdrop a "living" museum featuring the pageantry

of daily military drills and demonstrations by cos-

tumed soldiers. Special events include reenactments

of early 18th century barracks life. The Seaway Trail

Guide to the War of 1812 is an excellent self-touring

companion to 42 locations and events of that era.

A diverse wildlife population awaits birdwatchers.

Pristine, serene

Saranac Lalie lies along

the Olympic Trail.

photographers, walkers, bicyclists and nature lovers.

The region boasts New York's first three Important

Bird Areas designated by the National Audubon

Society. At three zoos, numerous state parks and

wildlife management areas, botanical gardens and

habitats trailwide, see a doe and fawns, hear wolves

howl, watch elk wade in water, and visit western New

York's only rainforest. The Seaway Trail Wildgulde

to Natural History details the diverse habitats and

seasons and describes 127 sites of natural interest.

For more information about traveling New York

State's Seaway Trail and its year-round events and

festivals, call 1-800-SEAWAY-T.

The Adirondack North Country byways follow

nature's contours, paralleling ancient river valleys

and geological fault lines, and winding through the

lake country and glacial lowlands, rugged mountain

passes, and terraced plateaus.

Each byway promises great views and unlimited

photo opportunities. North Country roadways also

trace history's contours, introducing travelers to

tales of Iroquois hunters, soldiers, pioneers, loggers,

miners, trappers, painters, writers and philosophers.

Exciting travel opportunities await along each

Adirondack byway.

The Champlain Trail Scenic Byway runs along one

of the most popular attractions in the Adirondacks-

Lake Champlain. The valley's unique charm is

captured in its history, recreation opportunities,

quaint towns and villages. Running the length of

the 121-mile Lake Champlain, the Champlain

Trail features miles of sandy beaches, quaint

historic villages and unique glimpses of the Adiron-

dack Mountains. Begin your travels along the trail on

Route 4 in Schuylerville, then head north to Fort

Edward. The Old Fort House Museum was once an

important outpost during the French and Indian Wan

As you travel into Ticonderoga, look for a right turn

on Route 74 that heads east toward Fort Ticonderoga.

The fort, a national historic landmark, offers a

museum, guided tours, artillery demonstrations,

encampments, and fife and drum corps.

The Colonial Trail offers a memorable 200-mile

scenic driving tour, linking the historic Mohawk Valley

with colonial fortresses, two of the largest bodies of

water in the North Country region, natural health
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EXPLBRE
PocoNO Mountains

Pennsylvania's

Pocono Mountains

offer unsurpassed

natural areas...

state parks, fishing,

hiking, bicycling,

watchable

wildlife, and

more. Experience

our natural

wonders.

CaUSOO POCONOS
(800-762-6667) for your

FREE Poconos and Northeast

Pennsylvania Outdoors Dis-

covery Map.

Pocono Mountams
more to love"

800poconos.com

isruisyivania JVtraories last a lifetime.

Pocono Mountains Vacation Bureau
1 004 Main St., Box NH, Stroudsburg, PA 1 8360

Island Getaway

FOR Discriminating

Tmvelers

The Lodge on Little St. Simons Island

Exclusive 10,000-acre Georgia island

paradise, seven-mile pristine beach, rec-

reational activities, gourmet regional

cuisine and gracious accommodations

await just thirty guests.

All-inclusive rates begin at -^^^ -^

$325 per night

888-733-5774 '91 2-638-7472

www.LittleStSimonslsland.com

Call about our

"Summer Fun for Families"

LITTLE
ST. SIMONS

ISLAND
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DRINK SHADE-GROWN COFFEE

FOR THE BIRDS
Coffee Drinkers! Prevent tropical forest destruction and loss

of migratory bird liabitat wliile enjoying tlie premium taste of

shade-grown coffee.

Due to qrow'mq demand for coffee, tropical forests are being destroyed

to qrow it more profitably in the sun. E>y purchasing coffee qrown in the

shade, you help conserve these bio-diverse areas, winter home for more

than 150 migratory bird species. You also promote soil and water

conservation and fair trade for traditional farmers.

Help spread the message -

wear our "For the Birds"

t-shirt!

{Proceeds used for

education.)

Hanes short-sleeve heavy-

weight 100% cotton, natural

color, design by Ivlimi Hoppe
Wolf. Specify M,L, XL

-

$15 Includes 5&H

For more Information, visit

www.atlantaaudubon. org

Drink Shade-Grown Coffee

for the Birds

Back ofshirt

(Available in

Spanish)

-<

y
''or the BIT**

Front ofshirt

(pocket-sized)

Send Name, Address, Phone & size with checl< to:

Atlanta Audubon Society • PO Sox 928 • Decatur, Gh 2>00Z\-09Z8>
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BYWAYS
spas, and the Olympic village. Beginning in the town

of Scotia, head north on Route 50 to the historic

communities of Ballston Spa and Saratoga Springs.

The Saratoga Race Course was opened in 1863,

beginning a thriving tradition of thoroughbred racing.

Heading east on Route 29, you might make a side trip

to the Saratoga Battlefields, or pick up Route 4 north

toward Glens Falls. There, you can stop at the Hyde

Museum to view European art and antique furniture

assembled within a 1912 Renaissance villa. Continue

along Route 9 to the resort village of Lake George,

renowned for its shoreline hotels and steamboats as well

as such cultural attractions as the Courthouse Gallery Arts

Project, the Lake George Dinner Theater, and the Lake

George Opera Festival. It is also the site of the Americade,

one of the largest motorcycle rallies in the East.

Horse lovers, adventure seekers, and families on

vacation will love the 40-mile Dude Ranch Trail. Start

your journey in the resort village of Lake George.

Follow Route 9N out of the village and head along the

western shore of Lake George toward Diamond Point.

From Diamond Point, head west on County Route 35

to Warrensburg. Situated at the confluence of the

Schroon and Hudson rivers, the quaint town of

Warrensburg is a must stop for antique buffs. Head

across the Hudson River to Lake Luzerne. The final

jaunt of the Dude Ranch Trail runs along Route 9N

between Lake Luzerne and Lake George. Along this

stretch, there are endless opportunities for camping

and hiking. Just south of the Village of Lake George,

look for access to the Prospect Mountain Memorial

Highway This five-and-a-half-mile scenic roadway will

take you to a 2,030-foot summit with breathtaking

views of Lake George and the

Adirondack wilderness.

Stretching from Lake

Ontario to Lake Champlain,

the Olympic Trail is 170 miles

of continuous scenic and

recreational attractions, including

the Village of Lake Placid-

the site of the 1932 and 1980

Winter Olympic Games. The

trail begins in Sackets Harbor

and concludes in Keeseville.

Along the way you'll discover

War of 1812 history, the bustling

city of Watertown and beautiful

Saranac Lake. §*

The Adirondack

~ region offers

t views,.

This special editorial/advertising supplement was created by the

Natural Historv Special Sections Department and did not involve

the magazine's editorial staff. WRITER Kathryn Brennan

DESIGN Mindy Phelps Stanton PHOTOGRAPHY New York State

photographs © NYS Department of Economic Development
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Since the dawn of the CD-ROM
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forefront of technology that has changed

the way our customers view the world.
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mapping software and online
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Jim Bowie's Letter

& Bill Buckner s Legs
In history, sports, and evolutionary biology, a good story

with heroic overtones may overpower the facts.

By Stephen Jay Gould

Dawn at the Alamo, by Henry Arthur McArdle, 1905

Charlie Croker, former

football hero of Georgia

Tech and recently bank-

rupted builder of the new
Atlanta—a world of schlocky, souUess

office towers, now largely unoccupied

and hemorrhaging money—seeks in-

spiration, as his world disintegrates,

from the one item of culture that stirs

his Hmited inner self a painting (origi-

nally done to illustrate a children's

book, "the only book Charlie could

remember his father and mother ever

possessing") by N. C. Wyeth of "Jim

Bowie rising up from his deathbed to

fight the Mexicans at the Alamo." On
"one of the happiest days of his entire

hfe," Chariie spent $190,000 at a

Sotheby's auction to buy this arche-

typal image for a man of action. He

then mounted his treasure in the ulti-

mate shrine for successful men of our

age: above the ornate desk on his pri-

vate jet.

In his latest novel, A Man in Full,

Tom Wolfe describes how Croker, his

prototype for redneck moguls, draws

strength from the inspirational painting:

And so now, as the aircraft roared and

strained to gain altitude, Charlie

concentrated on the painting ofJim

Bowie . . . as he had so many times

before. . . . Bowie, who was already

dying, lay on a bed. . . . He had

propped himself up on one elbow.

With his other hand he was

brandishing hisfamous Bowie knife at

a bunch ofMexican soldiers. . . . It

was the way BouHe's big neck and his

jaws jutted out toward the Mexicans

and the way his eyes blazed defiant to

the end, that made it a great painting.

Never say die, even when you're

dying, was what that painting said. . .

.

He stared at the indomitable Bowie

and waitedfor an infusion of courage.

Nations need heroes, and Jim
Bowie did die in action at the Alamo,

along with Davy Crockett and about

180 fighters for Texian (with the / then

included in the name) independence,

under the command of William B.

Travis, an articulate twenty-six-year-

old lawyer with a lust for martyrdom

combined with a fearlessness that

should not be disparaged, whatever

one may think of his judgment. In fact,

I have no desire to question Bowie's le-

gitimate status as a hero at the Alamo

at all, but I do wish to exphcate his

virtues by debunking the legend por-

trayed in CharHe Croker's painting and

by suggesting that our admiration

should flow for quite difierent reasons

that have never been hidden but that

the legend leads us to disregard.

The debunking of canonical leg-

ends ranks as a favorite intellectual

sport for all the usual (and ever so

human) motives of one-upmanship,

aggressivity within a community that

denies itself the old-fashioned expres-

sion of genuine fisticuffs, and the sim-

ple pleasure of getting details right. But

such debunking also serves a vital

I
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scholarly purpose in identifying and

correcring serious pitfalls in our favored

styles ofargument. Evolution has tuned

our brain for special sensitivity in the

recognition of patterns. The further

development of human consciousness

extended this inlierent sensitivity into a

propensity for organizing patterns as

stories and then for explaining the

world in terms of the narratives ex-

pressed in these tales. For reasons both

behind and beyond the cultural partic-

ulars ofindividual groups, humans tend

to construct their stories along a lim-

ited number of favored pathways that

seem to grant both usefiil sense and sat-

isfying meaning to the confiision (and

often to the tragedy) ofHfe in our com-

plex surrounding world.

Stories, in other words, "go" in

only a Hmited number of strongly pre-

ferred ways, under the controUing in-

fluence of two particularly deep biases:

first, a theme of directionaHty (Hnked

events proceeding in an ordered se-

quence, not an aimless wandering-

back, forth, and sideways—to

nowhere) and, second, a sense of moti-

vation or definite reasons (whether we

judge them good or bad) propelling

the sequence. When a particular story

treats the action of our own species,

these motivations wiU be rooted di-

rectly in human purposes. But tales

about nonconscious creatures or inani-

mate objects must also provide a surro-

gate for valor (or dishonorable intent,

for dystopian tales)—as in the "virtue"

of evolutionary principles that dictate

the increasing general complexity of

Hfe or the "lamentable inexorability"

of thermodynamics in guaranteeing

the eventual burnout of the Sun. In

summary, and at the risk of oversimpli-

fication, we prefer to explain pattern

in terms of directionaUty and causation

in terms of valor.

I will refer to the small set of primal

tales based upon these deep biases as

canonical stories. Our strong propensity

for expressing all histories, be they

human, organic, or cosmic, in terms of

canonical stories would not entail such

enormous problems for science (but

might be viewed instead as simply hu-

morous in exposing the foibles ofHomo

sapiens) if two properties of mind and

matter didn't promote this potentially

harmless idiosyncrasy into a pervasive

bias actively derailing our hopes for un-

derstanding events that unfold in time.

(The explanation oftemporal sequences

defines the primary task of a large sub-

set among our scientific discipHnes: the

so-caUed historical sciences of geology,

anthropology, evolutionary biology,

cosmology, and many others. Thus, if

the lure of canonical stories bUghts our

general understanding of historical se-

they are distributed effectively at ran-

dom with respect to Earth's position in

space. An absolutely even spacing of

stars, yielding no perceivable clumps at

all, would require some fairly fancy

and obviously nonexistent rules of de-

terministic order.) Thus, if our minds

obey an almost irresistible urge to de-

tect patterns and then to explain those

patterns in the causal terms of a few

canonical stories, our quest to under-

stand the sources (often random) of

order vwU be stymied.

As for mind, even when we can at-

tribute a pattern to conventional non-

random reasons, we often fail to appre-

hend both the richness and the nature

Sam Houston ordered Jim Bowie to

destroy the Alamo and withdraw,

but Bowie decided to defend it.

Death of Bowie, by Louis Eyth, ca. 1878

quences, much of what we call science

labors under a mighty impediment.)

As for matter, many patterns and

sequences in our complex world owe

their apparent order to the luck of the

draw within random systems. (We flip

five heads in a row once every thirty-

two sequences, on average. Stars

clump into patterns in the sky because

of these causes because the lure of

canonical stories leads us to entertain

only a small subset within the full

range of legitimate hypotheses for ex-

plaining the recorded events. Even

worse, since we cannot observe every-

thing in the blooming and buzzing

confusion of the world's surrounding

richness, the organizing power of
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canonical stories leads us to ignore im-

portant facts readily within our poten-

tial view and to twist or misread the

information that we do manage to

record. In other words—and to sum-

marize my principal theme in a single

statement—canonical stories pre-

dictably drive facts into definite and

distorted pathways that validate the

outlines and necessary components of

these archetypal tales. We therefore fail

to note important items "in plain

sight," while we misread other facts by

forcing them into preset mental chan-

nels even when we retain a buried

memory of actual events.

This essay will illustrate how canon-

ical stories have predictably relegated

crucial information to misconstruction

or invisibility in two great folktales of

American history: Bowie's letter and

Buckner's legs, as oddly (if eupho-

niously) combined in my title. I will

then extend the general message to

argue that the allure of canonical stories

acts as the greatest impediment to bet-

ter understanding throughout the

realm of historical science, one of the

largest and most important domains of

human intellectual activity.

I.Jim Bowie's letter. How the canonical

story of "All the brothers were valiant, and

all the sisters virtuous" (a familiar quota-

tion that first appears on the tomb of the

Duchess of Newcastle, who died in 1673

and now lies in Westminster Abbey) has

hidden a vital document in plain sight.

The Alamo of San Antonio, Texas, was

designed not as a fortress but as a mis-

sion built by eighteenth-century Fran-

ciscans. Today the Alamo houses ex-

hibits and artifacts, most recalling the

death of all Texian defenders in Gen-

eral Antonio Lopez de Santa Anna's as-

sault on March 6, 1836, after nearly

two weeks of siege by forces outnum-

bering the Texians by at least ten to

one. This defeat and martyrdom elec-

trified the Texian cause, which tri-

umphed less than two months later,

when Sam Houston's men captured

Santa Anna at the Battle of San Jacinto

on April 21 and then forced the Mex-
ican general to barter Texas for his life

and liberty.

The Alamo's exhibits, estabhshed

and maintained by the Daughters of

the Republic of Texas and therefore

more partisan than the usual (and, to

my mind, generally admirable) fare

that the National Park Service provides

in such venues, tells the traditional tale,

as I shall do here. (Mexican sources, no

doubt, purvey a different but equally

traditional account from another per-

spective.) I shall focus on the relation-

ship ofBowie and Travis, for my skep-

ticism about the canonical story

focuses on a fascinating letter, written

by Bowie and prominently displayed in

the Alamo's official presentation but

strangely disregarded to the point of

invisibility.

In December 1835, San Antonio

fell to Texian forces in fierce fighting

with Mexican troops under General

Martin Perfecto de Cos. On January

and adventure on the Texian frontier.

(Mexico had encouraged settlement of

the Texian wilderness by all who
would work the land and swear alle-

giance to the liberal constitution of

1824, but the growing Anglo majority

had risen in revolt, spurred by the usual

contradictory motives of lust for con-

trol and love of freedom, as expressed

in anger at Santa Anna's gradual abro-

gation of constitutional guarantees.)

Bowie commanded the volunteers,

while Travis led the "official" army

troops. A vote among the volunteers

overwhelmingly favored Bowie's con-

tinued leadership, so the two men
agreed upon an uneasy sharing of au-

thority, with all orders to be signed by

both. This arrangement became irrele-

vant, and Travis assumed fiJl command,

when Bovwe fell ill with clearly termi-

nal pneumonia and a slew of other ail-

ments just after the siege began, on

February 23. In fact, Charlie Croker's

favorite painting notwithstanding,

Travis drew a line in the sand, the

legend goes, and invited all willing

defenders of the Alamo to cross it.

17, 1836, Sam Houston ordered Jim

Bowie and some thirty men to enter

San Antonio, destroy the Alamo, and

withdraw the Texian forces to more

defendable ground. But Bovde, after

surveying the situation, disagreed for

both strategic and symbolic reasons

and decided to fortify the Alamo in-

stead. The arrival, on February 3, of

thirty additional men under the com-

mand of William B. Travis strength-

ened Bowie's decision.

But tension inevitably developed

between two such different leaders: the

forty-year-old, hard-drinking, fear-

lessly independent but eminently prac-

tical and experienced Bowie and the

twenty-six-year-old, troubled, and

vainglorious Travis, who had left wife

and fortune in Alabama to seek fame

Bowie may have been comatose or even

already dead when Mexican forces

broke through on March 6. He may

have made his legendary last "stand" in

supine position, propped up in his bed

with pistols in hand, but he could not

have mounted more than a symbolic

final defense, and his legendary knife

could not have reached past the Mexi-

can bayonets in any case.

The canonical story of valor at the

Alamo features two incidents, both

centered upon Travis, v^dth one admit-

ted as legendary by all serious histori-

ans and the other based upon a stirring

letter, committed to memory by nearly

all Texas schoolchildren ever since. As

for the legend, when Travis realized

that no reinforcements would arrive

and that all his men would surely die if



tlicy defended the Alamo by force of

.inns (for Santa Anna had clearly stated

Ills terms of no mercy or sparing of life

\\ithoiit unconditional surrender), he

c.illed a meeting, drew a line in the

^.lnd, and then invited all willing de-

tenders ot the Alamo to cross the line

to his side, while permitting cowards

and doubters to scale the wall and

make their inglorious exit (as one man

did). In this venerable legend, Jim

Bowie, too weak to stand, asked his

men to carry his bed across the line.

Well, Travis may have made a speech at

the relevant time, but no surviving

witness (several women and children

and one slave) ever reported the storv'.

(The tale apparendy originated about

forty years later, supposedly told by the

single man who accepted Travis's op-

tion to escape.)

As for the familiar letter, few can

read Travis's missive with a dry eye,

while even the most skeptical ofAlamo

historians heaps honor upon this docu-

ment of February 24, carried by a

courier (who broke through the Mexi-

can lines) to potential reinforcements

but addressed to "The People ot Texas

and All Americans in the World." (For

example, Ben H. Proctor describes

Travis as "egotistical, proud, vain, with

strong feelings about his own destiny,

about glon,^ and personal mission . . .

trouble in every sense of the w-ord," but

judges this missive "one of the truly re-

markable letters of history, treasured by

lovers of libertv' everywhere." [See

Proctor's pamphlet The Battle of tlie

Alamo, pubUshed b)- the Texas State

Historical Association in 1986.])

/ am besieged, by a thousand or more

of the Mexicans under Santa Anna—
/ have sustained a continual

bombardment & cannonadef'r 24

hours & have not lost a man— Tlic

enemy has demanded a surrender at

discretiofi, othent'ise, the garrison arc

to be put to the sword, if thefort is

taken—/ have answered the demand

with a camion shot, & our flag still

^-^ :»^ - ya --TT ^^^"^ - '

^O ^O ^O
Nomadic expeditions

Pioneers in Exceptional Adventures to Mongolia & Beyond

Discover Mongolia's culture and natural history with the leading

specialist in cultural, educational, and active adventures.

Call for our color brochure.

1-800-998-6634
info@NomadicExpeditions.com www.NomadicExpeditions.com

Serious Sun Protection

Recommended by dermatologists,

Solumbra' by Sun Precautions is the

first line of clothing to meet published

medical guidelines for sun protection.

Soft, lightweight and comfortable,

our patented fabric offers 30+

SPF sun protection and blocks

over 97% of harmful UVA and

UVB rays - more than a typical

sunscreen or summer shirt. For a

^^^^^ FREE catalog of Solumbra hats,

juniw^'"^ shirts, pants and accessories,

<* call Sun Precautions:

1-800-882-7860

t.

Solumbra

ADNH5II

Medically Recommended
Sun Protective Clothing



32 THIS VIEW OF LIFE natural history 5/00

waves proudlyfrom the ii'alls—I shall

never surrender or retreat. Tlien, I

call on you in the name of Liberty, of

patriotism & everything dear to the

American character, to come to our aid,

ii'ith all dispatch— Tlie enemy is

receiving reinforcements daily & will

no doubt increase to three orfour

thousand in four orfive days. If this

call is neglected, I am determined to

sustain myself as long as possible &
die like a soldier who neverforgets

what is due to his own honor & that

of his countr)^VICTORY OR
DEATH.

Although a small group of thirty-

two men did arrive to reinforce the

Alamo, their heroic presence as cannon

and bayonet fodder could not alter the

course of events, while a genuine force

of potential difference (several hundred

men stationed at nearby Gohad) never

came to Travis's aid, for complex rea-

sons stiU under intense historical de-

bate. Every Texian fighter died in

Santa Anna's attack on March 6. (Ac-

cording to the usual legend, all the

men fell in action. But substantial, if

inconclusive, evidence indicates that

six men may have surrendered at the

hopeless end, only to be summarily

executed by Santa Anna's direct order.

The probable presence of Davy

Crockett within this group accounts

for the disturbing effect and emotional

weight of this persistent tale.)

As something of an Alamo buff and

as a frequent visitor to the site in San

Antonio, I have long been bothered

and intrigued by a crucial document

—

a letter by the Alamo's other leader,

Jim Bowie—that seems to provide

quite a different perspective on the

siege but doesn't fit within the canoni-

cal legend and hardly receives a men-

tion in any official account at the

shrine itself. Bowie's letter thus re-

mains "hidden in plain sight"—sitting

in its own proininent glass case right in

the main hall of the on-site exhibition.

This curious status as prominently dis-

played but utterly passed over has fasci-

nated me for twenty years and pro-

vided the inspiration for this essay (de-

spite the almost absurdly long gestation

time). I have, in three visits to the

Alamo spanning fifteen years, bought

every popular account of the battle for

sale at the extensive gift shop. I have

read these obsessively and can assert

the Mexicans had suggested a parley.

In various versions of the story, Santa

Anna's forces also raised a white flag

—

the equally traditional signal for a par-

ley—either accidentally or purpose-

frilly and either before or after Travis's

cannon shot, or else a Mexican soldier

sounded the standard bugle call for an

ofricial invitation to negotiations.)

A healthy and practical Bowie
might have negotiated an honorable

surrender at no great cost to

the Texian cause.

that Bowie's letter, while usually ac-

knowledged, receives short shrift in

most conventional descriptions.

Let us return to a statement in

Travis's celebrated letter
—

"the enemy

has demanded a surrender. ... I have

answered the demand with a cannon

shot"—and fill in some surrounding

events. The basic outline has not been

disputed. When Santa Anna entered

town with his army and began his siege

on February 23, he unfiirled a blood-

red flag—the traditional demand for

immediate surrender, with extermina-

tion as the consequence of refrisal

—

from the tower of the Church of San

Fernando. Travis, without consulting

his co-commander, fired the Alamo's

largest cannon, an eighteen-pounder,

in defiant response, just as he boasted in

his famous letter written the next day.

The complexities that threaten the

canonical story now intrude. Although

Santa Anna had issued his uncompro-

mising and blustering demand in a

pubUc display, many accounts (filled

with different details but all pointing in

the same credible direction) indicate

that he also proposed a parley for ne-

gotiations with the Alamo defenders.

(Even if Santa Anna didn't issue this

call, the canonical story takes its strong

hit just from the undisputed fact that

Bowie, for whatever reason, thought

In any case, Bowie, who by most

accounts was fiirious at Travis for the

impetuous bravado and clearly coun-

terproductive nature of his purely sym-

bolic cannon shot, grabbed a piece of

paper and wrote, in Spanish and signed

with a faltering hand (for Bowie was

already 01 but not yet prostrate and stiU

capable of leadership), the "invisible"

letter that just won't mesh with the

canonical story and therefore remains

"hidden" on prominent display at the

Alamo. I cite the frill text of Bowie's

letter, in the translation given in Clif-

ford Hopewell's biographyJa/Jie^ Bowie:

Texas Fighting Man (Eakin Press, 1994):

Because a shot wasfiredfrom a

cannon of thisfort at the time a red

fiag was raised over the tower, and

soon afterward having been informed

that yourforces would parley, the same

not having been understood before the

mentioned discharge ofcannon, I wish

to know if, in effect, you have called

for a parley, and with this object

dispatch my second aide, Benito

fames, under the protection of a white

flag, which I trust will be respected by

you and yourforces. God and Texas.

I don't want to exaggerate the

meaning of this letter. I cannot assert a

high probability for a different out-
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come if Bowie had remained strong

enough to lead and if Santa Anna had

agreed to negotiations. Some facts dim

the force of any speculation about a

happier outcome that would have

avoided a strategically senseless slaugh-

ter with an inevitable mihtary result

and would thus have spared the Hves of

180 Texians (and probably twice as

many Mexicans). For example, Bowie

cially unconditional. Such, after all, has

always been the way ofwar, as good of-

ficers balance the need for inspirational

manifestos against their even more im-

portant moral and strategic responsibil-

ity to avoid a "glory trap" of certain

death. Competent leaders have always

understood the crucial difference be-

tween public proclamations and private

bargains.

Bostonians incurred the Curse of

the Bambino in 1920, when the

Red Sox sold Babe Ruth's contract.

did not display optimal diplomacy in

his note, if only because he originally

wrote "God and the Mexican Federa-

tion" in his signatory phrase (indicat-

ing his support for the constitution of

1824 and his continued loyalty to this

earher Mexican government) but, in a

gesture that can only be termed defi-

ant, crossed out "the Mexican Federa-

tion" and wrote "Texas" instead.

More important, Santa Anna offi-

cially refused the offer of Bowie's

courier and sent back a formal re-

sponse promising extermination with-

out mercy unless the Texians surren-

dered unconditionally. (Moreover, we

cannot be confident that the Texians'

Hves would have been spared even if

the Alamo's defenders had surrendered

without a fight. After aU, less than a

month after the faU of the Alamo,

Santa Anna executed several hundred

prisoners—the very men who might

have come to Travis's aid—after their

surrender at GoUad.)

In the conftision and recriminations

between the two commands, Travis

then sent out his own courier and re-

ceived the same response but, accord-

ing to some sources, with the crucial

addition of an informal statement that

if the Texians laid down their arms

within an hour, their lives and property

would be spared, even though the sur-

render must be technically and offi-

Thus, I strongly suspect that if

Bowie had not become too iU to lead,

some honorable solution would eventu-

ally have emerged through private ne-

gotiations, if only because Santa Anna

and Bowie, as seasoned veterans, main-

tained a high mutual regard beneath

their strong personal dislike, whereas I

can only imagine what Santa Anna

thought of the upstart and self-aggran-

dizing Travis. In this alternative and un-

reahzed scenario, most of the brothers

would have remained both valiant and

alive. What resolution fits better with

our common notions of morality and

human decency: more than four hun-

dred men slaughtered in a battle with an

inevitable result (thus providing an

American prototype for a claptrap

canonical story about empty valor over

honorable hving) or an utterly non-

heroic, tough-minded, and practical so-

lution that would have erased a great

story from our books but restored hun-

dreds ofyoung men to the possibility of

a frill life, complete with war stories told

direcdy to grandchildren?

Finally, one prominent Alamo fact

(though rarely mentioned in this con-

text) provides strong support for the

supposition that wise military leaders

usually reach private agreements in

order to avoid senseless slaughter. Just

three months earlier, in December

1835, General Cos had made his last

stand against Texian forces at exactly

the same site—^within the Alamo! But

Cos, as a professional soldier, raised a

white flag and agreed to terms with

the Texian conquerors: he would sur-

render, disarm, withdraw his men, re-

treat southwestward over the Rio

Grande, and not fight again. Cos

obeyed the terms of his bargain, but

after he had crossed the Rio Grande to

Boston Red Sox first baseman Bill Buckner in 1986 against the Detroit Tigers; his

three-run double in that game helped put the Red Sox in the World Series.



^,ltLty, S.iiu.i Aini^i (.Ic'i 11,11 klcd his rc-

tiini to .Ktiw iliily. I lu^, tlic s.inic

(IciKTal Cios—alive, kicking, and

fighting—led one of the companies

tliat recaptured the Alamo on iVlarch

(). Travis would have cut sucii a dash-

ing figure at San Jacinto!

_'. Bill Bikkiwr's let's. Hoir ilw uiiioiii-

Kil story of "But for this" hits driven facts

that ii'c uin till easily recall into a false ver-

sion dictated by the needs oj iiarratit'e. Any
tan ot tlic Boston Red Sox can recite

chapter and verse of a woetlil tale, a

canonical story in the land of the bean

and the cod, called the Curse of the

Bambino. The Sox established one of

Major League Baseball's most successful

franchises of the early twentieth cen-

tury. But the Sox won their last World

Series way back in 1918. A particular

feature of all subsequent losses has con-

vinced Boston fans that their team

labors under an infamous curse, initi-

ated in January 1920, when Boston

owner Harr)- Frazee simply and cyni-

cally sold the team's greatest player

—

the best left-handed pitcher in baseball

but soon to make his truly indehble

mark on the opposite path of power

hitting—for straight cash needed to fi-

nance a flutter on a Broadway show

and not for any advantages or compen-

sation in traded players. Moreover,

Frazee sold Boston's hero to the hated

enemy, the New York Yankees. This

man, of course, soon acquired the tide

Sultan of Swat: the Bambino, George

Herman "Babe" Ruth.

The Red Sox have played in four

World Series (1946, 1967, 1975, and

1986) and several play-ofl series since

then, and they have always lost in the

most heartbreaking manner—by com-

ing within an inch of the finish line

and then self-destructing. Enos

Slaughter, of the rival St. Louis Cardi-

nals, scored fironi first on a single in the

decisive game of the 1946 World Se-

ries. In 1975 the Sox lost game 7 after

a miraculous victory in game 6,

capped by Bernie Carbo's three-run

homer to tie the score, and won in

there could be rates
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extra innings by Carlton Fisk when he

managed to overcome the laws of

physics by body English and cause a

ball that he had clearly hit out of

bounds to curve into the left-field foul

pole for a home run.

And so the litany goes. But all fans

v^dU tell you that the worst moment of

utter incredibility—the defeat that de-

fies any tale of natural causality and

must therefore record the operation of a

true curse—terminated game 6 in the

1986 World Series. (Look, I'm not even

a Sox fan, but I still don't allow anyone

to mention this event in my presence;

the pain remains too great!) The Sox,

leading the Series 3—2 and requiring

only this victory for their first Ring

since 1918, entered the last inning with

a comfortable three-run lead. Their

pitcher quickly got the first two outs.

The Sox staff had peeled the foU off the

champagne bottles but, remembering

the curse, had not yet popped the corks.

The Mets management had already, and

graciously, flashed "Congratulations

Red Sox" in neon on the scoreboard.

But the faithful multitude of fans,

known as Red Sox Nation, remained

glued to their television sets in exquisite

fear and trembling.

And the curse unfolded, with an

intensity and cruelty heretofore not

even imagined. In a series of scratch

hits, bad pitches, and terrible judg-

ments, the Mets managed to score two

runs. (I mean, even a batting-practice

pitcher, even you or I, could have got-

ten someone out for the final victory!)

Reliever Bob Stanley, a good man
dogged by bad luck, came in and

threw a wild pitch to bring the tying

run home. (Some, including yours

truly, would have scored the pitch as a

passed ball, but let's leave such con-

tentious irrelevancies aside for the mo-

ment.) And now, with two outs, a man
on third, and the score tied, Mookie

WUson steps to the plate.

BiU Buckner, the Sox's gallant first

baseman and a veteran with a long and

distinguished career, should not even

have been playing in the field. For

weeks, manager John McNamara had

been benching Buckner for defensive

purposes during the last few innings of

games with substantial Red Sox leads,

for after a long and hard season, Buck-

ner's legs were shot and his stride

gimpy. In fact, he could hardly bend

down. But the sentimental McNamara

wanted his regular players on the field

when the great (and seemingly in-

evitable) moment arrived, so Buckner

stood at first base.

I shudder as I describe the outcome

that every baseball fan knows so well.

on third hurried home with the win-

ning run—not to the side of his body,

and not under his lunging glove as he

dived to the right or left for a difficult

chance, but right through his legs! The

seventh and concluding game hardly

mattered. Despite brave rhetoric, no

fan expected the Sox to win (hopes

against hope, to be sure, but no real

thoughts of victory). They lost.

This narration may drip with my
feelings, but 1 have presented the

straight facts. The narrative may be

good and poignant enough in this ac-

curate version, but this factual tale can-

Bill Buckner's bobble was trivial, but

fans still blame him for the Sox's

1986 World Series defeat.

Buckner's Ignominious moment occurred when Mookie Wilson's easy, tapped ball went

right between Buckner's legs to the outfield, allowing a runner on third to score.

Stanley, a great sinker-ball pitcher, did

exactly what he had been brought in to

accompHsh. He threw a wicked sinker

that Wilson could only tap on the

ground toward first base for an easy out

to cap the damage and end the inning

with the score still tied, thus granting

the Sox hitters an opportunity to

achieve a comeback and victory. But

the ball bounced right through Buck-

ner's legs into the outfield as the man

not satisfy the lust of the relevant

canonical story for an evident reason.

The canonical story of Buckner's tra-

vail must follow a scenario that might

be called "But for this." In numerous

versions of "But for this," a large and

hugely desired result fails to material-

ize—and the absolutely opposite reso-

lution, both factually and morally, un-

folds instead—because one tiny and

apparently inconsequential piece of the



story tails tt) t.ill into place, usually as a

consequence of human error or

malfeasance. "But for this" can brook

no nuances, no complexity', no depar-

ture from the central meaning and

poignant traged\- that an entire baletul

outcome Hows absolutely and entirely

from one tiny accident ot history.

"But for this" must theretbre drive

the tale of Bill Buckners legs into the

only version that can validate the canon-

ical story. In short, poor Bill must be-

come the one and only cause and focus

of ulrimate defeat or victon,-. That is, if

Buckner t'lelds the b<ill properly, the Sox

win their first World Series since 1918

and eradicate the Curse ofthe Bambino.

But if Buckner bobbles the ball, the

Mets win the Series instead, and the

curse continues in an even more intense

and paintlil way. For Buckners miscue

marks the unkindest bounce ot all, the

most improbable, trivial Htde error sus-

tained bv a good and admired man.

What hath God wrought?

Except tli.it Buckners error did not

determine the outcome of the World

Series—for one little reason, detailed

above but all too easily forgotten.

When Wilson's grounder bounced be-

tween Buckners legs, the score was al-

ready tied! (Not to mention that this

game was the sixth and, at worst for

the Sox, the penultimate game of the

Series, not the seventh and necessarily

final contest. The Sox could always

have won game 7 and the entire Series,

no matter how the negotiations of

God and Satan proceeded over Bill

Buckner, the modern incarnation of

lob, in game 6.) IfBuckner had fielded

the ball cleanly, the Sox would not

have won the Series at that moment.

They would only have secured the op-

portunity to do so if their hitters came

through in extra innings.

We can easily excuse any patriotic

American without credentials as a pro-

fessional historian (or any casual visitor,

for that matter) for buying into the

canonical story of the Alamo
—

"All the

brothers were valiant"—and not learn-

ing that a healthy and practical Bowie

might have negotiated an honorable

surrender at no great cost to the Texian

cause. After all, the last potential eye-

witness has been underground for well

over a century. We have no records be-

yond the written reports, and historians

cannot trust the account of any eyewit-

ness, for the supposed obser\'ations fall

into a mire ofcontradiction, recrimina-

tion, self-interest, aggrandizement, and

the quintessentiaUy human propensity'

for spinning a tall tale.

But any baseball tan with the legal

right to sit in a bar and argue the issues

over a mug of the house product

should be able to recall the uncompli-

cated and truly indisputable facts of

Bill Buckners case with no trouble at

all—often, with the force of eyewitness

memory, either exulting in impossibly

fortuitous joy or groaning in the agony

of despair and utter disbeHef before a
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television set. (To fess up, I should have

been at a fancy dinner in Washington,

but I "got sick" instead and stayed in

my hotel room. In retrospect, I should

not have stood in bed.)

The subject attracted my strong in-

terest because within a year after the

actual event, I began to note a pattern

in the endless commentaries that have

hardly abated, even fifteen years later

—

for Buckner's tale can be made relevant

by analogy to almost any misfortune

under a writer's current examination,

and Lord only knows we experience

no shortage of available sources ofpain.

Many stories reported, and continue to

report, the events accurately—and why

not, for the actual tale packs sufficient

punch, and any fan should be able to

extract the correct account directly

from living and active memory? But I

began to note that a substantial per-

centage ofreports had subtly (and quite

unconsciously, I'm sure) driven the ac-

tual events into a particular false ver-

and they have all responded honorably

with a statement hke "Omigod, what a

jerk I am! Of course the score was tied.

Jeez [sometimes bolstered by an invo-

cation of Mary and Joseph as well] , I

just forgot!")

For example, a front-page story in

USA Today of October 25, 1993, dis-

cussed Mitch Williams's antics in the

1993 World Series in largely unfair

comparison with the hapless and

blameless Bill Buckner:

Williams may hump Bill Buckner

from atop the goat list, at leastfor

now. Buckner endured his nightmare

Oct. 25, 1986. His Boston Red Sox

were one out awayfrom theirfirst

World Series title since 1918 when he

let Mookie Wilson's grounder slip

through his legs.

Or this, from a list of Sox misfortunes

published in the New York Post on Oc-

tober 13, 1999, just before the Sox met

I almost wince when I see the first

appearance of vertebrates on land

described as a conquest.

sion: the pure "end member" of ulti-

mate tragedy demanded by the

canonical story "But for this."

I keep a growing file of false reports,

all driven by requirements ofthe canon-

ical story, claiming that but for Buck-

ner's legs, the Sox would have won the

Series—forgetting the inconvenient

complexity of a tied score at Buckner's

ignominious moment and sometimes

even forgetting that the Series still had

another game to run. This misconstruc-

tion appears promiscuously, both in

hurried daily journalism and in rarefied

books by the modey crew of poets and

other assorted intellectuals who love to

treat baseball as a metaphor for anything

else of importance in human Hfe or the

history of the universe. (I have written

to several folks who made this error.

the Yanks (and lost, of course) in their

first fiiU series ofpostseason play:

Mookie Wilson's grounder that rolled

through the legs of Bill Buckner in

Game 6 of the 1986 World Series.

Ttiat happened after the Red Sox

were just one out awayfrom winning

the World Series.

For a more literary view between

hard covers, consider the very last Hne

of a lovely essay written by a true poet

and devoted fan to introduce a beauti-

ftiUy illustrated new edition of Casey at

the Bat, the classic poem by Ernest L.

Thayer about failure in baseball:

Triumph's pleasures are intense but

brief; failure remains with usforever, a



iiuithciin\; iniriuruisi lOiiiinoii

liuiiuiiiiiy. With Ciiscy itr till strike

oiii. Althotii^h Bill liikhiir won a

lliotiiiitid i^iiiius with his line drives

atid brilliaiil fielding, he will endure in

our memories in the ninth intiin}; oj

the sixth i^tnne of ti 1 1 brld Series, one

out to \io, as the hall inexpliiably,

incluctably, and eternally rolls between

his legs.

But the nasty little destroyer of

lovely canonical stories then pipes up,

m his less mellifluous tones: "But I

don't know how many outs would

have followed or who would have

won. The Sox had already lost the

lead; the score was tied." Factuality

embodies its own form ot eloquence,

and gritty complexity' often presents an

even more interesting narrative than

the pure and archetypal "end mem-
ber" version of our canonical stories.

But something deep within us drives

accurate messiness into the channels ot

canonical stories—the primary impo-

sitions of our minds upon the world.

To any reader who now raises the

legitimate issue ofwhy I have cluttered

a magazine of natural history with two

stories about American history that

bear no evident relevance to any

overtly scientific question, I simply re-

state my opening and general argu-

ment: human beings are pattern-seek-

ing, storytelling creatures. These

mental propensities generally serve us

well enough, but they also, and often,

derail our thinking about all kinds of

temporal sequences—in the natural

world of geological change and the

evolution of organisms as well as in

human history—by leading us to cram

the real and messy complexity of life

into simpUstic channels of the few pre-

ferred ways that human stories "go." I

call these biased pathways canonical

stories, and I argue that our preferences

for tales about directionality (to explain

patterns), generated by motivations of

valor (to explain the causal basis of

these patterns), have distorted our un-

\and the UiySteryofthe universe

brought down to Earth.
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derstanding of a complex reality where

different kinds of patterns and different

sources of order often predominate.

I chose my two stories on pur-

pose—Bowie's letter and Buckner's

legs—to illustrate two distinct ways

that canonical stories distort our read-

ing of actual patterns: first, in the tale

ofJim Bowie's letter, by relegating im-

portant facts to virtual invisibility

when they cannot be made to fit the

canonical story (even though we do

not hide the inconvenient facts them-

years of the fossil record (while Homo

sapiens hasn't yet endured for even half

a miUion years—and remember that a

thousand miUion makes a single bil-

Uon). Not to mention that if we con-

fine our attention to multicellular ani-

mal life, insects represent about 80

percent of all species, while only a fool

would put money on us, rather than

on them, as probable survivors a billion

years hence.

For the second imposition of

canonical stories upon different and

Something deep within us drives

accurate messiness into the neat

channels of canonical stories.

selves and may even place them on

open display, as in Bowie's letter at the

Alamo) and, second, in the tale of BiU

Buckner's legs, where we misstate eas-

ily remembered and ascertainable facts

in predictable ways because these facts

did not unfold as the relevant canonical

stories dictate.

These common styles of error

—

hidden in plain sight and misstated to

fit our canonical stories—arise as fre-

quently in scientific study as in histor-

ical inquiry. To cite, in closing, the

obvious examples from our canonical

misreadings of the history of life, we
hide most of nature's diversity in plain

sight when we spin our usual tales

about increasing complexity as the

central theme and organizing prin-

ciple of both evolutionary theory and

the actual history of Ufe. In so doing,

we unfairly privilege the one recent

and transient species that has evolved

the admittedly remarkable mental

power sufficient to ruminate upon

such questions.

This silly and parochial bias leaves

the dominant and most successful

products of evolution hidden in plain

sight—the indestructible bacteria that

have represented life's mode (most

common design) for all 3.5 billion

more complex patterns in the history

ofUfe—predictable distortion to affirm

preferred tales about valor—need I

proceed any further than the conven-

tional tales of vertebrate evolution that

we all have read since childhood and

that follow our Arthurian mythology

about knights of old and men so bold?

I almost wince when 1 find the first

appearance of vertebrates on land or of

insects in the air described as a con-

quest, although this noun retains pride

of place in our popular literature.

And we stiU seem unable to shuck

the image of dinosaurs as born losers

vanquished by superior mammals,

even though we know that dinosaurs

prevailed over mammals for more than

130 million years, starting from day

one of mammaUan origins. Mammals
gained their long delayed opportunity

only when a major extinction, trig-

gered by an extraterrestrial impact, re-

moved the dinosaurs, for reasons that

we do not fuUy understand but that

probably bear no sensible relation to

any human concept of valor or lack

thereof. This cosmic fortuity gave

mammals their chance, not because

any intrinsic superiority (the natural

analog of valor) helped them to

weather this cosmic storm but largely,

perhaps, because their small size (a side

consequence of failure to compete

with dinosaurs in environments suited

for large creatures) gave mammals a

lucky break in the form of ecological

hiding room to hunker down.

Until we abandon the siUy notion

that the first amphibians, as conquerors

of the land, somehow held more valor,

and therefore embody more progress,

than the vast majority of fishes that re-

mained successfiilly in the sea, we will

never understand the modahties and

complexities of vertebrate evolution.

Fish, in any case, encompass more than

half of all vertebrate species today and

might well be considered the most

persistently successful class of verte-

brates. So should we substitute a differ-

ent canonical story called "There's no

place Hke home" for the usual tale of

conquest based on imperialistic models

of commercial expansion?

Ifwe must explain the surrounding

world by teUing stories—and I suspect

that our brains do stick us in this par-

ticular rut—let us at least expand the

range of our tales beyond the canoni-

cal to the quirky, for then we might

learn to appreciate more of the rich-

ness out there beyond our pale and

usual ken while still honoring our

need to understand in human terms.

Robert Frost caught the role and ne-

cessity of stories—and the freedom of-

fered by unconventional tales—when

he penned in 1942, in "The Lesson

for Today," a brilliant epitome for a

premature gravestone:

And were an epitaph to be my story

I'd have a short one ready for

my own.

I would have written ofme on

my stone:

I had a lover's quarrel with the world.

StephenJay Gould teaches biology, geology,

and the history of science at Harvard Uni-

versity. He is also Frederick P. Rose Hon-

orary Curator in Invertebrates at the Amer-

ican Museum of Natural History.
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AND YOU'RE OFF!

Head for Kentucky and discover a realm

of natural attractions, from regal thoroughbreds

to pristine waterways and beyond.

ITH FIFTY STATE MRKS AND HUNDREDS

I of recreational, natural, historic, and

'

cultural attractions, Kentucky offers a

rich variety of options for all vacationers.

Bordered by seven states-Indiana, Ohio, West

Virginia, Virginia, Tennessee, Missouri and

Illinois-Kentucky is a diverse natural habitat.

The Ohio River flows 664 miles along the

northern and v^estern borders of the state.

Kentucky's highest point is Black Mountain

in Harlan County 4,145 feet above sea level;

its lowest point, the Mississippi River in Fulton

County 260 feet above sea level. Kentucky has

more running water than any other mainland state.

The flow of that water-in brooks, streams,

rivulets, rivers, and lakes—frames much of what

makes Kentucky so lush and alluring.

The hills and hollows of the state's Eastern

Highlands region were formed by water. Here

"The Gap" refers to the Cumberland Passage, where

Daniel Boone first entered this beautiful landscape.

The Daniel Boone National Forest pays homage to

both the man and the land he discovered. At Cum-

berland Fall's State Park, visitors are invited to ride the

waterfall known as the "Niagara of the South." In

the evening, some lucky travelers experience the

natural wonder of a "moonbow," a rare nighttime

The Big South Fori( National River and Recreation Area is just one of several ideal destinations for naturalists.

vital urban centers, Louisville and Lexington.

On the banks of the Ohio River in Louisville,

a block from Waterfront Park, lies the city's

new 1 3,000-seat stadium, Louisville Slugger

Field, home to the RiverBats-a AAA affiliate

of the Cincinnati Reds.

^///^\^\, water everywhere, and so many ways to enjoy it.

rainbow that occurs in only two places in the world,

the other located on the continent of Africa.

Kentucky's Bluegrass Heartland's region is

not only the birthplace of bourbon but the best

place to raise a thoroughbred or a carpet of grass so

famous it has lent its name to the Bluegrass State,

as well as a beloved American musical movement,

The Heartland is home to both of Kentucky's most

On May 6th, Louisville will become an interna-

tional focal point for the 1 26th running of the

Kentucky Derby To celebrate "the most exciting

two minutes in sports," the city will host a multifac-

eted three-week-long Derby Festival, including a

minimarathon, the Pegasus Parade, the Great Balloon

Race, and the Great Steamboat Race, pitting the

Belle of Louisville against Cincinnati's Delta Oueen.

Lexington, Kentucky's largest non-river city, is

the Horse Capital of the World and home to the

world-renowned Kentucky Horse Park. This

premier facility celebrates one of nature's most

majestic creatures-in equine art and history

museums, galleries, theaters, and equestrian

events. This May the park hosts "Imperial China:

The Art of the Horse in Chinese History" the

largest exhibition to travel from China to the U.S.

Historic Richmond, south of Lexington, was

Daniel Boone's site for his wilderness outpost,

the birthplace of Kit Carson, and home of the

fiery abolitionist Cassius Marcellus Clay Civil

War buffs will want to take the Battle of Richmond

driving tour. The Richmond Area Arts Center,

housed in an 1 887 church on Lancaster at Water

Street, is another great stop. Nine miles south-

east of town lies the Central Kentucky Wildlife

^



It pitted brother against brother, father against

son. And its roots ran deep into Kentucky soil, in

fact, exploring the rich and storied history of the

Civil War right here in Kentucky could bring you

as close to 1865 as you'll ever get. Because we

feature more than 65 Civil War battlegrounds,

famous battle reenactments throughout the year

and some of America's best-preserved historic

sites. For more information on Kentucky's incred-

ible Civil War attractions and our many other

wonders, just call for your free Kentucky Great

Getaway Guide.

For your free Getaway Guide

Call 1-800-225-8747
www.kentuckytourism.com

In KentuckVi the fl

Civil War can be just

as dramatic the

second time around.
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iscover geological wonders In Kentucky's caves.

Millennia of flowing water have shaped

the miraculous cave spaces of the region

Management Area, great

for rugged hiking and bird

watching. The rolling terrain,

old fields and wooded areas

are a perfect habitat for

non-game species.

In the city of Newport,

visitors to Kentucky can now

experience something they

never dreamed the state could

offer-oceanic adventures.

Opened just last year,

the Newport Aquarium has

quickly become one of the

nation's most amazing attrac-

tions, with one million gallons of fresh and salt

water creating an ideal habitat for 1 1,000 marine

animals. More than 60 exhibits showcase sharks,

American alligators. King penguins and fish from

all over the world. This state-of-the-art facility

features five underwater walkways. These seam-

less acrylic tunnels, designed specifically for this

site, offer visitors an unobstructed view of the

colorful creatures that surround them. Three areas

feature acrylic flooring, providing a look down into

the jaws of sharks and alligators. Visitors can also

see one of the country's largest open-air shark

exhibits: 380,000 gallons of water teeming with

25 tropical sharks. For more information about

Oceanic Adventures-Newport Aquarium, call 888-

491-FINSorvisitwww.newportaquarium.com.

In South Central Kentucky visitors are invited

to marvel at the state's Scenic Wonderlands.

For millions of years, waters have forged vast

holes in the land here, making this region an

internationally renowned destination. Mammoth

Cave National Park is the gateway to the largest

known cave system in the world. The entire area

around the 52,000-acre national park is full of

caves to explore. Eleven different tours are offered

each day including a tour for the disabled. Park

rangers lead explorations of breathtaking sites

with playful names like Fat Man's Misery Bottom-

less Pit and Grand Central Station. These caves

reveal a wealth of information about the region's

natural history and have

offered up more than

a few prehistoric artifacts.

Nearly 30 miles of the

Green and Nolin Rivers

wind their way through the

park, offering some of the

best canoe runs in the state.

The river here supports an

unusual diversity of fish,

including five species found

nowhere else in the world.

In nearby Horse Cave,

The American Cave Museum

is an environmental education

center offering exhibits on the cultural and natural

resources associated with caves. A guided nature

walk into the Hidden River Cave reveals the river

flowing more than 1 00 feet beneath the earth

as well as the remnants of an early hydroelectric

system. Closed as a tourist attraction in 1 943,

Horse Cave has been successfully restored,

even luring back the rare blind cavef ish.

Bowling Green's Lost River Cave, known locally as

"Dead Man's Cave," offers boat tours through what

many claim to be the world's shortest and deepest

river. This river valley was evidently formed by the

collapse of a large cave system, creating over 23

acres of unique topographical features. While in the

Lost River Cave and Valley area, take time to enjoy

the beautiful nature trails, lined with over fifty

varieties of trees and flowers, and visit the Butterfly

House, the summer home of several colorful species.

Yet another not-to-be-missed stop in the

Scenic Wonderlands region is the Big South Fork

National River and Recreation Area, a wilderness

plateau with fantastic geological formations, and

a train ride right out of your imagination. The

area offers an accommodating range of resorts,

campgrounds and marinas surrounding two of

the finest pleasure boating and fishing lakes in

the Eastern United States: Lake Cumberland

and Dale Hollow Lake. The region's inviting

Shakertown, located at South Union, is one of

two restored Shaker sites in Kentucky

^



Car aficionados won't want to miss the

impressive National Corvette Museum in Bowling

Green. In addition to its 68,000 square-foot

display floor and 200-seat Chevrolet Theater, the

museum also features an outdoor amphitheater for

avariety of concerts and events, including

the annual Corvette Celebration, held each

Labor Day weekend. Also in Bowling Green, on

the campus of Western Kentucky University

lies the fascinating Kentucky Museum, tracing

the state's rich history through historic artifacts,

fine and decorative arts, toys, games, folkcrafts

and photographs.

Kentucky's Western Waterlands teem with

opportunities for outdoor exploration. Kentucky

Lake and Lake Barkley, connected by a free-

flowing canal, together form one of the largest

manmade bodies of water in the country The

Land Between the Lakes (LBL) is a 40-mile-

long peninsula, home to a notable National Park

and World Biosphere Reserve, ideal for camping,

fishing, and boating.

Paducah, the last of the large Kentucky cities

on the Ohio River's trek south, has more historic

markers than any other city in the state. Since the

opening of the Museum of the American Quilter's

Society in 1991, Paducah has become known as

'Quilt City, USA." Changing exhibits of antique and

contemporary quilts are displayed in three galleries.

Kentucky's plentiful natural resources are

distilled in its signature spirit-bourbon. The

Reverend Elijah Craig is credited with developing

what would become known as bourbon whiskey

in Georgetown, Kentucky in 1 789. Today his

legacy lives on along The Bourbon Trail, a

self-guided tour of seven distilleries: Austin

Nichols (Wild Turkey); Four Roses; Heaven Hill;

Jim Beam; Labrot & Graham; Buffalo Trace;

and Maker's Mark.

.^r two-thii ds of the

U.S. pop ulation, Kentucky

is with in a day 's drive.

Discover the Rich History of
the Horse in Chinese Culture

Imperial

The Art of the Horse
IN CnrNESE History

May 1 -August 31aooo
at the Kentucky Horse Rark • Lexington, Kentucky

International Museum of the Horse
(800) 678-8813 • www.kyhorsepark.com

Kentucky's Cave Country

ih-i ^»

A Scenic WSkoiBRLAND!
Mammoth Cave National F^rk« National Corvette Museum

Festivals • Scenic Byways • History • Shopping

Write for your

FREE TRAVEL GUIDE
Travel Department CA14. P.O. Box 2011. Frankfort. KY 40602

1-&00-225-TRIP ext. CA14
www.KyCaveRegion.org
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Headquarters of Imperial China Exhibit
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e may be exaggerating a little, bu

veritable army of rare Chinese equestria

rt and artifacts is arriving at the Kentuck

orse Park in May 2000. And Louisville i

jst a short drive from the exhibit

fith plenty of hotels, restaurants, an

ntertainment for you to invade aftenwarc

For your FREE Greater Louisville Guide,

call 1-888-LOUISVILLE.
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Great accommodations for

families of every species.

Pristine natural beauty, wide-open spaces,

animals roaming free — for generations,

Kentucky's 49 State Parks have been a

haven for nature. And with our cozy

lodges, great dining, and action-packed

recreation programs, for humans too. So

make your next family getaway one with

all the creature comforts

Call i.800.255.PARK. #- c. . d lState Parks

wiaie.'kystaUiiarh.com ' aiw.,. in Seasc

SPECIAL ADVERTISING SECTION

EXPERIENCE

Much more than a one-horse town, Lexington,

Kentucky, is renowned for its truly monumental

Kentucky Horse Park. This year, the Kentucky

Horse Park's International Museum of the Horse

will host the world premiere of "Imperial China:

The Art of the Horse in Chinese History"

exhibition, on display at the Kentucky Horse

Park from May to August. The show traces

3,000 years of Chinese history and culture.

One of the largest exhibitions ever to travel

from China to the U.S., "Imperial China: The

Art of the Horse in Chinese History"

is the product of more than a year

of communication and two trips to

China by Kentucky Horse Park

officials to select the art and

artifacts. The exhibition will feature

more than 300 artifacts, valued

at over $100, 000, 000.

This unique exhibition will

cover the Western Zhou

In ancient China, figures of the horse

adorned fine art and everyday objects,

year, Kentucky hosts the

Millennium's first great

International exhihition.

Dynasty (1027-771 BC) as well as the subse-

quent dynasties through the Qing ( 1 644- 1911).

Roughly 20 percent of the artifacts on

display have never been exhibited in the United

States. In fact, many of these items have never

before been permitted to leave China.

More than an artistic display, the exhibit

will explore the historical, cultural and political

significance of the horse in the unification of China

and the exchange of equestrian culture with

the Western world via the Silk Road. It also

looks at advancements in horse accoutrements

and training techniques and the use of the horse

in leisure activities.

The exhibit will feature items selected from

museums throughout Shaanzi Province, capital

of China for more than a millennium and home of

the terra-cotta army of China's first emperor.

To qualify to host an international exhibition

of this magnitude, the museum had to meet

extremely high standards. This truly magnificent

show is considered by many officials in

Kentucky to be the most significant

international cultural event in the

state's history

The Kentucky Horse Park is

located at Interstate 75, Exit 120,

four miles north of Lexington.

For more information about this

exhibition, call the Kentucky

Horse Park at 800-568-881 3 or

visit its Web site at vww.imh.org.

For information on travel to

Kentucky call 800-225-8747 or

visitwww.kentuckytourism.com •

This special editorial/advertising supplement was created by the Natural History Special Sections Department

and did not involve the magazine's editorial staff. WRITER Kathryn Brennan DESIGN Mindy Phelps Stanton
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With so much more to see,

youll want to come more often. Especially

when you have unlimited free admission.

With your subscription to Natural History, you're

already exposed to the American Museum of Natural

History. Because each issue of the magazine vividly

reflects the excitement and scope of the Museum.

Yet visiting AMNH is a whole other experience. And one you'll

want to repeat many times — particularly in the coming months

with the newly opened Gottesman Hall of Planet Earth and

premiere of the Rose Center for Earth and Space with its Cullman

Hall of the Universe and state-of-the-art Hayden Planetarium.

As a Member, you can visit as frequently as you like, whenever

you like, without ever paying an admission fee. And you can

extend the same privilege to a spouse or friend or child.

On top of that, membership allows you to be genuinely

involved in the work of the Museum: because your

dues help finance our scientific research, expeditions,

educational initiatives and exhibitions.

These are remarkable times at AMNH, with a mass of new

exhibitions, displays and attractions. There's so much to see and

do; you'll certainly want to visit throughout the year. Become a

Member and enjoy unlimited free admission.

American Museum
of Natural History

As a special gift to new members, we will send you two free

IMAX tickets (an $1 8 value). And at the Family level, you can

also receive one of our signature dinosaur tote bags, free of

charge as a gift from the Museum, the next time you visit.

Please rush my membership package!
As an INDIVIDUAL MEMBER ($45)
Unlimited complimentary admission to the Museum for one.

Discounts on tickets to our IMAX theater and to special exhibitions for one.

A one-year subscription (1 issues) to Natural History Magazine and

Rotunda, our members' newsletter

Discounts on Museum shop purchases and

educational programs.
* Invitations to special exhibition previews for two.

For a DUAL MEMBERSHIP ($60)
All the benefits of Individual Membership, plus:

A second unlimited complimentary admission to the Museum.
IMAX Theater discounts for a guest.

With a FAMILY MEMBERSHIP ($75)
All the benefits of Dual Membership, plus:

Unlimited complimentary admission and IMAX Theater discounts

to the Museum for up to four children.

Invitations to special members' exhibition previews for your family.

Individual child's membership card upon request.

An invitation to our annual Family Holiday Party.

3 EASY WAYS TO JOIN!
1. BY FAX
Complete coupon, including credit card information, and fax to 21 2.769.5427.

2. BY PHONE
Call the Membership Office directly at 212.769.5606.

I wish to join at the following level: (please mark appropriate box)

n Individual ($45) l_j Dual ($60) Z Family ($75) member.

Name

Address

City/State/Zip

Telephone

CJ Check enclosed

Please charge my credit card:

I I Visa I I Mastercard I ! American Express

Card#

Expiration Date

Signature

3. BY MAIL
Mail coupon with payment to: Membership Department, American Museum of

Natural History, Central Park West at 79th Street. New York. NY 10024-5192.



<©2o6o Bewsu^i



5/QO NATURAL HISTORY BIOMECH A N I C S I 49

Illustrations by Sally J. Bensusen

On the Rebound
Blovvii down, a blade ofgrass iises the wind's energy to bounce back.

One of the biggest events in the

history ot terrestrial plants

took place 420 million years

ago. Before then, all plants hugged the

ground, as mosses and liverworts do

today. Once plants had built strong

stems and trunks, they could stand up-

right and reach for the sun. But they

faced new dangers. To support their

own weight, they had to be stiff". Yet

they also had to keep from snapping in a

strong wind, and if they evolved to be

more flexible, they might flop over like

wet noodles. Difierent plants arrived at

different solutions to this dilemma.

Many trees, for instance, have built-m

weak spots in their branches. As a result,

a windstorm is more likely to prune a

tree than to bring it crashing down.

Some of the most elegant ways to

fight the wind can be found in grass. A
blade of grass—whether wheat, oat,

rye, or the fescues growing in suburban

lawns—consists of a slender, hollow,

cylindrical stem rigid enough to stand

upright. Its hollow shape allows grass to

Thin disks stretch across the inside of a

hollow grass stem. When the wind blows,

the stem bends, squeezing the disks

within. In response, the disks push back

against the stem walls, keeping the stem

from collapsing. When the wind passes,

the disks regain their circular shape, and

the blade springs back upright—most of

the time, that is. In exceptionally strong

winds or heavy rains, however, the disks

may buckle permanently, leaving the

grass to rot on the ground.

grow much taller than a solid-stemmed

plant with the same amount ot tissue.

Blown by a gust ot wind, however, the

blade bends, putting a lot of stress on its

thin stem walls. Sometimes the stress is

too much, and the blade buckles. (To

see for yourself how thin-walled cyUn-

ders buckle under stress, try bending a

plastic straw.) Farmers are all too famil-

iar with the problem, which they call

lodging: a thunderstorm can destroy a

valuable field of wheat or rye by

knocking it flat to the ground.

Most of the time, though, grass

stands up straight again once a gust of

wind has passed. Cornell University

botanist Karl Niklas and his coworkers

study the mechanical properties of

grass, including those that help the

plant avoid buclding. They have found

that thin disks, stretching at regular in-

tervals across the inside of the stem,

prevent the hollow blade from collaps-

ing at the bending point. Made of a

springy material and light (accounting

for only 2 percent of the blade's total

weight), the disks act like bedsprings:

the more they are squeezed, the more

they push back against the walls of the

stem. That outward force keeps the

grass from caving in on itself

Niklas has discovered an extra bene-

tit to this design. As a blade bends, it

changes shape: the cross section of an

erect stem is circular, while one taken

at the bending point is oval. If that oval

becomes too compressed, the stem will

collapse. But as the internal disks

crumple, Niklas found, their springs-

tissue stores up some of the winds en-

ergy. When the wind lets up. the disks

uncrumple, releasing the pent-up en-

ergy. In the process, the stem regains its

cylindrical shape and rebounds to its

upright position. Grass doesn't sway in

the wind so much as it springs.

The leaves surrounding the stem

provide additional resistance to buck-

ling. Sprouting trom thm, crescent-

shaped sheaths that grow alongside the

disks and run partway around the plant's

circumference, the leaves act like a gir-

dle, their sheaths bracing the stem and

absorbing some of the wind's impact.

It grasses are so well engineered to

resist the wind, why is lodging such a

worry for farmers? The problem is that

wheat and other crop grasses have been

bred to bear bigger and bigger seed

heads. The plants are now so top-heavy

that they've overwhelmed their natural

antibuckling design. One solution

might be to breed grasses with more

resilient disks in their stems. Another

might be to breed them shorter, so that

the seeds at their tips wouldn't exert so

much force when the blades bend.

Plant breeders aren't the only

people who could benefit from a

greater understanding of the biome-

chanics of grass. Some engineers, in-

spired by Niklas 's research, want to de-

sign broom bristles that act like grass:

with ever}' sweep, the bristles would

bounce back upright on their own.

Carl Ziiuiucr is the author of At the

Water's Edge: Macroevolution and the

Transformation of Life, amilable in

paperbackfrom Touchstone.



50 FINDINGS natural history 5/00

Take Two Beers

and Call Me
in 1,600 Years
Ancient Nubians and Egyptians

had a way with antibiotics.

By George J. Armelagos

Some twenty years ago, Debra

Martin placed a bit ofbone from a

mummy under a microscope and

discovered that a person who lived in

Nubia (northern Sudan) during the

fourth century A.D. had apparently in-

gested tetracychne, a broad-spectrum

antibiotic that entered the arsenal of

modern medicine only in the 19505.

Finding a pair of designer sunglasses on

the mummy would hardly have been

more startling. And the discovery was

purely serendipitous.

Today Martin is a professor of an-

thropology at Hampshire College in

Amherst, but at the time she was a grad-

uate smdent in biological anthropology

at the University of Massachusetts. As

part of her training, she was visiting a re-

search laboratory at Henry Ford Hospi-

tal in Detroit, Michigan, to learn tech-

niques for making thin sections ofbones

from archaeological finds. Normally she

would have relied on a standard micro-

scope, and the tetracycline would have

gone undetected. But because the stan-

dard microscope was unavailable, an-

other researcher suggested Martin try

one that used ultraviolet light.

At one specific wavelength, ultravi-

olet Hght causes tetracycUne to fluoresce

with a unique yellow-greenish color. In

the lab, researchers under the direction

of Flarold Frost were using tetracycline

to measure the rate

of bone formation.

Tetracycline tends to

bind with calcium and

phosphorus, which make

up more than 80 percent

of the mineral portion of

mature bone. (Patients who
are taking the drug are ad-

vised not to drink milk or

take antacids containing cal-

cium, since the tetracycUne will

bind to the calcium and lose its

antibiotic effectiveness.) Any
tetracycline circulating in the body

may bind v^ath calcium that is being

deposited in the bone, "labeling"

(tagging) the bone with its indehble

signature. In the laboratory study,

people who were scheduled to have

bone removed during biopsy or ampu-

tation were asked to take tetracychne at

intervals before the surgery. Bone de-

posits formed during this period could

then be identified and measured.

When Martin returned to the Uni-

versity of Massachusetts, where I was

then teaching, she told me of her dis-

covery, and we began to explore several

issues: Was this reaUy tetracycline? If so,

was it incorporated into the bone dur-

ing the subject's lifetime 1,600 years

ago, or could it have been produced by

organisms that invaded the remains after

death?

If it was ingested

by ancient Nubians in their food .

or medications, what was its source?

That we really were deahng with

tetracychne was demonstrated by James

Boothe, a chemist who had worked on

the initial commercial appHcations of

the antibiotic for American Cyanamid.

He was able to extract it from our Nu-

bian bone and show that it could still

kill bacteria. More recently, Mark Nel-

son at Paratek Pharmaceuticals has

been determining its precise molecular

structure (there is actually a whole fam-

ily of tetracycHnes in nature).

I
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Evidence that the tetracycHrie was

incorporated during the htetinie of

the Nubian nuininiy came from its

osteons, which are microscopic

cyhndrical building blocks of

A modet from an Egyptian

tomb in Thebes, ca.

2009-1998 B.C.,

reveals an andent

connection

% between making

bread and

brewing

beer.

cortical bone (such as the outer layers

of bone shafts). In response to physical

stresses, bone tissue undergoes a con-

tinual process offme-tuning. Bone cells

called osteoclasts break down small

amounts ot bone mineral, which other

cells, called osteoblasts, then replace.

The result is the formation of new os-

teons. It takes about four months for

any one osteon to become flilly miner-

alized, and tetracycline may be incor-

porated during the process. When we
examined bone from the Nubian

mummy, we found that some osteons

had layers of mineral containing tetra-

cycline alternating with layers without

tetracycline. Such a pattern could have

developed only during life, not if the

tetracycline was somehow introduced

later; it indicated that while these par-

ticular osteons were forming, the indi-

vidual was ingesting tetracycline inter-

nuttentiy. In most ot the osteons we

examined in the mummy, however, we

found that tetracycline was present in

all the layers, suggesting that during the

four months it took for these osteons to

mineralize, this individual had continu-

ously ingested the antibiotic.

To determine the extent of tetracy-

cline use by ancient Nubians, three un-

dergraduate researchers in our lab at

Emory University—Kristi Kohlbacher,

Jennifer Cook, and Kristy Collins

—

painstakingly sampled thousands of os-

teons from our original mummy and

from seventy-seven other Nubian and

Egyptian remains dating from about

the same era. AH but four of the sev-

enty-eight individuals showed some

degree of exposure to tetracychne, and

no significant differences by age or sex

were evident. Even the remains of two

of the three infants contained tetracy-

cline, showing that it was passed to

them in their mothers' milk.

FoUowing the publication of these

findings in the 1980s, other researchers

began to report evidence of tetracy-

cline in African prehistory. Physical an-

thropologist Megan Cook (then at the

University of Toronto) and her col-

leagues, for example, found that the

mummified remains of all twenty-five

individuals recovered from Dakhla

Oasis in Egypt, dating from the Roman
period (a.D. 400-500), showed tetracy-

cline labeling. The patterns were con-

sistent with doses occurring at nvo- to

three-week intervals. And Ann Grauer

and I have recendy reported evidence

of tetracycline in bone from a Jordanian

site that dates from the second century

B.C. through the fourth century A.D.

But none of this told us why the

antibiotic was showing up in the an-

cient bones. In nature, tetracycline is

produced by streptomycetes, molcUike

SPRING IS ARRIVING SOONER . . .

Is climate change affecting wildlife? For the past

twenty-five years, ecologist David Inouye, of the

University of Maryland, and his colleagues at the

Rocky Mountain Biological Research Laboratory

in the West Elk Mountains of Colorado, have

been trying to find out.

Robins, they report, are arriving about four-

teen days earlier than they did in 1981, and

marmots (cousins of the woodchuck) are coming

out of their eight-month-long hibernation more

than a month earlier than they did in 1977.

Inouye believes this disruption of long-

established behavior patterns is caused by the

differential effects of global warming at differ-

ent elevations.

At the Rocky Mountain facility, 9,662 feet

above sea level, the overall length and severity

of the winters have remained relatively un-

changed over the years of the study. Although

air temperatures have become warmer, concomi-

tant increases in snowfall have kept the snow-

pack constant until late spring. Marmots, sens-

ing that the air is warmer than in past springs,

emerge earlier from their burrows, only to con-

Robin

front a dearth of plant food. Many quickly use up

their stored fat, putting them at risk of starva-

tion. Chipmunks, ground squirrels, and bears,

which, like the marmots, pass the winter in bur-

rows or dens at high altitudes, may also suffer

from the change in synchronicity between snow

and temperature cues in spring.

Lowland habitats, however, are experiencing

increasingly earlier springs. When robins migrate

to the mountains from lower altitudes or lati-

tudes, the too-early birds do not catch many

worms. Mammals (such as elk, deer, and bighorn

sheep) that migrate to the mountains each

spring in search of grasses and other forage may.
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like the robins, discover that they arrive too

early to find their accustomed bounty. Global

warming thus has different effects on animals at

different elevations.

Growing evidence in both Europe and Amer-

ica supports the conclusion that climate change

is resulting in earlier and longer growing seasons

at low altitudes, earlier migrations by some bird

species, and earlier reproduction in both plants

and animals. ("Climate Change Is Affecting Alti-

tudinal Migrants and Hibernating Species," Pro-

ceedings of the National Academy of Sciences

^1-A, 2000)

... BUT GLACIERS WILL RETURN
According to paleoclimatologist George Kukla, of

the Lamont-Doherty Earth Observatory at New

York's Columbia University, long-term climate

trends indicate that regardless of whether global

warming is occurring or not, our planet is

headed for another ice age.

Although the exact mechanisms that cause

ice ages are still poorly understood, the cyclic

periods of glaciation are now believed to cor-

respond with the periodic shifting (tilt and

wobble) of the Earth's axis, combined with the

ellipticity of our planet's orbit around the Sun.

These patterns of motion, known as Mi-

lan.;ovich cycles, are thought to cause Earth's

recurrfe.i't ice ages.

bacteria commonly found in soils.

These slow-growing cells do not do so

well in the wet, acidic soils where most

bacteria flourish, but they have the edge

in hot, dry, and neutral-to-alkaline en-

vironments. Ten-year-old spores sur-

vive in dry sand and are easily cultured.

Initially we thought that during

famine or drought, the ancient Nu-
bians and Egyptians might have been

torced to eat moldy grain. (Even one or

two grams of tetracycline consumed by

humans in a single day will produce

fluorescence in bone.) The warm, dry,

alkaline environment of storage bins

made of mud could have been an ideal

environment for streptomycetes. But

we learned that when they are growing

well, streptomycetes actually produce

little tetracycUne. Given the degree of

tetracycline labeling in the Nubian and

Egyptian remains, we had to consider

other possibilities. The key turned out

to be beer, known as bosa in much of

present-day Africa.

Searching through both ancient and

later texts, Everett Bassett, Margaret

according to Barry Kemp, author of

Ancient Egypt: Anatomy of a Civilization,

was quite different from the modern

commercial product: "It was probably

an opaque liquid looking like a gruel or

soup, not necessarily very alcoholic but

highly nutritious. Its prominence in the

Egyptian diet reflects its food value as

much as the mildly pleasurable sensa-

tion that went with drinking it." Uni-

versity of Cambridge archaeologist

Delwen Samuel and his colleagues from

the British brewery Scottish and New-
castle have undertaken extensive re-

search on brewing and baking in an-

cient Egypt. They analyzed the remains

of food left in tombs as offerings and

the residues of beer and crumbs of

bread encrusted on pottery shards and

vessels. They even examined floor

sweepings from tombs and Hving areas.

Successfiil brev\dng depends on the

use of a grain that provides enough

sugar for fermentation. In modern

recipes, grain is made to germinate and

is then heated and dried to halt the

process. Known as malting, this proce-

>
I
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Egyptian painted limestone relief of npe barley, ca. 1345-1335 b.c.

Keith, and other members of our team

reahzed that in the region's grain pro-

cessing, there was an important link

between bread baking and beer brew-

ing. Egyptian art also shows baking and

brewing in constant association. In fact,

baked bread is an essential part of the

traditional beer recipe still used today

by villagers who live along the Nile.

The beer produced in ancient times.

dure releases the enzyme diastase,

which converts the starches in grain to

maltose sugar. The malt is then boiled,

strained, and incubated with yeast. In

the traditional Egyptian method, bread

dough is set out to capture airborne

yeast. (Other traditional recipes actually !

add bosa that was held back from previ-
j

ous batches for this purpose, since the 1

hquid contains yeast.) When baked, the
;

I
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brc.id tonus a crust but is removed

from the oven before the center has had

a chance to cook, allowing the yeast to

grow in the warm, slightly cooked

dough. The partially baked bread is

then broken up and added to a broth of

malted grain to make ttie beer.

We theorized that airborne strepto-

mycete spores were captured in the

ancient brewers' dough during its ex-

posure to the air and that the strepto-

niycetes then produced tetracycline

while the yeast grew in the partially

baked bread. To investigate brewing's

capacity to give rise to tetracycline,

Daniel Popowich and Brennan Posner,

undergraduates at Emory University,

added streptomycetes during two ex-

periments with the traditional process.

In the first, they added a small colony of

streptomycetes to the just-baked bread;

in the second, they added the strepto-

mycetes to the niLxture of malted grain

and bread. The second technique was

the more successfid and produced sig-

nificant amounts of tetracycline.

The fermenting brews of ancient

times, we concluded, provided the

somewhat harsh environment in which

the streptomycetes were stimulated to

yield tetracycHne in quantity. Nowa-
days, companies that make pharmaceu-

ticals deliberately control and Hmit cer-

tain nutrients as a way of forcing

streptomycetes to make tetracycline.

Given that the ancient Nubians and

Egyptians were getting doses of tetra-

cycline, another question is whether

this afforded them any medical bene-

fits. In Food: The Gift of Osiris, William

J. Darby and coauthors provide archae-

ological, historical, and ethnographic

accounts of beer's use as a mouthwash

to treat the giuns, as an enema, as a

vaginal douche, as a dressing for

wounds, and as a fumigant to treat dis-

eases of the anus (the dried remains of

grains used in brewing are burned to

produce a therapeutic smoke). This

shows that even in the distant past,

Egyptians and their neighbors appreci-

ated beer's medicinal qualities.

Today tetracycline remains the drug

of choice in the treatment of both acne

and gingival disease. Researchers study-

ing gum disease originally assumed that

the tetracycline worked because of its

antibiotic qualities. But tetracycline also

appears to inhibit coUagenase, an en-

zyme that breaks down collagen. There

has been a concerted effort to produce

chemically modified tetracyclines

(CMTs) that have this effect but not the

antibiotic qualities. In addition, both

tetracycline and CMTs have proved to

be very effective in inhibiting matrix

matallproteinases, enzymes involved in

a number ofbone and connective-tissue

diseases, such as rheumatoid arthritis,

osteoarthritis, periodontal disease, os-

teoporosis, and even cardiovascular dis-

ease. The ingestion of tetracycline may

thus have had real medical benefits for

ancient Nubians and Egyptians.

As we enter the new millennium,

many people are concerned that our

own use and abuse of antibiotics in

medicine, agriculture, and even manu-

factured products has been encourag-

ing the rise of antibiotic-resistant bac-

teria. When we reported the discovery

of tetracychne in ancient bones in the

journal Science, we wondered whether,

owing to long-term ingestion of the

antibiotic, the Nubian and Egyptian

populations might have suffered an in-

crease in disease caused by resistant

bacteria. To test this, Vi'e have exam-

ined the bones in our sample for signs

ot periosteal reactions—roughened

surfaces that form as a result of bone

infection. We have found no evidence

that intections became more intense

during the centuries represented by the

bones, as would be expected if more

resistant bacteria had evolved. But dur-

ing our own lifetimes, 1,600 years later,

many of us may well fall victim to bac-

teria that are resistant to all the known

antibiotics. It we do, our bones will re-

veal this to archaeologists of the future.

George
J.

Arinelagos is a professor of anthro-

pology at Emory Unipersity in Atlanta.

We are now in an interglacial period, but the

tilt and position of Earth relative to the Sun are

fast approaching what they were 116,000 years

ago, when the polar ice started expanding.

Focusing on the last interglacial (some

116,000 to 130,000 years ago), Kukla and his

colleagues have examined a range of evidence

in cores taken from polar ice and from ocean

g Laconte Glacier, Alaska

and lake sediments. Our present interglacial,

he concludes, is similar to the one that pre-

ceded it. (To Kukla, the common belief that

the present period is unusually benign stems

from the misinterpretation of a single Green-

land ice core.)

"There is a tendency these days to focus on

whatever may indicate man-made global warm-

ing," explains Kukla. A look at the big picture,

he says, indicates a paradoxical but logical sce-

nario. The warming of the oceans might well

hasten the transition to a cold world by increas-

ing the rate of water vapor transported from the

Tropics to the Poles. If ice builds up in the high

latitudes, as it has in the past, then in several

thousand years, a surge of icebergs into midlati-

tude oceans may plunge Earth into its next ice

age. ("The Last Interglacial," Sa'ence 287, Febru-

ary 200Q)—Richard Milner
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In the Comp
Sometimes wild animals are

attracted to people. They seem
to weigh the risks of

associating with us and
conclude that under certain

circumstances, hanging

out with Homo sapiens is the

safest thing to do.

In
Tire Biophilia Hypothesis, biologist Edward

O. Wilson addresses the psychological and

evolutionary reasons humans are attracted to

animals. My own experience as a field biolo-

gist has exposed me time and time again to

convincing evidence that many humans are indeed

powerfully drawn to animals. For more than three

decades, I have spent part of every year in the Pe-

ruvian Amazon, where I have been privileged to

visit villages belonging to half a dozen premodern

tribes. Nearly every household has included pets,

and even though many of these pets ultimately

wind up in the supper pot, the villagers treat them

with obvious affection. Among the animals se-

lected are birds of assorted sizes and habits, tor-

toises, iguanas, and mammals (especially primates

but also peccaries, agoutis, and coatimundis).

Many have been captured as juveniles, usually by

hunters who shot the mother; the young are then

raised by humans, who sometimes even suckle

them until they can be weaned.

This story has a flip side, however. Under cer-

tain circumstances, wild animals are drawn to

people. Not always do they flee or recoU from hu-

ByJohn Terborgh



ly ofHumans

Reclining Nude,

by Tommy Dale

Palmore, 1976
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Happy, Crazy mans; instead, it has often seemed to me, the ani-

American mals quietly observe them as if attempting to judge

Animals and a their intentions. Then, if the people appear to be

Man and Lady at nonthreatening, various kinds of interactions be-

My Place, by come possible.

John Wilde, But before I begin to elaborate on why animals

1961 may choose to associate with humans, perhaps I

should review the circumstances in which animals

of different species are drawn to one another. In the

forests around the Cocha Cashu Biological Station

in Peru's Manu National Park, such associations are

common. In one type, called the beater syndrome,

one species unintentionally makes food available to

another by creating a disturbance as it moves

through the habitat. The beater syndrome is a form

of commensalism—the unilateral transfer of bene-

fits from one species to another at Utde or no cost to

the benefactor.

One of the beneficiaries of the beater syndrome

in Manu is the rare hiianganapescco, known in Eng-

lish as the rufous-vented ground cuckoo. In >

Quechua, the language of the Incas, pescco means



"bird," and liiuvigaiui is the local name tor the

white-lipped peccary, a New World maninial simi-

lar to a pig. These peccaries are half again as large as

the more familiar collared peccar\', and they travel

in imposing herds that can number in the hundreds,

blackenins the forest floor with their massed bodies

and filling the air with a cacophony of bleating,

rumbling, and clacking. Using a tactic similar to

that of the cattle egret, the liuaiiganapescco positions

itsek'amid a herd of peccaries and keeps a keen eye

out for the lizards, frogs, and arthropods routed by

the anmi.iK' hooves. Meanwhile, overhead, several

woodcreepers cling to tree trunks, ready to snatch

insects that take wing to avoid being trampled.

A more intimate form of commcnsalism,

termed the cleaner syndrome, involves direct body

contact between the associates, implying both trust

and recognition. Viewers of nature programs on

television are familiar with the cleaner wrasse, a

small coral reef fish that makes a living by nipping

parasites off larger fish. The most famous terrestrial

cleaner syndrome involves the colorful tick birds ot

the African savanna. These birds forage exclusively

on the backs and legs of large mammals, where they

dine on parasites, principally ticks. The Amazonian

counterpart of Africa's tick bird is the giant cow-

bird, which forages independently most of the time

but deticks capybaras and tapirs when opportunity'

knocks. Obviously comfortable with the relation-

ship, capybaras (the largest living rodents) are un-

The costs of joining a flock,

school, or herd can be

lower when the group is

composed predominantly of

other species.

fazed when cowbirds alight on their heads and

begin to peck around their eyes and ears.

Sometimes birds of a feather flock together tor

less transparent reasons, as one unplanned "natural"

experiment showed. Years ago, as a graduate student

at the University of Cahfornia, Berkeley, ornitholo-

gist Pete Myers was studying sanderhngs—the pale

litde sandpipers that frenetically chase waves up and

down beaches along both coasts of North America.

During the first winter of his study, based at Cah-

fornia's Point Reyes Narional Seashore, Myers ob-

served that sanderhngs, when not foraging, roosted

amicably in large flocks on sandbars. But when the

tide was propitious, they spread out along the

beaches and set up individual territories, chasing

away any rival sanderhngs that ventured too close.

This behavior provided gratifying confirmation of

the then-new theory of optimal foraging, which

held that the highest teedmg rate could be attained

by individuals that maintained exclusive rights to a

foraging area. In this case, the area was a strip ot

beach about a hundred yards long.
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The following year, Myers encountered an en-

tirely unanticipated situation. Instead of spreading

out and confronting their neighbors in hostile face-

offs, foraging sanderUngs bunched together in tight

Uttle flocks. Many birds feeding in a small area

quickly deplete the prey, however, lowering indi-

vidual foraging success and compelUng a flock to

keep moving in quest offresh sites. Clearly the birds

were paying a price for their newfound together-

ness. The question was, What had inspired them to

change their behavior so profoundly?

Myers soon discovered that a merhn (a small fal-

con) had taken up residence that winter at Point

Reyes. Although the merhn was usually out of

sight, the sanderhngs never forgot that a predator

was in the vicinity. Membership in a flock meant

that each individual gained the advantage of more

Jaguars are seldom seen in the

vicinity of the research

station—which may explain

its attraction for other animals.

eyes and ears to detect the approaching predator.

The costs ofjoining a flock, school, or herd can

be lower when an animal joins a group composed

predominantly of other species. Consorting with

aUens, as it were, offers all the advantages of forag-

ing in a group, while it minimizes competition with

other individuals of the same species. This probably

explains why flocks of birds consisting ofmany spe-

cies, but no more than a few individuals of any one,

are so commonplace around the world.

By now, the reader is surely wondering what all

this has to do with what I call homophilia (Hterally,

a friendly feeUng toward humans) in animals. In

fact, it has a great deal to do with the rest of my
story, which begins with trumpeters.

Distant relatives of cranes, trumpeters are long-

legged, chicken-sized birds that glean fallen fruit

from the ground. Unlike other birds that Hve on the

forest floor, trumpeters are not particularly shy and

readily habituate to the presence of humans. One
day, while observing monkeys feeding in a giant fig

tree, I understood why.

Shortly after the monkeys began to eat—slop-

pily dropping nearly as much fruit as they con-

sumed—a group of trumpeters showed up on the

forest floor beneath them. Soon an agouti (a large

tropical rodent) appeared and began to feed among

the trumpeters, which were unperturbed by its

presence. Before long, a group of coUared peccaries

joined the crowd. Again the trumpeters showed no

reaction at all.

I later learned that various terrestrial mammals

routinely join feeding trumpeters, presumably to

benefit from various loud alarm calls that the birds

make against such animals as jagilars, bush dogs, ea-

gles, and snakes, as well as from their habit of post-

ing sentinels whenever other group members are

feeding. To the trumpeters, I realized, a person is

just one more large but nonthreatening mammal

come to join the group.

All these animals appear able to recognize a

good thing when they see it, and my many years at

Manu have convinced me that our Httle research

station—by providing opportunities for safety that

I



some animals decide to take advantage of—is a bit

like the group under that fig tree. The station's un-

obtrusive buildings bring the scientists into unusu-

ally close contact with the inhabitants of the sur-

rounding forest. Every year, certain indivRluai birds

and mammals linger near the station, often strolling

in open view through the clearing or perching

right in front of a building, hardly more than an

arm's reach away.

The species that have shown such boldness are

extraordinarily diverse in their habits and diets and

thus seem to have no common denominator.

Among those that have been drawn into our midst

are rinamous—plump, partridgelike birds notorious

for their shyness. A small path that leads from one

group of our buildings to another apparendy cuts

through areas frequented by these birds. Observing

that humans passed by at frequent intervals without

adverse consequences, several tinamous grew so

comfortable with our presence that they would

sometimes stand in the middle of the path and fail

to budge when someone approached. Occasionally

I found it necessary to make a verbal request before

a tinamou would step aside so that 1 could pass.

Over the years, 1 have someumes sought refiige

from the hubbub of the station in a screened tent in

the forest. One morning, after I had sat down at my
desk, a movement in the tent caught my eye. It was

one ot the "tame" tinamous. The bird did not seem

to be the least bothered about sharing the cramped

space of the tent with me. It calmly stroUed around

inside for a few minutes and then let itself out

through a crack at the bottom of the door.

Tinamous have demonstrated the flexibility of

animal behavior in other ways as well. Several years

ago, we kept chickens at the research station. (We

were studying ocelots at the time and needed

chickens to lure the cats into our traps.) I happened

to glance idly at a group of foraging chickens one

day and was thunderstruck to see two rinamous

scratching and pecking among them. They were

doing two things tinamous never do (or so I had

thought): participadng in a social group of foraging

birds and exposing themselves to an open sky that

might have contained raptors. This scene of inter-

specific amit)- was repeated day after day as the tina-

mous took advantage of the safety in numbers pro-

vided by our chickens.

One ot the habituated birds I re-

member best was a piping guan—

a

chicken-sized bird normally found

only in the highest treetops—that

chose to nest only two yards from a

building under construcrion. As the guan calmly sat

on her nest, a team of carpenters erected beams and

nailed them into place almost eyeball to eyeball

w ith the unflappable bird. Even the chainsaw didn't Jungle Cats, by

disturb her. Eventually the guan's three eggs John Alexander,

hatched into downy chicks, and for many days af- 1987

terward she remained within a few yards of our

buildings while she tended her growing brood.

Birds have not been the only creatures at our site

to seek the compan\'—or at least the nearness—of

humans. Perhaps the most remarkable were

Howeird and Moreweird, r^vo subadult male red

ho\\'ler monkeys. Howlers are among the most dis-

tinctive and characteristic primates of the New
World tropical forest. The adult males" roars are

often so loud and startling that first-rime visitors are
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The Fifth

Trumpet Call I,

by Mary Frank,

1984

convinced they are in the immediate presence of a

jaguar. In reality, however, few animals could be less

threatening than these languid vegetarians that

spend much of every day lounging in the canopy

digesting leaves.

One extraordinary day a number of years ago,

primatologist Patricia Wright was doing her laun-

dry when a furry red hmb suddenly intruded into

her field of vision. Looking up with a start, she

confronted a howler monkey backing down the

very tree to which the washboard was attached.

Transfixed in surprise, Pat stood motionless as the

monkey proceeded down to the ground under the

washboard, where it set about eating soil that had

been soaked in wash water. So unconcerned was

the howler by Pat's presence that at one point it

rested its hand on her shoe.

Howler monkeys are well known to engage in

geophagy, or earth eating, though the reason they

do it remains unclear. One idea is that the soil pro-



vides certain niiiK'r.il elements lacking in their diet

of fruit and leaves. Another hypothesis is that clay

minerals in the soil help alleviate the effects ofsome

of the toxins that must inevitably be ingested by an

animal that consumes leaves.

After Howeird had broken the ice with Pat, he

began to hang around the station buildnigs, often

resting in the rafters under the open roof when Pat

was inside. Although she never fed him, Howeird

persisted in following her around. When she went

to her tent for the night, Howeird was right behind.

Not wishing to spend the night with a monkey in

her tent, Pat would quickly slip in and zip the door

behind her. Undiscouraged, Howeird would climb

up a small tree that overhung her tent and spend the

night there.

Atter several days oi this behavior, another

subadult male howler, duly named Moreweird,

joined Pat and Howeird. The three of them v^'ere

nearly inseparable until the day the two monkeys

just vanished into the forest, never to be seen again.

Their departure was as unexpected as their arrival.

Pat, who enjoyed imagining that true love had

brought the howlers out ot the forest to her, was

soon forced to accept that the attraction was some-

thing more mundane: the two monkeys departed

right after her bottle of lemon-scented detergent

ran out and was replaced by one of a different

brand. A dejected Pat had to admit that they didn't

love her after all; they only loved her detergent.

Last
year, something nearly as remarkable

happened—less amusing but deeply

touching. At lunch one day, a student an-

nounced a very unusual sighting: a lone

hiiangana. Finding one of these big pec-

caries all by itself and away from its herd was un-

precedented in our experience. The student had en-

countered the animal half a mile to the north of the

station and noted that it appeared sick and lame. Late

that afternoon, another researcher met the same ani-

mal only 300 feet from the station. It had been

The animals that visit us are

diverse, ranging from
tinamous and piping guan to

hov^ler monkeys and white-

Hpped peccaries.

standing in the middle of Trail 1 , the main thor-

oughfire between the station and our port on the

Manu River. When confronted by the approaching

human, the huaiigaihi hobbled a few feet off the trail

and stood there wliile the researcher passed by.

The next day several people saw it, always stand-

ing at the edge or in the middle of Trail 1 . The an-

imal could not have selected a busier place to reside:

many people, often in noisy groups, go back and
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forth to the port every day. Yet the Imatigana chose

to settle precisely here. For the first few days it

seemed to be in decUne, hmping badly and re-

sponding hstlessly to the blandishments of nervous

researchers who didn't want to get too close to a

potentially dangerous animal.

Why would the sick and lame
peccary have walked half a

mile to our camp in an

enfeebled condition if it

hadn't wanted to be near us?

After perhaps a week, the huangana appeared

more alert and was steadier on its feet, although I

don't know what it could have been finding to eat

during all that time. Had the animal wanted to dis-

tance itself firom further contact with humans, it

could easily have done so. But it remained in the

middle of Trail 1 by day, and by night, we discov-

ered, it quietly bedded down just a few feet firom an

investigator's tent.

I can think of no other way to interpret the

huangands behavior except to imagine that it

"wanted" to be close to humans. Why else would it

have walked half a mile in an enfeebled condition

to be near us?

The huangana is a prime example of a

species that seeks safety in numbers.

Its archenemy, the jaguar, never

launches a frontal attack on a herd,

because adult peccaries defend them-

selves with long, saberhke tusks that could easOy

disembowel a big cat. Instead, the jaguar stalks the

herd in the hope of being able to assault a juvenile

or a peripheral individual and subdue it before the

others react. A lone huangana is thus in a very vul-

nerable situation. From a jaguar's point of view,

such an animal is a fi-eebie.

Our peccary must have decided that the risk of

consorting with humans was less than the one it

faced by remaining alone in the forest. Perhaps it

had noticed that the jaguar was seldom in the vicin-

Erda: The Earth ity of the station. Whatever its reasoning, the huan-

Goddess, gana was right. Its vigor and agility steadily im-

by James G. proved untU, one day, a herd of its species crossed

Davis, 1987 Trail 1 and our peccary was gone.

As a scientist, I am admonished to be unrelent-

ing in my skepticism and to demand the highest

standards of evidence before drawing conclusions.

Above all, I should resist any temptation to con-

struct anthropomorphic interpretations. What I

have recounted here are anecdotes—isolated occur-

rences of an essentially unrepeatable, and thus sci-

entifically untestable, nature.

Nevertheless, having spent a Ufetime observing

animals in the wild, I have come to the conclusion

that many birds and mammals are highly observant,

that they are able to weigh very abstract risks, and

that they can reach conclusions based on the as-

sessed balance of those risks and then take appropri-

ate action.

Night and day, the Amazonian rainforest teems

with predators. No animal, except perhaps a top

carnivore, can afford to be unmindful of the omni-

present threat ofpredation. If animals can be said to

think about anything, heading the list must be how
to conduct their Hves in a way that minimizes expo-

sure to predators—since, of course, only Hving ani-

mals can pass along their genes.

Whether a particular bird or mammal is territo-

rial or social is commonly regarded as characteristic

of the species. Pete Myers's sanderUngs, however,

demonstrated a capacity for radically altering their

behavior in direct response to an increased threat of

predation. So did the habituated tinamous at our

research station when they perceived that by con-

sorting with chickens, they could forage in the

open at reduced risk. Monkeys are similarly oppor-

tunistic in their choice of companions. Never at

ease when alone, bachelor males routinely seek the

company of other species of monkey. Howeird and

Moreweird apparently decided that Pat could pro-

vide some sort of protection against predators. To

be alone is to be vulnerable, because no animal is

able to maintain vigilance 100 percent of the time.

I am not suggesting that animals have the same

intrinsic affinity for people that E. O. Wilson claims

,

people have for animals. But when under the threat

of predation, many animals do have an affinity for

other animals, whether of their own or of different

species. Having been taught as a child that nearly all

animals instinctively avoid people, I was pleasantly

surprised to learn that animals can occasionally

overcome their inhibitions and see us as benign. My
colleagues and I at Manu are gratified when the

birds and mammals with which we share the forest

choose to draw near, even if it is only to use us as

foils against their enemies. D
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Dia It
I

ami They Will Come
By Douglas Emlen

Kick aside a pile of fresh horse droppings, and a

small cloud of flies is sure to explode around you.

Maggots squirm in the nutritious sea of manure,

and beetles scurry this way and that. Among the

crowd of insects are the ones I have been studying

for the past ten years: beetles in the genus Ontho-

phagiis. Small (often no bigger than the eraser on a

new pencil) and sluggish, these beetles are easy to

overlook as your eyes fix on other, faster, more

brightly colored species or on beetles that are in-

dustriously pushing balls of dung away from the

pUe. But if you look closely, especially right where

the dung meets the soil, you will be rewarded with

a look at some of the most bizarre and—at their

scale—formidable creatures on Earth.

There are 2,000 named species of onthophagine

dung beetles, and certainly half again as many wait-

ing to be described. They inhabit every continent

except Antarctica and can be found as readily in

tropical rainforests as in temperate pastures, African

savannas, and the Australian outback. They feed on

almost every type of dung imaginable, from cow to

kangaroo and toad to tapir.

Despite this variety of habitats, all these beetles

do basically the same thing: they fly to pieces of

dung and dig tunnels in the soil below it. The fe-

males then puU small pieces of dung into the tun-

nels, fashion them into balls, and lay one egg inside

each ball. A few days later, when the eggs hatch, the

young larvae feed on the dung in relative peace,

shielded from the competitive aboveground world.

The bodies of onthophagine beedes reflect their

subterranean lifestyle. Durable, ovoid digging ma-

Illustrations by Utako Kikutanl

chines, they have a smooth, rigid exoskeleton and

sharp, toothed forelegs, which they use to dig into

sun-scorched clay and other hard soils. Like the

front end of a bulldozer, a dung beetle's head is flat-

tened into a broad plate that can push soil up and

out of the turmel; lying safely beneath this protec-

tive shield are its delicate organs of taste and vision. After excavating

The exceptions to this streamlined body plan are tunnels, female

the knobs, barbs, and spikelike outgrowths that pro- Onthophagus

trude from the males. You might need a magnifying acuminatus

glass to see these "horns" clearly, but in many spe- beetles drag in

cies they rival the antlers of bull moose in both dung within

shape and proportion. The largest males produce which to lay

the biggest horns (small males and females generally their eggs. Large,

have none). In some species, such as O. nigriventris, horned males

they may be longer than the rest of the body. guard the tops of

Why produce such extravagant horns? They the tunnels,

make it difficult even to fit into a tunnel, let alone attempting to

run, turn, or maneuver inside one. My work has keep out rivals,

led me to conclude that the tunnels themselves— while smaller,

and the need to guard the females breeding inside hornless males

them—are key to the evolution of the horns. may reach a

With the help of glass observation chambers, female by

video cameras, and plenty of patience, my team at digging side

the University ofMontana and researchers at several tunnels of

other institutions have been watching these beetles their own.

inside their tunnels. The first thing we learned was

that provisioning the eggs is a laborious process.

One female in the species O. acuminatus made more

than fifty separate trips to the surface to collect

enough dung to make just one brood ball; over the

course of several days, a female inight make five to

twenty such balls.

A female dung beetle in her tunnel is sure

to attract suitors big and small.

,
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Supplied with

enough food

during its larval

stage, a male 0.

acuminatus, top

right, will grow

large and

develop good-

sized horns.

Bottom right:

Inadequate food

during this

crucial period

leads to much

smaller males

with, at best,

rudimentary

horns.

Immediately before and during egg laying, the

female essentially lives under the ground. This pre-

sents the male of the species with a challenge: to

mate with the female, he must get inside the tunnel.

It also presents him with an opportunity: once in-

side, if he can keep rival males away, he can mate

repeatedly with the resident female and be the only

one to fertilize her eggs.

And this is precisely what many males endeavor

to do. The first hurdle is the tunnel entrance.

Standing guard here, the resident male will try to

fight off other males that attempt to enter. In a typ-

ical contest, the resident male braces himself

against the tunnel walls and uses his head and long

horns to block entry or to push the rival out. An
intruding male, for his part, tries to squeeze past

the resident male. By wedging his head beneath

the other beetle and pushing or twisting, the chal-

lenger may create a gap into which he propels

himself. The resident male's horns get in the way,

however, and the two males usually end up locking

head to head. Sometimes brute strength and strate-

gic maneuvers enable the intruder to force his way

past the guard and into the tunnel, where the spar-

ring resumes. At times, the previous resident is

pushed all the way out of the tunnel and has to try

to fight his way back in.

Fights between males may last only a few sec-

onds or may entail half an hour ofhead butting and

sparring. Although the sequence of events during a

fight varies, the outcome is remarkably predictable.

I staged contests between O. acuminatus males, for

example, and found that the winner is generally the

bigger individual and, in particular, the one with

the longer horns. Duke University graduate student

Armin Moczek and I have found an identical out-

come for a second species, O. taums. Since success

at guarding tunnels—thanks in part to horns

—

translates into success at passing genes on to fiiture

generations, this process of selection could easily

have led to the evolution of bigger and bigger

horns. Indeed, the males ofmany species have such

large horns that often they cannot even turn around

inside a turmel but instead must push all the way

down to the enlarged brood chamber below, or

must back all the way up and out the entrance, be-

fore they can turn and face the other way.

There is, however, a twist to this story. Not all

the males in each species are large, and not all the

males grow horns. In fact, the males in the popula-

tions I study come in two basic classes: large, with

horns, and small, with either very rudimentary

horns or none at all. For a small male, fighting is not

an effective option; the only way he can reach a fe-

male is on the sly. Sometimes he will wait until the

guarding male leaves the turmel briefly (returning

to the dung pile to feed, for instance) and then dash

inside to find the female. If he is small enough and I

smooth enough, he may even be able to sneak right

past a guarding male without being detected.

The small O. acuminatus male has another ploy if

these tactics fail. He may move a short distance

away and excavate a tunnel of his own. After bur-
j

rowing about half an inch below the surface, he

cuts horizontally and sometimes succeeds in inter-

cepting the guarded tunnel below the surface. Hav-

ing evaded the guarding male, the "sneaker" malej

mates with the female and then returns to his side'"

tunnel and waits. Hours later, he either tries to

reenter the guarded turmel or continues to dig hor-

izontally In a densely excavated area, one of these

small males may gain access to several guarded tun-

nels via a single side tunnel of his own.

For her part, the female does not discriminate

among suitors, mating readUy with both sneaker;
j



,iiid guarding m.ilcs. Uiifortiiiiately tor the sneak, a

^lIlgle mating does not guarantee that he will sire

ottspring. The female has undoubtedly already

m.ited with the guarding male and is hkcly to do so

.i;4.iin after the smaller male leaves. And if the resi-

dent male detects the intruder, he will not only

ih.ise him out ot' the tunnel but will rush back to

copulate again with the female. Still, a persistent

Mn.ill male may be able to get inside a tunnel several

tunes, and one ot" those times might be just when
the female is ready to lay an egg.

A second way that small males deal with the

competition is by producing—and transferring

—

more sperm than their larger counterparts. Leigh

Simmons, Joe Tomkins, and John Hunt, of the

Homs may grow at the

expense of other body parts.

Depending on the spedes,

big homs may mean smaller eyes,

wings, or antennae.

University' ofWestern Australia, found that small O.

hiiiodis males had disproportionately large testes.

These males also ejaculated more seminal fluid and

produced longer sperm than did their guarding

competiton. Hence, smaller males (which make up

about 50 percent of the male population) may
compensate for having fewer matings by transfer-

ring more sperm each time they copulate, thereby

increasing the odds that they will fertilize an egg

each time they do mate.

Onthophagine beetles are not the only inverte-

brates to have tvvo classes of males, each with its

own mating strategy". In the ground-nesting bee

Perdilii portalis, for example, Bryan Danforth, now at

Cornell University, found that large males have ex-

aggerated mandibles that they use in contests over

subterranean burrows containing females. Because

the smaller males lack these large mandibles, their

only chance of mating is to intercept a female as she

forages on a flower. PanKcrccis iciilpta is a marine iso-

pod studied for many years by Stephen Shuster,

now at the University of Northern Arizona. In

these creatures, males come not in two but in three

morphs, each with its owti specialized way of en-

countering females.

What determines which embryos or larvae will

pursue a macho path and which \\t11 become little

sneaks? In the isopods Shuster studied, both the

morphology of a male and his mating tactics de-

pend primarily on the genes inherited from the

parents. In the beetles I study, it turns out, horn

growth is more flexible and is affected by the course

of larval development. Supphed with ample food

for their entire larv-al stage, males become large and

develop long horns. Larvae that run out of food

prematurely do not grow as large, and if they fail to

reach a critical minimum body size, they dispense

Below:

Impressive

tiorns grow at

the front of the

thorax in big

0. nigriventris

males.

Left:

0. praeceUens

males have three

homs: one

shaped like a

spatula, which

grows from the

very front of the

face, and two

big, triangular

bulges, which

grow from the

thorax.

with horn production altogether. The physiological

"decision" whether or not to produce horns occurs

toward the very end of the lar\-al feeding period. H.

Frederik Nijhout, ofDuke University, and I discov-

ered that painting minute amounts ofwhat is called

juvenile hormone onto small males at this time
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Below: 0. taurus causes them to produce horns despite their small

males pass size, suggesting that this hormone is the critical Hnk

through several between male body size and horn production.

stages inside a With insufficient juvenile hormone, horn growth

mass of dung never starts.

before emerging

in all their

horned glory.

Counterclockwise

from top left:

Egg, larva, pupa,

and young adult.

Opposite page:

0. taurus.

Onthophagine beetle horns begin when small

sections of the larval skin, or epidermis, start grow-

ing rapidly. In O. taurus, there are two such regions

of rapid growth, one on each side of the head. The

horns are not visible in the larval stage because they

are trapped under the cuticle and thus forced to

grow inward, as dense clusters of folded tissue.

When a male molts from a larva to a pupa, the

horns evert, unfold, and stretch out to their full

shape and length—not urdike extending a collapsed

telescope. During the final molt, from pupa to

adult, the epidermal cells secrete special enzymes

that rigidify the horns as well as hardening all the

other adult structures.

Growing horns takes time. In O. taurus, Hunt

and Simmons found, the process adds several days

to a larva's development. This extra time is danger-

ous, they suggest, because it significantly increases

the larva's risk of faUing prey to nematodes in the

soil. And horns are hkely to continue to exact a cost

even after the beetles have emerged above ground:

males must fly from dung source to dung source in

order to locate females, and bulky horns may make

flight slower, clumsier, or more energy draining,

possibly increasing the risk that these males will be

spotted and captured by predators.

Constituting up to 15 percent of a male's total

body weight, horns also require nutrients, energy,

and other resources to grow. Dung beetle larvae de-

velop in isolation, with nothing to feed on but the

dung in which their mother packed the eggs. In this

world of finite resources, devoting a portion of

their share to horns means making less available for

other body parts. O. acuminatus and O. taurus males,

The beetles develop In Isolation,

with nothing to feed on but the

dung in which their mother

packed the eggs.

for example, cannot have both long horns and large

eyes: horned individuals have fewer ommatidia, or

eye facets (making their visual field Hke a computer

screen with fewer pixels). When Nijhout and 1 ex-

perimentally manipulated the growth of male

horns, we found that suppressing horn develop-

ment resulted in larger eyes.

Various tradeoffs occur in other Onthophagus

species. In some, horns extend from the thorax, and

my prehminary data suggest that in this case, horns

grow at the expense of wing size. In other species,

horns extend from the front of the face, where they

seem to squelch the antennae. Different types of

horns thus incur different types of costs.

As we tease apart the factors shaping the horns,

we are realizing just how intricate and numerous

are the connections between ecology, evolution,

and development. Discoveries in one arena open up

exciting and often unanticipated research questions

in the others. I suspect we will be spying on these

little black beetles for a long time to come. D



V.



70 1 ECOSYSTEM S natural history 5/00

s iSrwc**

A/
M
'.M^^

^1

:i
:<•:«

"^.^

r"

<^^ X .f^-

ris-'i

Wu

-':^^^

^#^



By Peter J. Marchand

Even before they emerge from their buds, and long after

they become part of the forest floor, leaves play host

to ever changing communities of minuscule fungi.

/n a rain-drenched tropical forest canopy,

where plants grow upon plants, even a single

leaf serves as the staging ground for a multi-

tude of species interactions, and competition

for limited space and resources is intense. But even

ill the canopies ot the world's less crowded temper-

ate forests, we find parallel situations. The fungal

communities that grow on healthy new leaves are a

shining example.

From the time a tender new leaf pushes

through its protective bud scales and enters the

world ot intricately tangled food webs, it is colo-

nized by fungi that have been lying in wait. Three

or four species of yeast (which are unicellular

tungi) often take refuge within the buds and shoots

ot deciduous trees. As each new leaf untblds to

greet the spring, wind- and water-borne flingal

spores also arrive on the scene. For the most part,

these organisms pose no greater threat to the

emerging leaf than does the Spanish moss festoon-

ing the branches of live oaks in

The tiny canyons the Deep South. Except for the

and crevices of occasional pathogenic species,

seemingly smooth these early colonists use the leaf

leaves are fertile primarily as a platform from

ground for fungi. which to scavenge organic de-

Inset, left: The bris. But they may also, in fact,

spores of be beneficial to the new leaves

Aspergillus (a and therefore to the tree itself.

common mold) One advantage of the

magnified 5,600 plants keeping company with

times by scanning tungi is that some of the

electron colonists have insecticidal prop-

microscope, erties. A few fungi have been

found to excrete strong chemi-

cals capable of interfering with insect development

and even of killing the larvae outright. As a result,

far fewer leaf-chomping caterpillars can feed their

way into adulthood. When, for instance, a minute

amount ot' Fiisariitin lU'ciiacciini (a fungus commonly
found on the blades of various grasses and in the

needles of fir trees suffering a budworm attack) is

ground up in the laboratory and mixed into the diet

ot budworm larvae, it kiUs 80 to lOU percent of the

population. There is nothing altruistic about the

fungus's services, of course; a fungus that seeps in-

secticide is merely investing in its own survival. In

the process, however, it also saves the leaf firom get-

ting devoured, although in the complex food web

of the forest canopy, the coevolution of grazer and

grazed inevitably results in some herbivores devel-

oping resistance and some fungi winding up as in-

sect food regardless.

Several leaf fungi produce antibiotics that hinder

the growth of other fungi. After all, when many
species share the leaf surface, they are competing

both for food and for precious space. Scientists in-

tensively study these interfungal rivalries in labora-

tory cultures, because they may hold a key to con-

trolhng the fiingal diseases that commonly afflict

commercial wheat, rye, barley, and bean crops.

(The nonselective fungicides currently used on

some commercial crops also kill the beneficial epi-

phytes that may naturally inhibit the proliferation of

their disease-causing cousins. In fact, the use of

such chemicals may sometimes lead to an increase

rather than a decrease in plant diseases.)

Leaves may indeed benefit from the presence of

their fungal colonists, but the fungi also have a

good thing going. The deceptively clean-looking

surface of a fresh leaf contains a bounty- of organic

particles—pollen, spores, and other windblown
debris—as w-ell as nutritious materials that leak

firom the leaf's epidermal cells. But in nature, plen-

tiful sources of food energy seldom go uncontested

for long.

About 1.5 million fungal species exist on our

planet. Many of them flourish in a broad range of

habitats, and nearly all of them are adapted tor

wide dispersal. With billions of fungal spores in

the air, the pioneer populations on the leaf are

quickly infiltrated by newcomers. The most suc-

Adapted from

Atttutmt: A Season of

Chtjiige, by Peter
J.

Marchand. Cop\Tight

© 2000 by Univenity

Press ofNew
England. Reprinted

with permission.
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The surface of a

fir needle, below,

is laden with

fungal hyphae

and spores. Late

in the life cycle

of a leaf—or.

cessful of the early invaders are certain kinds of

Ascomycetes, a large class of fungi that includes

truffles and morels as well as most molds and

yeasts. Cladosporium herbarum, for example, is a

species that grows in velvety green, branching

chains and has a notorious tolerance of extremes

(one strain of C. herbarum attacks meat in cold

storage and can thrive at 20° F) . These fungi are

often quickly joined by other species, including

those in the genera Penicillium and Fusarium (the

latter is known for its parasitic strains that com-

monly attack vegetable crops). These "weedy"

species are capable of fast growth under relatively

impoverished conditions.

more commonly,

after the leaf

has fallen from

the tree

—

Aspergillus,

right, fruits in

treelike tufts

(here magnified

305 times).

By the time most tree leaves have matured, sev-

eral thousand fungal spores per square inch, repre-

senting many different species, may be found on

their surfaces. Life on the surface of a leaf is not

easy, though, and for many of the later arrivals, the

stay is short. Viewed at the inicroscopic level, the

epidermis of the leaf appears no more hospitable

than the rugged canyon country of the arid South-

west, to which it bears a remarkable structural re-

semblance. What appears to the eye as a smooth,!

flat leaf surface is instead a complex landscape of

erosional features that have been worn into the leaf

cuticle from the gradual physical and microbiologi-

cal breakdown of its waxy coating. The tiny

canyons and crevices of the leaf are laden with the

organic resources needed to sustain fungal growth,

yet relative to the topographic features of the leaf,

the newly arrived spore sits naked and exposed, Uke

a giant boulder on a desert landscape.

By the time most tree

leaves have matured,

they may host thousands

offungal spores per

square inch.

Of all the spores that settle on the leaf's surface

(many having gotten there by wind or a splash of

rain), surprisingly few are able to survive for long

under these conditions. Nutritional shortages—es-

pecially on the younger leaves, which leak fewer

metaboHtes and have not yet accumulated substan-

tial organic debris—often bring about competition

and restricted growth. And although nutrients keep

accumulating as spring rolls around to summer and

as the leaf ages, equally challenging new circum-

stances are imposed on the leaf fungi. Midsummer

weather, for instance, rapidly

parches the surface of a leaf flut-

tering in the warm breeze, and

with frequent thunderstorms

come torrents of rain that easily

wash spores out of the canopy.

To mediate such extremes, the

fungal colonists secrete sticky

mucilaginous sheaths that help

them hang on, but it's a tenuous

existence nevertheless. Some
populations die; others encase

themselves in thick-walled

"resting structures" and weather

the drought while the new arrivals try to settle in. It

takes a hardy pioneering type to succeed under

these circumstances.

By late summer, however, fungal spore produc-

tion reaches its peak, the atmospheric fallout onto

the canopy becomes increasingly heavy, and new

recruits on the leaf surface begin to outnumber

casualties. The same sticky secretion that holds

Like Aspergillus,

the fungus

Penidllium grows

best on wounded

leaves or in moist

leaf litter. Inset:

Hyphae and

fruiting bodies of

Penidllium

(magnified 205

times).



one fungus to the le.i( ,ilst> eiKibles tlie spores ot

Others to become attached to it. With the onset ot

fall, conditions become somewhat easier for the

flmgi. Moisture abounds as dew settles on the fo-

liage in the chilly autumn mornings, and the

cooler days mean less evaporation. These factors,

along with the continuing accumulation ot pollen,

set the stage tor yet another community shitt on

the leaf's surface. Many of the early colonists have

by now relinquished the site to competitors better

suited for these new conditions. Succession is

again under way.

What began as a passive partnership between

plant and fungi high in the forest canopy gradually

shifts emphasis. While the leaf was young and

healthy, many other fungal colonists—the true

saprophytes (organisms living on dead or decaying

matter)—remained quiescent. But with the onset of

autumn and senescence, these decomposers emerge

from dormancy and soon take over. High above the

ground, the annual recychng of leaf material—the

ultimate return of nutrients and organic matter to

the soil—begins slowly but inexorably. In the end,

it appears that the plant, through its remarkable life-

long partnership with fungi, has indeed married the

undertaker. D
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Searching fo
Remnants of the herds
ancestral to all domesticated
camels may still survive in

the deserts of central Asia.
Story by John Hare ~ Illustration by Rodica Prato

Jt
is late April 1999, and we are about to set out

into the Gobi's Chinese sector, a desert in

whose heart the temperatures range from -10° F

in December to 150° F in August and where less

than an inch of precipitation may fall during the

year. We go in search of wild Bactrian (two-

humped) camels—remnants, we beheve, of the an-

cestral herds that gave rise to all domesticated

camels, both two-humped and one-humped. Per-

haps no more than a thousand of these elusive ani-

mals survive, about a third in Mongolia and the rest

in China, both here in this part of the Gobi and, to

the west, in the Taldimakan Desert. Even in these

marginal ranges, the animals are increasingly threat-

ened—by iron-ore mining, gold extraction (which

contaminates the land with potassium cyanide), oil

prospecting, and illegal hunting.

The wild camels' last best hope is in the Chinese

Gobi, where the goverrmient has just authorized

the estabHshment of the Lop Nur Nature Sanctuary.

This 60,000-square-mile preserve includes the dry

lake bed of Lop Nur (now cut off by irrigation

channels from its former water supply) and the

highly restricted zone where China conducted nu-

clear testing until 1996. The sanctuary project must

be quickly translated into reality, and we hope to

gather information on the number of animals and

their condition, and whatever else we can glean

about their lives.

Seven years ago, I had no idea that somewhere
in the world there might be truly wild camels, as

opposed to feral ones. But having had some experi-

ence with camels in Africa, I was invited in 1993 to

accompany a joint Russian-MongoUan expedition

to the animals' remaining Mongohan homeland.

On that venture, apart from seeing a dozen animals

that had been captured for a controlled breeding

experiment, I sighted only some footprints. Since

A herd In

Mongolia's Great

Gobi Reserve A:

Animals believed

to be wild

camels roam this

region, but

escaped

domesticated

camels or their

descendants may

do so as well.

DNA testing can

help establish

their biological

dii^erences and

relationships.
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then, I have been on three journeys into the camels'

Chinese domains in Xinjiang Uygur autonomous

region—by motor vehicle in 1995 and 1996 and by

domesticated camel in 1997. The Chinese expedi-

tions are led by Yuan Guoying, an ebullient profes-

sor of zoology from the Xinjiang Environmental

Protection Institute (I call him the Professor). Join-

ing the team again this time are Li Weidong from

the same institute, a small-mammal researcher who
doubles as an admirable cook; the Professor's

twenty-nine-year-old son, Xiao Yuan, who acts as

my interpreter; and the guide to whom we entrust

our hves, Zhao Ziyun. A poacher-turned-game-

keeper who lays claim to having shot the last free-

ranging Przewalski's wdld horse, "Old Zhao" has

been crisscrossing the Chinese Gobi, both legally

and illegally, since the 1970s.

With two jeeps and a supply truck, we establish

a base camp in Honghugou Valley, where we have

arrangements to hire twenty domesticated Bactrian

camels. We plan to trek eastward, probing valleys in

the foothills of the mountains (part of the great

Altun Shan range) that border the south side of the

desert. These foothills are a summer grazing ground

for some of the wild camels, which take advantage

of vegetation watered by melting ice and snow.

Other camels of the Chinese Gobi remain in the

heart of the desert year-round, surviving on plants

that grow around saltwater springs. Two years ago,

on our first camelback expedition, we discovered

and followed the wild camels' well-worn migration

route between these two ranges.

In Honghugou a black sandstorm ("black" be-

cause of the very low visibiUty) scatters our hired

camels in all directions. I am reminded that two

years earHer we had a close call when, deep in the

desert, all but two of our sixteen camels disappeared

in a nighttime sandstorm. We were 175 miles from

our base camp, and the last water source we had

passed was a three days' walk away. On the basis of

our water supply, we calculated that we had only six

days to find our camels before we would be forced

to head back on foot. It took nearly that long for

our herdsmen to track down the animals, which

had fled all the way to the foothUls.

This time we are held hostage for a week until

our herdsmen recapture sixteen of the twenty

camels and we hire the necessary replacements.

We are encouraged to quit camp by an onslaught

of large mosquitoes, so Li Weidong, Xiao Yuan,

Zhao Ziyun, and I, accompanied by four herds-

men, begin our desert journey, leaving the Profes-

sor and the jeep and truck drivers to conduct their

own survey using the vehicles. Conditions are

now perfect. The ominous mist of dust and sand

left by the storm has lifted, and the crevices and

gullies that gouge the sides of the mountains stand

out in sharp relief.

We wind our way up and over a seemingly end-

less hne of sandstone foothills. On the second day,

one of our camels sUps and breaks its shoulder, and

we have to put the animal out of its misery. By
midafternoon, it is clear that another of our camels

is tiring. Three of the herdsmen drop behind to en-

courage her along. While waiting for them to catch

up, Xiao Yuan and I rest atop a steep-sided escarp-

ment abutting a vaUey that leads into the moun-
tains. I He back, hat over my face, and drift into

sleep. Suddenly I hear Xiao Yuan calling me ur-

gently. Six hundred yards away, marching toward us

in formation, is the largest group of wild camels I

have ever seen—so large a herd that at first I think

they must be untended domesticated animals. I

struggle to capture the sight with my video camera.

Why is everything out of focus? The herd contin-

ues to advance. Then they spot us and immediately

turn and scatter. I

"Nineteen females, seventeen young, and one l
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Perhaps no more than a thousand of these

elusive animals survive, about a third In

Mongolia and the rest In China.

hull," reports Usuman, one of the herdsmen.

"Thirtv'-seven wild camels." Thirty-seven! Like

many other wild ungulates, Bactrian camels live in

social groups dominated by a single male, but I had

no idea that a bull could control such a large

harem. And seventeen members of the herd are less

than two years old, which shows a good rate of sur-

vival, since female Bactrian camels have a gestation

period of thirteen to fourteen months and thus re-

produce at most every two years. (In both the

foothills and the desert, young are born between

December and April.) We fmd this all very encour-

aging, especially since two years earlier we encoun-

tered no wild camels and counted seven dead

The expedition,

left, makes its

way through

foothills. Below

and following

pages: Artisfs

depiction of the

terrain and

wildlife

encountered on

the trek east

from Hongliugou

Valley.
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young ones near Lop Nur. But I am beside myself

with frustration: the picture of a lifetime has been

scuppered because the focus switch was on manual

instead of automatic. Xiao Yuan, even though he

chases wildly after the retreating herd, doesn't man-

age to take a satisfactory photograph either.

On our third day we sight a couple of solitary

bull camels—probably defeated in the quest for a

harem—and eventually arrive at Wutong Spring.

Two years ago, this was a Garden of Eden: the wild

poplar was in bloom, and the water that flowed

from a crack in the rock seemed Hke nectar. Now
our camels are just as thirsty, but Wutong Spring

has a dry and dusty face. TaU brittle Phmgmites reeds

cover a hole in the gully where the camels might

drink, but we can't get near it. After some debate,

we decide to set fire to the reeds. One match is

enough: soon the narrow guUy is alive with billow-

ing flames. Less than an hour later, the camels are

picking their way through charred, smoking tufts of

vegetation toward the water.

The fire reveals that a pair of wolves have cun-

ningly sited their den near the spring, where an un-

limited supply of fresh meat—wild sheep, wild

camels, and kiangs (Tibetan wOd asses), among
other animals—will parade by. Smoke drifting into

the den flushes out three cubs that are no more than

six weeks old (fortunately, the parents are away).

The trio emerge blinking and gasping but un-

harmed, and the damage to the den is minimal. We
feel certain that the adult wolves will return to their

cubs as soon as we leave.

And we'd just as soon not stay long at Wutong:

it is plagued with huge, aggressive ticks that, re-

sponding to vibrations caused by our motion,

scurry up our legs to seek out warm, moist recesses.

Queuing to drink the freshwater, the camels kick

out in frustration as the ticks bury their heads in

their flesh. "Are you wearing your Chinese long

Johns?" Xiao Yuan calls out to me. "If not, you'll

soon be kicking Hke a camel." Usuman holds up a

glowing cigarette end: "Tick medicine for you and At the base camp

the camels." in Hongliugou

On the fourth day we reach Many Rat Hole Valley, below,

Valley, named for the pockmarks in the surrounding domesticated

cUffs. These small holes are caused by wind erosion camels are

of the soft rock and don't contain any rats. After a readied for the

three-mile slog uphill through ice-cold snowmelt, trek into the

we rendezvous with the Professor, who has man- desert.
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gfd to iiR-ct us with the supply volm Ics. Wo ,hv

l.itcd because by now we can report having en-

(Huitered titty-five wild camels. Why did we see

Kiue in 19^7? Our best guess is that on the '^7 ex-

otlition, \\ huh took place a bit earlier in the sca-

III. the camels had not yet begun their migration

i>in the desert to these toothiUs.

The formidable mosquitoes that inhabit Many

v.it Hole ViiUey deserve to have it rechristened in

heir name. Alter we have camped there an extra

d.iy while the Professor seeks a possible vehicular

route to another valley along our itinerary, my
swollen hands resemble those of a prizefighter and

my left eye is almost closed. The Professor returns

and tells us there probably won't be another chance

to rendezvous until we reach the end of our trek.

"You had better fill up your camel hump tonight,"

he says. "You won't be seeing the supply vehicles

for quite a long time."

'We now confront a daunting task—to cross

dunes that are more than 500 feet high and are sur-

faced with treacherously soft sand. A wide tract of

these sand mountains, known as the Kum Tagh,

Smoke drifting into their den flushes out three

wolf cubs that are no more than six weeks old

(fortunately, the parents are away).

parallels the foothills for 400 miles. Generally they

leave a corridor about 20 miles wide, but here they

abut the mountains. As we leave the pockmarked

cliffs behind, we are unsure how many days it will

take to cross the sand and just where or when we'll

see the Professor again. The size of the dunes and

the nature of the surface are unpredictable. Relying

on maps, a Global Positioning System receiver, and

our gut instincts, we plunge ahead toward what

looks like the least formidable dune.

The kiang, or

Tibetan wild ass,

inhabits arid and

semiarid

habitats,

preferring hilly

terrain.
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Soon we are struggling, the camels laboring

painfiilly upward and soft sand filling the boots of

those of us who choose to walk. I shed my boots

for a while, and the hot sand burns the soles ofmy
feet as I clamber over dune after endless dune.

Whipped up by the wind into fragile knife-edged

pinnacles, the dune summits are particularly taxing;

I manage to get across them only by scrambhng on

all fours. The pauses I make are to recover my
strength, not to admire the view.

After nightfall, under a full moon and a brilliant

mantle of stars, we camp in a hoUow in one of the

dunes, supremely thankful that a sandstorm has not

blown up. I forget my burned feet and swollen

hands when Li Weidong finds the energy to serve

up handmade noodles with salt mutton. Zhao

Ziyun burps with satisfaction as he scrapes the bat-

tered cooking pot with his chopsticks. "It's better

than eating camels," he says. Happy and replete,

knowing we are camped where no one else has set

foot in recent history, I fall asleep watching count-

less satellites winking their way around the globe.

Another day under a baking sun tries both man
and beast. Yet even here, in the midst of the sand

mountains, we occasionally surprise wandering

wild camels. They stare at us -and, for a change,

don't run away. Then, toward evening, we give an

involuntary cheer as we see, from the vantage point

of the high dunes, a wide vaUey spread below.

Three hours later, we finally shake the sand off our

boots onto the broken, rocky surface of Ice VaUey.

A thin stream of water percolates through the

vaUey Our poor camels have suffered during the

dune crossing; they are run down and have lost

weight. The seasonal molt of their woolly winter

hair makes them look even more wretched. Once
again they are in dire need of water. Unlike their

wild cousins, which can survive on briny desert

springs and slush, our camels need sweet water. The

water here is fairly suitable, but they need a sizable

pool, not merely this trickle, to fdl themselves up.

We camp on a sandy spit, and in the evening the

herdsmen lead the camels up the valley to seek out

the source of the stream. After walking six miles,

they find a spring, and the camels drink their fill.

They don't return until long after midnight.

Even in the midst of the sand mountains, we
surprise wandering wild camels. They stare at

us and, for a change, don't run away.

As the sun rises, Xiao Yuan and I let the sleep-

ing herdsmen rest, and we explore an interesting-

looking gully that twists back into the dunes. It

seems to be a well-used wild camel track and prob-

ably leads to a spring. Halfway up the guUy, we find

large footprints that appear almost human. "It must

be the wild man," says Xiao Yuan, meaning the

yeti. Then he notes the telltale faint imprints of

claws. We did not know that Tibetan brown bears

penetrated this far into the desert.

Emerging at the upper end of the gully, we sight

two wild camels walking straight at us. We duck

down behind a tiny bush, not daring to move,

hardly daring to breathe. The camels continue to

advance. To our intense delight, they walk slowly

down into the guUy, passing within thirty feet of us.

They are leaner and smaller than their domesticated

cousins, and we have a bird's-eye view of their

tightly formed, upright humps. The camels are in

molt, but in prime condition. The lead camel sud-

denly stops (one camera cHck too many), turns, and

sees us. Instantly the two race down the gully. Mo-
ments later, Xiao Yuan grips my arm. Another

camel is coming toward us. This one pauses a long

time before it turns and flees. I never dreamed I

would get so close to one of these shy animals.

.^tgija*"*-"
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Wo see a kiang (distinguished by its large brown-

.uid-vvhite patches) and four surprisingly inquisitive

wild sheep. Then the good-natured camel that is

t irrying my kit spots the bleached skull of a wild

rvLitive. He stretches out his neck and grasps the

object with his teeth. Head held high, he crunches

it up. 1 guess he must need a calcium supplement.

Twelve miles farther along, we pitch camp on a

sandy incline facing the mountains. Here we es-

tablish radio contact with the Professor. He re-

ports having reached a freshwater spring far to our

cast and is attempting to cirive west to meet us.

But no track exists, and the pitted ground is cov-

ered m rocks and boulders. "We dare not bring

the jeeps and are only using the truck," lie tells us.

The following day, after finding an unmapped

spring where we are able to water the camels, we

cross a mountain pass into yet another seemingly

endless plain, where we see more wild camels, wild

sheep, and kiangs. We come across vultures, at least

a dozen of them, feeding on the remains of a young

wild camel. By carefiilly examining the carcass and

the surrounding footprints, we can tell that the

camel was killed and gutted a few hours earlier by

four wolves. One attacked the throat, and the other

three, the hindquarters.

I cut off some skin samples from the hind legs,

hoping the material will be useful for genetic test-

ing. We submitted similar samples to the Wildlife

A tract of high,

shifting dunes

creates a barrier

between the

foothills and the

rest of the

Chinese Gobi.
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Conservation Society in New York and to other in-

stitutions after previous expeditions, and the results

suggest that the wild camel has a DNA makeup dis-

tinct from that of domesticated stock. Evidence is

mounting that these animals are indeed a vestige of

the original wild herds that roamed central Asia

until 4,000 years ago, when humans began domes-

ticating the camel.

In the evening a sandstorm threatens but fortu-

nately dies away. Then a sad accident occurs: the

domesticated camel that has endured so much since

the beginning of our journey loses her footing and

crashes to her death at the edge of a steep-sided

pass, even though she has been spared carrying a

load and is walking untied. She has simply grown

too weak. It is a reminder of the harshness of the

land we are crossing.

The next day we see that more dunes stretch

ahead. Our hearts sink; none of us, least of all our

camels, want a repeat crossing. But Usuman spots,

almost concealed within the dunes, a beautiful

gorge with vegetation and water. Conditioned to

scenes of endless rolling sand, my eyes take some

moments to adjust to the extraordinary contrast.

As I arrive breathless at the bottom of the gorge,

The camel that Is carrying my kit spots the

skull of a wild relative. He stretches out his

neck and grasps the object with his teeth.

Usuman, who is considerably ahead of me, begins

to gesticulate frantically. In a grove of golden Phrag-

mites reeds stands a wild camel that has guzzled so

much water that it appears to be on the verge of

giving birth. The camel raises its head from the

muddy pool, takes one look at me, and flees. "That

camel hadn't drunk water for days," observes Usu-
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n when we meet up attain, "h was deteniuiied

riU up its tank until it overflowed."

This beautifiil setting, which we call Kum Su

(Sand Spring), is beguiling, but we must press on.

We strike out over the dunes and fmd that their sur-

faces are firm, their contours benign. We camp in a

:ramped hollow that harbors ticks, and I soon dis-

cover I have set myself up as their evening meal.

Xiao Yuan wisely perches his sleeping bag on top ot

1 dune to avoid their onslaught.

The following day, in yet another valley, we fi-

aally meet up with the Professor. His fliel supply is

dangerously low, and our water is finished. "One

more day, and we would have been in real diffi-

:ulty" says the Professor as we embrace. "Yet again

we have been very, very lucky." We all enjoy a feast

iDf fourteen dishes, including tinned pork, salt fish,

ind a mound of noodles the Professor has prepared.

We have cause for celebration. On our trek.

Bactrian camels

with their winter

coats: All

domesticated

camels

—

including the

one-humped

dromedary of

Arabia and

Africa—descend

from the wild

herds of

central Asia.

which has covered 132 imles ui ten days, we have

counted 141 wild Bactrian camels. The vehicle

party has counted another 28. During the three

previous expeditions, we saw no more than 70 in

all, and most of them were specks on the horizon.

The Professor, however, is reluctant to revise up-

ward our estimate of about 660 wild camels in

China. "We have seen too few on earHer expedi-

tions for us to want to do that," he declares.

A short, intense evening sandstorm scatters our

banquet and forces us prematurely into flapping,

sand-filled tents. The violent wind turns to rain,

then to hail, and finally to snow. Overnight the

desert turns white. Those of us who have crossed

the sand dunes realize how truly luckx' w-e have

been. Had the weather behaved differently, we

might have been stranded long enough to run out

of water, and we might not have Uved to keep our

rendezvous with the Professor. D
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A Classic Revisited
Darwin's great idea in the Origin—that hfe is a series

of successful mistakes—is reinforced by a century and

a half of evidence.

REVIEW By Christopher Wills

Screenwriters have a privilege de-

nied to most of us. They can take

the great classics of the past and

frx them. You will remember that by

the end of Charles Dickens's Oliver

Twist, OHver himself has pretty much
dropped out of the story. When the

murderer Bill Sikes is cornered by a

pursuing mob, it is the minor character

Charley Bates, one of Fagin's gang,

whom he threatens

with death. But in

David Lean's marvelous

1948 screen adaptation,

it is Oliver himself

who is kidnapped and

threatened by the villainous Sikes,

bringing the movie to a hair-raising

close. Why the dickens, we ask, didn't

Dickens think of that?

In his updating of Darwin's Origin

of Species, Steve Jones, too, has become

a revisionist, tackhng what is arguably

the greatest scientific classic of all time

and "the high point of the hterature of

fact." Darwin's prose cannot be copied,

Jones is quick to point out, comparing

it to a Victorian country house: "It ra-

diates confidence from whatever direc-

tion it is viewed—as Hterature, as auto-

biography, or as briUiant science."

Jones does not fool with the plot,

either, which would be very difficult

to improve, and he remarks early on

that the framework of the original

book has remained remarkably robust.

So powerful was Darwin's idea of nat-

ural selection (and so thorough was

Darwin's understanding of its myriad

impHcations) that many of the expla-

nations have survived the intervening

Darwin's Ghost: The Ori-

gin of Species Updated,

by SteveJones. Random House;

$29.95.

century and a halfvirtually unchanged.

Indeed, Jones includes most of Dar-

win's end-of-chapter summaries, and

he reprints chapter 14, "Recapitula-

tion and Conclusion," in flill.

Utilizing the chapter-by-chapter

framework of Darwin's original, Jones

illustrates the concepts with selections

from the prodigious store of data that

has accumulated since the pubUcation

of the Origin (the fuU

title of which, by the

way, is On the Origin of

Species by Means of Nat-

ural Selection, or the Pres-

ervation ofFavoured Races

in the Struckfor Life), building on Dar-

win's thesis that "the present was the

key to the past." In his introduction,

Jones has picked "the biography of the

AIDS virus. Nature's newest and tini-

est product," as a telling example of the

Darwinian idea of descent with modi-

fication. While Darwin, in his first

chapter, looks at domestic pigeons as

an example of variation within one

species, Jones, in his, examines the as-

tonishing array of dog breeds that have

prohferated since 1859 (also, coinci-

dentally the year of England's first dog

show). Thus Jones wends his way

through fourteen chapters, working

into them his own set of Grand Facts

(a favorite phrase ofDarwin's) and top-

ics—from DNA and cloning to hy-

drothermal vents and the science of

cladistics—and reinforcing Darwin's

view of biology as a "system ofknowl-

edge rather than a set ofrandom facts."

The idea is a clever one and in gen-

eral succeeds quite well. Darwin bom-

barded the reader with so many facts

that the cumulative weight of the evi-

dence in support of his theory became

overwhelming. Jones uses the same ap-

proach, enlivening his book with mate-

rial drawn not only from science, Hter-

ature, and history but from sources as

diverse as Burke's Peerage, whiskey ads,

and the gay press. He writes, however,

as Darwin did not, with dry humor (al-

though he also occasionally descends to

donnish waggery)

.

In the last 140 years, scientists have

done much more than simply add ob-

servations to Darwin's framework. The

big thing we now know (that the Ori-

gin?, author did not) is how inheritance

works. Darwin assumed, as did all his

contemporaries, that traits acquired

during an individual's Hfetime can be

passed on to the next generation (an

idea attributed to French naturalist

Lamarck but actuaUy far older and

more widespread). After he wrote the

Origin, Darwin postulated that ac-

quired characteristics were distributed

throughout the body by "gemmules"

and so was very upset w^hen his cousin

Francis Galton found that transfrising

blood between different rabbit breeds

had no effect on their offspring. There

were, it seemed, no gemmules in the

blood—or anywhere else, as it later

turned out. Acquired characteristics

were, after all, not inherited.

The discovery, by Austrian monk
and botanist Gregor Mendel, that genes

are passed on as discrete units from one

generation to the next—and thus that

genetic differences are not rapidly aver-

aged out or blended away—rescued

Darwin's theory from the difficulties

presented by the heritabiHty of acquired

traits and opened the way for a synthesis

of genetics and evolutionary biology.

Jones discusses these developments, but

there has been such an avalanche of

knowledge since Darwin's time that he

can do no more than skim the surface.

Speciation, sexual selection, behavioral

evolution, and the origin of Hfe are

among the major topics Jones zips
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tlitouyh at a dizzyiiii; pace. One would

love to have had du- autluu' stop and dit;

deeper into such matters as the indus-

trial application of Darwinian evolution

to, for example, copper extraction,

using a "bacterium able to break down

ore and to release the metal."

Just before his (that is, Darwin's)

final chapter, [ones departs from I Dar-

win's framework and discusses—as

Darwin did not in the Origin—the

evolution of our own species. He crit-

icizes (although not with the vigor I

would have liked) the new breed ot

Darwinian psychologists who claim,

on the basis of untested hypotheses

and speculation, that such behavior as

sexual hdelity has particular evolu-

tionary explanations. "The human in-

tellect," Jones argues, allows us to

"transcend the biological rules that

apply everywhere else," and yet "the

new insight that biology gives into our

own history releases us from the nar-

cissism of a creature that is one of a

kind. It shows that humans are part ot

creation, because we evolved." Jones

does not argue, as he has done else-

where, that human evolution has

come to a stop because we are no

longer subject to natural selection. In-

deed, he asserts that "there has never

been a rest from natural selection" and

includes telling evidence in support ot

this position. I wonder if his explo-

ration of the astonishing power and

pervasiveness of natural selection has

led him to change his mind.

Darwin was able to convince his

more open-minded contemporaries of

the realirv,' of evolution. Jones, in his

excellent book, makes the case for evo-

lution even more compelling.

Cliristophcr 1 1 'ills is a professor of biolo\;y at

the Uniuersity of California, San Diego.

His books include Children of Pro-

metheus: The Accelerating Pace of

Human Evolution (1998) and (with Jef-

frey Bada) the forthcoming Spark of Life:

Darwin and the Primeval Soup, both

published by Perseus Publishing.

The Birds and the Bees

In
the warm months, I enjoy watch-

ing the animals that are attracted to

the flowers in my backyard. Hum-
mingbirds are particularly welcome,

with their precision aerial maneuvers,

including steep dives to fend off inter-

lopers. Since I want to see more of

them and since every organism seems

to have at least one Web site dedicated

to it, I turned to the Internet to find

out how to lure these tiny, swift birds.

It didn't take much effort to find

w\v\\-.humniingbirds.net. It told me
what I suspected about setting up a

nectar feeder: "If you are not prepared

to follow the rigorous maintenance

routine outlined below, perhaps you

should consider planting a humming-

bird garden instead." So I clicked on

"Attracting birds" to find out which

plants hummers prefer. I discovered

that because hunmungbirds, like most

birds, have virtually no sense of smell,

the fi'agrance of the flowers on my or-

dinar\' honeysuckle vine did nothing to

attract them. Appai-ently color is wiiat

matters. I need to plant something like

coral honeysuckle. Perhaps then I'd

have a chance at drawing more of the

twelve species that visit Calitbrnia.

This site has concise descriptions ot

the seventeen species of hunuiungbird

that sununer in the United States and

lists them by state. There are also mi-

gration maps for the tiny birds, so that

if I ever get good enough to tell one

species firom another, I can help with

first sightings in the spring.

The other creatures that visit my
honeysuckle flowers have no problem

finding the nectar. For more informa-

tion on them, I went to the BeeHive

(\\ \\ \\..\ciisei.n'iii Li^ci^ alwine beesir

htm), which I enjoyed more for its in-

formation than for its grapliics. CUck

on an item such as "Bees at War." and

you'll tind out that the Romans used

beehives as catapult projectiles. "This

was so effective that they depleted cen-

tral Italy of bee colonies for their am-

munition." I also discovered a new
term—apitherapy, which includes bee-

sting therapy. When I chcked on "Ap-

itherapy." 1 learned about a woman
who regularly uses bee stings to reHeve

the s\inptoms ot multiple sclerosis—an

approach now being explored by main-

stream scientists. And I wish I had read

"City- Beekeeping" before I moved

out of Manhattan: perhaps I would

have contemplated a root'top hive.

Robert Anderson is a freelance science uriter

based in Los Angeles.
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BOOKSHELF

A Fish Caught in Time: The Search

for the Coelacanth, by Samantha Wein-

berg (HarperCollins, 2000; $24)

Ever since the first living coelacanth

(the deep-sea equivalent of a dinosaur)

was found in 1938, researchers have

been trying to estabUsh this fish as the

" 'missing Unk' between the marine and

terrestrial worlds."

The Secret Knowledge of Water: Dis-

covering the Essence of the Ameri-
can Desert, by Craig Childs (Sasquatch

Books, 2000; $23.95)

NaturaUst Childs describes his job

mapping water in the arid Southwest

and recounts finding a surprising vari-

ety of sources.

River of Lakes: A Journey on
Florida's St. Johns River, by Bill Belle-

ville (University of Georgia Press, 2000; $24.95)

Journalist BeUeviUe explores the myth,

history, and ecology of Florida's longest

river (275 miles) and finds "enough

PHOTOGRAPHY

Coelacanth
JAMES PROSEK

wildness left here to take the shrUlness

of civilization out of us."

Hope Is the Thing With Feathers: A
Personal Chronicle of Vanished
Birds, by Christopher Cokinos (Penguin Put-

nam, 2000; $24.95)

A recent convert to birdwatching has

collected information on such extinct

birds as the Carolina parakeet, the

ivory-billed woodpecker, and the heath

hen in a poetic, passionate effort to

"restory" the past.

Black Tides, by Miles O. Hayes (University

of Texas Press, 2000; $21.95)

Starting with a 1990 airplane crash in

Alaska (which he survived), geologist

and marine scientist Hayes recounts his

years cleaning up coastal oil spiUs from

Chile to Saudi Arabia.

Hotspots: Earth's Biologically Rich-

est and Most Endangered Terrestrial

Ecoregions, by Russell A. Mittermeier, Nor-

man Myers, Patricio Robles Gil, and Cristina

Goettsch Mittermeier (University of Chicago

Press, 2000; $65)

Lavished with breathtaking pho-

tographs, this report examines twenty-

five shrinking geographical areas

around the world that have phenome-

nal plant and animal diversity.

Prides: The Lions of Moremi, by Chris

Harvey and Pieter Kat (Smithsonian Institution

Press, 2000; $34.95)

Field researcher Kat and photographer

Harvey document unique social strate-

gies and hunting techniques of four

Hon prides inhabiting Botswana's Oka-

vango Delta.

Nabokov's Butterflies: Unpublished
and Uncollected Writings, edited and

annotated by Brian Boyd and Robert Michael

Pyle; translated by Dmitri Nabokov (Beacon

Press, 2000; $45)

Nabokov's Blues: The Scientific

Odyssey of a Literary Genius, by Kurt

fohnson and Steve Coates (Zoland Books,

1999: $21)

Two titles documenting the butterflies

that flutter in and out of Vladimir

Nabokov's work illuminate his impor-

tant contribution to the science of lep-

idopterology.

The books in "Natural Selections" are

usually available in the Museum Shop,

(212) 769-5150, or on the Museum's

Web site, www.amnh.org.



Charlie Merrels Lays Up Treasure for the

Museum's Future and for His Own Retirement

or most of his working life, Charlie Merrels

was an importer of handcrafted products

from developing countries. Seeking out

traditional products that had sales potential, he worked

with local crafts people and local governments to

establish cottage industries that enabled their products

to be marketed in the USA and Canada.

With his interest in helping people preserve their

distinctive cultures in a way that is also economically

successful, he became a regular Museum visitor

and subsequently a member, especially enjoying

such favorites as the Hall of Mexico and Central

America. Then, last year, he learned about Charitable

Gift Annuities. "/ was so pleased to find a way to make

a substantial gift to the Museunn and also provide

important benefitsfor me."

A Gift Annuity is a way to support the Museum and

provide lifetime income to one or two people. When

low-yield, appreciated securities are used to fund the

plan, capital gains tax is avoided. According to Charlie,

"/ significantly reduced the capital gains taxes I would

have owed if I had sold the shares myself. Best ofall, I

have the satisfaction ofknowing that, in the future, my

gift will go directly to the Museum for its work.

"

•#•
i^^ jci

1

Here are sample rates and benefits for

ONE person with A $10,000 gift:

Ace Annuity
Rate

Income Tax
Deduction

Annuity
Payment

65 7.0% $3,721 $700

70 7.5% $4,080 $750

75 8.2% $4,460 $820

80 9.2% $4,884 $920

85 10.5% $5,334 $1,050

90 12.0% $5,807 $1,200

For more information, please call (800) 453-5734

OR REPLY BY MAiLTo; Office OF Planned Giving,

American Museum of Natural History,

Central Park West at 79th Street,

New York, New York 10024-5192

Name:

Please send information on:

O Gifts that provide lifetime income.

O Bequests to the Museum in my will.

O I have already included a provision for the

Museum in my estate plans.

Address:

Telephone Home: Office:

My (our) birth date(s) is (are)

Your reply is confidential and implies no obligation.

05/00
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What's New in Prehistory'
An exhaustive guide to stones and bones brings human evolution

studies up to date. By Richard Milner |

One evening about twenty years

ago, some members of the

American Museum of Natural

History's scientific staff gathered for a

few beers. Anthropology curator Ian

Tattersall had just returned from one of

his frequent trips abroad to study early

hominid fossils and was lamenting the

fact that the institution's vast collections

held only a few Old World stone tools

and not a single early hominid bone.

Without such fossils, he asked, how
could the Museum hope to be a leader

in the study ofhuman origins?

John Van Couvering, editor in chief

of the Museum's Micropaleontology

Press and a former field geologist for

Louis Leakey in Africa, answered Tat-

tersall with his own question: "Why
don't we just bring all the world's

human evolution fossils to us?"

In this oQhand manner was born

the 1984 exhibition "Ancestors: Four

Million Years of Humanity." Hand-

carrying precious fossils in foam-Hned

cases, paleoanthropologists converged

on the Museum to pool information

and to display such treasures as Homo
erectus from Asia, Neanderthals from

Europe, and the famous Taung Child

(the first known Australopithecus afri-

canus) from South Africa. For the first

time, experts were able to gather in a

single room containing the world's

most precious reUcs of human evolu-

tion. By hosting this historic event, the

Museum did indeed emerge as a world

leader in promoting scholarship about

human origins.

In the process, three of the exliibi-

tion's key organizers—Tattersall, Van

Couvering, and paleoanthropologist

John Van Couvering (left) and Ian Tattersall

Eric Delson—became a clearinghouse

for new discoveries. Delson completed

his own compendium on primate fos-

sils (Ancestors: Tlie Hard Evidence), while

Tattersall took on the task of designing

the new Hall of Human Biology and

Evolution for the Museum (it was

completed in 1993). In 1985 a pub-

lisher asked whether they would be

willing to compile a comprehensive

encyclopedia on the subject—a project

as unparalleled as the "Ancestors" exhi-

bition itself. Enhsting the aid of about

forty colleagues, the trio produced the

first edition in 1988.

This month, a second edition of

the Encyclopedia ofHuman Evolution and

Prehistory appears, with a fourth editor

(archaeologist Alison S. Brooks, of

George Washington University and the

Smithsonian Institution), 800 entries

(200 of them covering the latest finds

and interpretations), and 450 illustrations.

So what have we learned about

human evolution that we didn't know a

decade ago?

Species from outside the Rift Valley,

such as an australopithecine from Chad

and the monkeylike Otavipithecus from

Namibia (codiscovered by Van Cou-

vering in 1 994) , enrich and complicate

the fossil record. Outlines of the

human family tree are showing many

more branches and twigs, and recent

finds indicate that this "bushiness" ex-

isted in Africa from the very beginning.

It is now thought that in Indonesia,

Homo erectus Hved alongside Homo sapi-

ens as recently as 40,000 years ago,

when Neanderthals stiU inhabited Eu-,

rope and the Middle East.
,

Dating methods continue to im-l

prove; for example, cyclostratigraphy

now provides a way of calibrating peri
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odicity in ancient climates. "CJcophysi-

cists and geologists have restored a sense

of chronological order to climatic

events in the middle and upper Pleis-

tocene," says Van Couvering. "Louis

Leakey originally thought that wet, or

pluvial, periods in the geological

records of East Afirica corresponded to

the great ice ages ofEurope, but he later

abandoned the idea. Now pluvials are

back as re^il events. With the help of

cores drilled from the seatioor, we can

relate the East African record to Euro-

pean glacials."

Two remarkable sites at Atapuerca,

in northern Spain, are gready extend-

ing our knowledge ofEuropean prehis-

tory. One has been known for rvventy-

five years but has only recendy yielded

300, 000-year-old remains of about

thirty pre-Neanderthal individuals,

along with those of many cave bears.

During the past decade, another, older

^iti.'—Gran DoHna—has been discov-

ered nearby. Dated to about 800,000

ye.irs ago, it contains remains of Eu-

rope's earliest known human inhabi-

tants, wliich some scientists call Homo
.iiihressor. Chauvet Cave, in southern

France—another recent discovery

—

."ont.iins 400 animal paintings that rival

hose of Lascaux. Not only has Chauvet

preserved depictions of lions, bears,

leopards, and rhinos that roamed pre-

historic France, but new methods ot

malyzing pigments indicate that some
-it the paintings are about 32,000 years

M—twice the age of those at Lascaux.

Paleoanthropology rocks on.

Richard Miltier is n senior editor at Natural

History.

MAY 2

At 7:00 P.M., historian Olivier Bernier,

author of The World in 1800, talks

about cultures that flourished at the

dawn of the nineteenth century.

MAY 4

At 7:00 I'.M., George Plimpton and

Dmitri Nabokov give a dramatic read-

ing ot correspondence between Ed-

mund Wilson and Vladimir Nabokov,

from the play entitled Dear Bunny, Dear

Volodya, by Terry Quinn.

MAY 9, 16, AND 23

The last three talks in the series "Rev-

olutionizing Medicine in the 21st Cen-

tury," about the state of genetic re-

search, will be given by oncologist

Karen Antman ("Cancer: New
Weapons, New Directions"), geneticist

Ron,rld Crystal ("Gene Therapy Enters

Adolescence: Progress and Issues"), and

cell biologist Samuel Waksal ("Gener-

ating New Cells, New Organs: Stem

Cell Research and AppHcation"). The
talks start at 7:00 p.m. For information,

call (212) 769-5176.

MAY 11

In the fourth of a series of five 7:00 RM.

lectures cosponsored with Earthwatch

Institute, biologist and ornithologist

Constance D. Becker discusses her

work enlisting local people to protect

the fifty-five endemic bird species in

the cloud forests of coastal Ecuador.

At 7:00 RM., Peter M. RutkofF,

coauthor with William B. Scott of Nai'

York Modern: The Arts and the City, talks

about painters and writers of the past five

decades, among them Georgia O'Keeffe,

Jackson Pollock, and Allen Ginsberg.

The push to discover medicinal

properties in plants and animals is the

subject of ethnobotanist Mark J.

Plotkin's 7:00 RM. talk and of his new
book. Medicine Quest: In Searcli of Na-

ture's HeaUng Secrets.

MAY 15

As part of the "Frontiers in Astro-

physics" series, astronomer Jay Pasa-

choft' gives a talk at 7:30 rm. entitled

"Sun and Solar Eclipses."

MAY 17, 24, AND 31

In a series of three 7:30 P.M. talks in the

series "The River Indians: First People

of the Hudson Valley," National Park

Service ethnologist and archaeologist

Robert S. Grumet explores the diverse

cultures and histories of Native Ameri-

cans living along the Hudson River be-

ginning 12,000 years ago.

MAY 18

At 7:00 RM., astronaut Buzz Aldrin, the

second man to walk on the Moon, dis-

cusses the future of the space program.

MAY 19

The exhibition "Fighting Dinosaurs:

New Discoveries From Mongolia,"

opening in Gallery 3. presents the 80-

=^Wv-^^S'*^

Baby Protoceratops

nuUion-year-old dinosaur fossil finds of

the Gobi that have shed new hght on

the rise of modern bird and manunal

groups.

MAY 22

As part of the "Distinguished Authors

in Astronomy" series, astronomer Lucy

McFadden gives a talk at 7:30 RM. enti-

tled "NASA Unveils Asteroid 433

Eros."

MAY 22-28

The Department of Education is host-

ing public programs to celebrate tradi-
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tional and contemporary Mongolian

culture through music, dance, lectures,

sports, and cinema. As part of "Mon-
golia Now: Independent Voices,"

members of the Mongolian Folk Song

and Dance Ensemble and the promi-

nent folk artist Ts. Tserendorj perform

khodinii (throat singing) and the music

of the nwriii khtiur (horse-headed

fiddle). Contortionists practice their

I'.ighJy revered art form, and there are

also demonstrations of archery, wres-

tling, felt making, and the installation

of a ger tent. On May 27—28 (and con-

tinuing on June 3-4), the Museum will

be showing feature films, documen-

taries, and videos. Celebrated Mongo-
lian filmmaker I. Nyamgavaa will pre-

sent the New York premiere of his

most recent work, Fewcioits Saint Lord

of the Gobi. For a complete schedule,

call (212) 769-5315.

Naadam, Mongolia's annual festival

of archery, wrestling, horse

racing, music, and dance, will take

place in Central Park May 19-20. In

conjunction with these events, the

Museum is offering a number of

Mongolia-related exhibitions and

programs. The exhibition "Mongolia

Observed: Photographs Present and Past"

opens in the Akeley Gallery in May. (See

also May 19 and May 22-28 listings,

pp. 91-92.) For information, visit

www.undp.org/missions

/mongolia/festival-form.htm.

DURING MAY

Leonhardt People Center programs

continue at the Museum in connection

with Asian Pacific American Heritage

Month. For a complete schedule, call

(212) 769-5315.

For information on field trips and

workshops for adults and children, call

(212) 769-5304.

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. Visit the

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

Space Show tickets, retail products, and

Museum memberships are now avail-

able online.
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info@galapagosnetwork.com

www.ecoventura.com

POLAR BEARS
Join us for the world's

greatest gathering

of polar bears in

\, Churchill, Manitoba

along the shore of

Hudson Boy.

800-368-0077

\ www.travelwild.com
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TUNISIA
One-Of-A-Kina Jounieiis

To A One.Of-A-KmJ Place

,
• Exdusive Escorted Tours

for Small Groups

• Independent Arrangements

> New "Sahara Adventure" Package

1-800-742-4591
www.ameiiainternationai.com

Amelia tours

AMAZON
Visit the spectacular

Tamstiiyacu-Tatiuayo Reserve,

shiown to have the greatest
diversity of mammals

in all the Amazon,

w/ww.perujungle.com / 1-800-262-9669

GALAPAGOS
Learn about the Origins of Species

from our gifted naturalist as vou

explore Oanvin's islands in comfort

aboard small, deluxe yachts. Swim

with penguins and sea lions, savor

equatorial sunsets, and really get

away! Free brochure and video.

13nNG163rdSt. J
Emeryville, CA 94608 ^
15101420-1550

Nt|l'<7'incalloats.com

Rome $100, Amsterdam, Madrid,

Paris, $325. Hawaii $238. Australia

$800, Bangkok, Seoul, Manila,

Singapore S400. ALL ROUNDTRIP!

1-800-822-0888 iisos

AirCourtenerg *^
(303-215-9000) wwwaifCObnercrgMWwcnecpfnpacom

Sut3|ect to ovGlliibihrt', nembersho & departure o-.es

Thunder Bay.. .e\jen the name conjures

up images of excllemeni and adventure!

Between the wind-lossed waves of Lake

Superior and the deep green

mystery ol unspoiled

wilderness Mesa

city ready to set tlie scene lor

an untorgetlable getaway.
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Chiarleston's Beacti Resorts

Seabrook&Wild Dunes
28-Page Resort Guides include

nautical ctiart, maps, golf packj
ages, bike trails, fishing, boatinq
tours of historic

Ctiofleston and more!

Free 28-Page Color Resort Guides
Klawah Island 1-800-845-3911 l<iawah.com

Seabrook 1-800-845-2233 seabrook.com
Wild Dunes 1-800-346-0606 greatbeach.com
Ad H353 • Great Beach Vacations • Kiowati Island , SC 29456

discover |TVv

with

EXPLORAMA
httpy/uiuiui.BNpiorama.com
E-mall: aniazon@8Kpiorama.com

USA (800) 707-5275

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

Iquitos - Peru

...ihc Ancient JcchnologLCS ?

and Ard\aeo\og)i of those ;

who lived in the rugged landscape l

of the American Southwest

thousands ofyears ago.

Weekly Excavation Procrams
Summer 2000

Inquire about Adults-Only Weeks

(row Canyon
Archaeological (enter
23390 Road K . Cohtez, Colorado 81321 [

(800) 422-8975 www.crowcanyon.orc i

I

tnJco/Naturi
mkanatjra.com

Th& RbaI PertA/
See the best macaw clay licks in South

America from our rain forest lodges

' Manu Biosphere and Tambopata Reserves

• Birding, Wildlife, Culture and Archeology

call toll free: 8as-2a7-7iae i-rmW: kit@inkanatura.cotr
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Scorch and Soda
Late in the dry season of central Africa, blooms of red algae grow in expansive mats over a white

crust of sodium carbonate on Tanzania's Lake Natron. Few muLticeLLed organisms can endure the high

temperatures and extreme alkalinity of the lake's shallow waters, which can sometimes reach 120° F

and a pH of 11 at this time of year. Supported by the bounty of algae and tiny crustaceans, both

greater and lesser flamingos nest by the thousands on this lake each season.

Natron is one of many soda, or alkaline, lakes that lie in disjointed chains along the great, ex- :;^

panding tear in Earth's crust known as the East African Rift Zone. Deep geophysical forces have been *
at work there for more than 40 million years, slowly twisting and wrenching the eastern portion of

l^^
the African continent into mountains and valleys, forming a bumpy, volcano-pocked seam that runs •'^

from Ethiopia to Mozambique. Large bodies of freshwater, such as Lakes Tanganyika, Victoria, and '

?

Malawi, conspicuously mark the large valleys along the rift, while smaller lakes, such as Natron, al- -^d

ternately flood and evaporate on the arid eastern steppes of the continent. Lake Natron has no river |?
outlet, and sodium carbonate accumulates in it, leached out from the surrounding volcanic rocks. A m
highly effective desiccator, this mineral—in the form of a paste called natron—was one of the in-

gredients used by ancient Egyptians to mummify their queens and kings.

—

Barbie Bischof 9
Photograph by Gerry Ellis ' .. '..- -.-.......'
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Old age is not the problem for plants that it is for animals.

Being modular, plants can grow new limbs when old ones

die off. More crucial to the longevity of a tree is its size. A
tree reaches a stage when it cannot get taller, owing mainly

to the difficulties of bringing water up firom the roots, and

when its side branches cannot grow longer, because they are

too expensive to support. So the number of leaves a tree

holds becomes more or less fixed, and this means that the

tree's ability to produce food—the sugar made in leaves by

photosynthesis—also levels off.

Yet each year the tree adds a new layer ofwood under the

bark, and the amount ofwood needed to coat the whole tree

increases, just as, in a

set of Russian dolls,

each new doll on the

outside has to be big- A Tree's OldA

oak as merely entering middle age and, Hke many humans,

just going a httle bald on top.

A tree has no fixed life span. To Hve long, it must stay

small. One way to do this is to grow slowly. Bristlecone

pines are the supreme example: they Hve on poor soil in a

dry, cold environment with a short growing season. One
bristlecone in the American Southwest has been docu-

mented at three feet tall, less than three inches in diameter,

and 700 years old! The other way to stay small and live long

is, paradoxically, to be cut down repeatedly. (This strategy, of

course, will work only for trees capable of regrowing when
cut.) The ash Fraxinus excelsior normally lives for 250 years,

yet Suffolk, England,

hosts a coppiced ash

r^ with a stump almoststump

seventeen feet di-

ger. As the tree grows,

the amount of food

needed for running it

rises. The tree resem-

bles a bank account

whose income (sugary

food) is fixed but

whose outgo (respira-

tion and new wood)

keeps mounting. The

tree compensates for a

time by producing nar-

rower and narrower

rings, but there comes

a point when a ring

cannot get any nar-

rower. Something has

to give, usually the

water-deprived top-

most branches. The result is a stag-headed tree, so named for

the antlerUke dead branches sticking out of the top. A down-

ward spiral begins: the loss of branches means fewer leaves,

and fewer leaves means less new wood.

But many trees can slow the process. Some have buds in

the trunk that sprout new branches. These may hold enough

leaves to make up for those lost higher up, so the tree can

keep the leaf area constant while cutting out the expensive-

to-maintain upper trunk and its big branches.

Although these new trunk branches are fairly short-lived

(a hundred years in oak, sixty years in hornbeam and beech,

and less in birch and willow), an oak with plentiful trunk

buds can stave off death for centuries. As the old saying goes:

"Oak takes 300 years to grow, 300 years it stays, 300 years it

takes to dechne." Perhaps we should think of a stag-headed

To live long, a tree must stay small.

By Peter A. Thomas

ameter. It is at least a

thousand years old.

A tree's bank bal-

ance is also influenced

by savings in the form

of food reserves. As a

tree gets bigger, how-

ever, it has less food left

over. At the same time,

the larder—the sap-

wood—gets smaller.

Eventually, infections

penetrate inner struc-

tures, and storage ca^

pacity is lost behind

barrier zone, a layer of

new cells produced in

the inner bark to seal

off infected wood.

The living part of the tree is walled into a thinner and thin-

ner space under the bark. Part of the tree dies. New
branches on the trunk can still save its life, but a large old

tree is not good at producing new shoots, perhaps because it

is running out ofstored buds or because they are trapped be-

hind thick bark. New sprouts on weak trees often die just

when people think the tree is going to live. This may be be-

cause the barrier zone is missing or because there are too

few reserves left for the tree to grow a strip of tissue firom the

new branch down to the roots. Either way, disease easily

overtakes the tree, and the branch withers away. At this

point, the tired old tree bows out gracefully.

Peter Tliomas is a lecturer in environmental science at Keek Uni-

versity, United Kingdom.

Adapted firom: Trees: TIteir Natural Story, by Peter A. Thomas. Copyright © 2000. Reprinted with the permission of Cambridge University Press.
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Do the

Locomotion

In a footnote to his 1996 book Tlie Island of the Colorblind, Oliver Sacks

points out that some people have a great deal of "biological" intelligence.

This inborn affinity for other Hving things is most obvious in the great

naturalists, such as Darwm and Wallace, but it is present in varying degrees

in the rest of us, too. Sacks cites novelist and poet D. H. Lawrence as an

artist with the gift of knowing "by a sort of connaturaHty, what it is like to

be a snake or mountain Hon; to be able to enter the souls of other animals."

For many people, however, empathy with other organisms has very

definite limits. What fellow feeling they do have decreases with taxonomic

distance. We bond first and foremost with other vertebrates, especially

mammals and birds. There are those who are drawn to snakes and Uzards,

but even a photograph of these animals activates a deep-seated phobia in a

fair number of people. As for invertebrates—the immense majority of

animal species—some humans are, at best, ambivalent about them.

Still, a good piece of nature writing can allow you to walk (a short way,

perhaps) in another creature's shoes.

This month, Carl Zimmer's "Biomechanics" column invites the reader

to think like a crustacean. While a crab's sidelong skittering across the sand

has always seemed to me quite alien and even rather sinister, Zimmer—by
explicating the work of Marlene Martinez—made me appreciate how
seamlessly these creatures move from land to sea and back again. Reading

on, I began to imagine how it would feel to walk like a crab. Would I

attempt to enter the water head-on? Clearly not. With the wider part ofmy
body facing forward, I might be knocked offmy eight feet by the first wave.

Martinez was right; turning sideways and hunkering down a little would

make the transition into the ocean much easier. Once in, I might enjoy

punting my way along—floating mostly—and pushing ofi" the bottom now
and again with one ofmy pointy legs.

—
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TO THE EDITOR

A Domestic Planetarium

I very much enjoyed the

special February 2000 issue

("To Know the Universe")

—especially James B.

Sweitzer's "Theater of the

Stars," detailing the chain of

planetarium history from

simple orreries to the grand,

reborn Hayden

Planetarium. I draw your

attention to one tiny

missing Unk: a mini-

planetarium that has been

operating for over two

unnecessary anguish sheer

ignorance could cause. He
announced to his wife that

he was going to educate the

public by building a

planetarium in the back

room of their house.

His first hurdle was to

overcome the disparity

between the regularity of

clockwork and the actual

celestial movements

overhead, and he was the

first to solve this old

problem. Another difficulty

Eisinga's back-room planetarium

centuries in Franeker, a

small town in the northern

Netherlands.

Its buOder, Else Eisinga

(1744-1828), was a knittmg-

wool processor who devoted

his spare time to astronomy

and mathematics. When the

announcement of a May
1774 conjunction of the

Moon, Mercury, Venus, and

Jupiter in the same

constellation spread panic

among Europe's

unenlightened (who thought

it was a fearsome omen of

Armageddon), Eisinga was

shocked to see how much

was squeezing the wheel

mechanisms between the

ceiling of the room and the

beams supporting the attic

floor. A particular

annoyance to Eisinga's wife

was the combination

pendulum-bedstead, which

had to do its work partly in

the conjugal sleeping

accommodation (behind

curtains in above photo).

Eisinga completed the

project in 1781. Thirty years

after his death, the house

was handed over to the town

of Franeker on condition

that it would be opened to

visitors, kept up, and the

workings of the planetarium

explained. In all respects, the

town has been faithful to its

obHgations, as I saw for

myself on a 1998 visit.

A monument to human
endeavor and practical

idealism, Eisinga's creation

deserves a small memorial

stone on the road to

Hayden.

Eleonore F. Wysman

Baarn, Netherlands

Passion and Precedent

Stephen Jay Gould's

thoughtful essay on the hnks

between oratorios and a

humanist scientist's concerns

("The First Day of the Rest

of Our Life," 4/00) includes

one very troubHng passage.

Referring to the portentous

line from J. S. Bach's Saint

Matthew Passion in which

the Jews accept

responsibility as a people for

the murder of an innovative

rabbi destined to be

embraced by much of the

Western world, Gould states

that as much as he deplores

this blood libel, he would

never "consider changing

the text for any modern

performance, lest an

understandable deed for a

particular purpose establish a

precedent and open a

floodgate for wholesale

revision of any great work

to suit the whims of

fashion."

For lawyers, precedents

are the means by which the

law ensures its continuity.

But the value of precedent

can be overstated. As Justice

Oliver Wendell Holmes put

it, the fact that something

has always been done in a

certain way is a damned

poor reason for continuing

to do it that way.

Gould's profoundly

conservative approach to the

question of altering Bach's

text contrasts with the spirit

of the Enlightenment that

Gould celebrates elsewhere

in the essay. That spirit is

confident of humanity's

ability—most of the time

—

to draw the line on change

at or near the point where

the harmful consequences of

an innovation outweigh its

benefits. This is the spirit

we need ifwe want the first

day of the rest of our Ufe to

be any better than the

previous days.

Stanley N. Fittterman

New York, New York

The Pros and

Cons of Kinship

Meredith Small ("Kinship

Envy," 3/00) finds herself

"a bit envious" as she traces

the strong kinship

connections in a model

African village. But her

treatment of the subject is

incomplete. Although

kinship provides support

and meaning, it also imposes

obHgations and restricts

freedom. In America today,

families and individuals can

make a trade-oif between

the two. Most do not, but

those who wish to are free

to do so. If the author were

to consider the fiiU

consequences of kinship, she

might not be so envious.

Alan Balfour

Tampa, Florida
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Giraud Foster and Norman Barker ("Inner Beauty") have worked together for

twelve years, using light-scanning macrographic equipment of their own design to

capture the rich patterns and colors of fossilized organisms. Foster (at left) lives in

Baltimore and is a physician, biochemist, archaeologist, and gourmet chef. Barker, a

six-time winner of Nikon's Small World Competition, is an assistant professor of

pathology and arts as appHed to medicine at the Johns Hopkins University, where he

also runs the photography laboratory. The two men—who use a Hasselblad camera

mounted on a heavy monorail base, macro lenses, and Ektachrome EPP film for

their fossil photographs—share a passion for the "shouts of vivid color, twists and

convolutions, and geometric patterns" of fossils. Eighty of their images will appear in

Ancient Microworlds, scheduled for publication this fall.

Tom Miller ("The Crown of Montecristi") first encountered the people behind Ecuador's

legendary hats more than fifteen years ago, when he researched his book Tlie Panama Hat Trail

(William Morrow, 1986). He welcomed the opportunity for a foUow-up visit to see how the

industry and its workers were faring. A writer and lecturer based in Tucson, Arizona, Miller is the

author of Trading With the Enemy: A Yankee Travels Tlnough Castro's Cuba (Basic Books, 1996). He
has previously contributed two articles about Cuba to Natural History. "The Season of Las

Parrandas" (12/97-1/98) and "Cuba's All-Stars" (4/99).

Every spring, Kenneth Catania ("A Star Is Born") travels from the Tennessee campus of

Vanderbilt University, where he is a research assistant professor in the psychology department,

to the wetlands ofMaryland and Pennsylvania. There, in addition to star-nosed moles, he

inevitably encounters shrews, voles, weasels, field mice, and the occasional snapping turtle.

Catania's interest in star-nosed moles began more than a decade ago, when he was working

with small mammals at the National Zoo in Washington, D.C. His current research focuses on

brain organization and behavior in mammals—including hedgehogs and opossums as well as

moles—with an emphasis on cerebral cortex function. Recipient of the 1998 Capranica

Foundation Award and the International Society of Neuroethologists' 1998 Young Investigator

Award, Catania is also interested in how complex brains have evolved.

After earning a Ph.D. in genetics from the University of Cahfornia, Davis, Rosle Mestel

("Rhythm and Blooms") repaired to the laboratory to study, among other things, fruit flies.

A couple ofyears later—and without a backward glance at the flies—she segued from hands-

on science to science journalism. Mestel, left (with her daughter, Renee), has been a

reporter for Discover, the U.S. correspondent for New Scientist, and a contributing editor for

Health and Earth magazines; she is currently on the staff of the Los Angeles Times, where, as

well as writing about health and medicine, she contributes a weekly column. Her last

Natural History article was "The Genetic Batde of the Sexes" (2/98). Rodl'ca Prato, born in

studied architecture before becoining a freelance illustrator. Her work has appeared in dozens of

She illustrated "Searching for the Wild Bactrian Camel" in last month's Natural History.

Bucharest,

books and

Romania,

magazines

Mark W. Moffett ("The Natural Moment") is a research scientist with the Museum
of Vertebrate Zoology at the University of Cahfornia, Berkeley. He describes himself

as an "ecologist who climbs trees for a living." Moffett, who is fascinated by tropical

ants (he studied for his doctorate under E.Q Wilson at Harvard), has spent much of

the past twenty years studying and photographing life in tropical rainforests. Author

of TIk High Frontier: Exploring the Tropical Rainforest Canopy (Harvard University Press,

1994), he is now working on two more books: one on the problem of living

on vegetation (as weaver ants do) and the other on the nature of adventure and

exploration. Wired magazine recently cited Moffett in an article about "people who travel too much" (he was ranked

just above U.S. Attorney General Janet Reno), but he says he has lately been trying to learn how to stay in one place.
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Stone
Ground
Flo^vers
Born of molten rock,

isolated mountains offer

fragile niches to plants.

Rising above the flattened

Piedmont terrain east and

southeast of Atlanta are

several large rock masses known as

monadnocks. Based on the name of a

mountain in New Hampshire, this

term refers to an isolated rocky hill or

mountain that stands out in a region

otherwise worn down to a plain.

(New Hampshire's Mount
Monadnock derives its name from the

Abenaki for "island mountain.") Ten

miles east of Atlanta is the best known

of these Georgia landmarks, Stone

Mountain, but the vegetation there is

far from pristine, having been

decimated by the hiking traffic. From a

THIS LAND: GEORGIA

naturalist's point of view, better sites to

visit are Panola Mountain and Arabia

Mountain, which are located about

twelve miles south and southeast of

Stone Mountain.

Arabia Mountain, which geologists

date to about 375 miUion years ago,

consists of granitic gneiss, while Stone

Mountain and Panola Mountain,

formed between 350 miUion and 275

million years ago, are made of a type

of granite. AH three mountains had a

similar origin. Magma, or molten

rock, surged upward through existing

rock, cracking it, spreading it apart,

heating it, and incorporating much of

it. The pressure was not great enough

to cause a volcanic eruption, however.
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By Robert H. Mohlenbrock

so instead the magma slowly cooled

into a hard mass. Eventually the

surrounding layers ot older rock

eroded away, leaving this mass exposed

as a monadnock. Continued

weathering has can,'ed pits and cracks

in the surface, where particles of soil

accumulate, providing suitable mches

for the growth ot plants.

Panola Mountain was the first place

in Georgia to be designated a State

Conser^'ation Park; it also ranks as a

National Natural Landmark. Two

excellent trails are available, one that

goes through a moist woodland near

the base of the mountain and another,

higher up, that winds through dn,"

woodland. Above the drs* forest the

granite is relatively bare and tlat; some

plant communities here are quite

tragile, and visitors may reach them

only under the guidance of a park

ranger. At Arabia Mountain, however.

\-isitors can wander across the exposed

rock that begins just a few feet above

the small parking area. The trail is

marked bv stone cairns.
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Although they seem barren, the flat

rock outcrops, known as pavement

rock, support some Hchens and mosses.

In addition, a Hmited assortment of

flowering plants survive in cracks and

small depressions, called solution pits,

where the rock has been dissolved

away. Some of the solution pits contain

soil a foot deep and have a rocky rim

that holds in water following a rain.

Usually the water slowly evaporates

and the soil dries out as the summer

progresses, but in a few of the deeper

ones, a shallow pool persists for most

of the year. At the other extreme are

pits that have lost part of their rocky

rims through erosion, so water drains

HABITATS

away rapidly after it rains; these often

dry up by late spring.

Robert H. Mohlenbrock, professor emeritus

oj plant biology at Southern Illinois

University, Carbondale, explores the

biological and geological highlights of U.S.

nationalforests and other parklands.

For visitor information, write:

Park Superintendent

Panola Mountain

State Conservation Park

2600 Highway 155 S.W.

Stockbridge, Georgia 30281

(770) 389-7801

www.niindspring.com/~panolamt

Moist woodland on the lower

mountain slopes and extending down

to streams that meander in the valleys

contains tulip poplar, sweet gum, and

umbrella tree (a magnoHa). Smaller

trees and shrubs include red maple,

CaroHna allspice, and the fragrant

spicebush. Among the wUdflowers,

most ofwhich bloom in April and

May, arejack-in-the-pulpit, several

kinds of violets, and Asiatic dayflower.

Near the streams is an abundance of

lady fern, netted chain fern, royal fern,

cinnamon fern, and New York fern,

often growing beneath a layer of

mountain laurel.

Dry woodland has a diversity of

species but is dominated by loblolly

pine, rock chestnut oak, and a shrubby

layer of azaleas and New Jersey tea.

Beginning in late spring and

continuing through the summer and

into autumn comes a steady procession

of wildflowers, including bird's-foot

violet, fire pink, Indian pink,

cinquefoH, blue-eyed grass, southern

beardtongue, CaroHna phlox, spotted

wintergreen, and blazing star.

Pavement rock depressions that retain

shallow water for all or most of the

year contain two aquatic or semiaquatic

plants, both confined to these

granitic habitats in Georgia and

surrounding areas. One is Amphicarpus

pusillus, a dwarfmember of the

snapdragon tamily whose pinkish white

flowers appear in mid-March. The

other is a quillwort, or Isoetes, which

reproduces through male and female

spores and thus is considered more

closely related to ferns than to

flowering plants. These spores are

formed by the thousands in the swollen

pouch at the base of each of the leaves,

which resemble blades of grass.

In depressions that do not sustain

water year-round, the depth of the soil

determines which flowering plants

appear. If it is less than four inches,

usually the only one is Diamorpha

smallii, a tiny member of the same

family as sedum (and named for the

botanist John Kunkel Small, not for its

size) . Its fleshy leaves enable it to

survive arid conditions. Where the soil

is four to six inches deep, providing

more nutrients and more room for

roots, a few additional species appear: a

deHcate bent grass and a deUcate sedge,

both with threadHke leaves; sandwort,

a tiny plant related to chickweed;

rushfoU, whose leaves are covered with

silvery scales; and a type of Saint

John's-wort called orange-grass, whose

minute leaves give offan orange scent

when crushed.

Depressions that contain six to ten

inches of soil—in part because they

dry out more slowly—support a still

greater variety of flowering plants.

Common examples are sunnybeUs, a

yellow-flowered Hly with grasslike

leaves; Georgia rush, a dwarf species

known only from granite depressions

in Georgia; Confederate daisy, a

yellow-headed daisy also found only

on granite; and fame flower, a

portulaca-Hke succulent with bright

pink flowers that open during the

afternoon for only about an hour.
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IN THE FIELD By Peter J. Marchand

Location,

Location,

Location
Female bats in a maternity roost seek the

ideal temperature zone.

Group therapy: In spring, the massed bodies of Indiana

bats warm the roost, speeding the growth of their young.

Guided by the dim light of

my headlamp, I wade out

to the nearly invisible net

stretched over the water. I

have just caught the first bat of the

night, and I carefully slip its silky

wings free of the thin black filaments

that snagged it in midflight. As I

work, the tiny western pipistreUe, its

body not much more than an inch

and a half in length and its wingspan

barely eight inches, clutches my finger

tightly in its miniature rasphke teeth,

more for support, it seems, than in

defense. The thirsty young bat

undoubtedly sensed the net, but the

pool of water was too strong a

magnet. The bat was caught in the act

of drinking on the wing.

June is a busy time for bats, and in

some regions, their abundance and

diversity can be impressive. In just

three evenings at the American

IVluseum of Natural History's

Soutliwestern Research Station in

Portal, Arizona, a

small group (myself

included) under

the expert tutelage

of Merlin Tutde,

Janet Tyburec, and

Bob Benson, of

Bat Conservation

International, has intercepted,

examined, and released more than 400

bats representing eighteen species. Two
species—the lesser long-nosed bat and

the Mexican long-tongued bat—are

unique to the Southwest; as the

columnar cacti and agaves come into

bloom, the bats migrate northward

along "nectar corridors." Most of the

others have moved a short distance

from winter roosts to summer colonies.

The shift from winter to summer

quarters is typical all over the country,

although it isn't always from south to

north (many bats fly southward from

caves in Vermont and Tennessee in

spring). But the move, at least for the

females, serves a common purpose.

The birthing and successful

nurturing ofyoung pose some special

challenges for bats. In seasonal

climates, mammalian offspring must

mature quickly enough to be able to

endure their first winter, but for many

bat species, this may involve

accumulating enough food to support

migration and to survive the winter

entirely on fat reserves. So in species

that live where summers are short,

being born early is essential. Many bats

also must overcome another problem:

males and females do not rouse from

winter torpor and migrate to summer

quarters at the same time. Their

solution is to mate in the fall, before

entering the winter roosting site, with

fertilization delayed until spring.

Even with this head start, however,

problems may arise. Bats choose

relatively cool wintering sites, probably

because lower temperatures favor

slower, more efficient utilization of fat

during dormancy. But both the

gestation and the growth ofjuveniles

can be significantly slowed by cold

surroundings, since it is difficult for

young bats and for females in late

stages of pregnancy to effectively

regulate their body temperatures. So in

spring, females must either seek out

warm roosts or elevate roost

temperatures themselves. They

accompHsh the latter by using to

advantage a behavioral trait—their

willingness to congregate, sometimes

in huge numbers, in places where their

massed bodies can significantly

increase the surrounding temperature.

J



Three tlioiis.ind bats clustered in a roof

ch.miber w ithin .1 c.ive can easily raise

the riiost temper.itLire 15°F. (See

"batinoin's Daily Nightmare," Natural

History, October 1987, for an account

of niillions of Mexican free-tailed bats

roosting together.) This warming may

shorten gestation by several days, and it

can accelerate growth rate during the

steady). In forests, red bats cling to leat

clusters in broad-leaved trees, and

Seminole bats to pines. Seminoles also

roost in clumps of Spanish moss, as do

eastern yellow bats. Other species

utilize tree cavities or loose bark,

where individuals in even small

huddles profit from one another's

warmth and tiie bark's absorption of

Mass motherhood: Surrounded by others of her species, a Mexican free-tailed bat nurses

period ber^veen birth and first flight by

as much as 50 percent.

For less gregarious bat species,

there are myriad possibilities for

maternity- roosts. Buildings, bridges,

and bat houses supplied by humans

provide opportunities in urban

settings. Elsewhere, if suitable caves or

abandoned mines are lacking, rock

crevices are commonly used,

particularly vertical ones. Such sites

ofl:er a range of temperature zones,

allov^ng bats to move about for

optimum benefit (in horizontal

crevices, temperatures tend to be more

sunHght. (Like bats in rock crevices,

those roosting behind slabs of bark

otten move around as the day

progresses, seeking the ideal

temperature zone.) AH these

temperature-adjusting behaviors are

crucial: studies of Indiana bats have

shown that during cool summers,

young bats reach the flying stage about

two weeks behind schedule and ma\'

depart maternit\' colonies as much as

three weeks late, leaving little time to

accumulate fat before freezing

temperatures drive them into torpor.

Successtlil rearing of young requires

the balancing ofmany needs. In the

insecure world of tree-roosting bats,

roosting sites are frequently changed.

Among these species, even lactating

females have been reported to switch

locations as often as every two weeks,

although usually within a small range.

This behavior may reduce infestation

by parasites, lessen the risk of being

found by a

predator, or

minimize the

commuting

distance to richer

foraging areas. In

many cases,

though, the

move may be

dictated by the

ephemeral nature

ot the roosts

themselves,

particularly those

located under

the loose bark of

dead trees.

As I ease

another bat from

the net strings

(this one a

Mexican free-

tailed), I press

gently on her

abdomen. I can

feel the bones of

her sole offspring. a developing

fetus, nearly

full term and soon to enter the domain

ot its progenitors. I hold her a httle

longer than the others, then open my
hand gendy. She sits for a moment,

then htts silendy oli, spiraiing sharply

upward as if drawai, by some unknown
force, into the night. The stakes are

high, it seems to me. as these secretive

manmials negotiate with the sunmier

night for the success of, in most cases,

a single oiTspring.

PeterJ. Marchand, author ofseveral books

on natural history, is working hard watching

clams for his next Namral History colunut.
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CELESTIAL EVENTS By Richard Panek

That Sneaky Solstice
As the days start getting shorter, why isn't the Sun setting earlier?

The Sun, by Edvard Munch (1863-1944)

On what day does summer

officially begin? The solstice.

What day has the longest

period of surdight? The solstice.

On what day does the earliest

sunrise (or the latest sunset) occur?

Not the solstice.

I remember wondering as a child

why, just as summer fmally—finally!

—

arrived, the days started getting

shorter. Now I know: because life's

not fair. Yet however philosophically

sound that answer seems, it turns out

to be incomplete, at least from an

astronomical point of view.

Like the seasons themselves, the

solstice is a function of the tilt of

Earth's axis. Earth "rests" at 23°26'28"

away from an upright position relative

to its path around the Sun. Because

of this orientation, the Northern

Hemisphere tilts toward the Sun

during half of Earth's annual orbit, and

the Southern Hemisphere tilts toward

it during the other half. Twice each

year, then, one hemisphere or the

other is at maximum tilt away from the

Sun. To an observer on Earth, the

noonday Sun reaches its northernmost

or southernmost position in the sky on

those days and appears to pause

briefly—hence the word "solstice,"

from the Latin sol (sun) and sistere

(standing still)—before beginning its

next six-month cycle.

To be precise, the solstice takes

place at the moment the Sun reaches

a point on the celestial sphere (an

imaginary sphere around Earth on

which celestial bodies can be

positioned in terms of latitude and

longitude) that corresponds—not

coincidentally—to the latitude

23°26'28" north or south of the

equator, marked by the tropics of

Cancer and Capricorn, respectively.

This month the solstice occurs on June

21 at 1:48 Universal Time, which is

June 20 at 9:48 p.m. Eastern DayHght

Time. At latitude 40° north (near

Philadelphia and Denver, for example,

in the United States), daylight during

this "longest day" will last fifteen

hours and one minute.

Contrary to popular belief,

however, for several days after the

solstice (through June 27 at latitude
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40° north), the Sun will continue

setting later instead of earlier each

evening. But the period of daylight

will actually be getting shorter,

because afterJune 14, the Sun wiU be

rising later, too.

The reason these three events

—

earliest sunrise, latest sunset, and

longest day—don't coincide comes

down to one simple fact: the twenty-

four-hour day is a contrivance. What

our "day" measures is merely the

average ofhow long Earth takes to

complete 1/365.24 of its annual

365.24-day orbit around the Sun. We
commonly accept that a day equals the

time between consecutive appearances

of the midday Sun. But ifyou tracked

the actual time between those

appearances, you'd find that the day

can run as much as fourteen minutes

shorter or sixteen minutes longer than

exactly twenty-four hours.

This fluctuation in time is due in

part, again, to the tilt of Earth's axis. If

Earth's position were upright relative

to its path around the Sun, to an

observer on Earth the Sun's position

wouldn't budge from one noon to the

next. But in fact, from day to day the

earthbound observer does see the

midday Sun at a different point along

the same celestial longitude—up or

down relative to the horizon. This

sHght change in orientation and

configuration between the two bodies

translates into a sKght difference in the

exact length of each day.

Further comphcating the situation

is the question of where you happen

to be in relation to that ever shifting

point on a particular longitude—that

is, your terrestrial latitude. In general,

the farther north you are, the more

closely the dates of the earliest sunrise

and latest sunsets will converge around

the time of the solstice, at the rate of

about one day for every five degrees

of latitude.

And finally, there's the elliptical

shape of Earth's orbit, which means

that the planet is closer to the Sun, and

moving faster, along some of its

stretches than along others. So at some

times of the year, Earth's "clock" is

running either ahead of or behind the

average twenty-four-hour day.

Put all this together, and you have

what astronomers call the equation of

time, which produces a similar effect

around the winter solstice. (For a more

technical explanation of the equation

of time and some useful diagrams, go

to www.bc.cc.ca.us/programs/sea/

astronomy/nakedeye/nakedeyb.htm.)

The equation of time, alas, does

nothing to make life fairer. But as is

often the case with astronomy, it does

somehow make Ufe slightly more

understandable, and that's a start.

Richard Panek is the author ofSeeing and

Believing; How the Telescope Opened

Our Eyes and Minds to the Heavens

(Penguin, 1999).

THE SKY IN JUNE By Joe Rao

Mercury is in the evening sky during

the first half of the month and should

be evident soon after sunset, low in

the west-northwest. Its greatest eastern

elongation comes on June 9, when it

Hes 24° from the Sun. Look for it

around June 4, when it appears as a

zero magnitude "star" setting at about

10:15 P.M. local DayUght Time. Try to

catch a gHmpse of the sUver ofMoon
hovering about 5° below Mercury on

the evening of June 3. By the next

evening, the Moon moves well above

and to the left of Mercury. After

midmonth, this swift-moving planet

fades rapidly as it swings back toward

the Sun, and it is soon lost in the

bright evening twilight.

Venus is too near the Sun to be visible

this month. Superior conjunction

occurs on June 1 1 , when (from our

viewpoint) the planet seems to pass

behind the Sun.

Mars, Hke Venus, is too close to the

Sun to be visible in June as it heads

toward solar conjunction on July 1.

Jupiter and Saturn appear

momentarily amid the stars of Taurus

and slowly emerge from the bright

morning twilight. The two giant

planets had their long-awaited "Great

Conjunction"—the first of its kind

since 1981—on May 31. They spend

the rest of 2000 slowly moving away

from each other. On June 1 they are

separated by 1.2°, by June 13 they are

2° apart, and by the 24th,

3° apart. If you have a clear and

unobstructed east-northeast horizon,

you should catch sight of these two

morning planets at the start of the

month, both rising at about 4:30 A.M.

With each successive morning, the

pair rises a little earlier and a little

higher. By the last week ofJune, they

are easily visible as they ascend in a

dark sky by 3:30 A.M. Jupiter is the

brighter of the two, and Saturn

shines with a slightly yellowish hue.

The waning crescent Moon slides

past these two planets on the

mornings ofJune 28 and 29.

The summer solstice occurs on June

20 at 9:48 p.m. The Sun reaches the

point where it appears farthest north

of the equator, so in the Northern

Hemisphere the days are the longest

of the year and the nights are the

shortest (it's the other way around for

the Southern Hemisphere).

The Moon is at new phase on June 2 at

8:14 A.M. and at first quarter on June 8

at 11:29 P.M. FuU Moon occurs on

June 16 at 6:27 RM., and last quarter

on June 24 at 9:00 P.M.

Unless othenvise noted, all times are given

in Eastern Daylight Time.
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Story by Carl Zimmer ~ lilustrations by Sally J. Bensusen

Eight If by Land, Nom
Leg deployment is crucial to a crab's success as it moves in and out of the water.

People who build robots envy

the performance of ani-

mals—the flawless landing of

a bird on a branch, the agility

of a mountain goat stepping lightly

along a cliff ledge. Some engineers are

particularly interested in building ro-

bots that can walk both underwater and

on dry land. The robot they envision

will be able to jump out of a marine

transport ship, for example, and defuse

mines hidden in the surf. The crab is

the creature these engineers hold dear.

To get a feeling for the crab's accom-

plishments, try walking across a beach

and into the ocean. At first, you stride

along smoothly. It's so easy you could do

it for hours. But when you enter the

ocean, you slow down. Water pushes

against your ankles and then, as you

move into deeper water, against your

shins and thighs and, finally, your whole

body. Soon the slowest shuffle becomes

exhausting. Running in water is no eas-

ier. When you push off from the bot-

tom, you mostly bob up and down,

barely moving forward. Next time you

go swimming at the shore, after you

haul your exhausted body back onto the

beach and lie back to catch your breath,

watch the crabs as they skitter across the

sand and sHde into the water without

slowing down one whit.

Marlene Martinez, a zoologist at

Pacific University in Oregon, has been

trying to figure out how the crabs do it.

Part of her work involves filming

Hawaiian intertidal rock crabs (Grapsus

tenuicrustatus) as they walk on land and

in water. She also places crab models

(actually epoxy-filled crab shells) in dif-

ferent positions in a water flume and

measures the hydrodynamic forces act-

ing on them.

STANDING ON LAND

MOVING IN WATER

On land, crabs walk much the way

humans do—or cockroaches or sala-

manders or any other animal with legs.

Walking makes the body act somewhat

like an upside-down pendulum. You

push off with one foot, and your body

swings forward and up. Once you hit

the peak of the arc, gravity starts to

pull you back down again. That down-

ward fall provides kinetic energy,

which is used in the next step to move

the body forward. Crabs follow the

same pattern, although their gait, in-

volving eight legs instead of two, is

considerably more complicated.

Walking this way works well on

land because air is too thin to exert

much force against the oncoming

body. But water is 800 times denser

than air and thus more resistant to a

body trying to move through or push

down into it. The upward push of



If by Sea
buciy.uicy reduces the effect of gravity'

and, with it, the amount of kinetic en-

ergy available for the next step for-

ward. In addition, flowing water can

lift a body up in the same way air Hfts a

plane's wings, making it harder to keep

contact with the ground.

Martinez has found that the shape

of Hawaiian rock crabs goes a long

way toward making it easier for them

to move in water. Their slender, hori-

zontal bodies mean that less breadth

is exposed to the oncoming water.

Wiilking sideways further reduces this

exposure and also cuts down on drag.

The crab's shape poses problems of its

own, however: as a crab scuttles along,

water pushes up under the leading

edge of its shell, threatening to flip the

animal over. In response, the crab

spreads its legs and hunkers down,

which helps to keep it from overturn-

ing. This position widens its stance by

about 20 percent and is more stable,

enabling the crab to walk 50 percent

faster than it could if it tried to use a

terrestrial stance underwater.

But crabs do more than just hunker

down as they make their way through

the water. On land they walk in a fixed

pattern, alternating four legs in the air

and four legs on the ground. In the

ocean, that pattern breaks down. As

Martinez saw in her movies, multiple

legs might push off simultaneously,

while at other times only one of the

legs ever touched bottom. And some-

times none of the legs touched down

at all while she was observing the ani-

mal. This behavior reminded Martinez

of a punt, a flat-bottomed boat pro-

pelled by a pole that a boatman pushes

against the riverbed; between pushes,

he lets the boat glide. Thanks to buoy-

ancy, the crab is unlikely to be imme-

diately pulled back down by gravity

after every step and thus doesn't need

to be so careful about alwa) s having a

few legs in position to break the fall.

Consequently, it doesn't much matter

which legs the crab pushes with, and,

like the punt, the animal can glide be-

tween pushes.

Engineers who work on amphibi-

ous robots have tended to look at the

ocean as an enemy their creations

would have to fight against. But Mar-

tinez's research shows that the water

may be their ally. Rather than trying to

hug the seafloor, crablike robots could

punt along, relaxing and saving the pre-

cious energ)- in their batteries.

Science writer Carl Zimmer lives in New

York. His first booii, At the Water's Edge,

is now aimilabie in paperback.

A Hawaiian rock crab stands tall on land (left). In water (below, far left), it hunkers down and spreads its legs

out. When moving in water, the crab may push off with all its legs or just one. And sometimes it just glides

along, with none of its legs in contact with the bottom (far right).
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J
The
ew,
and the

ew btone
Ruminations on earlier views of fossils, medicines,

and minorities By StephenJay Gould

The human mind may love to

contemplate exemplary uni-

verses of abstract grandeur and

idealized perfection, but we can extract

equal pleasure from a tiny embodiment

of some great thought, or some defin-

ing event of a lifetime, in a humble but

concrete object that we can hold in our

hands and rotate before our eyes. We
cherish such explicit reminders and

call them keepsakes, souvenirs, or

mementos—for their sahence as mark-

ers of distinctive moments in our

unique trajectory through the general

adventure ot human Hfe.

For this reason, I have never been

able to understand the outright pur-

chase, from catalogs or store shelves, of

distinctive items that (I would think)

can only have meaning as mementos of

our own experiences. I do, for ex-

ample, cherish a few baseballs signed by

personal heroes, but only because they

intersected my life in a meaningful

way—the pop foul off DiMaggio s bat

that my father caught in 1950, as I sat

next to him, and that the great man
signed and returned after I mailed him

the relic along with a gushing fan let-

ter; the ball signed by Hank Aaron and

presented to me after a talk I gave at

Atlanta's Spelman College, as I, nearly

speechless for once, stammered thanks

to my hosts for the equivalent of an

item inscribed by God himself. But

what could a ball signed by a Ted

Williams or a Pete Rose mean when
ordered from a catalog by anyone will-

ing to fork over a specified sum?

I take special delight in the particu-

lar category of things long known and

admired in large abstraction but then

seen for the first time in the form of a

humble but concrete memento. I don't

refer to first views of the grand things

themselves—the obvious and antici-

pated thriU of initial contact with the

Taj Mahal or the Parthenon—but

rather to the subHme surprise of find-

ing my father's card of honorable dis-

charge from the navy after hearing his

war stories for so many years, or seeing

my grandfather's name entered on a

ship's manifest for his arrival at Ellis Is-

land in 1901.

As a scholar, most of my thrills in

this category arise as unexpected en-

counters in actual print—in an old

book read by real people—of the

founding version of stories or con-

cepts once learned in a classroom or

textbook and stored as an important

memory implanted by others but

never validated by original sources. I

get a special jolt when I first see (as

my grandmother would have said) in

shvartz—that is, "in black" ink or

printed type—something that had

long tickled my mind but had never

stood right before my eyes in its overt

and original form.

The tale of this essay begins with

such an experience of transfer from

vague abstraction to factual immediacy.

I do not remember where I first heard

the story—perhaps in a guest lecture by

a distinguished visiting luminary or as a

casual comment from a professor in an

undergraduate class at Antioch Col-

lege. I do not even know whether the

tale represents a standard example,

well known to all historians of early sci-

ence, or an original insight from one

teacher's personal research. But I do

remember the stoiy itself and the strik-

ing epitome thus provided for the revo-

lutionary character (at its codification

in the seventeenth century) of the ex-

planatory system now called science.

The story featured a memorable

example to demonstrate how respected

styles of former explanation became

risible and "mystical" in the light ot
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new views about causality and the na-

ture of the material world. The essence

of the difterence between prescientific

and scientific explanations, my unre-

membered source stated, could be

epitomized in a popular prescientific

remedy for the healing of wounds in-

flicted by swords or other weapons.

the most widely used handbook of

remedies from the seventeenth cen-

tury. And in this copy, published right

in the midst of the ferment that gener-

ated modern science in the late seven-

teenth century, I found the formula for

the salve that must be applied to

weapons as well as wounds

—

in shvartz

The formula called for boiling boar fat ia red wine

and addiag crushed worms, the boar's brain,

sandalwood, dust from a corpse, and skull scrapings

from a man who had been killed.

The prescribed salve must be applied

to the wound itself, where, by modern

understanding, the potion might well

work as advertised, since early phar-

macists and herbaHsts had, by experi-

ence, discovered many usefial remedies,

even if we now dismiss their theories

about modes of action. But, the recipe

for the remedy continued, the salve

must also be appHed to the weapon

that inflicted the wound, for healing

required a sympathetic treatment, a re-

balancing, a putting right of both the

injurer and the injuree.

The nub of the revolutionary dif-

ference between prescientific and sci-

entific explanation, my anonymous

source continued, hes beautifully ex-

posed in this microcosm, for the West-

ern world's transition to modernity

may virtually be defined by the reahza-

tion that although some material prop-

erty of the salve may heal the wound

by direct contact, the formerly sensible

practice of treating the weapon in a

similar way must now be scorned as

utter nonsense and absurd mysticism.

This tale about treating the weapon

as well as the wound has rattled around

in my head for twenty years or more,

with no documentation beyond a

dimly remembered lecture. Then, a

few months ago, I bought a copy ofjo-

hann Schroder's Pharmacopoeia medico-

chymica (the 1677 edition of a work

first printed in Ulm in 1641), perhaps

on page 303 and named Ungtienttim

Sympathetiaim Crollii, or Croll's Sym-

pathetic Ointment (we shall learn

more about Mr. Croll a bit later).

The formula for this concoction

may raise modern hairs and hackles. We
must begin, Schroder tells us, with adip.

veteris apnign. (the fat of an old boar)

mixed with bear fat as well. Boil them

both in red wine, pour the resulting

mixture into cold water, and collect the

fat that accumulates at the top. Then

add a motley assortment of pulverized

worms; the brain of a boar (presumably

from the same creature that supplied the

initial fat); some sandalwood; haematite

(a rock containing iron); mumia, or the

dust from a corpse; and to top it all off,

usneae e cranio hominis iiiterempti (or

scrapings from the skuU of a man who
has been killed).

Schroder then appends a series of

notes about permitted variations, in-

cluding a most welcome statement (to

modern sensibilities): sunt qui omittnnt

iisneam et mumiam (some people omit

the cranial scrapings and corpse dust).

But another note then warns us that

the cranial scrapings, if included, must

be gathered while the Moon waxes

(that is, during its increase from a thin

crescent to a full circle) and under a

good astrological sign, preferably with

Venus in conjunction (that is, within

the reigning zodiacal constellation) but

certainly not Mars or Saturn.

Under the next heading, Vsus (use),

Schroder first tells us that this ointment

will cure all wounds, unless the nerves

or arteries have been severed. The next

line

—

imgatur tehim, quo vulnus inflictum

(the weapon that inflicted the wound

must be anointed)—then advances the

argument that so impressed me as a

succinct example of the dramatically

different account of nature and causal-

ity that modern science would soon

drive to intellectual extinction.

Schroder's description ends with a

set of instructions for treating the af-

flicted object with the ointment. We
learn that "it" must be wrapped in

Hnen and kept out of the wind, in a

place neither too hot nor too cold, ne

damnum inferatur Patienti (so that no

damage shall be inflicted upon the pa-

Medicinal plants corresponding with the

macrocosm and the body's microcosm

tient). Moreover, no dust may fall

upon "it," ahoquin Patiens mire affligere-

tur (for otherwise the patient would be

sorely injured). However, the "it," in

each case, describes the weapon that

requires such dehcate care and han-

dling—not the wound! The two final

items on the Hst also refer exclusively

i
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to the anointed weapon: if the wound
was inflicted by the point of a sword,

then the ointment must be apphed

from the hilt downward toward the tip;

if the weapon cannot be found, a stick

of wood dipped in the victim's blood

may suffice.

In a final paragraph, Schroder offers

his only statement about why such a

procedure might enjoy success. The
cure occurs because the same balsamic

(healing) spirit inheres in both the pa-

tient and the blood of his wound, and

both must be fortified by the oint-

LAPIS IVDAICVS.

Various categories of stones, including jew stones,

from Schroder's Pharmacopoeia, 1677

ment. The weapon, I presume, must

be treated because some ofthe patient's

blood still remains (or perhaps merely

because the weapon drew the patient's

blood and must therefore be cleansed

along with the patient himself in order

to bring both parts of this drama back

into harmony).

Oswald CroU (ca. 1560-1609), the

inventor of this ointment, followed the

theories of Paracelsus (1493-1541) in

proposing external sources of disease,

in opposition to the old Galenic the-

ory of humors (see illustration on page

34). In this major debate ofpremodern

medicine, externalists believed that

outside forces or agents entered the

human body to cause illness and that

healing substances from the three

worldly kingdoms (animal, vegetable,

and mineral, but primarily vegetable,

as plants provided most drugs and po-

tions) could rid the body of these in-

vaders. The humoral theory, on the

other hand, viewed disease as an im-

balance among the body's four basic

principles: blood (the sanguine, or

wet-hot, humor), phlegm (sluggish,

or wet-cold), choler (dry-hot), and

melancholy (dry-cold). Treatment

must therefore be directed not toward

the expulsion of foreign elements but

to the restoration of internal balance

i among the humors (bloodlet-

ting, for example, when the

sanguine humor rose too

high; sweating, purging, and

vomiting as other devices for

setting the humors back in

order).

In Paracelsian medicine,

treatment must be directed

against the external agent of

disease, rather than toward

the restoration of internal

harmony by raising or lower-

ing the concentration of im-

properly balanced humors.

How, then, could the proper

agents of potential cure be

recognized among plants,

rocks, or animal parts that

might neutrahze or destroy the body's

invaders? In his article on Paracelsus

for the Dictionary of Scientific Biography,

Walter Pagel summarizes this argu-

ment from an age before the rise of

modern science:

Paracelsus . . . reversed this concept of

disease as an upset ofhumoral balance,

emphasizing [instead] the external cause

of disease. . . . He sought andfound the

causes ofdisease chiefly in the mineral

world (notably in salts) and hi the

atmosphere, carrier ofstar-born

"poisons. " He considered each ofthese

agents as a real ens, a substance in its

own right (as opposed to humors, or

temperaments, which he regarded as

fictitious). He thus interpreted disease
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This doctrine of signatures summa-

rizes tlie key difference between mod-

ern science and an older view of na-

ture, shared by both the humor

theorists and the Paracelsians despite

tlieir major disagreement about the na-

ture of disease. Most scholars ot the

Renaissance and of earlier, medieval

times viewed Earth and the cosmos as

a young, static, and harmonious system

created by God, essentially in its cur-

rent form, just a few thousand years

ago, and purposely imbued with per-

vasive signs of order and harmony

among its apparently separate realms

—

all done to iOustrate the glorv' and sub-

tlety' of God's omnipotence and to em-

phasize his special focus upon the

human species, purposely created in

his own image.

This essential balance and harmony

achieved its most important expression

ni deep linkages (we would dismiss

them today as, at best, loose analogies)

between apparently disparate realms.

At one level—thus setting the central

principle of medicine under the doc-

trine of signatures—the microcosm ot

the human body must be linked to the

macrocosm of the entire Earth. Each

part of the human body must theretore

be allied to a corresponding manitesta-

Music should be heard, not seen. That's the whole notion behind the Bose Acoustic Wave'

music system. It measures less than a foot tall, yet with Bose patented waveguide speaker

technology it delivers full, clear sound. In fact, upon its introduction Stereo Review

wrote that it had "...possibly the best-reproduced sound many people have ever heard."'

The system, which is now available in platinum white or graphite gray, features a compact

disc player, an AM/FM tuner, built-in speakers, and a handy remote control. And it's

available directly from Bose, the most respected name in sound. So call or write for your

free information kit. And enjoy sound that fills a room, from the system that doesn't.

Call today, 1-800-898-2673, ext. G4899.
For information on all our products: www.bose.com/g4899

Name (Please Print) baytimi- Telephone Evening Telephone

Or mail [O: Bow Corporation. Dept. DMG-C'1899. The Mouniain. rrnmingham, MA 01701-9168.

02000 EloMT Corporation. Covered by patent rights is,sucJ and/or pending. Quote: Stereo Rci'icw, 3/85. Better sound through research

Serious Sun Protection

Recommended by dermatologists,

Solumbrc' by Sun Precautions is the

first line of clothing to meet published

medical guidelines for sun protection.

Soft, lightweight and comfortable,

our patented fabric offers 30-i-

SPF sun protection and blocks

over 97% of harmful UVA and

UVB rays - more than a typical

sunscreen or summer shirt. For a

^^^^^ FREE catalog of Solumbro hats,

wKfktSI^. shirts, pants and accessories,

HIhP call Sun Precautions:

1-800-882-7860

Solumbra
Medically Recommended
Sun Protective Clothing

ADNH60



32 THIS VIEW OF LIFE natural history 6/oo

rion of the same essential form in each

of the macrocosmic reahns: mineral,

vegetable, and animal. Under this con-

ception of nature, so strikingly differ-

ent from our current views, the idea

that a weakened human part might be

treated or fortified by its signature

from a macrocosmic realm cannot be

dismissed as absurd (the orchid that

looks like the male genitalia, and re-

ceives its name from this hkeness, as a

potential cure for impotence, for ex-

ample). Oswald CroU, in particular,

based his medical views on these link-

ages of the human microcosm to the

earthly macrocosm, and Schroder's

Pharmacopoeia represents a last gasp for

this expiring theory, pubhshed just as

Newton's generation began to estabhsh

our present, and clearly more accurate,

view of nature.

At a second level, the central Earth

(of this pre-Copernican cosmos) must

also remain in harmony with the heav-

ens above. Thus, each remedy on

Earth must correspond to its proper

configuration ot planets as they move

raiieus, published in 1664 by perhaps

the most learned scholar of his genera-

tion, the Jesuit polymath Athanasius

Kircher (who wrote an important

ethnography of China, came closer

than anyone else to deciphering the

hieroglyphs of ancient Egypt, wrote

major treatises on music and magnet-

ism, and built, in Rome, one of the

finest natural history collections ever

assembled). In this figure, entitled (in

CroUian fashion) "Sympathetic Types

of the Microcosm With the Macro-

cosm," Hnes radiate from each part of

the human body to the names of plants

(in the outer rim) that will cure the af-

flicted organs. To complete the analo-

gies and harmonizations, the inner cir-

cle (resting on the man's head and

supporting his feet) presents astronom-

ical signs for the zodiacal constella-

tions, while the symmetrical triangles,

radiating like wings from the man's

sides just below his arms, include simi-

lar signs for the planets.

We rightly reject this systein today

as a false theory based on an incorrect

Paracelsus believed that diseases were caused by

substances foreign to the body and were treatable by

herbs that resembled the affected organs.

through the constellations of the zo-

diac. These astronomical considera-

tions specified when healing plants and

animals (and even rocks) should be

collected and how they should be

treated—hence, in CroU's ointment for

wounds and swords, the requirement

that cranial scrapings be collected

under a good constellation, with the

loving Venus, but not the warUke Mars

or Saturn, in conjunction.

As a memorable example of this ap-

proach to healing under the doctrine

of signatures and stable harmony

among the realms of nature, consider

an illustration (see page 28) from the

last major work of scholarship in this

tradition, so soon to be extinguished

by modern science: the Mundus subtcr-

view about the nature of the material

world. And we rightly embrace mod-

ern science as both a more accurate ac-

count and a more effective approach to

such practical issues as healing the

human body ofweakening and disease.

Viagra does work better than crushed

orchids as a therapy for male impo-

tence (though we should not doubt

the power of the placebo effect in

granting some, albeit indirect, oomph
to the old remedy in some cases). And
if I get badly cut when sHcing a bagel

with my kitchen knife, and the wound
becomes infected, I much prefer an

antibiotic to a salve made ot boar fat

and skuU scrapings that must then be

carefully apphed both to the knife and

to my injury.

Nonetheless, I question our usual

dismissal of this older approach as ab-

surd, mystical, or even prescientific (in

any more than a purely chronological

sense). Yes, anointing the wound as

well as the weapon can only be labeled

ridiculous mumbo-jumbo in Hght of

later scientific knowledge. But how
can we blame our forebears for not

knowing what later generations would

discover? We might as well despise

ourselves because our grandchildren

will, no doubt, understand the world

in a different way.

We may surely brand CroU's Sym-

pathetic Ointment, and its appHcation

to the weapon as well as the wound, as

inefiective, but CroU's remedy cannot

be caUed either mystical or stupid

under the theory of nature that in-

spired its development—the doctrine

of signatures and of harmony among

the realms ofnature. To unravel the ar-

chaeology of human knowledge, we

must treat former systems of beUef as

valuable inteUectual "fossils," offering

insight about the human past and pro-

viding precious access to a wider range

of human theorizing only partly real-

ized by modern views. If we dismiss

such former systems as absurd because

later discoveries superseded them, or as

mystical in the Ught of causal systems

revealed by these later discoveries, then

we wiU never understand the ante-

cedents of modern views with the

same sympathy that CroU sought be-

tween weapon and wound and that

Kircher proposed between human or-

gans and heaUng plants.

In this Ught, for example, the con-

ventional image of Paracelsus himself

as the ultimate mystic who sought to

transmute base metals into gold and to

create homuncuU from chemical po-

tions inust be reevaluated. I do not

chaUenge the usual description of

Paracelsus as, in the modern vernacu-

lar, "one weird dude"—a restless and

driven man, subject to fits of rage and

howling, to outrageous acts of defi-

ance, and to drinking any local peasant
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under the table in late-night tavern ses-

sions. But as a physician, Paracelsus

won fame (and substantial success) for

his cautious procedures, based on min-

imal treatment and tiny doses of po-

tentially effective remedies (in happy

contrast to the massive purging and

bloodletting of Galenic doctors), and

for a general approach to disease—as

achieved by science, in our under-

standing of nature through time. We
must also acknowledge that these an-

cient and superseded systems, how-

ever revealing and fascinating, did

impede better resolutions (and practi-

cal cures of illness) by channeling

thought and interpretation in unfruit-

ful and incorrect directions.

To unravel the archaeology of human knowledge,

we must treat former systems of belief as valuable

intellectual "fossils" of human theorizing.

an incursion of foreign agents that

might be expelled with healing sub-

stances—that provided generally more

effective remedies than any rebalancing

of humors could achieve. Even his

chosen moniker, Paracelsus (he was

christened Philippus Aureolus Theo-

phrastus Bombastus von Hohenheim),

may not bear the arcane and mystical

interpretation usually presented in

modern accounts. Perhaps he did

mean to highlight the boastful claim

that he had advanced beyond (para-)

the great Roman physician Celsus. But

I rather suspect, as do many other

scholars, that Paracelsus may simply

represent a Latinized version of his

birth name, Hohenheim, or "high

country"—since cehus, in Latin, means

"towering" or "lofty." Many medieval

and Renaissance intellectuals con-

verted their vernacular names to classi-

cal equivalents—including Georg

Bauer (literally George the farmer, in

German), who became the world's

greatest sixteenth-century geologist

under the more inellifluous and La-

tinized title of Georgius Agricola, with

the same meaning; and Luther's lead-

ing supporter, Philipp Schwartzerd

(Mr. Black Earth, in his native lingo),

who adopted the Greek version of his

last name, Melanchthon.

However, while we should heed

the scholar's plea for sympathetic study

of older systems, we must also cele-

brate the increase and improvement.

I therefore searched through

Schroder's Pharmacopoeia to learn how
he treated the objects ofmy own exper-

tise—fossils of ancient organisms. The

search for signatures to heal afflicted

^Wlfllljl)' ^
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The four humors, from the Book of the

Barber Surgeons of York, 15th century

human parts yielded more potential

remedies from the plant and animal

kingdoms, but fossils, from the mineral

realm, also played a significant role in

the fuU list of medicines. Mineral reme-

dies discussed by Schroder, and made of

rocks in shapes and forms that suggested

curative powers over human ailments,

included, in terminology that prevailed

I



y aiiionu; stiaionts ot fossils iinlil the Luc

fit^htccnth ccntiiiy, tlio following items

, in alpiiabi.-Cical order:

1. Aetites, or pregnant stones, found in

I

eagles' nests and useful in a suggestive

manner: piirtiiiii proiin^rcl (it aids [a

woman in gi\'ing| birth).

[{' 2. Ccnuiiiid, or thunderstones, useflil in

stinuilating the flow of milk or blood

when rubbed on breasts or knees.

3. Glossopctni, or tongue stones, an an-

tidote to the poisons of animal bites.

4. Hiwnuititcs, or bloodstones, for stanch-

ing the flow ot blood: ivfrii^cml, cxiirat,

,idsinin;it. {^Iitiiitdt (it cools, it dries out, it

contracts, and it coagulates).

5. Lipis lyiicis. the lyn.x sttJiie, or belem-

iiite, helpful in breaking kidney stones

and perhaps against nightmares and be-

witchings. Many scholars viewed these

smooth, cylindrical fossils as coagulated

lyn.x urine, but Schroder dismisses this

interpretation as an old fable, while

supplying no clear alternative.

6. OstiocoUa, or bone stones, shaped like

human bones and useful in helping

, tractures to mend.

I
But among all stones that advertise

their power of healing by resembling a

human organ or the form of an afHic-

tion, Schroder seems most confident

about the curative powers of the hipi<

jiiddiiiis, or jew stone (named for its

abundance near Palestine, not, in this

' case, for its shape or form). The figure

on page 30, included in the most beau-

tiful set of fossil engravings from the

early years of paleontology (commis-

sioned by Michele Mercati, curator of

the ViUican collections in the mid-six-

teenth century, but not pubhshed until

1717), mixes true jew stones (bottom

two rows and center figure in top row)

with crinoid stem plates (top row, each

separately labeled ciitivclitis, or wheel

stone—tbr these stem plates, of flat and

circular form, even bear a central hole

tor the passage of an imaginary axle).

In Schroder's world, jew stones

provide the mineralogical remedy par

excellence for one of the most feared

and painful ofhuman aihnents: kidney
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Stones and other hard growths in body

organs and vessels. Schroder tells us

that jew stones may be male or female,

for sexual distinctions must pervade aU

kingdoms to vahdate the full analogy

of human microcosm to earthly

macrocosm. The smaller, female jew

stones should be used ad vesicae lapidem

(for bladder stones), while the large,

male versions can be employed ad

renum lapidem expellendum (for the ex-

pulsion of stones from the kidneys).

The doctrine ofsignatures suggested at

least two reasons for ingesting pow-

dered jew stones to fight kidney

stones: first, their overall form resem-

bled the human affliction, and pow-

dering one might help to disaggregate

the other; second, the precise system

of parallel grooves covering the surface

of jew stones might encourage a di-

rected and outward flow (from the

by human beings must experience in

spades)—has provided an increasingly

more accurate account of this sur-

rounding complexity. Factual truth

and causal understanding also corre-

late, in general, with effectiveness

—

and incorrect theories do promote

harm by their impotence. Snake

venom cannot be neutralized by pow-

dering and ingesting stones that look

hke serpent's tongues (the glossopetra of

the preceding hst), for the doctrine of

signatures holds no vaHdity and these

fossils are shark's teeth, in any case. But

so long as we favor an impotent rem-

edy dictated by a false theory, we will

not find truly effective cures.

Schroder's quaindy incorrect seven-

teenth-century accounts of fossils do

not only reflect a simple ignorance of

facts learned later. Better understand-

ing may also be impeded by false theo-

Schroder seems confident about the curative

powers ofjew stones, which are really the

fossilized spines ofsea urchins.

body) for the disaggregated particles of

kidney stones.

With proper respect for the internal

coherence of such strikingly difierent

theories about the natural world, we

can gain valuable insight into modes

and ranges of human thought. But our

fascination for the pecuharity of such

differences should not lead us into the

fashionable relativism of "I'm OK,
you're (or, in this case, you were) OK,"

so what's the difference, as long as our

disparate views each express an inter-

esting concept of reaHty and also do no

harm? A real world, regulated by gen-

uine causes, exists "out there" in na-

ture, independent of our perceptions

(even though we can only access this

external reality through our senses and

mental operations). And the system of

modern science that replaced the doc-

trine of signatures—despite its fre-

quent and continuing errors and arro-

gances (which all institutions operated

ries that lead scholars to conceptuaHze

fossils in a manner guaranteed to debar

the most fruitful questions and to pre-

clude the most useful observations.

Schroder's theory of fossils as mineral

objects—relevant to human knowl-

edge only when their forms suggest

sympathy and therefore potential ther-

apeutic value to diseased human

parts—relegates to virtual inconceiv-

ability the key insight that fossils repre-

sent the bodies of ancient organisms

entombed within rocks and often pet-

rified themselves. At least two control-

Ung conclusions of Schroder's theory

prevented the establishment of this sine

qua non for modern paleontology.

First, the theory of signatures did

not even permit a coherent category

for fossils as ancient organisms—and a

truth that cannot be characterized or

even named can hardly be conceptual-

ized at all. In Schroder's taxonomy,

fossils belonged, with no separate dis-



tiiK'tioii, to the larger category ot

"tilings in rocks that look like objects

of other realms." Some of these

"things" are organisms

—

i;bssopctra as

shark's teeth; Itipis lyiuis as internal

shells of an extinct group ot

ccplialopods, the belcnmites; ostiocolla

as true vertebrate bones; and jew

stones as the spines of sea urchins. But

other "things" placed by Schrdder in

(he same general category are not or-

ganisms

—

actites as geodes (spherical

stones composed of concentric layers

•uid formed inorganically); ccraitnia as

axes and arrowheads fabricated by an-

cient humans (whose former existence

could not be conceived on Schroder's

Earth, created just a few thousand

years ago); and InwDiatites as red-hued

rocks made of iron compounds.

Second, how could the status of

fossils as remains of ancient organisms

even be imagined under a theory that

attributed their existence to a necessar-

ily created correspondence with simi-

lar shapes in the microcosm of the

human body? If aetites aid human
births because they look like eggs

within eggs; if ceratinia promote the

flow of milk because they fell from the

sky; it glossopctm cure snake bites be-

cause they resemble the tongues of ser-

pents; it liacniatites, as red rocks, stanch

the flow of blood; if ostiocolla mend
fractures because they look like bones;

and ifjew stones expel kidney stones

because they resemble the human af-

fliction but also contain channels to

sweep such objects out of our bodies

—

then how can we ever distinguish the

true fossils among these putative reme-

dies when we conceptuahze the entire

motley set only as a coherent category

of mineral analogues to human parts?

I thus feel caught in the ambiva-

lence of appreciating both the fasci-

nating weirdness and the conceptual

coherence ot such ancient systems of

human thought, while also recogniz-

ing that these tundamentally incorrect

views st^'mied a truer and more hu-

manely etfective understanding of the
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natural world. So I ruminated on this

ambivalence as I read Schroder's

opening dedicatory pages addressed

to the citizens of Frankfurt am
Main—and the eyes of this virtually

unshockable street kid from New
York unexpectedly fell upon some-

thing in shvartz that, while known
perfectly weU to me as an abstraction,

stunned me as an explicit printed

statement and helped me focus (if not

completely resolve) my ambivalence.

Us]"). Two particularly ugly lines then

follow. We first learn of the dastardly

deeds done by Jews to the Gojim—for

Schroder even knows the Hebrew
word for gentiles, goyim (the plural of

goy, "nation"—the Latin alphabet

contains no y and uses /' instead).

Schroder writes: His eniin regulis

stds occultis permissum novit Gojim, id

est, Christianas, impiine et citra homicidii

notam, adeoque citra conscientiain inter-

imere
—

"for by his secret rules, he is

The improvement ofknowledge cannot

guarantee a corresponding growth ofmoral

understanding and compassion.

Schroder's preface begins as a

charming and benign, if self-serving,

defense of medicine and doctors,

firmly rooted within his controlling

doctrine of signatures and the corre-

spondence between the human micro-

cosm and the surrounding macrocosm.

God of the Trinity, Schroder asserts,

embodies the three principles of cre-

ation, stability, and restitution. The

human analogues of this Trinity must

be understood as generation (to re-

plenish our populations), good gov-

ernment (to ensure stability), and

restoration (when these systems be-

come weak, diseased, or invaded). The

world, and the City of Frankfurt ain

Main, needs good doctors to assure the

last two functions, for medicine keeps

us going and cures us when we falter.

So far, so good. I am a realist, and I

can certainly smile at the old human
foible of justifying personal existence

(and profit) by carving out a place

within the higher and general order of

things. But Schroder then launches a

diatribe against the "diabolical forces"

that undermine stability and induce

degeneration—the two general ills that

good physicians fight. StiU OK by me,

until I read, /;; slimrtz, Schroder's de-

scription of the most potent earthly

devil of all: Choraearn in his ducunt Ju-

daei ("the Jews lead this dance [of dev-

granted permission to kiU the goyim,

that is, the Christians, with impunity,

without censure, and without pangs

of conscience." But luckily for the

good guys, Schroder tells us in his

second statement, these evil Jews can

be recognized by their innately de-

praved appearance—that is, by nota

niahtiae a Natura ipse impressa (marks of

evil impressed by Nature herself).

These identifying signs include an

ugly appearance, garrulous speech,

and a lying tongue.

Now I know both the depth and

long pedigree of anti-Semitism in Eu-

rope. I also understand that such po-

litical and moral evU has been ratio-

nalized at each stage within the full

panoply of changing views about the

nature of reality, with each successive

theory pushed, shoved, and distorted

to validate this deep and preexisting

prejudice. I also know—for who
could fail to state this obvious

point?—that the most tragically effec-

tive slaughter ever propagated in the

name of anti-Semitism, the Holocaust

of recent memory, sought its cruel

and phony "natural" rationale, not in

an ancient doctrine of harmony be-

tween microcosm and macrocosm,

but in a perverted inisreading ofmod-
ern theories about the evolution of

human variation.



NdiiciIicIcss, my Ikmiii;!! apprccin-

tion liii- llic tasi. ni.itiiiL!; Init talse- doc-

triiR' i)t sii^natuivs suivly ivccivcd a jolt

vvlicn 1 rc.ut, im<.'xpi."i.'tcdly .iiid in

slii'iiriz, an us^ly defense of anti-Scnii-

tisni rooted (however absurdly) within

this very conception of nature. More

accurate theories can make us free, but

the ironic flip side of this important

claim has often allowed evil people to

impose a L^reater weight ot sutlering

upon the world by misusing the tech-

nological power that flows h'om scien-

tific advances.

The improvement ot knowledge

cannot guarantee a corresponding

growth of moral understanding and

compassion, but we can never achieve a

maximal spread of potential benevo-

lence (either in curing disease or in

teaching the tactual reality of human

brotherhood in biological equality)

without nurturing such knowledge.

Thus, the reinterpretation ofjew stones

I as sea urchin spines (with no etTect

against human kidney stones) can be

correlated with a growing understand-

ing that Jews, and all human groups,

share an overwhelmingly common
human nature beneath any superficial-

ity of different skin colors or cultural

traditions. And yet this advancing

human knowledge cannot be directed

tinvard its great capacit\' tor benevolent

use—and may actually (and perversely)

promote increasing harm in misappli-

cation—if we do not straighten our

moral compasses and beat all those

swords (once anointed with CroU's

Sympatheric Ointment to assuage their

destructive capacity) into plowshares,

or whatever corresponding item of the

new technology might best speed the

gospel of peace and prosperity through

better knowledge allied with wise ap-

plication rooted in basic moral decency.

Stephen Jiiy Gould tciulwf hiolo\;Y, geology,

and the history of science at Hanmd Uni-

versity. He is also Frederick P. Rose Hon-

orary Curator in Iin'crtehrates at the Anier-

ican Miisentn of Natural History.
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A Worm That
A. LXLllCd Exemplars of

biological control, Cactoblastis larvae

have long lived up to their name by

devouring unwanted prickly pear cacti. Lately

the caterpillars are revealing a taste for rarer succulents.

By Peter Stiling i

When the first ships car-

rying British convicts

landed on the site that

is now Sydney, Aus-

traha, in 1788, the human passengers

were not the only newcomers on

board. A type of prickly pear, Optintia

inoiiacaiitha, also made the voyage. Col-

lected in Rio de Janeiro, the cactus

—

or, more precisely, the cochineal insects

that feed on it and yield a red-purple

stain when crushed—were to be the

basis of a dye industry. The dye enter-

prise never took off but the prickly

pear did.

In addition to O. monacantha, other

imported cactus species (in particular,

O. stricta and O. inennis) spread relent-

lessly on open land that ranchers were

eager to use for raising other intro-

duced species: cattle and sheep. In

1925, at the height of the problem,

94,000 square miles in Queensland and

New South Wales were covered with

Opiintia. Several years earlier, Aus-

tralians had reacted to the situation

by establishing the Commonwealth
Prickly Pear Board. When the cacti

were originally imported, care had

been taken to ensure that no insects

except cochineals accompanied the

plants. The board's first step was to

The broad, fleshy pads of Opuntia cacti, above, are typical fare for a Cactoblastis

caterpillar. Top: A Cactoblastis moth.

send entomologists to the United

States, Mexico, and Argentina to find

other insects that naturally fed on

Opimtia and that could be shipped to

Australia and released in the hope that

they could destroy the pest cacti. The

Prickly Pear Board, in reuniting insects

with their host plants, was using bio-

logical control. Biologists were already

beginning to see the practice as a wor-

thy form of pest control. In the late

1880s, for example, predaceous lady-

bird beetles imported from Australia

had decimated the cottony-cushion

scale insect that was consuming citrus

crops in California.

About fifty insect species were sent
'

to Austraha, and some had hmited suc-

cess in reducing the thick stands of

Opuntia. But the effect of all these in-

sects put together was neghgible com-

pared with that of the South American

moth Cactoblastis cactonim, imported in
j

1925. Shipped from Argentina, a cargo
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ot 2,750 ci;gs Lnidcd m Hiisli.iiR' .is

li,ilt-i;rovvii l.u'vac. I'lu'sc wore the

only Clihiobhistii ever brouglit to Aiis-

tr.ili;i, but thov wore oiioiii^h. The ;ir-

riv.ils wore used ,is breedinsj; stook, and

by Marcli 1927 more than Id million

eggs had been placed on eaetus plants

in the field.

The female (.'.MiohLntii moth lays

eggs m a chain, or egg stick, that usu-

ally dangles from the tip of a cactus

spine. Egg sticks contain fitty to eighty'

eggs, and each female lays three or tour

of them in its adult lite span ot about

lime davs. The gregarious larvae bore

into a cactus pad, toed on the inner

tiesh, and then move on to a new pad

after the destruction of the old. The

larvae from an average egg stick need

about tour pads ot Opiiiitia strictci to sus-

tain them. Under favorable conditions,

as many as three generations of Cucto-

hhisiis may mature each year. By 1930,

thanks to the voracious larvae, vast

tracts of eastern Australia had been

cleared of dense prickly pear.

Australia's experience with Ciuto-

l'la:>lis is probably the world's most fa-

mous case of one introduced species

being controlled by another. Biologi-

cal control has continued to gain in

popularity. Since the 1980s, it has

been promoted as environmentally

sound and a healthy alternative to

chemical control, because unlike pes-

ticides, the agents do not pollute soil

or water. So, compared with the use

of pesticides, does the technique pre-

sent any serious problems? What pre-

vents a biological agent brought into

an environment for a specific purpose

from going out of bounds? Most ot

these agents are carefully screened

before introduction to ensure that

they will feed only on the targeted

pest species. Yet just as medicines can

have side etTects, biological controls

have occasionally produced what are

called nontarget effects. Recognition

of this potential for unintended re-

sults is leading to a contentious

debate between advocates ot biologi-

c.il control .iiui some conservationists.

My own interest in the debate stems

from my experience with the very spe-

cies that were paired so successfully in

Australia. This story begins in 1957,

when CiKtohlaais was brought to the

C'aribbean island of Nevis, in the Lessor

Antilles, to control Opiintia there.

Whether biological-control users over-

stepped their mark in the Caribbean

case is difllcult to judge. This genus of

cactus is native to the Caribbean and

the United States, although CaclohListis

is not. But the plant covered land that

was seen as potentially profitable. As in

Australia, Cactoblastis did clear out the

cactus, and the land was freed up for

grazing. In the wake of that success, the

moth was also introduced to other is-

lands, such as Montserrat and Antigua.

The problem was that the moths

began to disperse on their own. In

1 989 William Starmer, a Syracuse Uni-

versity professor of biology studying

cactus yeasts in Cuba, found Cactoblastis

there by chance. Starmer alerted

botanists at the Fairchild Tropical Gar-

den in Florida to the possibihtv' that the

species would soon arrive in the

Florida Keys, just ninety niiles from

Cuba. Sure enough, that same year, re-

searchers on the lookout for the insect

came upon larvae feeding on Opiiiitia

in the lower Keys. The moth could

have taken two possible routes to

Florida. Records indicate that in the

n'iid-I98()s, infected pads of ornamen-

tal cacti from the Dominican Repubhc

had been intercepted in the port of

Miami. But the fact that Cactoblastis ap-

peared first in the Keys, without appar-

ent help, suggests natural dispersal.

Most hkely, the moths simply island-

hopped from Cuba.

Once in Florida, the larvae began to

devour the prickly pear, which is not

considered a problem there, and then

w'ent on to attack other Opimtia spe-

cies. Of greatest concern was the sema-

phore cactus, O. spinosissiiiia. Only

twelve individual plants of this species

were known. Fortunately, these tew

BAT SIGNALS what is the sound of a flower

or a riverbank? Don't ask a Zen monk—ask a bat.

Some of these "wing-fingered" mammals habitu-

ally use riverbanks as acoustic landmarks, while

others find their favorite flowers by sensing the

blossoms' acoustic properties. Zoologist Ben Ver-

boom, of the Institute for Forestry and Nature

Research in the Netherlands, measured the dura-

tion of pond bats' sound pulses as they flew

along the midlines of canals. Bats emitted

longer pulses where the water courses widened

and shorter ones where they narrowed. The

sounds lasted just long enough not to overlap

with echoes returning from the edges of the

canal, enabling the bats to map the banks. Dag-

mar and Otto von Helversen, of the Zoological

Institute at Germany's University of Erlangen,

discovered that the blossoms of the tropical vine

Mucuna holtonii have evolved a small, concave

acoustical "mirror" that reflects the bats' high-

pitched squeaks directly back to them. (Appar-

ently the bats can distinguish their own re-

flected sounds from other echoes.) During the

bats' nocturnal searches for nectar, this feature

provides an acoustic beacon to home in on. And

in their quest for pollen, the bats inadvertently

pollinate the plants. ("Acoustic Perception of

Landscape Elements by the Pond Bat [Myotns

dasycneme]," Journal of the Zoological Society of

London 248, 1999; "Acoustic Guide in Bat-Polli-

nated Flower," Nature 398, 1999)

FEELING THOSE VIBES while most kinds

of creatures hiss, warble, growl, or vocalize, a

few (including a species of rodent and a frog)

communicate by vibrating their bodies. At least

fifteen species of social wasps shake their bodies

rapidly when arriving at or while inside their

nests, setting up vibrations that can be per-

ceived by other wasps inside. Adult females of

the paper wasp species Polistes fuscatus and P.

metricus may drum their antennae, wag their ab-
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domens, or oscULate the enlarged portion of

their abdomens against the nest, producing

short bursts of repeated, Low-pitched sounds.

These vibrations may signal wasp larvae to stop

42 FINDINGS natural history 6/oo

secreting their nutritious saliva, which is used

by adults as food. In colonies guarded by a sin-

gle "foundress," or queen, for example, females

often vibrate just before departing the nest,

which they are leaving unattended. Almost im-

mediately, the larvae cease producing saliva. The

researchers believe that these larval secretions

attract other insects and that the foundress's

signaling causes the larvae to stop the flow. The

highly nutritious larval saliva might well also at-

tract parasites and predatory ants to the unat-

tended nest.

Another recent study reports "an apparent

example of the use of plantborne vibratory sig-

naling in a chameleon"—the first reported case

of vibratory communication in any reptile (if one

discounts the nervous tail-twitching of some

snakes). Kenneth E. Barnett, of the New York

State Department of Environmental Conserva-

tion, and two colleagues recorded signals from

three adult, hand-reared veiled chameleons

(Chamaeieo calyptratus) . A researcher first no-

ticed the signal while holding the animal in his

hands: a buzzing sensation seemed to emanate

from its body just in front of its forelimbs.

"When the animal was held close to the ear, a

faint, lower-frequency sound could be detected,"

he said. Male chameleons buzzed when handled

or when a female was placed on the same

branch. Other chameleon species have been re-

ported to vibrate when handled or when exposed

to a member of the opposite sex, and researchers

believe the animals may communicate through

vegecation-transmitted vibrations. ("Lateral Vi-

plants grew on land owned by The Na-

ture Conservancy. A student of mine,

Derek Johnson, had shown the sema-

phore cactus to be a preferred Cacto-

blastis host, so land stewards quickly

erected screen cages around the plants

to protect them fi"om the egg-laying

moths. But this was only a short-term

solution. Because the cages kept out all

insects, they prevented cactus pollina-

tion and fruiting, and at the approach

of any tropical storm, they had to be

dismantled before they broke apart and

blew away, taking parts of the cacti

with them.

To preserve the semaphore cactus

population, pads were ta-

ken from the base of par-

ent plants and grown in

a greenhouse until they

were big enough to plant

in the wild. From May
1996 to September 1998, I

worked with students and

Nature Conservancy staff

to plant 276 pads. We
found that these pads, if

placed too close to prickly

pears infected by Cacto-

blastis, would soon be dis-

covered by the moths and

eaten by caterpillars. Small

cages placed around the

young plants provided Ut-

tle protection; roaming

animals, possibly Key deer

(also an endangered spe-

cies), rubbed against and

knocked down the cages

and trampled the cacti.

Our efforts to restore

the semaphore cactus had

been hampered by the un-

intended spread of the

moth beyond Nevis and by the larvae's

newly evident taste for a variety of

Optintia. Many people may fmd the

loss of a relatively obscure cactus a

small price to pay for the commercial

benefits conferred by Cactoblastis in

ridding Australia, Nevis, and other

sites worldwide of rampant prickly

pears. To others, the adverse effects of

the moth in Florida are just the tip of a

looming, nontarget iceberg.

Since arriving in Florida sometime

before 1989, the moth has spread. By
1992 it had reached the Tampa Bay

area, and in 1999, Sapelo Island, Geor-

gia. If the moth can survive this far

north, what is to stop its spread across

the Gulf states and into the Opuntia-

rich deserts ofthe southwestern United

States, where cacti are an essential and

much-appreciated characteristic of the

landscape? And what about Mexico,

where eighty species of Opimtia sup-
j

port a cochineal dye industry and are
|

Rare but edible: Semaphore cacti

the source of edible prickly pear firuit?

The Animal and Plant Health Inspec-

tion Service's records Hst one border

interception (at Laredo, Texas) for Cac-

toblastis coming out of Mexico, so the

moth may already be there.

To stop Cactoblastis, some entomol-

ogists have suggested further biological
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control .uul .iiv iii t.i\or ot looking k)r

•uul tlKii importing a South American

parasitic wasp tliat preys on dntohhistis

larvae. Parasitic wasps inject their eggs

into the bodies ot caterpillars. After

hatching, the wasp young devour the

l.irvae from the inside out. But after

being released in Florida, such a wasp

could take otTon its own nontarget tra-

jectory, parasitizing not only Cactoblaslis

but also native species ot Opiintia-tecd-

ing caterpillars.

Given the popularity of biological

control as an alternative to pesticicies

and gixeii the care taken to match nat-

ural enemies, just how common are

nontarget etTects? The discovery of Crtc-

tohlaslis in Cuba was serendipitous, and

only when botanists were put on alert

was its presence in the Keys confirmed.

Lately some university researchers have

been looking for and uncovering other

examples of nontarget effects. Svata

Louda, of the University of Nebraska,

discovered that a weevil introduced to

control nonnative thisdes on midwest-

ern range land is also attacking native

thisdes. In South Dakota, an exotic la-

dybird beetle brought in to prey on

aphids has had the untbrtunate etiect of

lowering the abundance ot native lady-

bird species. A crayfish and a mosquito

fish imported into coastal regions near

Los Angeles to cut down on mosqui-

toes also feed on a rare newt and may be

responsible for loc;d extinctions of this

amphibian. In the Northeast, a single

species of parasitic tly has caused de-

clines in the populations of two native

silk moth species. Researchers at the

University of California, Irvine, claim

that at least 50 of the 313 parasites re-

leased against pests in the United States

attack other species as well. And these

are just direct etlects.

On San Salvador Island in the Ba-

hamas, prickly pear cactus is a major

tood of rock iguanas. But because the

plants are also under heavy attack by

Cactohlastis, fears are growing that the

iguana population wiO be severely, al-

though indirectly, hurt by the activities

of (Cactoblaslis larvae. In Montana, gall

Hies released to limit knapweed turn

out to provide a food bonanza for

white-footed mice. While the mice

benefit from the nontarget effect, their

proliferation has the potential to

change the structure of the small-mam-

mal community and can also produce a

ripple effect if, for example, more mice

lead to an increase in hantavirus and its

transmission to humans.

Can biological controls themselves

be better controlled? Diligent testing of

possible nontarget etlects prior to an

organism's release can help, as can more

widespread recognition of the problem.

In the United States, the Invasive Spe-

cies Council, established in February

1 999 and composed of representatives

from federal agencies, has taken on the

task of developing a management plan

for invasive species—those that have

entered new areas on their own, often

driving down numbers of native plants

and animals. Think of zebra mussels in

the Great Lakes and Asian long-horned

beetles in New York City. Perhaps

some of the federal money allocated to

the council could be used to study de-

liberately released exotic species, which

do not fall under the invasive category.

At an October 1999 meeting in

MontpeOier, France, biological-control

practitioners presented—and, for the

first time in twenty years, openly dis-

cussed—the problem of nontarget ef-

fects. I am not advocating that we sim-

ply stop biological control. But we do

need to weigh all forms of pest control

against one another and against the cost

of doing nothing, and we need to con-

sider the value ot rare species as well as

the damage done by pests. "Water and

words." says a Chinese proverb, "easy

to pour, impossible to recover." Sinu-

larly, once these tiny organisms are

sHpped into the environment, we can

never take them back.

Ecologist Peter Stiling is an associate profes-

sor of biolooy at tlic University of Sotitli

Florida in Tampa.

brations by Social Wasps Signal Larvae to With-

hold Salivary Secretions [Polistes fuscatus, Hy-

menoptera: Vespidae]," Journal of Insect Behavior

12:4, 1999; "Possible Communication by Sub-

strate Vibration in a Chameleon," Copeia 99:1,

1999)

TONGUE FISHING While human anglers

prefer to use lures on the end of their lines, a

few animals fish with their tongues. The alliga-

tor snapping turtle of the southern United

States, for example, spends hours on the bottom

of rivers and lakes with its jaws agape, wiggling

a pink, wormlike appendage on its tongue to

lure a fish into its mouth. The snowy egret, while

standing in shallow water, sometimes submerges

its bill and wiggles its tongue for the same pur-

pose. Now the Pacific Coast aquatic garter snake

has also been found to be a lingual lurer.

Hartwell H. Welsh Jr. and Amy J. Lind, of the

Pacific Southwest Research Station of the U.S.

Forest Sen/ice, have studied the snake's behavior

since 1986 at a fast-flowing stream in the

Siskiyou Mountains of northern California. Lin-

gual luring seems to be limited to young garter

snakes, who change their "sit and wait" hunting

strategy to a more active one when they become

adults. The young snakes prey on recently

hatched steelhead trout and chinook salmon and

on the tadpoles of yellow-legged frogs. Assum-

ing a characteristic ambush position on the

bank, the garter snake waits until it spots a fish

swimming toward it, then extends its tongue

into the water and quivers the tip, which the fish

seems to mistake for a small insect falling on the

surface. ("Evidence of Lingual-Luring by an

Aquatic Snake," Journal of Herpetology 34:1,

2000)—Richard Milner
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William D. Hamilton

Remembered
A revolutionary

thinker, Hamilton gave

biologists the tools for

understanding sociality in

all organisms.

By Richard D. Alexander

William D. Hamilton died of malaria

in England on March 7 at the age of

63. Although he had pondered the

evolutionary impact of diseases for

much of his professional life, he died

because he had traveled to damp

equatorial Africa unfortified by ma-

laria-fighting drugs. Some may see

this as indicating a paucity of com-

mon sense. Bill's forte was, indeed,

not common sense but an astonishing

fund of uncommon sense. Perhaps it

he'd had much more common sense,

he might not have provided the rest

of us vi'ith the insights that have

caused him to be described as the

greatest evolutionary biologist of his

generation.

Bill's extensive field meanderings,

especially in the New World and Old

World tropics, and his breadth of cu-

riosity about natural history appear to

have been—for him as for Darwin—

a

source of ideas richer than most of us

can imagine. He ranged similarly across

the literature of biology, seeing it, too,

as a flood of significant anecdotes. Ex-

cept for his own amazing internal logic

and the "maths" with which he backed

it up, he relied on others to test his the-

ories and was delighted when any such

effort succeeded.

William D. Hamilton in the Brazilian Amazon in the mid-199l

Bill's originality of mind often

turned the barely articulated ideas of

distingviished predecessors—ideas over-

looked or neglected by all the rest of

us—into magnificent theoretical edi-

fices affecting our view of all hfe. He
expanded Charles Darwin's explana-

tion of the existence of sterile castes in

insects and combined it with Ronald

Fisher's hint about quantifying altruism

in caterpUlars toward sibhngs, creating

a comprehensive theory accounting

for underlying patterns of sociaUty in

all organisms. Similarly, Hamilton con-

verted a maddeningly cryptic question

about territoiy and sex ratios (the pro-

portions of males and females in popu-

lations), posed by Fisher in 1930, into

a broadly enlightening explanation of

why the females of thousands of insect

species have so many daughters and so

few sons. Such females mate with a

brother (who provides no parental

care) and determine the sex of each

egg as it is laid (a determination made

possible because males derive from un-

fertilized eggs). Bill argued that for

such females to make more or hardier

males than are sufficient merely to fer-

tihze the eggs would be an unnecessaiy
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seonimtiK' p.uoihi.il topics atTcctcd the

way bioloiiists approaclied tar broader

issues, such as our views ot the levels at

which natural selection has operated

—

from genes to individuals and species,

as well as from families to tribes and

nations—and thus the basic reasons for

oriianisms actins^ ,is thev do.

Bill also contributed extensively to

the tlevelopnient of many other theo-

ries, such as Geort^e Williams's now

widely accepted pleiotropic theory of

senescence (the idea that because se-

lection is less powerful later in life, in-

cidental deleterious effects late in life

can persist if they are accidental conse-

quences of rcproductively beneficial

effects of the same genes early in life):

the so-called Red Queen hypothesis,

including the idea that the costly proc-

ess of sexual (as opposed to asexual) re-

production pays for itself by enabling

organisms to outrace rapidly multiply-

ing pathogens and parasites; and

Robert Trivers's theory' of reciprocal

altruism among even unrelated

individuals. One of my favorite

Hamilton essays is "Geometry for the

Selfish Herd," in which he explains

how even the seemingly random

strollings and mergings ot individuals,

as in a foraging bird flock or mammal

herd, are almost certainly strategies

that involve continual trade-offs be-

tween such alternatives as obtaining

the best food and placing other indi-

viduals between the strategist and

possible predators.

I once heard Bill assert that he

avoided applying his theories to

humans because he thought such

extrapolation was too difficult and too

subject to misinterpretation (a reluc-

tance he later overcame). Yet only his

theory of nepotism accounts for the

universal human abiht)- to respond to

differing degrees of relatedness among

relatives and for the varied patterning

of human kinship systems in hundreds

of societies in different situations

worldwide. Extensive differential

nepotism (meaning assistance to a

wide variety of relatives, meted out so

as to take into account the degree ot

genetic relatedness to oneself) is the

crowning glory of Hamilton's theory,

yet it is still known only in humans.

It is curious that BiU, who received

an unprecedented array ot interna-

tional honors, was never made a

tbreign associate of the U.S. National

Academy of Sciences and that one still

hears even some prominent biologists

dismissing his work. I see this starchng

attitude—which aO evolutionan.- biol-

ogists are now and then required to

endure—as a reflection of the difFi-

culr\- that even thoughtful and edu-

cated people otten have in fairly

evaluating tindings in the field ot

evolutionary history that purport to

account tor dav-to-day human behav-

ior. Bill Haimlton, as much as or more
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than any other twentieth-century biol-

ogist, provided the basic tools for

understanding and modifying such re-

sistance. It is now up to the rest of us to

use and develop all such gUmpses into

the human condition to generate a

self-understanding adequate to the task

of significantly reducing human misery

and strife across the globe.

Richard D. Alexander is Theodore H.

Hubbell Distinguished University Professor

ofEvohtionary Biology and Curator of In-

sects at the University of Michigan's Mu-

seum of Zoology.

In His
Own
Words
Frans Roes, a journalist based in the

Netherlands, had the following conver-

sation with W. D. Hamilton in 1996.

FR: Some of your ideas about how natural

selection mightfavor aform of altruism were

foreshadowed in the 1930s by Ronald

Fisher's writings on the distastefulness of

some insects. In what way?

WDH: Fisher reahzed that if the insect

is actually eaten by the predator in the

course of the predator learning to

avoid it, then whatever made that in-

sect conspicuous to the predator is ob-

viously disadvantageous to the individ-

ual being preyed on. So Fisher

reasoned that the only way you could

see that kind of selection getting

started would be if the insects were

gregarious, the group were siblings,

and the predator, having tasted one

and found it awful, were then to leave

the rest of the group alone. The genes

of the one eaten would then be indi-

rectly promoted. Fisher also realized

that this was not such a strong form of

selection—not as strong as if it were

the individual itself that had a form of

protection. He made some remark

about the selection going ahead at half

the speed [since siblings share 50 per-

cent of their genes], and that was one

key early statement of the selection

principle concerning the closeness of

relatedness that I later came to develop.

FR: In part two of your 1964 article "The

Genetical Evolution of Social Behaviour,"

you describe postreproductive behavior in

two kinds of moths. Wltat was the general

phenomenon being illustrated?

WDH: I noticed that someone had

written about the postreproductive life

spans of two kinds of moths. The au-

thor had noticed that the cryptic [weU-

camouflaged] insect tends to die very

soon after it has laid its eggs, whereas

the warningly colored ones [such as

the distasteful monarch butterfly] often

have a long life after they have laid

their eggs. Again, this could be inter-

preted in terms ofthe kinship principle

in a rather neat way. In the case of the

cryptic one, if there are any relatives

around in the neighborhood at all, it is

advantageous for the moth to give up

its Hfe as soon as it has finished its own

main business, laying its eggs. Because

if it is around and the predator detects

the moth and eats it, then that is a step

in the predator's learning to detect

other moths, perhaps including those

that have not yet laid their eggs. So by

causing itself to die soon after it has

laid its eggs, it is actually doing a ser-

vice to its cousins in the neighbor-

hood. Quite the contrary holds for the

warningly colored one. Once it has

laid its eggs, it is in a position freely to

use its warning colors to warn every-

one it can. So it should continue to

live and wait, and actually expose itself

to being tasted by the predator, be-

cause that would be a step in teaching

the predator to avoid its relatives.

FR: In moths, both sexes have wings, but in

some other insects either the males or thefe-

males are wingless. Wliy?

WDH: Gene dispersal is a very crucial

evolutionary phenomenon. For a fe-

male to sacrifice wings without hav-

ing some other way of dispersal for

her offspring would be a deadly mis-

take sooner or later. Where females

have become wingless, there is some

other way in which they or their off-

spring are dispersed to other localities.

Most commonly they have a young
|

stage, a larva, which is very mobile.
]

Either it may climb onto other insects
j

or onto a twig and from there be dis- i

persed by wind. Often such larvae

have long hairs that enable them to '

balloon on the wind very satisfacto-
|

rily. In some species the wingless fe-

male is carried by the winged male— !

in his arms, almost literally. During
;

this flight time he is mating with her,

and finally he drops her off in a place

suitable for egg laying. As for the

males becoming wingless, if the male

can inseminate a mobile female, then

he doesn't have to worry about wings

too much, because his genes can be

carried off by the female. This often

happens in cases where wingless males

mate with their close relatives. So I

think we can fmd some sort of ratio-

nale for many particular cases, but as

far as I know, there is no very sweep-

ing theory that explains why in some

groups there is male winglessness and

in others, female winglessness.

FR: You went to Brazil in 1975 to study

the fig wasp. Wltat did you discover?

WDH: Actually, I went to study Hfe in

rotting wood, but I ended up studying

fig wasps instead. Each fig is a little

world in itself Some species of male

fig wasps have no mouth and thus can-

not eat; these are entirely fighting and

mating machines—a very strange kind

of animal with a very short life. In this

incredible symbiotic pollination sys-

tem, the males hatch out as adults from

the fig's gallflowers, and the easiest

—



iiKli.-t.'d the only—teinales to m.itc with

I arc tliosc liatching inside tlic same hi;.

Theory says that if the males mate \\ itii

tlieir sisters, and their sisters are capable

of storing sperm, then you must ex-

pect tiie proportion of males to be cut

down drastically. A mother should do

nuicii better it she produces a lot ot fe-

males and just enough males Co fertilize

them. In that way she would get more

descendants.

FR: l-Vliy do the male insects of some spe-

cies eiigiigc ill fights to the death, while in

other species the males tend

to bliijy

WDH: For fig wasps,

tliere is not much point

m bluffmg inside the

fig, because there is no

time to "live and fight

another day." Every-

thing is over in a few

hours, and it you don't

tight now and try to

win, then you won't be

given another chance.

I saw bluffing with

the giant Chilean stag

beede. In all the tourna-

ments I held between

males, it turned out to

be the second-largest

one that was the overall

victor. This suggests that

those with the biggest

"tongs" were not actu-

ally as strong as they

seemed to be. And they live in a Mtua-

tion where I can imagine that bluffing

would pay off. Stag beetles are quite

long-lived, and there are many flowers

on the trees they could visit where fe-

males are arriving, and so it might be

worthwhile to pretend that you are

stronger than you are, in the hope that

a ri\al male will go away. Then the

bluff would have paid off.

FR: You use a tot of iiuitliciiuitics in your

ii'ork, and yon write, "I had realized from

experience that university people sometimes

don't ivaci welt to common sense, and in

any case, most of them listen to it harder ij

you tirsi intimidate them with equations.
"

WDH: Ec]uations seem to frighten a lot

of people; if you come at them with a

ciisplay of mathematical strength, then

they often back off With me, you

might call it a kind of bluff. Ifyou have

a simple idea, state it simply and for-

get about the mathematics. But often I

use mathematics because I need to

straighten out my own ideas. I have a

somewhat illogical brain, and unless I

put it through the mill of mathematics.

I can coiuunie to belie\c m the impos-

sible for a long time.

FR: How much mathematics—and ge-

netics—(/(> }'('/( need to know to understand

ei'olntionary theory?

WDH: You do need to know the basics

of genetics. I always found that good

old standard Mendelism serves me
quite well, and the modern ideas have

not really changed the picture very

much. I also think that in the mathe-

matical field, you just have to know
something about probabilit\- theoiy to

understand how genes work in evolu-

tionary processes.

FR: .4 general question: Do living organ-

isms behave as if they want to pass on their

own genes, or do they behave as if each of

their genes is trying to replicate itself, possi-

bly at the expense of other genes of the

same genome?

WDH: This is a very deep and difficult

question. One's impression is that

there is a conflict between selfish

genes, but largely it is being overrid-

den by a kind of democracy that has

arisen in the genome. [This will] sup-

press this intergene conflict, and the

outcome is that the organism acts

largely as a whole.

FR: You write that evohitionary ideas "turn

out to have, or are perceived to iiave, the

unfortunate property of being solvents of a

vital societal glue."

WDH: The glue that I am thinking

of is various myths that tend to hold so-

cieties together. Religious people think

that ifpeople "believe" in evolurion in-

stead of, say, the gospels, they will no

longer be able to celebrate simple hon-

esty—or kindly and warm feeUngs to-

ward others—as unequivocally "good."

I think they exaggerate the danger, but

they don't exaggerate a nothing. There

(5 a danger of that kind.

FR: How are evolutionists trying to deal

with this problem?

WDH: If you beheve that we evolved

out of animals—are animals—and

have the same kinds of drives, it does

not mean that we have to be selfish

and inhumane. When you fiilly work

out the consequences of the rules of

kinship and of reciprocation, you will

see that the outcome is in fact quite a

moderate kind of behavior, that it

avoids evil and is as good in holding

the societs" together as are the religious

myths. Indeed, under a rational the-

ory, we should be able to do better for

human happiness by avoiding various

naive errors. D
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Petrified wood/Triassic/Chinle formation/Arizona

This fossil was part of a tree more than 200 million years ago. A solution of siHca (the oxide of silicon) seeped intc

the fallen log and permeated its cells, crystallizing into quartz and eventually producing petrified wood. In this

specimen, limonite (an iron oxide) contributes to the bright central arc, while fine spherules of hematite (another!

iron oxide) suffuse the quartz with a purplish hue. Hematite also yields the red bordering the yellow.
]



When minerals seep into fossils,

nature is transformed into art.

INNER
BEAUTY

Tree-fern stem/Jurassic/Lune River,

Tasmania, Australia

In a partial cross section of a tree tern that lived about

2l)0 nullion years ago, blue chalcedony (a t^'pe ot

quartz) and orange iron oxides and hydroxides have

eplaced the original structures. The area at the top was

once bundles of wood cells, the circles at the bottom

vcre leaf bases, and the tiny rounded shapes were roots.

Stromatolite/Precambrian/Bristol, England

Cyanobacteria formed mats in shallow seas billions of

years ago. Their blue-green pigmentation made

photosynthesis possible, thereby adding significant

quantities of oxygen to Earth's early atmosphere.

hi this 2.5-binion-year-old specimen, sand was

entrapped in the folds of the mats when they were

buried by carbonate sediments.

Photographs by Giraud Foster and Norman Barker
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ChanceUoria/fA^dd[e Cambrian/

Wheeler Shale formation/Utah

ChanceUoria, a small invertebrate that lived on the

seafloor 500 million years ago, captured prey by

using its supple body as a net. Brown, many-armed

iron oxide stars embedded in an azure matrix of

slate were once the creature's cells.

Pe/7toxy/o/7/Jurassic/Miles, Australia

A tree with long leaves on short stalks, Pentoxylon was

unlike any tree known today. Its fossilized poUen

resembles that ofginkgoes and cycads. Columns of

vascular tissue are visible here in a cross section of trunk.

;

The colors of the chert (the variety of quartz that has

replaced the wood) are imparted primarily by iron oxides..



Ammonite/Upper Cretaceous/Bear Paw formation/Alberta, Canada

I Ammonites—mobile marine predators with spiral shells resembling those ot the modern nautilus—thrived

for millions of years before disappearing, along with the large dinosaurs, 65 million years ago. The evenly spaced

layers of shell at the molecular level diffract Hght to produce this tossil's iridescence.
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Gomphotherild tooth/Oligocene/Montana

Early relatives ofmodern elephants, with shorter trunks

and elongated jaws bearing shovel-like incisors,

goniphotheriids thrived about 30 million years ago,

although some members of the group persisted until

much later. This poHshed section of a tooth crown

reveals figure-eight patterns of the blue mineral

vivianite, a phosphate of iron.

Coral/Lower Pleistocene/Caloosahatchee

formation/Florida

This piece of a coral colony's calcium carbonate i

skeleton, from a long-vanished lagoon near what is

now Florida's Gulf Coast, has been preserved for about

1.5 million years. Corals like these have altered little

since their origin in the Triassic, about

230 million years ago.



Dinosaur bone/Jurassic/Morrison formation/Colorado

In the spongy interior of a dinosaur bone, the surfaces of the chambers between the bone spikules

incorporated iron oxides after undergoing structural change. Later these chambers filled with blue-gray agate.

Concentric circles mark the growth periods of the agate crystals.
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The CroAvn of

MONTECRISTJ
Genuine Panama hats are crafted—as they

always have been—in Ecuador. By Tom Miller

No mere "straw

hat," a quality

Panama from

the town of

Montecristi will

sell for hundreds

of dollars in

fashionable

stores.

When I was growing up in Washing-

ton, D.C., in the 1950s, my dad

wore a Panama hat—^but just be-

tween Memorial Day and Labor

Day and, even then, only with a seersucker suit. I

always assumed the hat came from Panama and the

suit from Sears. I was wrong on both counts. A
store downtown supplied the suit. And the stylish

straw hat? It was from Ecuador, a South American

country that once shipped its exportable wares to

the Isthmus of Panama. In the mid-1 800s, the hats

were picked up by gold seekers crossing the isthmus

overland as they rushed to and from California.

During the Spanish-American War, in 1898, the

U.S. government bought some 50,000 of these hats

for the troops from merchants in Panama. Add to

that the hat's popularity with the crews that con-

structed the Panama Canal in the early twentieth

century—well, it's a wonder that anyone at all

knows them as Ecuador hats.

To understand how a Panama hat zigzags from

an outpost just south of the equator to the gleaming

window of a New York haberdashery is to under-

stand how the world works. The trail begins in

Cadeate, a coastal village in Ecuador's Guayas

province. Two enterprises sustain the 1,500 local

residents. Most of the time the men wade into the

water to collect shrimp larvae, which they sell to

shrimp farms. But for five days in every lunar cycle,

they harvest toquiUa (CarJiidomca pahnata), the ten-

foot-tall, palmlike wild plant from which the

Panama hat is woven.

Arriving in Cadeate, I ask people at random if

they know any of the straw cutters whose names I

have been given. One of the men I ask, Jorge

Vicufia, is on my hst; he acts nonchalant, almost as

if he's been expecting me. He has been harvesting

toquilla straw for most of his fifty years, traveling

ten miles inland with other straw cutters to areas

where the plant grows, including hillsides where

each family has been assigned a lot.

The straw cutters schedule their monthly har-

vest for the five days after the moon reaches its

waning quarter, when, Vicufia explains, the straw

holds less moisture and thus is lighter, easier to cut,

and more pliable to weave. Wielding machetes,

they harvest the slender new four-foot-high stalks,

each containing the tightly wrapped fingers of one

growing frond. The village council imposes a daily

quota of 1,200 stalks per family; the harvest is

brought back by mule and truck. Vicuna shows me
how he strips away the worthless outer sheath of

each stalk and then splits and separates the inner

fingers, leaving dozens of yard-long, ribbonlike

strands attached to the leaf stem. He tosses the pre-

pared stalk into a vat of boihng water for about an

hour and hangs it on a clothesline to dry.

After expenses, each family nets the equivalent

of about $13 for the six huge sacks of stalks it fiUs

monthly. In the 1940s the women of Cadeate wove

hats from the harvested straw, but not any more.

Instead the straw gets trucked east to Guayaquil,

Ecuador's largest and most industrialized city, and

then to Cuenca, a town in the Andes that is at the

center of hat production. Trucking the sacks this

distance (some 230 miles by road) is no minor mat-

ter, especially now. Pounded by El Nifio's torren-

tial rains for weeks at a time, the region has re-
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Toquilla, the

palm like

"Panama-hat

plant," below,

grows ten to

twelve feet tall.

Right: Near

the Andean

community of

Pile, Ecuador, a

worker cuts the

young leaf stalks

from the plants.

cently sufiered wasted highways, homes, and crops.

In Cuenca I meet Victoria Moreno, a no-

nonsense businesswoman whose father and grand-

father were both in the Panama hat industry. Every

few weeks, a truck deUvers sacks of straw to the

courtyard of her home. She sells them to women
from the town and from the surrounding country-

side; they in turn sell to straw weavers or, more

commonly, to straw vendors. It costs Moreno about

$150 for a sack, and she sells it for $170. "The straw

is expensive, mainly because of the transportation,"

she says. "I extend credit to the reliable straw sellers.

Everything here is by credit. They buy one sack

every two weeks. The debt, it never ends."

Sunday is market day for the straw sellers,

weavers, and hat buyers in BibHan, a small town

about thirty miles from Cuenca. One of the straw

sellers, Victoria Gutierrez, stands beneath a

makeshift plastic cover that protects her from the

persistent drizzle. She sells straw for about Sj/! a

stalk, realizing a profit of 10 for each one. Weavers

stop to buy enough for one or several hats, each of

which requires about six stalks.

On another morning I locate the home of Isaura

Calderon, a hat weaver who makes four small hats a

week, along with baskets, place mats, caps, and

other items that take less time to weave and that

bring in a few additional pennies. Each hat requires

roughly 40(z: worth of straw and is sold to a middle-

man for about 90(^. Like other weavers, Calderon

uses a wooden mold shaped Uke the crown of a

Panama to get the basic size and shape, but she

leaves the product unfinished, with a somewhat un-

shaped body and with the straw ends protruding

around the brim. The task of edging the hat by

working the ends back into the woven brim is usu-

ally farmed out to speciahsts at a hat factory.



M.iny woavcrs iii 15ilili.ii: sell then Liiitmishi.-tl

I'.iii.ini.is to Adri.ino Gonzalez, who comes from

C'liciRM every week. Soon after he takes up his po-

sition behind a worktable in his local residence one

Sunday morning, the women begin to arrive. They

watch and nod as he looks over their newly woven

hat bodies, but they say nothing. It takes Gonzalez

just a moment to assess each hat's size, quality of

weave, uniformity of straw, and consistency of pat-

tern. He has promised to pay up to $1.70 for each

hat that meets his exacting demands. The first

woman offers four hat bodies. Two of them are re- After stripping

jects, he tells her, worth only 600 each. One of the off the stalks'

others, he says, is the right size but not the style he outer leaf

seeks. In all, the woman walks out with the equiva- casings, women

lent of $4.20 for her week's weavings. in Pile, below

"The hat industry has been seriously affected by left, split the

El Nino and by the shantung" Gonzalez observes, leaves into

Although usually marketed as a "Panama hat," the ribbons and

shantung is a lower-priced imitation woven m remove the

Chma from twisted rice paper. stiffer parts.

"I got 10,000 hats a weekend back in the 1980s. Below: Prepared

Now I'm often down to 1,500. In the old days we stalks are boiled

had forty weavers in Biblian turning out finos" he to make them

continues, referring to the top-of-the-line categoiy more pliable.

"Now we're do\\n to ten, and there's no one to re-

place them. 1 still have a few weavers in Guapan

who make fiuos. It takes them weeks, and I pay

them $16 for each one." By the end of the day, he

has paid out just under $2,400 to the weavers of

Biblian. He will sell their hats to the Cuenca facto-

ries at a 5 percent markup, gi\'ing him a week's

profit of about $120.

lust a couple of decades ago, Cuenca boasted

dozens of hat exporters. Today the yellow pages list

just eight, among them Kurt Dortzaun. a Jew who

as a teenager fled Nazi Germany for South Amer-
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ic".i. 1 li.' |i)iiii.h1 ,111 iiiu Ic 111 the li.it tiMtic ill EciKulor

,iikI h.is since iii.iiiil.iiiieJ luil only Ins i'.m.im.i li.il

t.K'toiA' but a reputation tor cx)ninuinity service aiki

integrity. "The people who used to sell us hats

came on horseback anci donkey," he recalls, witli

only .1 trace of ,i (Jerinan accent. "We had a place

tor their horses. Now they come in little Toyota

pickups. We need a i^arage."

Dorfzaun's factory consists of a series ot well-

lighted, open rooms in which the hat bodies are in-

spected, disinfected, scrubbed, and washed. Some

.ire rejected for blemishes or discoloration. The hats

are beaten into shape, their protruding strands are

trimmed off" in stages, and they are bleached in dip-

ping tanks. Employees in aprons bustle aboLit with

stacks of hats in their arms, sorting them by size .iiid

(.]iiality, giving them their final shape on steam

presses, and preparing them for export.

C'uenca, in Azuay province, has dominated the

Panama hat industry since the mid-nineteenth

century, but the very best hats come from Monte-

cristi, in the province of Manabi. Set against the

side of a mountain and dominated by a large wood

church, the town is the market center tor master

weavers who live in various remote villages. Few

some ot the more isol.ited pueblos. He takes the

opportuiiilN' ollered b\' ms' renteil tour-wheel-ilrive

\eliicle to sln)w me Pile, a town seventy miles away

that he hasn't been able to visit in six months. After

.1 bone-jarring four-hour drive along highways

with bathtub-sized potholes, we limp into Pile.

Parking is no problem, since we seem to have the

only car in town. Delgacio ambles over to a group

of men and starts chatting as it he has just returned

tixMii a lunch break.

A couple of the men walk me a tew minutes up-

hill and around a bend so that I can meet Ar-

c]uimedes Delgado (no relation to Rosendo), who
lives in a sturdy wood house with a cement floor.

"Here we plant corn, yuca, and bananas and tend

cattle," Arquimedes tells me. "And weave hats. Al-

ways we weave hats. It takes three to four months to

weave a fiiio. Rosendo will pay Lip to $80 tor each

one. He does this in stages, so we always make sure

to have two hats going at once."

Arquimedes holds out one stalk of toquilla. "It

takes forty of these to make one fno," he says.

"Each stalk has about 200 strands atter we split

them." He stops to make sure I understand.

"Look." Using his tlngernail, he splits one ribbon

Opposite page:

Every tiat starts

with a few

strands

interwoven at

the center of the

crown; additional

strands are

methodically

incorporated as

the weaving

continues toward

the brim.

know the terrain better than Rosendo Delgado,

who is in his late sixties and whose tamily has

been in the business for generations. He scours

the countryside for the types of hats that take

months to weave and are sold in pricey shops in

the States and Europe. These hats all tall into the

jiiio category, which itself is broken down into

quality grades such as the silky siipcrfiiio and the

rare cxtidtiiio. (In New York these items may
fetch $400 to $2,000.)

El Nino has devastated Manabi more than any

other province, preventing Delgado ti^om reaching

ot straw into five separate yard-long strands. Only Above left: As a

selected strands are used for thefiiios. weaver works.

As we talk, Arquimedes's wife, Mari Lopez, en- the emerging hat

ters and quietly resumes her work on a partially is held steady

completed hat that is sandwiched near the top of a between blocks

waist-high stack ot w^ooden hat molds. She bends used to shape

over the stack to keep the hat in place. Monica, the the crown. In

couples energetic teenager, tollows her in and steps Deleg, hats-in-

up to her own tower ot blocks and hat-in-progress. progress, above,

Monica began w-eaving when she was eight, boasts dry out after

her tather. "It takes the young ones fifteen years to being washed.

learn how to weave a real fine," he declares. "Our
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twelve-year-old son, Gabriel, also weaves. He can

already turn out a respectable hat."

I also visit sixty-four-year-old Jose Raul Alar-

con, a weaver recommended to me before I left the

United States. "If you see Alarcon, look deep into

his eyes," advised Milton Johnson, owner of the

Montecristi Custom Hat Works in Santa Fe, New

A hat finisher in

Montecristi,

right, pounds

several Panamas

with a wooden

mallet, both to

soften the straw

and to work in

powdered sulfur,

a bleaching

agent. Below:

Ironing helps

give a hat its

final shape.

'3^4.

\ \

" \-

\
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'.'i^'S'ttiKj Moxifo. "Ho'sjust .iboiit tlic List ot his generation

ol' luastL-r weavers." I ask tlie hunihle, clear-eyed

man if he is aware of his international reputation.

He nods, then shyly names the countries to which

his hats have traveled and from which his deter-

mined fans have come to visit him. "I weave be-

tween seven in the morniui^ and noon," lie tells me.

"The sweat builds up on the fingertips too much in

the afternoon to weave. Sometimes I go out to the

banana and coffee fields then."

Periodically one of the men in File takes a bus to

Montecristi to deliver hats from the local weavers to

l^osendo Delgado. In his hands, their fiiios and

those from other Andean communities have their

long hair clipped between rounds of soaking, wash-

ing, bleaching, pounding, and ironing. When they

are ready for sale, Delgado's lu.xury Panamas are

often bought directly by exclusive retailers abroad.

A number of importers furnish Panamas to

stores in the United States and elsewhere. One U.S.

importer is the World Hat Company, a Florida firm

run by Roberto Dorfzaun, son of Cuenca exporter

Kurt Doifzaun. "Hat sales don't go by fashion as

much as by what the pubUc sees on television or

films," the younger Dorfzaun says one morning in

his shovvroom. "When people see Tiger Woods and

almost everyone else wearing visors and caps at the

U.S. Open, that affects the business," he observes.

"We'll see a jump in orders when a sports or enter-

tainment personality wears a Panama in public or in

the movies."

Resistol, a well-known Texas hat company, was

formerly one of the world's biggest importers of

Panamas. "The quality' of the Ecuadorean straws

we'd see went down, and the prices went up," re-

ports Bob Posey, Resistol's manager for product de-

velopment. "They'd dry out to a britde yellow. If

you bleached them for uniform color or squeezed

them, they sometimes cracked." Once, he tells me,

the U.S. Customs Service put a hollow metal rod

through a stack of Panamas as if taking the core

from a tree. They were looking for cocaine-soaked

imports and got a plug of straw instead. "That isn't

the sort of treatment that encourages you to con-

tinue importing straw hats from South America."

Resistol now buys less than 5 percent of its straws

from Ecuador.

A proud industry is going through a painful

metamorphosis. Between 1997 and 1998 alone.

Ecuador's hat exports fell by more than 30 percent

o\'erall and by almost 40 percent to the United

States. No one has yet figured out how to reverse

The fineness of

the weave is

important in

determining the

value of a hat.

The Montecristi

Custom Hat

Works in Santa

Fe grades weaves

as (left, from

bottom to top)

regular select,

fino select, and

extrafino select.

To see the1
making of i

Panama hat,^

go to

^fW '—
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Past celebrities

who sported

Panamas include

Winston

Churchill, above,

and actor Sidney

Toler, right (in

the 1938 film

Charlie Chan in

Honolulu).

Opposite page:

A well-made hat

has a clothlike

suppleness.

-.'msii^

this trend. Still, a few advocates are trying to

preserve this time-honored business. An analysis

by the Guayaquil branch office of the Ecua-

dorean Foundation for Nature Conservation

concludes that because the villagers keep going

deeper into the deforested countryside to find

mature, cuttable wild straw, the plant itself may
eventually become endangered. The group hopes

to plant new toquilla acreage and bring about a

managed straw harvest. Others would like to

legally restrict usage of the very name "Panama

hat" so that it would apply only to genuine

toquilla straw hats woven in Ecuador. This, they

hope, would reduce competition from the makers

of similar hats, such as the shantung.

Mark Baum and Orlando Palacios, who used to

work at a high-end hat shop in New York City,

have helped the people of Pile by building a med-
ical clinic to replace one damaged by El Niiio. "We
thought we really should be giving something back

to these people," explains Baum. Inspired by the

new chnic in Pile, Brent Black, an importer in

Hawaii, has underwritten a study of the town's

medical needs, with an eye to providing monthly

visits by a health-care team. And he is planning to

give weavers new cam wood molds that are sized for

the overseas market.

The story of this legendary hat has, I believe, a

number of generations to go. Every month, on the

waning quarter-moon, I think of the path this

product travels from straw to sale, and if I'm wear-

ing my Panama, I tip it toward the equator. D





PADVERTISEMENT

For free information from the advertisers listed below,

circle the corresponding numbers on the attached

postage-paid card and drop it in any US mailbox or

fax it to (609) 786-4415. If the card is missing, mail

your request to Natural History Members' Market,

P.O. Box 11591 Riverton, NJ 08076-1591.

1. Air Mauritius

Madagascar, Mauritius tascmating

memorable and very afibrdable tours to

Mauritius, Madagascar, tlae Seyclielles

and the other exotic islands of the Indian

Ocean. Free Air Mauritius folder.

i. Amazon txploramaTodges ' 1

Five lodges and one resort. 25( ),()()() acres

of Primary Amazon Rainforest Reserves.

Spectacular Canopy Walkway.
Birdwatchers Paradise. Pink Dolphins.

http://www.explorama.com 1(800)

707-5275. amazon@explorama.com.

3. Amazonia ExpeditionsI

Award-winning Jungle Lodge in the

Tamshiyacu-Tahuayo Reserve, shown
to have the greatest diversity ofmammals
in ail of the amazon.

Amelia Tours others a unique collection

of escorted, independent and culinary

hoUdays to Sicily, Malta, Tunisia, Sardinia

and Cyprus. 1-800-742-4591.

5. Athena Publications, Inc. ^^
Athena Review.journal ot archaeology,

histoiy and exploration, invites you to send

for more information and a free issue.

Benze~iounsrBoarcl""

Catch the Adventure! From rainforest

resort to barrier reef. Belize is only

2 hours from the USA. Behze. Mother
Nature's best kept secret. Free

information package. 800-624-0686.

7. Bogen Photo Corp.

Exclusive U.S. distributor ot ultra-light,

super-strong Gitzo Mountaineer
and new Manfrotto Carbon One Series

carbon fiber tripods, as well as

the aluminum alloy Manfrotto Tracker
Series. ..the only tripod system that

comes right from the factory ready tor

the field. Call (201) 818-9500 or visit

www.bogenphoto.com for info.

8. Canadian Tourism Commission

FREE copy of the new GREAT
CANADIAN ADVENTURES guide.

Hiking, canoeing, cycling, wUdlife

watching and more. Detailed tour

operator/outfitter directory. Call

l_877-8-CANADA, Op. 207. You'll

also find the guide online at

www. travelcanada. ca/natural.

9 . Cape Bjetm Isla^^^^

A sea coast that's unspoUed, uncrowded,
unUke anything you've experienced

before. CaU today for you FREE 2000
Adventures Guide & Touring Planner.

1-800-565-9464 Operator x210.

10. Charles County, MD

It's for the birds! Take a hike! Hunt for

fossils, golf fish, shop. Experience the wild

side of the Potomac where eagles soar.

explorecharlescomd.com 800-766-3386.

Costa Rica is unique in having more ot

its territory protected in national parks,

biological reserves and wildlife refuges

than any other nation on earth. With all

the right ingredients, a trip to Costa Rica
is sure to suit your tastes.

12. DC Committee to Promote Washington

History, romance, culture charnmig
neighborhoods, great Hotel rates. Visit

www.washington.org. Or for free

visitor's guide caU 1-800-422-8644 ext. 74.

13. Ecomertours Nord-Sud In^

Discover the rich diversity of the St.

Lawrence River & Estuary aboard the 44

passenger "Echo Des Mers". A unique cold

water cruising experience. Bird and whale

watching/research, national parks, Anticosti

and other islands. 1-888-724-8687.

14. The Ecotourism Society (TES)ii

Discover how to take journeys that

are enl^tening to you and beneficial

to the planet. ContactThe Ecotourism Society

Source ofEcotravel AwarenessWorldwide.

www.ecotourism.oi^travelchoice.

p. Fredenck County

Maryland's Crossroads ot History,

Antiques, Battlefields, Covered
Bridges, Parks,Wineries & more close

to Gettysburg & DC! Free info;

(800) 800-9699 www.visitfrederick.org.

Order your free France Discovery Kit,

which includes a 1 00-page travel planner

Mastercard^"^ savings and special offers

and Air France Holidays brochure. CaU
1-800-2FRANCE.

I?. Galapagos Explorer II

The Cialapagos Explorer II, the newest

most comfortable exploration vessel in

the Archipelago.

|8^alapa§os_Nebvoj^

Enjoy an exhilarating adventure amid
the same volcanic islands that inspired

Charles Darwin. Cruise the enchanted

island of the Galapagos in maximum
comfort and safety aboard our popular

fleet of first class vessels.

"Elevette" the custom built residence

elevator offers the ultimate in home
luxury and convenience. Send for firee

descriptive literature.

20. Inka Natura

Inka Natura offers customized itineraries

in Peru for both individuals and groups.

With over 20 years experience designing

ecotourism in the Peruvian Amazon.



ADVERTISEMENT

21. Israel Ministry of Tourism

^'lll^ Is iIk- |iI,h r wIr-H' liiiii.' I)cl;.ui.

TIk- giv.it L-wnts thai sli-ipixl civilizations

happened in just ono small country.

The new inillcnrnuin is here. Where
else would vou go? Send tor tree

intoriiiation or call I -S,S.S-77-iSKAEL.

\\ ww.goisrael.coni.

22. Kapawi Ecolodge
-^^^""—

'

II is .111 iiiiui\,iti\c awaai-wiiinuig project

III the Ani.izon.

23. Lapa Rios

Lapa Kios, model iit ecotourism and
sustainable development. Upscale

rainforest ecolodge orters personalized

service, 1 ,l )l )( l-acre reserve, 1 4 private

ocean-view bungalows, gardens, private

decks, Corcovado Park, mangroves,

hiking, sea k.iyaking, excellent birding,

wildlife and swimming pool.

iA. Lindblad Expeditions

E.xpedition travel by the tamik' that

pioneered e.xpeciition travel. For

intormation on our worldwide
journeys call 1-80()-EXPEDITION or

www.expeditions.com.

25. Lodge on Little St. Simons Island

Exclusu'e in.UOIl-aci'c (Georgia island

paradise, private 7 mile pristine beach,

natural history tours, birding and
recreational activities galore, gourmet
regional cuisine and gracious

accommodations ,nvait just 3(1 guests.

26. Malta

English -speaking, hospitable.

Meciiterranean jewel otfering 6.()U(J

years ot civilization, the highest

concentration ot landmarks per SL]uare

mile m the world. 212-695-9520
www.visitmalta.coni.

29. Mountain Travel Sobek

Safaris, natural history cruises, hiking,

sea kayaking, rafting and more.

Worldwide destinations, expert leaders,

small groups. C:all 1-888-MrSOBEK
(687-6235). Request free catalog at

www.mtsobek.com.

30. Nearctica.com, Inc.

Make ne.iivtici your gateway to the

Nattiral World of North America.

wvvw.nearctica.com.

31. New Brunswick Tourism

New lirunsw ick Canada's Bay of

Fundy... Experience one of the Marine
Wonders of the World! For a free Fundy
Explorer Kit call 1-800-561-0123.

32. New York State

E.xperience all ot New York Sate this

summer! Historical tours, festivals,

music, culture and the great outdoors.

For a FREE NYS Travel Guide caU

l-8ll()-lLOVE NY code 1015a or

www.iloveny.state.ny.us.

33. Nomadic Expeditions

"i'loneers in exceptional adventures in

Mongolia, Tibet, Nepal, China & Siberia.

Expeditions include cultural explorations,

horse & camel treks, elephant walks,

trekking, paleontological digs, canoeing,

kayaking c\- fishing. 1-800-998-6634 or

www.nomadicexpeditions.com".

34. Pennsylvania Tourism

Endless histor\. outdoor recreation,

cultural and shopping attractions and
destinations abound. For a free

Pennsylvania Visitors Guide, call

1-800-VISIT-PA or visit our website at

www.experiencepa.com.

37. Swan Hellenic Cruises

( \ e.m and sea cruises, expeditions and
ri\er cruises all with the accent on
discovery. New 2000 brochure is

chock-full of exotic destinations and
info on our distinguished guest speakers

as well as our ship, Minerva, a four-star

floating country house hotel.

38. Swift Instruments

C^)Li,ilit\ III npiRs since 1926. Free

brochure displays SwitVs complete line of
birding and compact binoculars, contains

photographs and detailed descriptions

with binoculars use chart. On the web at

http://ww\v.swift-optics.com.

39. T Rowe Price

Prime Reserve Fund. 1-800-401-5287.

www.troweprice.com.

40. T. Rowe Price

Science cV Technology- Fund. 1-800-401-

5288. www.troweprice.com.

41. Thunder Bay

Ft)r \our tree guide to adventure call

(800)667-8386.

42. HAA-CREF '1^|
TlAA-ClUiF is a leading financial

services organization, ottering high-

qualifv', low-cost mutual funds, annuities,

IRAs, insurance and trust services.

TIAA-CPJiF also manages several state-

sponsored college financing programs.

43. Toyota and the Environment

Find out about Tovota's environmental

breaktliroughs, including hybrid

technology, electric vehicles and fiiel cells.

27. Maryland Vacations

Beaches, mountains, big cities, small

towns. Marvland has so many things

to do, so close together. Call tor your
free Marvland Travel Kit todav!

800-984-9502.

28. Meade Instruments

TiMvel to destinations out ot this world
with Meade's ETX-90EC Telescope and
Autostar. lourne\' to over 14,000 celestial

objects. Easv md fun. Free brochure.

C\ill I-800-62-MEADE.

35. Scottish Tourist Board

Scotland. See ancient castles reniiniscent

ot our rich, tumultuous history. Grand
old cities vibrant with culture. Visit us

at WA\^v.ToScotland.com or call

1-800-969-SCOT.

36. St. Lawrence Cruise Lines

Canadian River Cruise Vacations - 4, 5

or 6 nights aboard a classically-designed

riverboat cruising the St. L.uvrence

River - wwAv.sda\\Tencecruiselines.com.

44. Valley Forge, PA

M,ikeVille\- Forge voiu" headquarters when
exploring liistoric southeastern PA
uicluding die Pliiladelpliia .ura. Amish
coiuiQ"v Bnuid\wile and Bucks comities. Call

1-888VISITVF for a trce \Tsitors guide.

45. Worcester County Tourism

Maryland's onlv seaside county. Visit

Assateague Island National

Seashore. Kayak, canoe, birdwatch or

golf Stav in one of our many Bed &
Breakfast Inns. 800-852-033d.
skip-jack. iiet/le_shore/visinvorcester.



66
I

EVOLUTION natural history 6/oo

The fleshy pink ''fingers'' on the

snout of the star-nosed mole

point to this animal's unique

evolutionary history.

ne of the most intrigu-

Oing stars in the universe

is right here on Earth:

the eleven pairs of pink

fleshy appendages ringing the

snout of the star-nosed mole.

From its appearance and loca-

tion, one would think this star

might be a supersensitive olfac-

tory organ, helping the nearly

bUnd mole negotiate its subter-

ranean environment, or an extra

hand for grasping prey or ma-

nipulating objects. Some re-

searchers have hypothesized that

the star detects electric fields,

thus acting as a kind of antenna.

But in reahty, the star is an extra-

ordinary touch organ with more

than 25,000 minute sensory re-

ceptors, called Elmer's organs,

with which this hamster-sized

mole feels its way around.

Under a microscope, the El-

mer's organs appear in a honeycombed pattern of

tiny epidermal "domes," each sensitive to the

slightest touch. Although the star is less than half an

inch across, its surface is suppUed with more than

100,000 large nerve fibers. By comparison, the

touch receptors in the human hand are equipped

with only about 17,000 of these fibers. Imagine

having six times the sensitivity of your entire hand

concentrated in a single fingertip.

Together with Jon Kaas, also of Vanderbilt Uni-

versity, I have been investigating how the star-nosed

mole (Condyhm cristata) uses this exquisitely sensitive

organ to explore its dark, damp world. (This North

American species is unique in its preference for wet-

lands, where it digs tunnels and forages mostly in mud
and water.) First the mole samples an area by touch-

ing the ground with all twenty-two appendages. Its

brain processes this information in less than a twenti-

eth of a second. Ifone of the appendages detects any-

thing of potential interest (often an unfortunate

earthworm or other invertebrate), the mole moves its

nose slightly to bring the lowermost central pair into

contact with the object. The Elmer's organs on this

pair are particularly well supplied with nerves and

can provide the animal with a higher-resolution

"image," enabling the mole to know whether it has

encountered something good to eat or should keep

searching. For small prey, the entire process—fi-om

first touch by peripheral appendage to swift inges-

tion—takes just about a fifth of a second.

The star-nosed mole continuously scans its en-

vironment with its nose, much as we constantly



from the central appendages of

the star tlian from each of the

less important peripheral ap-

pendages. Handling informa-

tion this way conserves neural

tissue, because it concentrates

most of the brain's computing

power on only a small part of

the sensory world at any given

moment. Some scanning time

might be saved if large areas of

the brain received high-resolu-

tion data from the entire star (or

from your entire visual field),

but to do this, the brain would

have to be gigantic.

In addition to learning how
this mole's remarkable star

works, we have been trying to

determine how it evolved. For

clues to the history of bony

structures, one can turn to the

fossil record, but there are no

bones in the star and no fos-

silized mole noses. So we have

turned to another, less direct

place to look for evolutionary

clues: embryonic development.

Most animal appendages (in-

cluding antennae, wings, legs.

shift our eyes to perceive the world around us.

Usually humans and most other visual mammals
initially detect the important parts of a scene

through peripheral vision and then shift their eyes

so that the central part of the retina, the fovea, can

provide a more detailed image. (If you're not con-

vinced of this, try reading this sentence without

moving your eyes.) The visual areas of the brain

—

particularly those in the cerebral cortex—that are

devoted to processing information from this tiny

but vital region are much larger than the areas that

handle information froni the lower-resolution, pe-

ripheral regions of the retina.

The touch centers of the star-nosed mole's brain

are organized similarly, with much more space in

the cerebral cortex assigned to dealing with input

Emerging from its tunnel, an adult star-nosed mole displays its heavily

clawed forelimbs, well equipped for digging, and the twenty-two touch-

sensitive appendages ringing its snout. Above right: More than a

thousand tiny, dome-shaped EimeKs organs cover each appendage.

tins, and arms) start out as simple extensions of the

body wall—essentially as direct outgrowths of the

embryonic tissue. Moreover, similar genes are e.x-

pressed during the early development of ap-

pendages in animals as difterent as humans, t'lsh,

birds, and insects. This suggests that a basic "pro-

gram" tor appendage outgrowth evolved hundreds

ot nulUons ot )'ears ago and has been redeployed

many times in the course of evolution.

But what about the star-nosed mole's novel snout

appendages? While we do not vet know the genes



68
I

EVOLUTION natural history 6/oo

Nostril

The raised patches of Elmer's organs on the nose of an adult coast mole,

left, resemble the swellings on the snout of a star-nosed mole embryo,

right. This suggests that the star-nosed mole evolved from an ancestor

whose snout looked like that of the coast mole.

involved, we have been able to document the me-

chanics of the star's development. As it turns out, the

star's appendages develop unlike those in any other

animal, suggesting that it had unique precursors and

an entirely independent evolutionary history.

Working in collaboration with Kaas and Glenn

Northcutt, of the University of California, San

Diego, I examined star-nosed mole embryos at var-

ious stages of development. We quickly found that

all but the very earhest embryos have a protostar (as

well as huge embryonic forelimbs destined to be-

come the digging arms of the adult mole), but that

instead of forming as outgrowths of the embryonic

nose, the star's twenty-two appendages first appear

Gestation lasts about thirty days in the star-nosed mole. Left to right:

Early in development, the embryo shows no indication of the appendages

that will later form its star. The first signs are slight swellings on the

side of the snout. These soon become more pronounced.

as sUght, elongated swellings on the embryonic face.

In later stages, when the sweUings are more pro-

nounced, it almost looks as if the star has been

folded back against the side of the face. This im-

pression is not quite accurate but does foreshadow

events to come.

During most of the mole's embryonic develop-

ment, nothing separates the swellings from the side

of its face. But just before birth, a new layer ot

epidermis grows underneath the swellings. At this

point, the appendages become separate cylinders,

though they are still attached to the face by this

new skin. Shortly after birth, the back end of each

cylinder detaches from the face and swings for-

ward, remaining attached only at its front end (a

bit like peeling a banana). What was once the

hindmost part of each cylinder thus becomes the

forward-facing tip.

The developmental sequence of the star differs

from the way other animal appendages are known

to form. In his book Tlie Blind Watchmaker, biolo-

gist Richard Dawkins gives examples of unusual

developmental sequences in other animals, such as

the sole, a bony flatfish that spends most of its life



lying on one side and lias botii its eyes on tlic up-

ward-facing side of its head. As a young sole devel-

ops, it essentially "pulls" one eye across its face,

grotesquely distorting its skull and ficial muscula-

ture. This awkward process makes sense only when

we appreciate th.it Hathsh were not designeti care-

fully anti then created, but r.ither evtilved from up-

right fish that had symmetrical bodies. As Dawkins

points out, the ancestors of flatfish must have begun

their evolutionary journey by lying on their side on

the ocean floor—a position that would have re-

sulted in one eye facing the bottom. In each subse-

quent generation, the most successful ottspring

would have been those in which the eye shifteti

slighdy closer to the other side of the face. Today

we can read the course of this evolution in the de-

velopment of a flatfish.

What clues does the unusual development ot C.

aistata'f, star provide about the evolution of this ani-

mal? Perhaps the ancestors of the star-nosed mole

had strips of Einier's organs along the side ot the

The mole uses the 25,000 minute

touch receptors on its exquisitely

sensitive star to find its way
around its subterranean world.

face, and perhaps, m the course of evolutionary

time, these strips slowly elevated and eventually

"peeled" forward to form separate appendages. It

so, the stages of this evolutionary sequence may

have been conserved in the present sequence of

embryonic development. While this explanation of

the scenario seems reasonable, we can't be certain

of it without further evidence. Hoping that an

analysis of hving species could provide insights into

the star-nosed mole's past, we began to examine

other moles from around the world.

Our studies showed that nearly all ot the

roughly thirty species of mole have some Elmer's

During embryonic development, cylinders of tissue form around the

star-nosed mole's snout. Just after birth, each cylinder separates at

the rear and swings forward to become an adult appendage.

organs on the tip of the snout (usually 1,000 to

2,000, distributed evenly around the nostrils) but

no indication of starlike appendages. Three species

in the genus Scapainis from western North Amer-

ica, however, seemed to provide what we were

searching for. The coast mole (S. orarius), for ex-

ample, has—in addition to Elmer's organs around

its nostrils—small, raised modules of these sensory

receptors surrounding the center of the nose.

Moreover, the adult snout of the coast mole bears a

strong resemblance to the early embryonic snout ot

the star-nosed mole, with "proto-appendages"

pointing backward and adhering to the sides. This

arrangement is just what we would predict for an

ancestor of the star-nosed mole.

The coast mole, of course, is not ancestral to the

star-nosed mole; in fact, the two are not even espe-

cially closely related. But the existence of the coast

mole's proto-appendages supports the proposition

that the ancestors of the star-nosed mole had similar

structures. Embryonic development in the coast

mole stops at the proto-appendage stage but contin-

ues in the star-nosed mole, leading to the unfolding

of separate appendages that form the marvel of sen-

sitivity we see today. D

Left to right: At birth, all appendages are still attached to the nose.

After a few days, the first of the upper appendages detach and swing

forward. By the time the young mole is a week or two old, all the

appendages have broken free and the star is ready to go to work.
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RHYTHM
AND
BLOOMS

By Rosie Mestel ~ Illustrations by Rodica Prato

Cancer, heart disease, smoky bars, and hotel rooms

stale with the stench of old ashtrays—there's noth-

ing very good to be said about tobacco. But delve

into the plant's murky past and you will find some-

thing precious: the miraculous Maryland Mam-
moth, a plant that amazed turn-of-the-century

farmers because it kept growing and growing and

growing, long after other types of tobacco had

How do plants decide when its time

to make flowers? Finally scientists have

some answers.

stopped churning out leaves and had begun pro-

ducing pretty, trumpet-shaped flowers instead.

Maryland Mammoth was good for growers.

Every ten-foot-high giant produced twice as many

dryable, sellable, smokable leaves as the average

plant could yield. It was to prove even better,

though, for scientists who wanted to know how
plants make flowers—more specifically, how they

decide when to make them.

It's important for a plant, this flowering deci-

sion, since popping up one's dehcate budlets in the

midst of a bleak, dark winter could be seriously

detrimental to reproductive success. It's important

for people, too, since every grain, fruit, vegetable,

and ornamental plant has its own prerequisites for

flowering, and only by understanding these prereq-

uisites can farmers and breeders work with them,

maybe alter them, so that humankind can grow

crops when and where it wants. As for those of us

who garden at home—well, flowering science Ues

Opposite page:

The henbit plant

produces two types

of flowers: closed,

self-pollinating

blossoms in early

spring, then open

ones later (when

pollinators

abound).

behind everything from knowing why lettuce bolts

after a cold snap to why, if you planted the right

flowers in an ideally situated garden, you could

count ofl^ the weeks like a clock simply by noting

what is blooming when.

A cursory survey of the plant kingdom might

discourage one from seeking clear, generahzable

principles governing the whys and whens offlower-

ing. AU over the world, plants are doing difierent

things for their own special reasons: flowering in

springtime before their leaves unfiirl so that their

blossoms are showy for pollinating insects or are ex-

posed to the wind that carries the poUen; flowering

just in time to beat the frost; flowering when it's wet

enough or dry enough or when other plants aren't

hogging the birds or insects needed for poUination.

Some of the strategies are extreme. The Brazilian

jaboticaba tree waits for a drenching monsoon and

then blooms like there's no tomorrow. The North

American pink lady's sUpper orchid flowers during

the springtime flight of the queen bumblebee.

Then there's bamboo, which grows without flower-

ing for years (120 years in one remarkable species),

and then suddenly whole acres decide it's time to

flower. They then die en masse, leaving vast swaths

of land bare and brown, and the giant panda won-

dering where its next meal is coming from. Clearly,

ifthere is a grand unifying theory behind flowering,

it can be summed up in one short phrase: find a

strategy that works.

Despite all this variabiUty, broad patterns behind

flowering do exist—patterns that scientists can

study in their own favorite, easy-to-breed-and-

grow plant, with confidence that what they find

out wiU be relevant to many other species. Mary-

land Mammoth, a mutant variety that appeared

unexpectedly in a field of standard Narrowleaf to-

bacco back in 1906, was a perfect case in point.

The diflerence between Maryland Mammoth
and other varieties of tobacco was that the former

flowered so late in the year that frost often cut it

down before seed had even set. This frustrated

farmers, since it meant that the only way to get

seed was to grow the plant in greenhouses. But it

fascinated Harry Ardell Allard and Wightman

Wells Garner, two scientists working in 1918 at a

U.S. Department of Agriculture research farm in

Arlington, Virginia (right where the Pentagon sits

today). The duo set out to tackle the mystery.

They learned that while most commercial vari-

eties of tobacco grow until they reach a certain size

and age, Maryland Mammoth stops growing only
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if tin.' d.i\s sliDiton to .1 I.CII.UI1 (.iitK.il k'linlli. I'll-

tiiiv Ci.iriKT .ukI All.ird licftiiig pots ot M.iryl.iiKl

Maminotli iiiti) lii^lit-tit^ht little houses every at'ter-

nooii at four, then hettiug them back outdoors

again at nine the following morning, to artificially

give the plants long nights of seventeen hours and

short d.iys ofjust seven hoin-s. The result was flow-

ers. And seeds. In |uly. Meanwhile, out in the field,

M,u\l,iiKi N'l.inimoth was basking in tourtcen-hour

summer days and was a long way from flowering.

Garner and AUard concluded that the plants were

measuring day length and that sensing either light

or dark was the way they were doing it.

With this knowledge, it was now easy enough to

get Maryland Mammoth seed by growing the plant

in winter in southern Florida, where the weather

was mild and the d,iys short. More important, it

soon became clear that many, many plants, both

wild and commercially bred, exhibit a similar

photoperiod response—that is, they have day-

length requirements for flowering, although the

length varies with latitude and hfestyle. Take plants

like chrysanthemums or asters or summer wheat.

All flower when the days start getting shorter, giv-

ing them time to enjoy the long sunny summer but

still get their blooms out before the frost. Or think

of the liHes that bloom in time for Easter, when the

days are getting longer and winter has finally passed.

Decades of research are beginning to reveal

how plants perform this trick. To sense the Hght,

plants use molecules called photoreceptors. Some,

known as phytochromes, were discovered tour

decades ago; they are most sensitive to wavelengths

in the red portion of the electromagnetic spectrum.

Other, very recently discovered photoreceptors

called cryptochromes sense blue light. Yet other

molecules, which sense ultraviolet light, are sriU

lurking out there, waiting to be found.

Having sensed the hght, plants need to be able

to "count" and to leap into flc)wer-making action

when day (or night) length is just right. Here's

where the science of circadian rhythms enters the

picture. Circadian rhythms are regular rhythms ot

growth and activity, occurring roughly every

twenty-four hours. They control everything from

when animals sleep, wake, and are most alert, to

when an insect emerges from its pupal case or a

flower produces nectar.

All these organisms have biochemical clocks

that enable them to perform a host of activities and

cellular processes in a neat, timely tashion. With its

clock, a plant can crank up production ot its hght-

li.iivesting enzymes before dawn .iiid m.ike the

most of every iota of daylight. It can time the

opening and shutting of the pores in its leaves so

that gases enter when they're needed and precious

water is retained when they're not. Some plants

shut their flowers at night to protect them from the

cold and the pollen-damaging dew and open them

up in the day so that insects and birds can visit and

pollinate them. Others open theirs at night to greet

bats and moths. So precise is this flower-opening

stunt that a gardener could conceivably teU not

onl)' what week it is by when difTerent species

bloom but also what hour it is by noting when cer-

tain blooms open up.

Researchers have pinpointed many of the genes

involved in circadian rhythms and have come up

Plants need to be able to ''count" and
to leap into flower-making action when
day (or night) length is just right

with an elegant model for just how proteins tick

and tock and thus orchestrate an organism's daily

functions. Circadian clocks, which have proved re-

markably similar in nearly all the organisms studied

(the one exception so far appears to be blue-green

algae), are complicated and not yet frilly under-

stood. In fruit flies, the focus of most of the re-

search, the story goes something Uke this: Two pro-

teins, called period and timeless, build up slowly in

a cell. When these become plentiful enough, they

prevent the production ot two other proteins

—

clock and cycle—without which, howev'er, they

themselves can no longer be made. So now period

and timeless disappear from the cell. This allows

clock and cycle to be produced again, which even-

tually brings period and timeless back into the pic-

ture. And on and on, in an approximately t\venty-

tour-hour rlnthm.

A circadian clock is essential for responding to

daylight: destroy it and you're left with a befuddled

plant that doesn't know when to flower. But even

with a clock in good working order, a "Time to

Flower!" signal must travel up from the leaves to

the apex of the plant, which will continue churn-

ing out leaf after leaf until it gets instructions to do

otherwise. Scientists know the signal must come

from the leaves, because if you pioxide plant A
with the appropriate flower-triggering day- length,

then cut off" a leaf and graft it onto plant B—which

has never experienced that day length—plant B

Opposite page:

The gazania,

a South African

flower in the daisy

family, closes in

cloudy weather and

opens when ifs

sunny.
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will dutifully flower. Something in the foreign,

transplanted leaf travels up the plant and trips some

developmental switch.

The identity of that something is still a mystery,

sixty years after it was given the name florigen.

Which isn't to say that scientists haven't sleuthed

away Uke crazy trying to find out. Yeast extract,

acids, vitamins—you name it—they've all been

spritzed onto plants at one time or another in the

hope that a blossom would ensue. Frustratingly, no

clear and simple picture has emerged from all these

efl:brts. But some scientists today are leaning toward

an idea known as the theory of multifactorial con-

trol. This means that a medley of substances—per-

haps sundry plant hormones such as gibbereUins

and cytokinins, along with a burst of sucrose and

calcium ions—travel up to the bud, triggering

flowering only when all the substances are present

and accounted for in just the right ratios.

The complexity of flower induction is also re-

flected in the number of genes involved in the

process. In Arabidopsis tlialiana (most of the genetic

work on flowering has been done on this little

mustard weed), there are now in excess of forty

known flowering-time genes. When inactivated.

Molecular biologists have engineered

plants that will flower on command^ in

response to a chemically triggered gene.

Opposite page:

The blossom of

Victoria regia,

a water lily of the

Amazon region,

opens up only at

night.

some of these genes, such as those named hasty and

speedy, result in mutants that flower too soon; oth-

ers, such as gigantea, sea, and constans, produce mu-

tants that flower too late. Many of these genes are

involved in controlling the plant's response to day

length. But many others aren't. When it comes to

flowering, photoperiodism is by no means the only

game in town.

Most plants, for instance, go through a juvenile

phase, just as humans do. Reproduction during

that phase is strictly verboten, and genes like Itasty

appear to be part of the brake. And many plants,

such as sunflowers and most tobacco varieties, pay

no attention to the length of day or night; they

grow until they reach a certain size, and then ka-

boom! they bloom. The timing of that decision de-

pends on the balance of a whole slew of genes,

some of them pushing the plant toward reproduc-

tion, others cold-showering the inclination. Differ-

ent balances of these pluses and minuses translate

into different flowering times.

Then there's temperature. With some plants,

such as lettuce, a quick cold snap tells them winter

is coming, and they'll flower posthaste. But many

others need a more protracted period of cold be-

fore they deign to put out blooms, which is why
inhabitants ofwarm climes have to shove their tuHp

and daffodil bulbs into the firidge if they're ever to

get more than one springtime's worth of color

from them. It's also why farmers who plant wheat

and barley in the fall choose varieties that require

this same chilly treatment, known as vernaHzation.

This way they'll be sure their crops will grow veg-

etatively through the winter and yield an abundant

harvest in the spring.

The more scientists know about flowering, the

more they can play with the process in the plant of

their choice—and this makes for great agricultural

potential. Treating lily bulbs with cytokinin hor-

mones can mean early flowers and more of them.

As for vernaHzation, growers wotdd Hke to save

money by chilling bulbs for the shortest time pos-

sible, yet they have to be sure they've successfully

flipped the molecular flowering switch, or their

bulbs will be no good. Diagnostic tests for success-

flil vernalization, based on genes that turn on when

this switch gets flipped, are under development.

Genetic engineering, too, can do remarkable

things to flowering. Not everyone agrees it's desir-

able to fool Mother Nature this way, but there's no

denying the potential significance of the results.

Getting a plant to flower even slightly earlier or later

than normal can extend the geographical range of a

particularly favored variety, and fast flowering also

means faster breeding. Experimenting with Ara-

bidopsis, for example, molecular biologists have cre-

ated early bloomers by inserting extra copies ofvar-

ious flowering genes into the plant. They've even

engineered plants that wiU flower on command, in

response to a gene that turns on when exposed to

the right chemical trigger. Efforts are afoot to do

similar things with economically valuable plants

such as sunflowers, lettuce, and cereals.

One flowering gene, called leafy, has already

been inserted into aspen trees, with spectacular re-

sults. Normally aspens wait ten to twenty years be-

fore they flower, which makes them less than pop-

ular for breeding. In the leafy aspen, flowers spring

forth from inch-high seedhngs after a mere three

months. Tree breeding at last becomes a viable, do-

it-in-your-own-Hfetime proposition.

With all this going on, who knows what the

plants of the future will be like? D
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Myth and Bone
What influence did spectacular fossil finds have on the

legends of the early Greeks and Romans?

REVIEW By Kate A. Robson Brown

Giants, monsters, gods, goddesses, and

heroes populate the Hterature and vi-

sual imagery of the ancient world, and

classical folklorist Adrienne Mayor, in

Tlie First Fossil Hunters, beheves they

represent Greco-Roman interpreta-

tions of the giant bones that have long

abounded in the Mediterranean re-

gion. Huge, strange mammals of the

Miocene and PHocene epochs had mi-

grated through the terrestrial corridor

created there about 15 million years

ago as the vast Sea of Tethys receded,

and rich deposits of their remains were

exposed through the ages as a result of

colliding continental plates and violent

seismic and volcanic activity.

Mayor's book presents and exam-

ines classical interpretations of these

fossils. Among the ancients whose

imaginations were fired by perplexing

bones of great size was Plutarch, who
relates that the remarkable finds from

tj-ie Greek island of Samos were dis-

played as the remains of the war ele-

phants that Dionysus employed in his

mythological battle with the Amazons.

Aristeas, a seventh-century B.C. traveler

to central Asia, spoke of gold-seeking

nomads who fought creatures resem-

bling "lions but with the beak and

wings of an eagle." Apollonius of Tyana

roamed the southern foothills of the

Himalaya in the first century A.D.,

bringing back fantastic tales ofgem-en-

crusted dragons dug out of the earth;

Saint Augustine cited Virgil and Pliny

in his defense of the reahty of gigantic

creatures from the remote past.

It is refreshing, in a book that relies

heavily on literature, to see art and ar-

chaeology also being given a central

role. We learn about an assemblage of

massive bones and teeth on Capri that

may explain why the emperor Augus-

tus estabHshed the world's first paleon-

tological museum there. We also learn

about a sixth-century B.C. vase deco-

rated with a painted monster, quite

clearly depicted as a massive white ani-

mal skull protruding from a rocky out-

crop. Equally intriguing is the case of

the Egyptian sites of Qau and Matmar,

where, between 1300 and 1200 B.C.,

worshipers collected nearly three tons

of black, river-poHshed fossil bones. In

1923 Sir Flinders Petrie found another

cache of fossils at Qua, wrapped in

linen and carefully stored in rock

tombs. From the time Petrie shipped

them back to England until last year,

when archaeologist David Reese

tracked these fossils down, they had

languished in the textile division of

A painting on the ancient Corinthian

"Hesione" vase (ca. 550 B.C.) depicts

Heracles rescuing Hesione from the

monster of Troy. Adrienne Mayor, author

of The First Fossil Hunters, believes that

the painting may be the earliest artistic

record of a fossil find and that the

"monster" may be the fossil skull

of an extinct giraffe.

Lancashire's Bolton Museum—still

wrapped in linen and bearing Petrie's

original labels.

Mayor poses the question whether

the ancients developed a science of pa-

leontology. She challenges the widely

accepted assertion, made by historian

of science Martin J. S. Rudwick in

The Meaning of Fossils: Episodes in the

History of Paleontology (1992), that nat-

ural historians in classical times did not

have the knowledge to interpret fossils

as organic remains of the past. She also

takes issue with historian Colin

Ronan's view that the ancients were

hampered by a "static belief in fixity

of species and the mistaken notion

that they were all created at once."

Crediting French naturalist Georges

Cuvier with a more realistic appraisal

of classical explanations for the exis-

tence of these fossils. Mayor argues

that the early Greeks and Romans
were attuned to the unique paleogeol-

ogy of their lands. Not only did they
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recognize the organic nature ot large

fossil bones, they also tried to visualize

the appearance ami behavior of the

original living creatures. Moreover,

they collected, ineasuretl, compared,

aiul displayed the giant hones -aiul

even attempted to reconstruct whole

skeletons trom the remains.

In a briel tiiial seclioii, the .iiithor

discusses "paleoiitological fictions"

such as tritons, centaurs, and satyrs. She

compares these ancient

attempts to understand

the fossil record with

our own continuing

quest tor knowledge ot

the natural world, and

she touches particularly

on the social role offabricated fossil ev-

idence and on the vague boundary be-

t\veen "science" and "fiction" within

modern popular culture.

Not atVaid to court controversy.

Mayor presents her case with an engag-

ing zeal, describing her sleuthing ef-

forts at length. The best of her exam-

ples are supported by evidence firom a

wide range ofsources—literary, archae-

The First Fossil Hunters:

Paleontology in Greek

and Roman Times, hy Aiki-

I'liiic Miiycr (Princeton University

Press, 2000; $35)

on the l.iles ot Saka-Scythian nuiiiads

trom the gold-rich deserts of the west-

ern (lobi. riie nom.ids' myths of

gold-guarding gritlius, it turns out,

were based on Protoccratops skeletons

exposed by shitting desert sands.

Other e.x.imples presented by

Mayor are less convincing, however.

Myths about giants and oversize human

ancestors need not be linked to the

t'mding of Pleistocene mammoth
bones. Many cultures

around the globe have

colorful giant lore

—

Norse tables and Aus-

tralian creation stories

come to mind—with-

out the benefit of rich

tbssil deposits. Similarly, the tale of

Geryon, a monster-giant renowned for

his herd of massive oxen and killed by

Heracles in his tenth Labor, is ex-

plained with reference to the discovery

in classical times of massive bovine fos-

sils near what is now U^ak, Turkey. But

the bones could also be those of the

huge wild ox Bos priiiiigenitis. Although

extinct today, it survived in central Eu-

ological, and paleontological. In a rope well into the second millennium

chapter about the origins of the griffin A.D. and would certainly have been

in classical thought, she describes a known to some classical writers,

large collection of bronze griffin stat- Nonetheless, Mayor has succeeded

uettes excavated from a sanctuary on in opening a new window on the

Sanies. These muscled and beaked worldview of classical writers. "Just as

creatures, with their "empt)' eye sock- a fossil is 'petrified time,' " she writes,

ets, leathery necks, and bumpy skulls," "so is an ancient artifact or text. The
appeared so prehistoric that at tirst she tasks of paleontologists and classical

leaped at the idea that they were tantas- historians and archaeologists are re-

tic versions of the mammalian tbssils markably similar—to excavate, deci-

known from the island. But this route pher, and bring to life the tantalizing

soon proved to be a bhnd alley. The remnants of a time we will never see."

fossils turn out to be large, giratiehke By the end of the book, you wiU find

grazers very unlike the griffin; unex- yourself filled with enthusiasm for

pectedly, the reader is directed far following Mayor's lead in breaking

afield, to the deserts of central Asia, for down interdisciplinary boundaries

their possible origin. and thus enriching your understand-

Using a combination of writings ing of the human experience,

by nineteenth-century classicists and

information from twentieth-century Kate A. Robsoii Brown is a professor of hi-

paleontological excavations, Mayor ologicai anthropology at the University of

makes a convincing case that ancient Bristol in England and a researcher in the

Greco-Roman writers had picked up development ofhoininid locomotion.

The Sixth

Extinction
Recently 1 was talking to an acquain-

tance who brought up the subject of

the "supposed" mass extinction now
unt(3!ding. I was disturbed when he

brushed off the problem by saying that

in any event, new plants and animals

would evolve to replace the ones we
might eliminate. Thinking about his

response, I realizeii that I, too, had de-

veloped a somewhat fatalistic attitude

toward the loss of species.

On the Internet, I found a site that

has plenty of information on the extent

of the crisis (www.well.com/user

/davidu/extinction.html). David Ulan-

sey, a professor at the Calitornia

Institute of Integral Studies in San

Francisco, has gathered together a

number ot reports, articles, and Web
sites dealing with what many now
call the sixth extinction.

Clicking on "Humans' Closest

Relative in Danger of Extinction," I

discovered that even the bonobo

chimpanzee—the animal most like

ourselves—is in greater peril than I

had imagined. Browsing through this

site is not a pleasant experience, but

avoiding the issues raised by its con-

tents is a worse choice. According to a

Harris poll commissioned by the

American Museum of Natural Histoid

in 1998, that is exactly what most

people are doing. In another selected

article ("Why Are We Not Aston-

ished?"), Ed Ayres, of the Worldwatch

Institute, gives a number of reasons for

our inability' to confront the mounting

losses. The foremost, he says, is the

landshde of information (some pre-

packaged for pubUc relations and some

generated for its entertainment value)

that buries real news.

Robert Anderson is a freelance writer

living in Los Anqeles.
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BOOKSHELF

A Gathering of Wonders: Behind the

Scenes at the American Museum of

Natural History, by Joseph Wallace (St.

Martin's Press /Tlie American Museum of Nat-

ural History, 2000; $23.95)

As the author remembers it, the Mu-
seum was "my oxygen, a doorway to

green worlds that I otherwise could not

have imagined." Wallace presents a

"nearly endless procession of brilliant,

witty, often eccentric, and always inter-

esting scientists and collectors," includ-

ing current curators and their research.

Travels With the Fossil Hunters, edited

by Peter IVIiybrow (Cambridge University

Press, 2000; $39.95)

Firsthand accounts by eleven paleon-

tologists of expeditions as far afield as

the Sahara and Antarctica describe not

only their fossU-fmding triumphs but

the dangers and disasters that go hand

in hand with the bone chase.

Earth Rising: American Environmen-

talism in the 21st Century, by Philip

Shabecoff (Island Press, 2000; $24.95)

Journalist Shabecoff advocates bold

PHOTOGRAPHY

new environmental initiatives to repair

biosphere damage, and he concludes by

quoting Henry David Thoreau: "Ifyou

have built castles in the air, your work

need not be lost; that is where they

should be. Now put the foundations

under them."

The Eighth Continent: Life, Death,

and Discovery in the Lost World of

Madagascar, by Peter Tyson (William Mor-

row/HarperCollins, 2000; $27.50)

Science writer Tyson gives us a feel for

the breadth and complexity of the

world's fourth-largest island and teUs

us just why it is worth saving. Accom-
panying scientists in the field, he

tracks hzards and lemurs, collects arti-

facts and fossils, and seeks clues to the

origins of the Malagasy people.

The Variety of Life: The Meaning of

Biodiversity, by Colin Tudge (Oxford Uni-

versity Press, 2000; $45)

In this illustrated inventory of creatures

from protists to pangolins, zoologist

Tudge provides an enjoyable swing

through the thickets of systematic clas-

"^ '^*W^^-

sification and its application to evolu-

tionary theory, molecular genetics, and

the histoiy of biological thought.

The Apache Diaries: A Father-Son

Journey, by Grenmlk Goodwin and Neil

Goodwin (University of Nebraska Press, 2000;

$29.95)

In this double diary, Neil Goodwin al-

ternates excerpts from his father's

1927—31 journal, kept while GrenviUe

was conducting ethnographic studies

on a reHct band of "wild" Apaches,

with his own intensely personal ac-

count as he retraces his father's journey.

The Spark of Life: Darwin and the

Primeval Soup, by Christopher Wills and

Jeffrey Bada (Perseus Publishing, 2000; $27)

How did life arise on Earth? The au-

thors look at various hotly debated

ideas—from Martian meteors to hy-

drothermal vents—and conclude that

the first genetic material was spawned

on the surface of a sea, perhaps in the

form of a protovirus.

A Fly for the Prosecution: How In-

sect Evidence Helps Solve Crimes, by

M. Lee Gaff (Harvard University Press, 2000;

$22.95)

A forensic entomologist casts his dispas-

sionate, analytic eye on scenes from

which most people would recoil

—

human corpses in various stages of decay.

Wilderness and Razor Wire: A Natu-

ralist's Observations From Prison, by

Ken Lamberton (Mercury House, 2000;

$U.95)

Lamberton observes nature from

within the "wilderness" of an Arizona

prison. This, his first book, has been

described by one reviewer as both

"moving and troubling."

The books in "Natural Selections" can

usually be purchased at the Museum
Shop, (212) 769-5150, or via the Mu-
seum's Web site, www.amnh.org.
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Events
JUNEl
Narrated by Robert Redford, The

Mysteiy of Chaco Canyon presents new

research on these prehistoric ruins in

New Mexico, suggesting that the site

was a ceremonial center laid out ac-

cording to complex astronomical aHgn-

ments. Producer Anna Sofaer intro-

duces the film at 7:00 p.m.

Michael Shara, of the Department

of Astrophysics, moderates a panel of

scientists discussing new information

on stellar coUisions. A computer-gen-

erated demonstration of the evolution

of galactic star clusters accompanies the

7:00 P.M. event. The program is part of

the colloquium "Cosmic Catastrophes:

Stellar Collisions, Mergers, and Their

Consequences" (May 30—June 2). For

more information, visit v\rwv\^.amnh.

org/rose/stellar.

JUNE 3 AND 4

In conjunction with two Mongolia-

related exhibitions at the Museum, the

Department of Education presents fea-

ture and documentary films and videos

celebrating MongoUan culture, begin-

ning at 1:00 P.M. For a complete sched-

ule, caU (212) 769-5305.

JUNE?
At 7:00 RM., documentai"y fdmmaker

Jim Hubbard presents Tlie Turtle Hunter,

a portrait of a Southern woodsman

whose livelihood depends in part on

hunting 100-pound snapping turtles.

Drawing on his new book, The

Muse ofHistory and the Science of Culture,

Robert Carneiro, curator in the De-

partment of Anthropology, discusses

the question whether there is a science

of history. The event starts at 7:00 RM.

JUNES
Biologist and ornithologist Michael

Kreger gives the final talk, "Stand Vig-

ilant: Whooping Cranes Return to

Florida," in a series co-sponsored by

Earthwatch Institute at 7:00 RM.

JUNE 13

Mother-and-son team Pamela Windo

and Simon Russell give a slide-

illustrated talk at 7:00 RM. about their

decade of travel experiences while re-

searching the guidebook Fodor's Escape

to Morocco.

JUNE 14

Madagascar is the subject of a 7:00 P.M.

talk by Peter Tyson, science writer and

online producer for the PBS series

NOl^. Drawing on his new book, Tlie

Eighth Continent: Life, Death, and Dis-

covery in the Lost World ofMadagascar, he

describes the endangered environment

of the world's fourth-largest island.

JUNE 15

At 7:00 RM., geologist Jill S. Schneider-

man, of Vassar College, discusses global

warming, water pollution, and coastal

erosion—issues addressed in a newly

published collection of essays edited by

her and entitled The Earth Around Us:

Maintaining a Livable Planet.

JUNE 16

Author Bara Caseley Swain returns to

the Museum with another perform-

ance, at 7:00 P.M., of "Amazing Graces:

A Sticks and Stones Presentation," an

evening of colorful vignettes celebrat-

ing women today.

JUNE 20

As part of a national series of lectures to

commemorate the centennial of the

American Astronomical Society, An-

neila Sargent gives a talk at 7:30 rm.

entitled "From Dust to Us." This spe-

cial presentation, given on the summer

solstice, is hosted by astrophysicist Neil

de Grasse Tyson, the Frederick P. Rose

Director of the Hayden Planetarium.

JUNE 22

At 7:00 RM., neurologist and writer

OHver Sacks presents the U.S. premiere

of the 1974 documentary Awakenings, a

fikn about the first patients to use the

drug L-DOPA.

DURING JUNE

The Arthur Ross Terrace, a plaza Hnk-

ing the Theodore Roosevelt Park to

the new Frederick Phineas and Sandra

Priest Rose Center for Earth and

Space, opens this month.

Two exhibitions related to Mongo-
lia are on display: "Fighting Dinosaurs:

New Discoveries From Mongolia," in

Gallery 3, and "Mongoha Observed:

Photographs Present and Past," in the

Akeley Gallery.

For information about workshops

for children and adults, as well as field

trips ranging from walking tours of

Times Square and Gramercy Park to

boat cruises exploring the geology of

Manhattan, call Central Reservations at

(212) 769-5200 and ask for a program

brochure.

In addition to Epic Journey: Migra-

tions (a film that follows gray whales,

zebras, Christmas Island red crabs,

and monarch butterflies on their re-

markable journeys), the Museum's

IMAX theater is also presenting Dol-

phins. Featuring a soundtrack by

Sting, the movie follows mammalo-

gist Kathleen Dudzinski and two col-

leagues as they research dolphins in

the wild.

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, caU (212) 769-5100. Visit the

Museum's Web site at wv^rw.amnh.org.

Space Show tickets, retail products, and

Museum memberships are now also

available online.
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runcating a Trespasser
In Bako National Park on the island of Borneo, a little red leaf beetle of the subfamily Chrysomelinae has made the

mistake of alighting on a tree where a colony of weaver ants has fashioned a nest. Any creature, even a small

mammal, that intrudes on the colony's territory becomes a target for these aggressive predators.

To make the nest, individual ants grasp one another's bodies, forming a chain that pulls together the edges of

stiff leaves, which other ants then bind with silk from larvae they are carrying with them. Weaver ants

dominate canopies of tropical lowland forests from sub-Saharan Africa to Asia and Australia.

||g^ When an individual locates a potential meal, such as this beetle, it returns to the nest and notifies

f
the others by releasing a chemical scent. Streaming out of the nest, the ants spread-eagle their

prey and immobilize it. Each worker grabs a leg in its mandibles and pulls. Within minutes, the

beetle will be dismembered and its remains transported back to the nest.

—

Richard Milner

^^^ Photograph by Mark W. Moffett

# L
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^

»:



84 ENDPAPER NATURAL HISTORY 6/00

How the Heart Opens

One essential event or presence can save a child, can

flower in her and claim her for its own. The French

novelist and humanist Albert Camus said, "A man's work is

nothing but this slow trek to rediscover, through the detours

of art, those two or three great and simple images in whose

presence his heart first opened."

I was raised on a junkyard on the outskirts of a town

called Baxley, the county seat of AppHng, in rural south

Georgia. For me, growing up among piles of scrap iron and

glittering land mines ofbroken glass that scattered ivory scars

across my body, among hordes of rubber tires that streaked

my legs black, among pokeweed and locust, I attribute the

opening ofmy heart to one clump of pitcher plants that still

survives on the backside of my father's junkyard. I know it

now to be the hooded

species, Sanacenia minor,

that sends the red bonnets

of its traps knee-high out

of soggy ground. In

spring it blooms loose,

yellow, exotic tongues.

In fifth grade my 4-H

project was carnivorous

plants. The only infor-

mation I could find was a

short entry in the out-

dated set of Encyclopedia

Americana we owned. On
a poster I sketched the in-

nards of a pitcher plant,

showing how its upright,

trumpet-shaped leaves are

lined with downward-

pointing hairs, how it lures insects through its hps with a

sweet-smeUing nectar. The insects can descend but never

cUmb out again. I sliced open one of the Sarracenia stems to

show the judges at the regional competition injesup that it

was fiill of a ripe stew of insect parts—ant bodies, fly legs,

beetle wings—but they weren't impressed.

The pitcher plant taught me to love rain, welcoming

days of drizzle and sudden thundering downpours, drops

traihng down its hoods and leaves, soaking the ground. In

my fascination with the pitcher plant, I learned to detest ar-

tificial bouquets of plastic and silk. Its carnivory taught me
the sinlessness of predation and its columns of dead insects

the glory of purpose no matter how small. In that plant I

was looking for a manera de ser, a way of being—no, not for a

way of being but of being able to be. I was looking for a

patch ofground that supported the survival of rare, precious,

tnd endangered biota within my own heart.

My brothers and sister and I worked hard, cleaning bricks

and liauling junk, tearing down old buildings and pulling

By Janisse Ray

nails and stacking lumber, handing Daddy tools and feeding

the sheep and cutting grass, nailing shingles and ferrying

Sheetrock and measuring and sawing boards, and Daddy had

neither the time nor the incHnation to take us hiking or

camping or fishing. Not a hard-hearted man, he could have

paved the county with his empathy toward the downtrodden

and his compassion for hurt animals, although he wouldn't

waste his breath offering congratulations to anyone enjoying

health, happiness, and success. Nature wasn't ill regarded, it

was superfluous. Nature got in the way.

One morning, out scrambling to get a tractor running, he

stepped on a toad. The loam of the junkyard was rich and fer-

tile, streaming with healthy earthworms, mole crickets, and

warty toads camouflaged against the ground. They could be

found in cool, moist

places—under boards and

cement blocks—where

they burrowed to keep

from desiccating. When
you picked a toad up, it

peed instandy.

This one squished

under his work boot, belly

exploding. I know he hated

that, for when there was

work to do, Daddy didn't

stop for much, except

maybe pause to pass a jug

of ice water around or

break for dinner.

He stepped to the door

of the house and began to

yell. "I need a knitting nee-

get me a sewing needle and thread."

He was short-tempered as a hornet when he was ratded.

On the gray-painted porch floor my father sewed up the

fat toad. I watched the operation fi-om behind the Hving-

room curtains because of my father's thunderous mood and

because if I were any closer I'd vomit. Daddy stood in my
little flower bed, where I planted whatever flowers I could

afford with my twenty-five-cents-a-week, Saturday-go-to-

town allowance, knee-deep in dayliUes, poking the toad's

guts back inside the crepe of its stomach Uke you'd do the

popped seam of an upholstered chair.

Before the next day dawned, the toad was dead, stiff

and dry. The tractor ran, thumping in time with my
father's heart.

Janisse Ray is a writer, naturalist, environmental activist, and radio

commentator Ecology of a Cracker Childhood ('5 herfirst book.

From Ecology ofa Cracker ChilSiood, by Janisse Ray (Milkweed Editions, 1999). Reprinted with

permission from IVIilkweed Editions, (800) 520-6455, www. worldashome.org.

die," he hollered. "Lee Ada,
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THE
GREATEST RISK

, IS NOT
J TAKING ONE.

They do not write the stories of those who played it safe. Yet that is
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fiery determination, armed with the confidence of knowing you have

chosen a business partner wisely. You see, few have the resources we do.

The imagination. The sheer ability and flexibility to custom-tailor

solutions, no matter what the risk, no matter where the risk. Even if it's

some crazy idea. Like walking on the moon, for instance.

Insurance and services provided by members of American International Group. Inc. Write to us at American International

Group. Inc., 70 Pine Street, Dept, A, New York, NY 10270.
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A Dissenting Opinion
As recently as the first quarter of the twentieth century, evidence for an

ancient human presence in the New World was scant. Then came the

unearthing in Folsom, New Mexico, of distinctive spear points in

association with the bones of extinct bison and deer. Analyses of this fmd

in 1 926 defmitively pushed the date of human arrival in the Americas

back into the Pleistocene, or Ice Age. The following year, J. D. Figgins,

director of the Colorado Museum of Natural History, told the story of

the Folsom site in these pages ("The Antiquity ofMan in America,"

May-June 1927).

Discoveries of so-called Clovis spear points followed apace at

widespread sites. These additional finds were given somewhat earlier

dates than Folsom's. A consensus began to form: Humans, crossing the

Bering Strait from Asia, came to this hemisphere about 11,500 years ago.

This view held firm for several decades, but it did not lack challengers.

From midcentury on, a minority of archaeologists beheved there was

strong evidence for a much earlier human presence in both North and

South America.

Now the consensus seems to have shifted. Discoveries at the Chilean

site ofMonte Verde (excavated between 1977 and 1985 by Tom DiUehay,

of the University of Kentucky) have convinced an interdisciplinary team

of scholars who visited there that humans had penetrated deep into South

America by 12,500 years ago. (DiUehay wrote about Monte Verde in

Natural History in April 1987, as part of our series "The First Americans.")

In this issue's book review, archaeologist Anna Roosevelt registers a

dissent ("Who's on First?" page 76). Based on her assessment of a wide

range ofNew World sites, she questions the new, earlier dates for a

human presence in South America and disagrees as well with the older,

established hypothesis that big-game hunters using Clovis points were the

first arrivals in North America. Roosevelt argues that if consistently

stringent standards were appUed to all the relevant sites, a new and more
complex view of ancient American history would emerge.

Seventy-five years after Folsom, the debate goes on.

—
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or tne world we innanit. Eacn visit broadens our understanding or nature and tne en-

vironment. Yet, beyond tbe walls or a muserun lies tbe natural world.

And tnat is wnere we come in. My company, Lindblad Expeditions, bas been in

tne expedition business ror over two decades, taking adventurous travelers to our

planet's rew remaining natural wonders. Or course, I nad a great teacner, my ratner,

wbo pioneered expedition travel in 1958.

Tbere is an explorer liorking in all or us and we can nelp nilrill tbat pari or you.

It is one tning to see a pnoto or a magniricent wbale. It's quite anotner to be close

enougb to teel its breatb. A polar bear and ner cub lumbering along an Arctic ice floe

is a privilege rew get to witness. And xinderwater pnotograpbs cannot compare to

DiscoverWL
Tne Great
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Tneir Inspiration.

swimming alonside a playful sealion. Our expeditions are worldwide ranging rrom
Antarctica to Galapagos. From Alaska to Baja.

Ir you join us, I promise you tbis. Along witb

vast experience, you'll get tbe rinest, most dedicated

starr or naturalists and bistoiians. As well as an

etnos tbat combines adventure witb knowledge and

a proround respect tor our guests and tne world we

sbare in our travels. And, rinally, adventure can be synonymous witb comrort and

great rood wnicb you II rind aboard any ot our live expedition snips.

Please enter our contest to win a rree expedition to Baja. Tnen
visit our Web site. For a Iree brocnure, see your travel agent or call:

1-800-EXPEDITION. (1-800-397-3348)

Daily Reports Direct From Aboard Ship. On OurWeb Site.

...as tbe sun rose in Baja, we round ouselve= in tbe
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Waiting to Inhale

My first reaction when

reading "Calling a Bluff" by

Carl Zininier (3/00) was

astonishment at the "French

horn" tracheas of trumpeter

swans. My second was

wonderment at how these

birds can get enough

oxygen down into their

lungs. Whenever we

humans exhale, a certain

quantity of air remains in

the lungs, the bronchial tree,

and the trachea—since those

structures cannot completely

coUapse, as a balloon can.

Trumpeter and trachea

This carbon-dioxide-laden,

oxygen-depleted air mixes

with the next batch of

incoming fresh air, slightly

reducing its total oxygen

concentration. I would

think that with an elongated

trachea, the volume of used,

low-quality air would

increase and that this might

diminish flight capacity.

Does it?

Jan Blakkan

via e-mail

W. Tecumseh Fitch

REPLIES: Tracheal elongation

would indeed pose big

problems for most air-

breathing animals. However,

bird respiration works

somewhat diflierently from

that of mammals or reptiles.

The system of air sacs in

the avian respiratory tract

allows one-way flow

through an essentially rigid

lung that is much more

efiicient than the balloonlike

mechanism seen in all other

air-breathing vertebrates.

The air sacs leading into and

out of the lungs hold a large

volume of fresh air, so in

general, the respiratory costs

of tracheal elongation are

probably not high. In fact,

most birds with long

tracheas are good fliers, and

some (most notably, cranes

and swans) perform amazing

long-distance inigrations.

Nonetheless, birds with

a reaUy extreme elongation,

such as the trumpet

manucode, may have so

much tracheal dead space

that it does cause a

problem, and in fact, these

birds do not migrate and

are reported to be

somewhat sluggish.

Crossing the Spedes

Barrier

John Terborgh's "In the

Company of Humans"

(5/00) explains why
different species sometimes

herd together, and so

explained an instance of

animal behavior that

puzzled and amused my
husband and me. Driving

around the Catskill

Mountains, admiring scenic

views from empty roads,

we often saw deer respond

to our unexpected

appearance by leaping into

a field of grazing dairy

cows and trying, it seemed,

to hide from us among
them. They never

persuaded us that they were

cows; we thought they

were clowns.

Now I understand.

Naomi Bliven

New York, New York

As I walked along a country

road near the small village

where I Hve, a jackrabbit

bounded into the road from

behind some bushes and

came on fuU tilt. Spying me,

it hesitated a split second,

then kept coming, passing

within arm's reach.

Suddenly a red fox

appeared, following the

jack's trail, but as soon as it

saw me, it wheeled about

and disappeared.

Normally the jack

would have jumped aside

and cut across the fields to

avoid me. It must have

known that the fox

wouldn't dare follow it past

me—and so saved itself.

Who says animals can't

reason?

Peter S. Brody

Casselton, North Dakota

Exceptions to the Rule

Peter A. Thomas makes the

general point that to live

long, a tree must remain

small ("A Tree's Old Age,"

5/00). Several tree species

are striking exceptions,

perhaps the most notable

being the world's most

massive tree, the giant

sequoia. Even though the

total leaf mass of mature

sequoias appears to change

Httle over time, most show

robust ring growth, even at

diameters exceeding 25 feet

and even through their third

millennium of life. In a

single year, a large old

sequoia can add a volume

ofwood equivalent to

that held in a tree 1—2 feet

in diameter and 100—200

feet tall.

Nathan L. Stephenson

Tliree Rivers, California

Peter A. Thomas

comments that a tree's bank

account "dwindles" with

age and that there comes a

point where its rings

"cannot get any narrower."

Yet as dendrochronologists

(those who analyze tree

rings for the purposes of

archaeological dating or

climate research) have long

appreciated, trees in

semiarid regions sometimes

skip wood production

altogether, often for several

years during a particularly

dry period. When the

going gets tough, new
rings become an

unaffordable luxury, and

trees allocate scarce

carbohydrates instead to

the growth of other critical

tissues, such as fine roots.

PeterJ. Marchand

Florence, Arizona

Natural Historyi e-mail

address is nhmag@amnh.org.
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Steve Grenard ("Is Rattlesnake Venom Evolving?") is an authority on the medical management of

venomous snakebites. He published his first herpetological article (on a marsupial frog in his own

collection) at age fourteen. Grenard s Medical Herpetology (Reptile and Amphibian Magazine, 1994) was

the first comprehensive survey of amphibians' and reptiles' importance to medicine and is also a

compendium of information on treating envenomation by snakes and Hzards. Currently cUnical

coordinator of the Sleep Apnea Center at Staten Island University Hospital, he has directed critical care

for respiratory emergencies at both Mount Sinai and Lenox HiU hospitals in New York City.

Geologist and paleontologist Lowell Dingus ("Death in the Dunes") has served since 1991 as chief

geologist on the ongoing American Museum of Natural History/MongoHan Academy of Sciences

joint expedition to the Gobi. President of the InfoQuest Foundation, an organization that promotes

scientific research projects, Dingus, left, was director of the Museum's fossil hall

renovation, which was completed in 1996. He has cowritten two books for

children and is coauthor, with Timothy Rowe, of Mistaken Extinction (W. H.

Freeman, 1997). David Loope, recruited by Dingus for the Gobi crew in 1996,

is a specialist in windblown sediment. He became interested in that particular

aspect of geology after seeing the sandstone formations of Utah, and he has also studied modern

phenomena such as the Sand Hills of Nebraska. Loope holds the Schultz Chair of Stratigraphy and is

a professor of geology at the University of Nebraska, Lincoln.

Adrian Bailey ("A Matter of Survival") is based in Johannesburg, South Africa, where, he says,

he "tries to spend as Uttle time as possible." A fuU-time photographer, Bailey has been traveHng

in Botswana for four years with his journahst wife, Robyn Keene-Young, photographing the

land, the people, and the wildlife. Okamngo: Africa's Wetland Wilderness (New HoUand/Struik,

1998) is Bailey's first book of photographs; his second, Wild Botswana (Sunbird PubUshing) is

forthcoming in fall 2000. Three times in the past four years, Bailey won the British Gas

Wildlife Photographer of the Year competition.

Roderick Whitfield ("Fascination of Nature"), who holds the Percival David Chair of Chinese

and East Asian Art at the University of London, attributes his early captivation with China to his

parents. "My mother was a bookbinder and weaver," he explains, "and my father a distinguished

scholar of Italian Hterature. Both were fascinated by Chinese art." Home-schooled until age

eleven, Whitfield (pictured here with his father) holds degrees from London, Cambridge, and

Princeton universities and is fluent in French, Itahan, and Mandarin. His book Fascination of

Nature: Plants and Insects in Chinese Painting and Ceramics of the Yuan Dynasty (1279-1368) was

published in Seoul, South Korea, in 1993 by Yekyong PubUcations.

In 1997 Guy C. Brown ("Symbionts and Assassins") entered a competition sponsored by the

Wellcome Trust to induce working scientists to write for the pubhc. "AH you had to do," reports

Brown, "was write a sample chapter and outline for a book." To his great surprise he won, but

had to finish the book to claim the ;4^25,000 prize. The result was The Energy of Life (Free Press,

2000). A Royal Society Research Fellow in the biochemistry department at the University of

Cambridge, Brown says that a desire to understand Uving things at a more and more detailed level

ultimately led him to mitochondria, the subject of his research for the past eighteen years.

Papua New Guinea's Kimbe Bay, says photographer Fred Bavendam ("The Natural Moment"),

gives scuba divers a "wide view," a reefscape "rich in large filter feeders." Among these creatures is

the big gorgonian that serves as the vibrant red backdrop and scaffold for the golden feather star in

this month's photograph. Bavendam majored in art and zoology at the University ofNew
Hampshire. In 1985, after working as a commercial photographer and learning to dive, he

decided to devote aU his efforts to underwater photography. He has documented an array of sea

creatures and their behavior in photographs that have appeared in periodicals worldwide.
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With breakers surging past

and the sand washing out

from under my feet, I

stared intently into the water. Through

the choppy reflections of a golden

Pacific sunset, I soon spotted a small

wedge clam. And it was not alone: it

had a hydroid hitchhiking on its back.

The wave-washed edge of a sandy

shore, devoid of permanent physical

structure and subject to constant

change, is a difficult habitat for any

living thing. Yet this so-called swash

zone—defined by the run-up and

backwash of the frothy surf—is home

to a number of organisms. One

requirement for residency is the ability

to adjust to daily tides as well as to

lunar and seasonal cycles that

continually shift sand and water levels.

And if the potential swash-zone

resident is a filter-feeding organism

that needs to stay anchored on the

sandy bottom, it must have the agility

to quickly regain a favorable position if

dislodged by wave action or

temporarily buried by sand.

The Ust of common swash-zone

animals includes a number of

diminutive burrowina: crustaceans

(shrimphke organisms such as

ostracods) and anneUds (worms) that

live below the sand surface. But one

of the most familiar inhabitants that

stays up near the action is a small clam

known on Atlantic and Gulf of

Mexico beaches as the coquina and on

the Pacific coast as the bean, or

wedge, clam. (It is also called the sea

butterfly for the resemblance of its

empty shell, when agape, to butterfly

wings.) Though these clams (all in the

genus Donax) are subject to

population swings at specific locations,

one or more species can be found



almost anyplace that lias warni water

and a sandy beach, hoin the Aiiieruas

to Africa, Asia, and Australia.

The success of this cosmopolitan

mollusk has much to do with its

prowess as a swasli riiler. Using its toot

and siphons nuicli like a sail, a Doiuix

clam surfs landward and seaward with

rioumu; aiul ebbing tides, then digs in

quickly between waves to maintain

itself in the wet sand just above the

tide line. It has been demonstrated ui

the laboratory that Donax respond

actively to loud wave sounds and that

this sensitivirs- is cued to an internal

biological clock. This may be how the

clam knows when it is time to push

out of the sand and ride the surf up

and down the beach, remaining

within the swash zone regardless of

the tide cycle. For animals that spend

most of their time sitting in the sand

feeding, wedge clams can move

surprisingly quickly. Some
investigators have reported seeing

Doort.Y jump out of the sand with a

single thrust of the foot, and I have

seen many small individuals bur^-

themselves from a standing start in less

than four seconds.

Despite such impressive abilities,

the clam I was currendy watching had

been upstaged by an even more

unlikely actor—the small hydroid on

its back. Organisms that look more

like plants than animals, hydroids are

mbehke fJter feeders classified in the

same phylum as jellyfish and sea

anemones. They are firee swimming

only in their brief larval stage. Early in

their adult lives, hydroids anchor

themselves in one place and grow

thereafter by clonal duplication,

torming branching chains of polyps

that soon resemble small bushes.

Remarkably, a few species ot hydroids

have found their way into the rich,

turbulent waters of the swash zone by

attaching themselves to the posteriors

ot swash-riding clams.

I mused over this adaptation while

mv clam, with hvdroid attached, dug

Opposite page: A bean clam, with a

feathery hydroid attached to its shell,

moves with the backwash of a wave.

Top: Donax shells on a Florida beach.

Above: Bean clams extend their siphons

to feed and to "sail" in the surf.

into the sand until only the hydroid

remained visible. Though I could no

longer see the clam, I knew it had

pushed its siphon to the surface for

feeding, and it occurred to me that

the hydroid, by creating an eddy m
the swash, might actually help the

clam obtain food. But the advantage

seemed mostlv the hvdroid's. As I

watched a well-scoured cobble and

pieces of larger shell tumbling in the

constant wave action, I could see that

a hydroid attached to either of these

inanimate objects would soon be

ground into organic matter for other

filter feeders. I knew, too, that

sometime in the night, long before

this spot was left high and dry by the

outgoing tide, the hydroid's "anchor"

would have pulled itself up and

moved, with its hitchhiker, back down
the beach to continue the incessant

task of filtering seawater. Getting

hooked up with an animal like Donax

seemed a very clever trick of

hydrozoan evolution.

The next day I returned to the

same beach at low tide and walked out

to the edge of the swash zone. The
sand was firm and gHstening, almost

metallic. Spent waves lapped at my
feet. The beach appeared devoid of

lite, as it everything had returned to

the sea during the night. Then a large

breaker shattered the illusion. As the

roiling backwash streamed past, it

scoured around me, and when the

froth cleared, there beneath my feet

were multitudes of clams, all small and

without hydroids. I dropped to my
knees and scooped trantically before

the next wave rushed in. Two
hundred fifty-three clams in a single

square foot of sand—and sLx feet

farther up the beach from the tide

Une, not one.

To me, these would never again be

just coquinas or bean or wedge clams.

I not only marveled at their

remarkable mobihty and acute

sensitivity to an ever changing

environment but saw in them an

endless procession of potential rides for

the next generation of hitchhiking,

swash-riding hydroids.

Peter
J.

Mnrclmud is the author ci/"Life in

the Cold (Uiiit'ersity Press of New
England, 1996), now in its third edition,

and What Good Is a Cactus? (Roberts

Rinehart, 1994), a chihiren's hook.
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In the history

of stellar

photography,

Vega stands out.

Star
By Richard Panek

For sky watchers, the appearance

of Vega directly overhead is a sure

sign of summer. But this year it

also marks the 1 50th anniversary of a

different kind of high point. On July

17, 1850, astronomer Wilham Cranch

Bond, working with photographer

John Adams Whipple, focused the

Ught from Vega onto a highly poHshed,

iodine-fumed silver plate to produce a

daguerreotype that was the first-ever

photograph of a star.

Photography's infancy was fuU ot

astronomical breakthroughs: first

daguerreotype of the Moon, 1840;

first of a solar ecUpse, 1842; first of the

Sun, 1845. In a way, the feat Bond and

Whipple performed on a clear summer
night in 1850 was simply one more

first. But unlike the earlier

astronomical photographers. Bond
and Wlaipple weren't relying on

photographic equipment alone: they

were also using the Harvard College

Observatory's new telescope.

The appearance in March 1843 of a

comet described by one contemporary

as being "of surpassing size and

splendor" had fostered in Cambridge a

widespread curiosity about astronomy,

but Harvard's then-modest observing

facilities couldn't begin to satisfy it. A
public subscription campaign soon

raised $25,000 toward the construction

of a 15-inch telescope—the largest in

the United States, a rank it would hold

for nearly twenty years and the reason

it was known as the Great Refractor.

In 1848, only a year after the

telescope went into operation. Bond
(the observatory's director) and his son

George Phillips Bond (himself a future

director) discovered Hyperion, the

eighth satellite of Saturn. But it was

their ongoing interest in the

application ofphotography to

Vega amid thousands of stars

astronomy that perhaps most

distinguished this telescope's early

contributions. Their daguerreotypes of

the Moon won a medal at the Great

Exhibition of 1851 at London's Crystal

Palace. A few years later, after the

addition of a new clock drive to the

telescope, the younger Bond embarked

on an ambitious program of

photography-based stellar astrometry

(the measurement of the positions,

parallaxes, and proper motions of

celestial bodies) and photometry (the

measurement of Hght).

Taken together, all these firsts

added up to a revolution in astronomy.

UnUke individual observers' drawings

and descriptions, which had always

sufficed as astronomical data,

photography promised a form of

evidence that would be both objective

and permanent. Astronomers reaHzed

that photographic stock absorbs more

hght than the human retina, especially

over long exposures. In 1895 a New
York Times article declared: "The

naked eye never sees more than 6,000

stars in the whole of the 'azure vault of

heaven'; the large telescopes increase

this number to 50,000,000, while the

combined photographic and telescopic

eye catches at a single 'look' the

images of 160,000,000 twinkhng sUver

points of hght."

The 1850 daguerreotype of Vega,

alas, no longer exists. But Vega the star

is stUl here, as is the principle behind

what Bond and Whipple set out to do

1 50 years ago. Today a sky watcher can

go outside and compare what's there

with what someone else saw on

another night in another city in

another century. For the next two

months, blazingly blue-white Vega is

the first star to appear overhead and

sHghtly to the east; it's then joined by

Deneb and Altair, the other two

vertices in the Summer Triangle. On
July 17, Vega reaches its zenith at
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about midnight but rises earlier each

succeeding evening until, by the end

of August, the star is directly overhead

by 10:00 P.M.

The Harvard telescope is still there

on Observatory Hill in Canrbridge,

although it doesn't get much use

these days, except by the very

occasional student. But on the third

Thursday of each month, the

university hosts "Observatory

Night"—an evening that begins with

a public lecture and continues with a

tour of the facility. Visitors can

examine a collection ot old scientific

instruments as well as a plaque

commemorating the original donors

to the construction of the Great

Refractor. The list includes the

Revere Copper Company, an

appropriate name to fmd in the

birthplace of a revolution.

Richard Panek is the author ofSeeing and

Believing: How the Telescope Opened

Our Eyes and Minds to the Heavens

(Penguin, 1999).

THE SKY IN JULY AND AUGUST By Joe Rao

Mercury is at inferior conjunction on

July 6, when it passes between Earth

and the Sun. It should become visible

again during the last week ofJuly and

the first week ofAugust, rising

between 4:30 and 5:00 a.m. local

daylight time (LDT) low in the east-

northeast. It reaches its greatest

elongation west of the Sun on July 27.

After August 9, Mercury is

overwhelmed by the bright morning

twilight and disappears as it moves

toward superior conjunction with the

Sun on August 22.

Venus is buried deep in bright evening

twihght through most ofJuly but

finally begins to emerge during the

final weeks of the month. Look for it

as a briUiant silvery "star" shining with

a steady light and hovering very low

over the west-northwest horizon

immediately after sundown. Viewing

Venus becomes easier during August as

the planet slowly puUs away from the

Sun, setting forty-five minutes to an

hour after sundown.

Mars is not visible during July or the

first half of August. It then appears

very low in the eastern sky at about an

hour and a half before sunrise. By the

end of August, it rises in complete

darkness, before 5:00 A.M. LDT.

Jupiter and Saturn are a prominent

pair in the predawn summer sky.

At the start ofJuly, they rise in the

east-northeast at about 3:00 A.M. LDT.
By the beginning of August, Saturn

rises about half an hour ahead of

Jupiter, at about 1:00 A.M. LDT. At the

end of the month, both planets rise

before midnight.

Earth is at aphelion, reaching its

farthest point fi-om the Sun on July 3

at 8:00 P.M. The maximum distance

this year is 94,511,887 miles—about

3.3 percent farther than at its closest

point (periheUon, this past January 3).

The Moon is new on July 1 at 3:20 RM.

and on July 30 at 10:25 RM. Both new

Moons nearly coincide with perigee

(the Moon's closest point to Earth), so

extremely high tides are expected.

First quarter is on July 8 at 8:53 A.M.,

full Moon comes on the 16th at 9:55

A.M., and last quarter is on the 24th at

7:02 A.M. In August, first quarter is on

the 6th at 9:02 rm., full Moon on the

15th at 1:13 A.M., last quarter on the

22nd at 2:51 p.m., and new Moon on

the29that 6:19 A.M.

A new comet has been found,

according to the Central Bureau for

Astronoinical Telegrams, which

disseminates information on recent

observations and discoveries. The

comet, C/1999 S4 (aka LINEAR), is

heading for a mid-July encounter with

our part of the solar system and is due

to pass within 67 million nules of the

Sun on July 18. Through the

remainder ofJuly, LINEAR appears

low in the west-northwest sky at dusk.

Early projections suggest that it might

become as bright as magnitude 0.3,

but this is uncertain. Will LINEAR
develop into a good naked-eye object

or turn out to be a dud? We'U just

have to wait and see.

A partial eclipse of the Sun is visible

on July 1 over Patagonia and

Antarctica. A total ecHpse of the Moon
occurs on July 16, and its early stages

are visible from some areas of North

America—specifically, west of a line

running diagonally from westernmost

Montana down to westernmost Texas.

The ecHpse begins at 4:57 A.M. Pacific

Daylight Time (PDT), and totality

begins at 6:02 A.M. PDT. Hawaii is the

best spot for viewing the entire ecHpse.

Totality lasts 107 minutes, making this

the longest total lunar eclipse until the

year 2123. On July 30 there is a second

partial ecHpse of the Sun. It begins in

Alaska (at 20 to 40 percent) during the

early afternoon, while coverage of30

percent or less is visible at sunset over

portions of northeastern Montana and

northern CaHfornia. Remember that

viewing any solar ecUpse requires safe

observation techniques.

The Perseid meteor shower is

obscured by the Hght of a nearly fiiU

Moon, which conceals all but the

brightest streaks. The best viewing

opportunity wiU come on the

morning ofAugust 12, during a

narrow window from moonset until

the start of morning twilight.

Unless otheru'ise noted, all times are given

in Eastern Daylight Time.
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Excursion to the

Arctic Circle
The Yukon Territory's Dempster Highway takes

motorists through mountains and tundra.

By Robert H. Mohlenbrock

During the late nineteenth century,

the great Klondike gold rush created a

well-beaten path to Dawson City, but

the northern reaches of Canada's

Yukon Territory long remained

relatively inaccessible. The

construction of the Dempster

Highway, which was completed in

1979, established a road link from near

Dawson City (now simply called

Dawson) all the way to Inuvik, in the

Northwest Territories. This gravel

(and sometimes dirt) road is one ofjust

two public highways in North

America that cross the Arctic Circle; a

third is under construction. Intent on

exploring the environment along this

route, my wife and I set out on the

highway very early one August

morning, with plans to drive north

and reach the outpost of Eagle Plains,

255 miles away, by nightfall. Because

no services or facilities are available in

between (except for a couple of

government-operated campgrounds)

,

we made sure our vehicle

—

appropriately, a CMC Yukon—had a

fuU tank of gas.

Early morning is a great time to

observe wildlife, and very soon we saw

moose, bald eagles, red foxes, and

ptarmigan. For some distance, the

highway passed through boreal forest,

where white spruce and balsam poplar

are the dominant species. Before long,

the Ogilvie Mountains came into view

in the distance, and eventually we
neared the craggy peaks of Tombstone

Mountain. Approaching the visitors

center for the Tombstone

campground, located at kilometer

71.5, we saw a grizzly bear feeding

halfway up the mountainside.

Unfortunately, it was scared away

when a highway-department truck

came rumbling along the road.

As we continued our drive

northward, the forests soon began to

thin and patches of tundra appeared.

At North Fork Pass (4,265 feet above

sea level), we crossed the Continental

Divide. The highway then passed

through two river valleys before again

crossing the divide, which zigzags

through the territory. Our journey

continued on a relatively flat, high

plain. Along the way, we stopped

several times to make short forays on

foot to get a closer look at the tundra.

Our boots were absolutely essential for

traversing the flooded ground.

Dominated by low-growing

vegetation, tundra is a habitat that

extends from the polar ice cap south to

the boreal forest. The ground is

underlain by permafrost, a layer of soil

that remains frozen throughout the

year and that may extend deep into the

earth (in Siberia, it has been reported

at a depth of 4,757 feet). Generally,

permafrost develops in glacier-free

polar regions because glaciers are

excellent insulators and keep the

ground beneath them from freezing.

The northern Yukon (not covered by

ice during the last continental

glaciation) is primarily tundra, while

the southern Yukon (once covered by

glaciers) is now mainly boreal forest.

Tundra soil is usually acidic and

poorly aerated, and although high in

organic matter, it offers limited

nutrients for the growth of vegetation.

Roots cannot penetrate the

permafrost, so tundra plants have

shallow root systems. And because

water cannot penetrate it either, there

is Httle drainage after rain or snowmelt.

As a result, numerous shallow pools

develop during the summer,

transforming the tundra into an

extensive wetland. When vegetation is

removed from the tundra—for

example, as a result of construction
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For visitor information, contact:

Tourism Yukon

P. O. Box 2703

Whitehorse, Yukon YIA 2C6

Canada

(867) 667-5340

vvww. tou rvukon .com
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activity—the Sun's rays begin to thaw

the permafrost, the soil erodes, and the

ground slumps.

Because of the harsh environment,

most plants that sui-vive in the tundra

are dwarfed, and many have stems that

creep along the ground. Some

wildflowers, known as cushion plants,

form a tight, rounded cluster of closely

arranged stems and leaves. The

cushion shape reduces the plants'

surface area and thus lessens their

exposure to the elements. Most tundra

plants are perennials, and the greater

part of their tissue is underground,

where nutrients are stored.

A showy grass known as foxtail

barley was common along the

highway, while here and there we saw

bogs dominated by black spruce and

larch. These bogs, called muskegs, are

often dotted with pools of water and

are extremely spongy underfoot

because of the underlying layers of

peat, which consists of decayed

sphagnum moss. We also stopped at a

dry ridge top where rocks had been

heaved to the surface by cycles of

freezing and thawing that sorted them

into a honeycomb pattern.

It was nearing 8:00 P.M. when we
arrived at Eagle Plains, an outpost

settled just before the completion of

the Dempster Highway. This oasis in

the tundra consists of a hotel, a

restaurant, a gift shop, and a service

station. The hotel is built on an

outcrop ofbedrock—the only place in

the area where the ground is not

permafrost. After refueUng our vehicle,

checking into the hotel, and getting a

quick meal, we headed north again for

another twenty-two miles so that we
could say we'd reached the Arctic

Circle. Here, at 66°33' north latitude,

the Sun remains visible for a

continuous twenty-four hours on the

summer solstice. Although we fmally

got to bed in the Eagle Plains Hotel at

about midnight, it was 2:30 A.M.

before the Sun went down, only to

rise again a couple of hours later. By

7:00 A.M., we were on our way back

to Dawson via the same exciting route.

Robert H. Mohlenbrock, professor emeritus

ofplant biology at Southern Illinois

University, Carbondale, explores the

biological and geological highlights of U. S.

nationalforests and other parklands.

Tombstone Mountain offers such

wildflowers as fireweed, bluebells,

grass-of-parnassus, Jacob 's-ladder,

Labrador lousewort, a bright yellow

daisylike groundsel, monkshood,

larkspur, arctic shooting star, three

kinds of purple gentians, and the

poisonous death camas of the Hly

family. A small butterwort found here

is considered insectivorous because it is

able to trap tiny organisms and use

them as nutrients. Among the shrubs

are bearberry, black crowberry, dwarf

birch, Labrador tea, blackberry, and

lowbush cranberry. The principal trees

are white spruce, balsam poplar, and

quaking aspen.

Ti-ndra plants are usually dwarfed,

although here and there a black spruce

may grow three or four feet high.

Common shrubby species are baked-

apple (a type of blackberry with tasty

yellowish fruits), bearberry, Labrador

tea, lowbush cranberry, black

crowberry, and dwarf birch.

Wildflowers include sweet coltsfoot,

lousewort, and cotton grasses.

Sphagnum moss and flat, leafy-looking

Hchens abound.

Black spruce muskeg is also home to

larch (tamarack) and at least one fairly

tall species of willow. The shrub layer

hosts dwarf spiraea, dwarf birch,

Labrador tea, baked-apple, lowbush

cranberry, black crowberry, gray alder,

and bufiialo berry. Other plants are

lady's sHpper, cotton grass, and a

horsetail.

Rocky ridge vegetation includes

reindeer moss and other lichens, along

with black crowberry, bearberry, dwarf

birch, Labrador tea, northern rose,

scattered spruce trees, and lousewort.

Baked-apple and sphagnum moss are

conspicuously absent in this relatively

dry habitat.
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San Marco and the

Pangenetic Paradigm
Either the world was built up step by step or it unfolded according to a

predetermined design—or both. By StephenJay Gould

I

do realize that the biggest of all

bosses labored with maxiinal sweat

and diligence during those first six

days. So "perhaps it would be wise

not to carp or criticise," as the Sergeant

of PoHce once remarked in a different

context (in Gilbert and SuUivan's Pi-

rates of Penzance). Still, I must confess

that I've always been puzzled by the

relative paltriness of accomplishment

on the second day, for the import of

this episode seems almost derisory

compared with the scope of all the

others: hght created on the first day, in

the grandest of all opening acts (and

especially necessary for noticing any

subsequent event); earthly land, wa-

ters, and even plants in a foretaste of

life on the third day; Sun and Moon,

with stars as a mere afterthought, to

populate the heavens on the fourth

day; animal denizens of the sea and air

on the fifth day; and inhabitants of the

land, culminating in our exalted selves,

on the sLxth day.

But on this second day of relative

nodding, God limited his efforts to in-

stalling a plane of division (called the

firmament in the Kingjames Bible and

the sky in many modern translations,

but closer to a thin metal plate in the

original Hebrew), simply to distin-

guish the water above the plane from

the water below. Big deal. Compared

with all the makings and shakings of

the other days, this second effort cre-

ated nothing new but only constructed

an artificial division within an existing

homogeneity. Did God need a

breather right after his initial effort in

the creation business? Did he have to

pause after the first step in order to re-

coup his courage for pushing through

to the end?

The light dawned on my pugna-

cious ignorance (thus validating the

product of the first day) several years

ago, when I studied the thirteenth-

century mosaics of this creation story

(Genesis 1, of course) in the south

dome of the narthex (the covered

western porch just in front of the main

entrance) of the great cathedral of San

Marco in Venice—thus explaining the

first part of my cryptic title (I shall

soon shed light on the second and even

more cryptic part, but all in good time,

as the Wicked Witch of the West said,

also in a different context).

In this wonderfully animistic set of

scenes, radiating downward in three

circles from the apex of the dome.

each episode of creation features the

youthful, beardless God of Byzantine

tradition doing his appointed tasks for

the day, while an appropriate number

of angels either help out or look on

(Otto Demus's authoritative 1984

four-volume work on the San Marco

mosaics argues convincingly that the

scenes of the dome derive from an illu-

minated fifth-century Greek manu-

script of the book of Genesis).

In the scene for the second day

—

and begging an authorial pass for my
irreverent anachronism in explica-

tion—God goes bowling to divide the

waters by roUing a globe horizontally

through the middle of the homoge-

neous mass, thus carving a barrier to

define "above" and "below" (see detail

of the mosaic on page 30). The two

angels of the day stand awkwardly at

the right of the scene, more in the way

(for the waters remain undivided to

their right) than as auxiliaries in this

case. (Demus explains that the mosaic

has been heavily restored and that the

separation may originally have ex-

tended all the way to the right edge.)

But I understood my error only

when I backed up a scene to contem-

plate the work of the first day. God, at
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the left edge (see below), creates light

by making a I'ertical division this

time—^with a dark globe representing

night at the right edge and the light

globe of day closer to him on the left.

The single angel of the first day, in a

lovely touch, spreads one luminescent

wing in the realm ot light above his

addition, piece by novel piece, in a se-

quence of increasing excellence.

The striking device of drawing

these divisions as alternating vertical

and horizontal planes illustrates the

case in a wonderfully direct way—thus

emplacing, in a million mosaic tes-

serae, the organizing theme that, I feel

Our primal myths teach us about the limits and

capacities ofthe human mind for organizing complex

material into sensible stories.

right arm (the angel faces us, so his

right arm Hes in the left domain of

light) and one dark wing in the night-

time of his left side. Six rays, represent-

ing the work of the six days of cre-

ation, emanate from both globes.

And now I grasped the maximal

depth of my error. I had demoted the

second day because I had failed to ap-

preciate the controUing theme of the

entire story! I had always regarded the

narrative of Genesis 1 as a creation

myth based on the theme of sequential

addition, as I think most people do,

given our current cultural preferences

for viewing history (at least its techno-

logical achievements) as a tale of ac-

creting progress, and as my childhood

instructors, both secular and religious,

had certainly taught: Hght on day 1,

something about water on day 2, land

and plants on day 3, Sun and Moon on

day 4, birds and fishes on day 5, mam-
mals and humans on day 6.

But the mosaics in the San Marco

narthex clearly expressed a quite dif-

ferent organizing theme in their

charmingly naive iconography. These

mosaics, at least for the first three days,

tell a story about the successive separa-

tion and precipitation of concrete

items from an initial inchoate mass that

must have contained, right from the

beginning, aU the seeds or prototypes

for later reaUzations—in other words, a

tale ofprogressive differentiation from un-

formed potential rather than successive

confident, the author of the text in-

tended and that artistic translators un-

derstood and expressed for at least a

millennium or two before changes in

Western culture blurred this context

and subtly led us to read the story in a

very different manner.

of inchoate stuff. Then the divisions

begin: a vertical plane on the first day

to separate hght from darkness; a hori-

zontal plane (the bowhng ball through

the waters) to separate rain from rivers

on the second day; and, in confirming

the theme ofseparation rather than ad-

dition, both a horizontal and a vertical

strip of land on the third day (see page

32), as God differentiates the earth

below the firmament into its primary

components of land and sea.

With this alternative theme of sep-

aration and coagulation in mind, I

could finally understand two aspects of

the story that had long puzzled me
when I erroneously regarded Genesis

1 as a myth about creation by progres-

sive addition imbued with increasing

excellence. First (and to resolve my
opening conundrum), the second day

no longer seems anomalous, becom-

"Separation of Light From Darkness" (Genesis, day 1), from the atrium cupola,

San Marco Basilica, Venice

The tale of creation in San Marco's

narthex begins in the undifferentiated

chaos of full potential as, in the first

scene, a dove (representing the spirit of

God) flies above homogeneous waves

ing instead, under the model of differ-

entiation, an eminently worthy and

weighty episode in a coherent tale.

Most prescientific conceptions of the

the basic elements regarded watei
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(along with earth, fire, and air, at least

in the classical Greek formulation) as

one of the few fundamental principles

of cosmic construction. Our ancestors

did not understand that ocean surfaces

evaporate to form clouds that return

water as rain. Thus for them, the loca-

tion of life-giving water in two maxi-

mally separated realms—at their feet

in rivers and seas, and from the upper

reaches of the sky as rain—must have

rechristen this otherwise harmless and

even instructive item as "Bird, Fish,

Mammal.") Our conventional taxon-

omy ot organic and inorganic rein-

forces the false view that Genesis 1

should be read as a tale of addition, for

the primitive plants of day 3 should

originate before any more advanced

animal on day 5. But why, then, does

the intervening day 4 neglect organ-

isms altogether?

The first three days of Genesis 1 should be read as a

tale of differentiation rather than addition.

generated a major puzzle demanding

resolution at the fundamental level of

creation itself. The work of the second

day achieves full centrahty and impor-

tance once we recognize the story of

Genesis 1 as a tale about differentia-

tion and once we acknowledge water

as both a primary element and a

source of all sustenance. The separa-

tion ot life-giving waters into two

great reservoirs, located at opposite

poles in the geography of existence,

certainly merits a fuU day of God's cre-

ative effort.

Second, the substitution of differ-

entiation for addition also suggests that

the author ot Genesis 1 probably con-

ceived of the nature of plants in a rad-

ically different manner firom our un-

derstanding today. We make a primary

distinction between organic and inor-

ganic—with plants unambiguously in

the first category, although usually rel-

egated to the bottom of a rising se-

quence of plant, animal, and human.

(Vernacular language sometimes even

restricts "animal" to mammals alone,

as in a kiddie card game called "Bird,

Fish, Animal," which 1, as a profes-

sional biologist, simply couldn't

fathom until I thumbed through the

deck and realized that "animal" meant

only lions and tigers and bears, oh

my!—and then the name of the game

just drove me nuts. I shall die content

if 1 ever persuade the manufacturers to

However, when we reinterpret

Genesis 1 as a differentiation myth, an

alternative taxonomy best explains the

discontinuity between the appearance

of plants on day 3 and the creation of a

sequence of animals that begins on day

5 and then continues, with no further

break, right to the end of the story.

Day 3, with both vertical and horizon-

tal divisions in San Marco's narthex,

marks the episode of differentiation for

the earth's physical potential: the divi-

sion of the primal chaos below the fir-

mament into its major components of

water and land. The subsequent origin

of plants on the same day (and in the

next verse) suggests to me that the au-

thor of Genesis 1 viewed plants as the

culminating aspect of the land's differ-

entiation and not as a later addition

from a separate organic realm, merely

rooted within the substrate of another

category of material stuff. In short, I

would bet that the taxonomy of Gene-

sis 1 intends to rank plants with earth,

and not with animals.

In advocating the importance of

ancient creation myths for our modern

understanding of natural history (and

hence as an appropriate subject for this

magazine), I make no argument about

empirical truth. Rather, I think that

our primal myths teach us something

important about the limits and capaci-

ties of the human mind for organizing

complex material into sensible stories.



All tuluiics iiuist gciK-ratc creation

myths; how else can \vv iiitusc order

into the biizzini; and hlooinini; confu-

sion of nature's surrounding diversity

and complexity? Anthropologists,

ethnographers, and folkk)rists have

long noted the striking similarities

among creation stories devised by

people living in distant lands and with-

out any known contact.

Two explanations for these similari-

ties have generally been ottered: (1)

perhaps the story really arose only

once and then passed from one culture

to another by more efficient routes of

sharing than anthropologists have rec-

ognized, or (2) perhaps the stories

arose in true independence but with

striking similarity guaranteed by inher-

ited mental preferences and images

—

the archetypes of Jungian psychol-

ogy—deeply and innately embedded

in the evolutionary construction ot the

human brain.

But I think that we should add a

third possibility, invoking logical limits

to the structure of stories rather than

explicitly similar content derived ei-

ther by direct transfer or evoked from

common residence in all human

brains. {Oi course, such logical limits

also represent quirks of our own men-

tality, but this principle invokes a dif-

ferent and much more general aspect

of consciousness than the specific im-

ages of Jungian archetypes.) After all,

comprehensive stories can only '"go"

in a certain number of ways, and the

compendium of independently de-

rived creation myths includes so many

stories that, inevitably, several tales

must fall under each of the few con-

ceivable rubrics.

These rubrics, although far fewer

than the stories they must organize,

still span a fairly ample range. For ex-

ample, creation stories may be primar-

ily eliminative, as when a promiscuous

creator begins by populating the cos-

mos with all conceivable forms and

then grants to nature the task ofweed-

ing out the malformed and the nonop-
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erarional. Or crearion stories may be

cyclical, as when new generations arise

to replace their perfectly adequate an-

cestors and to enjoy their own tran-

sient ascendancy—so the gods of

Jupiter's generation succeed their Sat-

urnian ancestors, while Wotan and his

cohort perish in Wagner's Gotterddm-

mening as a new day dawns at the end

of four very long operas.

But only two basic firameworks of

explanation can be invoked when a

culture chooses to organize a creation

myth as a successive and progressive se-

ries—surely a common, if not the pre-

ferred, theme among most human tales

about the origin of the natural world

(for whatever set of complex reasons,

involving both mental preferences and

natural appearances). Such tales of se-

quential improvement may invoke ei-

ther successive addition (first make this,

then add this at a higher level, and so

forth) or refining differentiation (start

with a big soup containing all eventual

products as unformed potential and

then separate/coagulate/harden, sepa-

rate/coagulate/harden, and so forth).

Perhaps other alternatives exist, and

creation myths certainly can (and usu-

ally do) include aspects of both primal

tales. But addition and differentiation

surely defme the primary mental terri-

tory of creation myths constructed

under the guiding principle of sequen-

tial progression.

I now reach the point of necessary

confession for my cryptic and self-in-

ration for this entire series of essays:

Charles Darwin. In his longest book,

The Variation of Animals and Plants

Under Domestication (1868), Darwin

proposed, as a "provisional hypothe-

complete array of determinants for

growing all parts of the adult body

—

and embryology becomes a process of

making these gemmules manifest and

letting them grow. In other words.

"Creation of the Firmament" (Genesis, day 2), San Marco Basilica

sis," in his own words and judgment, a

theory of heredity that he called pan-

genesis. History forgot this incorrect

theory, both rightly and entirely

—

although curiously and by a complex

route, our most salient modern word.

History has forgotten pangenesis, Darwin's

incorrect theory ofheredity, but the word "gene"

explicitly honors his failed effort.

dulgent title. You have probably ex-

cused me for the narthex part, already

explained above. But the term "pan-

genetic," and the resulting full tide, re-

quires an abject plea for your indul-

gence. In using "pangenetic," first of

ail (and legitimately, for this aspect

alone), I honor my hero and the inspi-

"gene," explicitly honors Darwin's

failed effort.

According to pangenesis, each

organ of the body casts off tiny particles

called gemmules. These gemmules cir-

culate throughout the body, and each

sex cell eventually accumulates a fuU

set. Thus, the fertilized egg contains a

"pangenesis" expresses a pure theory of

differentiation, rather than addition, for

the explanation of organic develop-

ment. The initial fertilized cell, like the

primal chaos of Genesis 1, includes all

components of the complex adult, but

in unexpressed and inchoate form.

Embryology then unfolds as the real-

ization of an initially unformed but

completely self-contained potential.

Thus, the pangenetic paradigm, honor-

ing Darwin's version of a larger theme,

encompasses a class of models based on

differentiation rather than addition, for

the generation of progressive complex-

ity in a temporal series.

Now for the self-indulgent part:

The most widely cited technical paper

I ever wrote (with the exception ofmy
first article on punctuated equilibrium,
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coauthored with Niles Eldredge of this

Museum) bore the title "The Span-

drels of San Marco and the Panglossian

Paradigm" (written with my colleague

Dick Lewontin, the smartest man I

have ever known). For a variety of rea-

sons happily beyond (and truly irrele-

vant to) the subject of this essay, the

spandrels paper has been unmercifully

attacked by a substantial group of biol-

land (with plants) on the third day and

then, on the fourth day, differentiates

the hght of the sky above into Sun,

Moon, and stars. But I must confess

mixed feehngs and signals about the

fifth and sixth days. Does God now
switch modes to utilize the alternative

theme of addition in populating a

cosmos (prepared by differentiation)

with living creatures? Or does the

"Separation of the Seas and the Dry Land" (Genesis, day 3), San Marco Basilica

ogists (and also appreciated, I trust, by

an even more substantial group) com-

mitted to the strictly adaptationist ac-

count of evolution that Lewontin and I

questioned. Among the many pub-

Ushed attacks, several have parodied

our original title—as in "the scandals

of San Marco" and even "the spaniels

of St. Marx." So I thought I'd indulge

myself, after all this tsiiris, by writing a

paper with my own title parody, albeit

on a quite different subject. Sorry,

folks, but at least I have laid down all

my cards, and I now bare my throat.

I have little doubt that the first

three days of Genesis 1 should be read

as a tale of differentiation rather than

addition. I also tend to view the

fourth day as a continuation in the

same mode—that is, God differenti-

ates the earth below into water and

origin of animals continue the theme

of differentiation—as the air and

water precipitate their living counter-

parts on day 5, while the land gener-

ates its appropriate forms of life on

day 6?

San Marco's depiction of Adam's

creation might be read as support for

a continuing theme of differentiation

right to the end of the story. Adam
arises, dark as the earth, from the sub-

strate of his origin. (He is not im-

posed upon the earth as a separate

creation from astral realms. A familiar

Latin pun

—

homo ex htimo [man from

the earth]—expresses the same

thought, as does the familiar injunc-

tion "for dust thou art, and unto dust

shalt thou return.")

My own, utterly nonscholarly intu-

itions lead me to view the first four



days as piiri.' ditVcrciitiatioiis: light di-

vided from darkness on day 1, the

upper water ot rain troni the lower

water of rivers and lakes on day 2, land

from sea on the earth of day 3, and Sim

from Moon (the coagulation of previ-

ouslv diffuse light) in the heavens of

da\' 4. I then view days 5 and 6 as, in

part, emplacements (more additive

than ditVerentiative) into appropriate

stirroLindings but also as the final dif-

ferentiations of each reahii—as water,

air. and land all bring forth their ap-

propriate li\ing expressions.

Other interpretations abound, of

course, hi one popular scheme, advo-

cated in two books that I have read and

in several letters received from readers

of these essays, the si.x days of creation

fall into two equal cycles; three days of

preparation followed by three days of

population (of the heavens by Sun,

Moon, and stars on day 4; of the sea

and air by swimming and flying ani-

mals on day 5; and of the earth by ter-

restriid animals and humans on day 6).

hi this reading, one might view the

first three days as differentiative

(whereas I would interpret the first

four days under this theme) and the last

three as primarily additive. Nonethe-

less, however one explicates the story, I

don't see how our usual reading of

progressive addition for all six days can

possibly be supported. At least the first

three days—probably the first four, and

perhaps all six—must be reconceived

as a creation myth based on the great

alternative theme of differentiation

from unformed potential, rather than

addition piece by piece.

This contrast of differentiation and

addition as the t\vo primary modes of

organizing stories about sequential and

progressive development becomes rel-

evant to students of natural history

both as a framework for analyzing our

oldest classics of the discipline (the cre-

ation myths in our earUest historical

documents) and as a guide to under-

standing our current problems and

conflicts. In particular, when we rec-
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ognize that we derive our concepts of

history not only from the factual sig-

nals that scientific research has ex-

tracted from nature but also from in-

ternal limits on the logical and

cognitive modes of human thought,

then we can appreciate the complex

interaction of mind and nature (or in-

side and outside) that all great theories

must embody.

The ancient creation myths of our

cultures become particularly interest-

ing in this context, because they origi-

nated when our ancestors possessed no

direct data at all about the actual path-

ways of Hfe's history as revealed in the

fossil record. These myths therefore

represent nearly pure experiments in

the range of mental possibihties for ex-

quential development toward greater

complexity. (I do not believe that ei-

ther process, especially evolution,

must yield stories in this mode, but I

do not challenge the pattern for our

own particular case.) Both the history

and the current variety of views on

human embryology and evolution

may be regarded, without gross cari-

cature or oversimplification, as one

long exercise in the interplay of shift-

ing preferences for stories about dif-

ferentiation or addition.

The study of vertebrate embryol-

ogy, from the invention of the micro-

scope in the early seventeenth century

to our modern understanding ofgenet-

ics, has featured a set of conflicts be-

tween difierentiative and additive inter-

Adain arises froni the earth, the substrate ofhis

origin, rather than being imposed upon it as a

separate creation.

plaining the natural world when no

hard information constrains our field

of speculation.

The bottom-line or take-home

message—that mind and nature always

interact to build our basic concepts of

cosmic order—becomes especially rel-

evant in our current scientific age,

when prevailing beliefs about the

sources ofknowledge lead us to down-

play the role of the mind's organizing

potentials and limits, therefore leading

us to regard our theories of nature as

products of objective observation

alone. In particular, the logical restric-

tion of tales about sequential and pro-

gressive development to two basic

modes—differentiation and addition,

in the terms of this essay—can help us

to understand our current theories

(and to probe their scientific weak-

nesses when our mental preferences

have hidden a different factual reaUty).

Consider the two major processes

in biology—embryology and evolu-

Tion—that, as applied to human his-

tory, must be expressed as tales of se-

pretations for a process that features

increasing size and complexity, from a

tiny, homogeneous egg to a neonate

with all the anatomical intricacies of

adulthood. From the seventeenth

through the early nineteenth centuries,

the debate between "epigenesis" and

"preformationism" virtually defined

the territory of study for embryology.

The epigeneticists embraced an addi-

tive model, arguing that the initial egg

should be interpreted as its literal ap-

pearance suggests—that is, merely as a

mass of promiscuous potential, devoid

of structure and eventually shaped to

the particular anatomy of the complex

neonate only because formative princi-

ples then operate upon this initial ho-

mogeneity to build, step by step and in

an unerring manner (so long as embry-

ology follows its normal course), the

complexity of the final product. ("Epi-

genesis" means, literally, generated

upon—that is, one step after the other.)

By contrast, the preformationists

rallied behind a differentiation story

that envisaged all the structural com-

plexity of the neonate as already pre-

sent within the initial cell and only

brought to visibility during embry-

ological development. In the carica-

tured version, preformationism has

usually been ridiculed as the belief that

a perfect homunculus Hes within each

sperm or egg cell. No serious scientific

preformationist held such a view.

Rather, they argued, all structures

must be present in the initial cell—^but

in too tiny, too transparent, and too

diffiised a state to be visible (Like the

chaos at the outset of Genesis 1, not

Hke a homunculus). The development

of the embryo then becomes a differ-

entiative process of concentration, co-

agulation, soHdification, and growth.

When evolutionary ideas pervaded

embryology in the nineteenth century,

the two leading interpretations contin-

ued to uphold contrasting stories of

addition or differentiation. Ernst

Haeckel's famous theory of recapitula-

tion held, in a purely additive account,

that sequential steps in embryonic

complexity repeated the evolutionary

accretion of successive adult stages—so

that a complex animal, in its embryol-

ogy, Hterally climbed its own family

tree. The primary alternative, Karl

Ernst von Baer's theory of differentia-

tion, argued that the visual simpUcity

of an early stage does not represent an

ancient ancestor that must then be

augmented (as in Haeckel's additive

theory) but rather a more general form

of greater homogeneity and lesser dif-

ferentiation, holding all potential for

the definitive complexity that eventu-

ally develops in each Ufetime. Thus we

know, at an early stage of its develop-

ment, that the embryo will become a

vertebrate, then (at a later stage) a

mammal, then a primate, then a homi-

noid, and finally a human being—

a

process of increasingly finer specifica-

tion, contrasted with Haeckel's addi-

tive model of ever increasing complex-

ity in accretion.

In the other historical process that

led to our human form—the much
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longer evolutionary construction of

Homo sapiens in geological time, rather

than the embryological generation of

each individual Homo sapiens in nine

months—concepts of evolution may

also be classified into additive and dif-

ferentiative models. Darwinism em-

bodies an additive view. Because the

Darwinian style of explanation has

prevailed within science, we tend to

forget that several abandoned theories

of evolution advocated differentiative

marily from the inside out. That is, the

sequence begins with all eventual re-

sults already preformed, albeit unex-

pressed, within an initial homogeneity.

How, then, can this potential become

actualized? In explicit contrast, stories

of addition operate primarily from the

outside in. That is, the sequence begins

with truly unformed stuff, promiscu-

ous potential that could be drawn into

any number of pathways by outside

forces. How, then, can such a gloppy

Stories of differentiation work primairily

from the inside out. That is, the sequence begins

with all eventual results already preformed

within an initial homogeneity.

models. These accounts imagined that

the first vertebrate, more than 500 mil-

lion years ago, already contained all the

parts and potentials that evolution

would necessarily elaborate into

human form in a distant fiiture. The

supposed mechanisms for such a "pro-

grammed" differentiation spanned the

full gamut from God's direct actions (in

a few overtly theological accounts) to

principles embodied in unknown, but

entirely physical, laws of nature (for

some atheistic versions, at an opposite

speculative extreme).

If allegiance to an additive or differ-

entiative model implied no conse-

quences for skewing our views of life

in disparate directions, then we could

blow off the entire subject as an effete

intellectual game. But our preferred

theories act as biases that strongly in-

fluence our basic conceptions of the

natural world. Additive and differen-

tiative views of historical sequences do

not hold the same intellectual weights,

properties, and implications. We might

summarize the differences, looking at

lessons from the history of science, by

saying that each basic model features a

defining property and struggles with a

major problem.

Stories of differentiation work pri-

mass be carved by external agents into

such an exquisitely complex final prod-

uct (an even worse problem for embry-

ology than for evolution, because the

carving must follow the same basic path

each time for normal embryos within a

species, whereas evolutionary results

only arise once)?

In the major distinction between

the two models, stories of differentia-

tion work better for determined sys-

tems in a predictable world, whereas

stories about addition hold the con-

ceptual edge in a contingent world,

where any historical sequence may fol-

low innumerable (and unpredictable)

options, and the actual result then pro-

ceeds from the particular set of exter-

nal prods that the rolling ball of

promiscuous potential (if I may be ex-

cused this metaphor) happens to en-

counter in its trajectory through time.

For this primary reason, our modern

embryological models tend to be pri-

marily differentiative, and our evolu-

tionary models primarily additive.

After all, embryology does gener-

ally follow an internally prescribed

route specified not by the preformed

parts of preformationists but by the

programmed instructions of modern

genetic understanding. (We should not



.Reuse tlic preformationists of stupidity'

tor pl.uinu; tiic rii^ht idea iiiti) the

wrong substance. After .ill, their intel-

lectual world did not include a concept

of programmed information, except

perhaps as embodied in the old trifle of

music boxes or the newfangled inven-

tion of the Jacquard loom, whereas no

sentient person in our age of genes and

computers could fiil to assimilate such

informational models as an intellectual

centerpiece.)

By contrast, the evolution of any

lineage wanders along contingent and

impredictable paths of a uniquely

complex history. The few lineages, in-

cluding our own, that do become

mcire complex through time may add

their increments of sophistication in a

sequence that makes sense after the

tact. But even an omniscient observer

could never designate, for certain, the

next step in an unpredictable future.

Therefore, as a description of evolu-

tion, additive models that introduce se-

quential steps from the outside work

better than diSerentiative models that

must envision an entire future already

impHcit and enfolded within any cur-

rent form.

Under this analysis, we should not

be surprised that Genesis 1 , despite our

usual and unconsidered readings, tells a

tale of differentiation rather than addi-

tion. After all, if God proceeded with

the usual care and thought conven-

tionally attributed to his might, he

probably had a pretty accurate idea

about the finished product even before

he began the work. Biological evolu-

tion, on the other hand (at least as

viewed under the Hmits of our emi-

nently fallible mental machinery),

seems to wander along a wondrously

erratic set of specific pathways within

its broad predictabihties.

Our preferred intellectual models

do make a difference, and we must

therefore be sensitive to the disparate

impHcations of additive and differen-

tiative models as we struggle to under-

stand the history of Ufe. Still, I think

th.it .my passionate .md curious person

cm feel the same eiiiotuin.il thrill

eman.iting from either intellectual in-

terpretation. We live in one helluva

fascinating universe, whatever its mo-
dalities of construction. Thus, if I may

beg one last indulgence from my read-

ers (this time ft)r ending with the same

image that I invoked just two essays

ago, in a different treatment of Genesis

and evolution), I happily embrace the

conmion sentiment behind two maxi-

mally different views of organic order:

the diSerentiative model of Genesis 1,

with its ending of sublime satisfaction:

"Ami ( iod saw every thing that he had

made, and, behold, it was very

good"—and the additive model of nat-

ural selection, so lovingly described by

Darwin in the last paragraph of the

Orif^iii of Species: "There is grandeur in

this view of life."

Steplicnjny Gould tenches hiolo^^y, ,^eoloj^y,

and the history oj science at Harvard Uni-

versity. He is also Frederick P. Rose Hon-

orary Curator in Invertebrates at the Amer-

ican Museum of Natural History.



38 FINDINGS natural history 7/00 - 8/00

For
many years, biologists who

studied insects thought that

learning abihty would be found

only in such highly social spe-

cies as honeybees and bumblebees,

which have evolved a notable capacity

for identifying resources within their

environment as well as sophisticated

ways of communicating this informa-

tion to their nest mates. Butterflies, in

contrast, have been viewed as indeci-

sive and perhaps even indolent in-

sects—no doubt because of their some-

times languid and seemingly random
flight and their propensity for sipping

nectar and basking in the sun. Recent

work, however, shows that butterflies

are adept and flexible learners. In some
vv.?ys, learning ability may be even

more important for butterflies (as well

as moths, flies, and other solitary in-

sects) than for the highly specialized

workers in a beehive or other social

colony, because each individual must

carry out all the tasks necessary for its

own survival and reproduction. It must

forage for food and locate a mate—and

the female must fmd the appropriate

host plant or other suitable place on

which to lay her eggs—all within the

relatively brief span of its adult Ufe.

Like many insects, newly emerged

butterflies have some inborn prefer-

ences that get them headed in the right

direction. They may be innately at-

tracted to certain colors that help them

locate flowers against a green, leafy

background (yellow and blue are fa-

vorites of many species), and they may
respond to certain tastes or odors that

help them recognize plants that will

make good hosts for their offspring.

But butterflies also have a capacity for

associative learning—that is, they can

connect a color, shape, or other cue

with a biologically important stimulus,

such as nectar or a chemical that teUs

them they have found the appropriate

plant on which to lay their eggs.

Most butterflies subsist entirely on a

diet of floral nectar and, in return, help

poUinate the flowering plants they visit.

Not so surprisingly, they are good at

learning to recognize flowers. Given an

odorless droplet of sugar water in asso-

ciation with an object of a particular

color, an inexperienced butterfly will

quickly begin to choose that color

from an array of colors. Several species

have been shown to make the connec-
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tioii lu'tu'ci-'ii .1 color .nui .1 siii;.ir ro-

\v.ii(.l ilurini; jList oik- exposure, a rate ot

learning coniparahle to tliat ot honey-

liees. A learned preference can also be

modified by subsequent experience.

Kentaro Arikavva and his colleagues at

Yokohama City University have

liemonstrated that Japanese yellow

swallowtails conditioned to a given

ct)lor can change their preference after

only one exposure to a new rewarding

color (you uin teach an old butterfly

new tricks!).

This capacity to learn is vital in a

relatively unpredictable or seasonally

changing environment. An inflexible

ninate preference tor the color blue, tor

instance, could mean death tbr a but-

terfly that emerged tVom its chrysalis in

a meadow tilled with yellow and pink

flowers. Migrating species in particular

can benefit tVom learning to associate

color with nectar. As a monarch but-

terfly travels aO the way troni Michigan

to its wintering grountis in central

Mexico, for example, it is bound to en-

counter a great variety of flowers.

With experience, butterflies also

become more adept at extracting hid-

den nectar from complex flowers. Al-

cinda Lewis, of the University of Col-

orado at Boulder, found that on its

initial visit to a clover flower, a cab-

bage white butterfly was apt to take

more than ten seconds to locate the

nectar. By the second visit, it could

tap the nectar in less than five seconds,

having learned to insert its proboscis

into the appropriate spot and at the

proper angle.

An ability to learn can also help fe-

male butterflies with the task ot laying

eggs. The females of many species de-

posit their eggs on just the few plant

species that serve as food sources for the

emerging larvae. Using her senses of

sight and smell, a female butterfly de-

tects a potential host plant trom a dis-

tance but makes a final determination

only after alighting on a leaf and tasting

it with the receptors on her tarsi, or

feet. She drums her foretarsi against the

leaf surface, and it' she detects the ap-

propri.ite chemicals (biologists call

them ovipositioii stimulants), she may

lay eggs on the plant. If the chemicals

are absent, she moves on. Research by

Mark Kausher, of Duke University,

and Dan Fapaj, of the University of

Arizt)na, has demonstrated that female

pipe-\'iiie swallowtails can learn to as-

sociate leaf shape with the ovipositioii

stimulant present in the leaves of host

plants (and even with the stimulant

painted on leaves of nonhost plants).

After laying eggs on such a leaf the fe-

males will then tend to ahght on plants

with similarly shaped leaves.

Like bees, some butterflies may

even be able to recognize landmarks.

Larry Gilbert and his colleagues at the

University of Texas at Austin have

found that a number of species of the

genus Heliconius visit the same flower-

ing plants in the same sequence on a

regular daily circuit within their home
range, much the way a trapper checks a

trapline. These butterflies avoid sites

where they have been caught and re-

leased with a net, and they also regu-

larly return to the same roosting sites

night after night.

I became interested in the subject of

butterfly learning as a result of my
work on flowers that change color. In

many flowering-plant species, belong-

ing to more than eighty families, indi-

vidual blossoms undergo dramatic

color changes before they begin to

wilt. For example, Laittana cainam flow-

ers (which are pollinated by butteiliies)

are bright yellow when they open, then

turn orange the second day and red the

third. Similarly, the white flowers of

horse chestnut trees (pollinated by

bees) have bright yellow marks on the

petals to show the insects where to

probe; these nectar guides turn orange

and then deep red. And the white spot

on the upper petal ofsome blue lupines

(also pollinated by bees) turns a deep

magenta. Only during the first color

stage do these kinds of flowers contain

pollen and/or nectar and have receptive

TOAD-SKIN PHARMACY The skins of

some species of frogs and toads secrete an extra-

ordinary array of defensive chemicals when the

animals are seized by predators. Over the years,

chemists have isolated hallucinogens, neurotox-

ins, and anesthetics from such skin secretions.

In the late 1980s, for instance, the frog Epipedo-

bates tricolor was found to produce a previously

unknown compound that is 200 times more ef-

fective as a painkiller than morphine is.

Manika Das, of the University of Calcutta, and

B. N. Mallick, of the Jawaharlal Nehru University

in Delhi, and their colleagues have analyzed the

bioactive chemicals in the skin of the common

Indian toad, Bufo melanostictus. In addition to

finding various toxins that attack mammals'

hearts and nervous systems, the researchers iso-

lated a powerful sleep-inducing compound—ap-

parently a kinder, gentler way of stopping preda-

tors in their tracks. Rats injected with the

toad-skin extract immediately ceased their ac-

tivities and fell asleep. The scientists monitored

the rats' brains and detected alterations of sero-

tonin levels and other chemical changes associ-

ated with deep sleep, brought on by the extract.

("A Sleep Inducing Factor From Common Indian

Toad [Bufo melanostictus, Schneider] Skin Ex-

tract," Toxicon 38, 2000)

EVOLUTION OF ALCOHOLISM Human

problems with alcohol addiction may well have

an evolutionary explanation. Tropical biologist

Robert Dudley, of the University of Texas at

Austin, believes that scientists studying addic-

tion should not assume that attraction to alco-

hol is a historically recent aberration.

During his five years of research in tropical

forests, Dudley became interested in the connec-

tions between primates and fruit-bearing plants.

Fermenting fruit (high in sugars and calories)

can be a significant source of energy for mon-
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keys and apes. Since wild fruit trees may be

scarce and may grow far apart in the forest, com-

petition among fruit-eating animals (which also

serve as seed dispersers) is intense. Ethanol

fumes from fallen, fermenting fruit permeate the
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air, signaling the presence of the trees

frugivores. Being able to sniff out overripe, alco-

hol-laced, high-energy fruit may have resulted in

a nutritional advantage for several kinds of crea-

tures, including our primate ancestors.

People who habitually consume small

amounts of alcohol, according to current medical

research, may enjoy enhanced longevity and a

lower incidence of cardiac disease. Dudley be-

lieves, however, that "genetically based behav-

iors adaptive in the ancestral environment be-

come disadvantageous in a modern human

environment that provides unlimited access [to

alcohol]." This hypothesis is similar to those

that link high rates of obesity and diabetes in,

humans to the historically unusual volume ofj

fats and carbohydrates available in industrial-

ized societies. ("Evolutionary Origins of Human

Alcoholism in Primate Frugivory," Quarterly Re-

view of Biology 75:1, 2000) 1

DOZING DOLPHINS Dolphins sleep differ-

ently than land mammals do. Slow-wave, or|

deep, sleep occurs in only one of their brain

hemispheres at a time, so they are literally half

asleep. They sleep with one eye open, and while

dozing, they swim slowly in a counterclockwise

direction, spaced tightly together in schools.

Patricia Goley, ef Humboldt State University

in California, wondered if there was any pattern

to the dolphins' vigilance. Did one individual

stigmas. The initial question I wanted

to answer was, Why does the plant re-

tain the older flowers at all?

I focused on lantana flowers, which

grow on bushes in clusters, each of

which typically contains new as well as

older blooms. By manipulating the

clusters to create floral displays that dif-

fered in size, color, and amount of nec-

tar, I found that a large display of both

young and old flowers attracts the at-

tention of buttei-flies firom a distance,

while at close range the color difier-

ences direct the insects to the younger,

rewarding flowers. Both plant and but-

terfly benefit firom this arrangement:

the plant gets efficient pollination ser-

vice, and the insect does not waste time

probing flowers that lack nectar.

These observations led me to won-

der about the importance oflearning in

guiding the butterflies' behavior. On a

lantana bush in bloom, only about a

quarter of the open flowers will be yel-

low. Foraging butterflies, however,

probe hundreds of yellow flowers in

succession, rarely inserting their pro-

boscises into the red ones. I wondered

if this behavior reflected an innate re-

sponse to yeUow, a learned response, or

a combination of the two.

To investigate this question, I raised

my own Gulf firitiUary and pipe-vine

swallowtail butterflies so that I could

study individuals that had never been

exposed to flowers or colors. To deter-

mine whether the butterflies had innate

color preferences, I constructed daisy-

like flower models out of colored paper

in saturated hues of red, orange, yellow,

green, blue, and purple. YeUow proved

to be innately attractive. Inexperienced

individuals of both species probed the

yellow models most often, followed by

the blue and purple ones. The butter-

flies also preferred yellow lantana

blooms to red ones, even if the yellow

ones were emptied of all nectar.

Learning also played a role, how-

ever. When I provided these butterflies

with lantana clusters that had nectar in

the yellow flowers, they concentrated

their probing to an even greater degree

on these blossoms. And if they encoun-

tered clusters in which the nectar pat-

tern had been artificially reversed, they

focused their visits on the rewarding

red flowers. When the color of the re-

warding blossom was changed, butter-

flies trained to one color switched their

responses to reflect the new nectar pat-

terns within five to ten flower visits.

In an even more complicated feat,

butterflies can learn to associate one

color with nectar and a different color

with an oviposition stimulant. Dan
Papaj and I first trained female pipe-

vine swallowtail butterflies to associate

one color (either red, yellow, blue, or

green) with an extract made from the

leaves of the plant on which they lay

their eggs. We then trained the same f

butterflies to associate a second color

with the presence of a nectar reward.

When we offered these butterflies an

array of colored paper models (lacking

any oviposition stimulant or nectar),

most of them ahghted on their two

assigned colors, inserting their pro-

boscises into models whose color sig-

naled "nectar" but not into models

whose color suggested that it was a

good place to lay eggs (on these, they

often drummed with their tarsi or even

curled their abdomens as if to lay eggs).

Biologists have recorded some ca-

pacity for associative learning in almost

every animal species that has been

tested. But in many lineages, learning

ability has likely been elaborated

through natural selection. David Ste-

A cabbage white's dilemma: Only the

yellow lantana blooms contain nectar.
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pliciis, of tlic University of Nebraska-

Lincoln, argues tiiat tlie ability to learn

evolves under C(Miditions of "iiiternie-

diate predictability"—that is, in situa-

tions in which the environment is too

unpredictable, within the lite span of an

indi\'idual, for fixed, inborn behavior

patterns to he appropriate, but not so

unpredictable th.il the indi\'idual can-

not adjust its beha\-ior in response to

changing; circumstances. Many insects

ability to learn l.indmarks. And Nick

Strausfeld and his colleagues at the

University of Arizona have shown that

cockroaches have a spatial learning

ability: their facility for using distant vi-

sual cues to locate a cool spot on an

uncomfortably hot surface improves

rapidly with experience.

Investigation of the learning abilities

of butterflies and other nonsocial in-

sects may help us unravel much more

Capable of navigating long distances, monarch butterflies would have a hard time

surviving if they had a built-in preference for only a few kinds of flowers.

live in such an environment. And in-

deed, most of those investigated have

been shown to be capable learners.

Research done by Almut Kelber

while she was at the University of

Tubingen, Germany, has demonstrated

that the hummingbird hawkmoth can

learn to associate colors with sugar re-

wards and that these learned prefer-

ences are readily reversible. Tsukasa

Fukushi. ot Miyagi College ot Educa-

tion in Japan, has shown that sheep

blowflies learn to associate sugar

rewards with colors as quickly as hon-

eybees do. The ability' of male hover

flies to return to precise midair loca-

tions after a chase, noted by Thomas

CoUett and his colleagues at the Uni-

versity of Sussex, England, suggests an

than the evolution of learning. Flower-

ing plants arose at least 130 million

years ago, while social bees appeared

sometime between 40 million and

80 million years ago. Other insects,

including beetles, flies, butterflies,

moths, and nonsocial bees—some of

which predate flowering plants in the

tossO record—therefore have undoubt-

edly played an important role in the

evolution ot floral features. By studying

both the learning abilities and the sen-

sor^' capacities of these poUinators, we
may discover the pathways by which

flowers evolved.

Martha Weiss is an assistant professor of

biology at Georgetown University in

ll'ashington, D.C.

serve as a sentinel? Did all of them always keep

the same eye open, or did they alternate at ran-

dom during the night? Did they keep one eye

peeled for predators by consistently looking out-

side the group? Goley observed four captive Pa-

cific white-sided dolphins at Long Marine Lab at

the University of California at Santa Cruz. She

recorded their movements and kept records of

each individual's sleep patterns, noting which

eyes were open, for how long, and where they

were looking.

After observing the sleeping cetaceans every

night for a month, she had her answer. Each dol-

phin always kept an open eye directed toward its

schoolmates, not toward the external environ-

ment. Thus, dolphins sleep while maintaining vi-

sual contact with other members of the group,

secure in the knowledge that the school is inte-

grated and cohesive. Keeping in tight formation

is apparently their most effective defense

against unpleasant surprises. ("Behavioral As-

pects of Sleep in Pacific White-Sided Dolphins

[Lagenorhynchus obliquidens, Gill 1865]," Marine

Mammal Science 15:4, 1999)

ORCAS' HERRING ROUNDUP Killer

whales are such large animals that they would

starve if they tried to chase down small fish

when bigger prey, such as seals, are not avail-

able. The large amounts of water each whale

would have to displace to follow the twists and

turns of a school of herring would inhibit its ac-

celeration and cause the whale to veer off tar-

get. So when setting out to catch herring in a

northern Norwegian fjord, several whales swim

around and under the school in a highly coordi-

nated fashion, herd the fish into a compact

"ball" near the surface, and then stun hundreds

at a time with slaps of their massive tails. Fi-

nally, they cruise around, snapping up the

stunned herring one by one.

An international team, led by Paolo

Domenici, of the International Marine Centre on

the island of Sardinia, recently recorded some of

these cooperative hunts on videotape. Orcas ac-

company their exuberant roundup with echolo-

cation clicks, whistles, and calls, along with the

tail slaps. ("Killer Whales [Orcinus area] Feeding

on Schooling Herring [Clupea harengus] Using

Underwater Tail-Slaps: Kinematic Analyses of

Field Observations," Journal of Experimental Biol-

ogy 203, 2000)—Richard Milner
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Get a Grip
Tlie gecko owes its superior climbing skills to atomu

Racmg up a tree at

three feet per sec-

ond, a gecko seems to

defy physics. This

Hzard can generate enough

sticking power with one

toe to support its en-

tire weight, yet it

uses no detectable

force when pulling

away from the tree

to take its next step.

The secret to this

climbing prowess, ac-

cording to a group of

researchers who call

themselves the Gecko

Team, is a special sort

of stickiness. Geckos,

the team has found,

do obey physical

laws, but it's the sub-

atomic realm that

makes the rules gov-

erning their ascension.

Led by environ-

mental physiologist

Kellar Autumn, of

Lewis and Clark

College in Port-

land, Oregon, and

bioengineer Robert

FuU, of the Uni-

versity of CaHfor-

nia, Berkeley, and

supported by IS

Robotics (ISR) in

Massachusetts, the

Gecko Team stud-

ies on a microscopic

scale how geckos

cHmb. Thin leaves of tissue, arranged

Hke pages in a book, cover the animal's

toes. Each leaf is covered with hun-

dreds of thousands of tiny hairlike

growths called setae; a single gecko

may have 2 million of them on its feet.

These setae, in turn, branch into hun-

dreds of spatula-shaped tips, each only

200 nanometers in diameter (smaller

than a bacterium).

In the laboratories ofTom Kenny, at

Stanford University, and Ron Fearing,

at UC Berkeley, team members isolated

individual setae and used a microscopic

sensor to measure adhesive force. Sim-

ulating the movements of a gecko's

foot, the researchers first pressed the

seta against the sensor and then pulled

it away. They discovered that a single

seta could resist their efforts with sur-

prising force—enough, in fact, to sup-

port the weight of an ant.

According to the Gecko Team, this

reptile owes its sticking power to a faint

interplay between the atoms on the

seta's spatula-shaped tips and the atoms

on the surface ofwhatever the animal is

climbing. This interplay stems from a

phenomenon known in quantum

physics as van der Waals forces.

An atom is composed of a positively

charged nucleus surrounded by a cloud

of negatively charged electrons. If the

positive charge of the nucleus equals

the negative charge of the electrons,

the atom as a whole carries no charge.

But electrons frit unpredictably around

the nucleus. Sometimes a number of

them will pile up—-just for an instant

—

on one side of the atom. When that

happens, the atom temporarily has a
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negative charge on one side and a posi-

tive charge on the other.

These fleeting charges can atTect

neighboring atoms. Picture a seta

slapped up against the trunk of a tree.

Now imagine that an atom on the seta's

tip becomes charged anci that its posi-

tive side is closer to the tree. This posi-

tive charge will attract the electrons of

the closest atom on the tree trunk,

drawing the two atoms together.

As the electrons ot the seta atom

continue to flit about, some hop over

to the side of the atom nearer the

tree. Since like charges repel each

other, the electrons of the tree

atom—which a moment ago were at-

tracted to the then-positive side of the

seta atom—are now pushed away.

This in turn exposes the positively

charged nucleus of the tree atom,

which attracts the electrons of the seta

atom and, once again, pulls tree and

seta together. The on-again, ofF-again

dance of electrons is enough to hold

the atoms together.

Van der Waals forces also act be-

tween your hand and a wall—but

weakly. On the atomic level, your skin

is like a jagged mountain range, and

only the atoms at the peaks come into

close contact with the wall. But the de-

sign of geckos' feet, with their huge

number of spatulate tips on every seta

ot every toe, allows many atoms to be-

come intimate with a wall and act as a

sort of glue.

If a gecko's toes were covered with

real glue, of course (or with suction

cups, as scientists once thought), a lot

ot energ\^ would be rec]uired to break

TJj^^^ ^I^St

the seal whenever the gecko lifted its

feet. But the Gecko Team found that

changing the angle at which a seta

meets a surface was enough to make it

drop oft' the wall: tilting the seta may

steadily increase the distance between

the hundreds of spatulae and the wall

until the seta peels off. The researchers

suspect that when geckos walk up

walls, the angle of the setae changes as

they peel back their toes, allowing

them to raise their feet.

Currently the Gecko Team is try-

ing to turn its discoveries into inven-

tions—better adhesive tape, for ex-

ample. Tape made with artificial

gecko setae would be powerful and

reusable. The stickiness of gecko tape

would be unaftected even in a vac-

uum (unlike ordinary tape, which

owes part ot its stickiness to tiny bub-

bles of trapped air). Astronauts could

use gecko tape to attach equipment to

the outside of a space station; com-

puter engineers could use it to handle

chips manufactured in vacuum cham-

bers. Meanwhile, Fearing and Kenny

are fabricating artificial gecko hairs to

put on the feet of ISR's biologically

inspired robots so that these devices

can walk up walls. Perhaps someday

the Gecko Team's research will

change rock climbing forever. Simply

by donning a pair of gecko gloves,

covered with trillions of artificial

gecko hairs, any weekend adventurer

will be able to play Spider-Man.

Science writer Carl Zinniicr's second hook.

Parasite Rex, will be published by the Free

Press in Septendier

m
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Thin leaves of tissue cover the underside

of a Tokay gecko's toes, top. The leaves

are covered with hundreds of thousands

of hairlike setae, middle, each of which

has up to a thousand spatulate tips,

bottom. Weak molecular forces acting on

all these tips give the gecko's foot a

special sort of stickiness.
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EVO LVING ?

Few creatures, except perhaps the armadillo or

tiie wild turkey, are as emblematic of the New
World as the rattlesnake. Before Columbus's

voyat;e, Europeans had never seen one. Rattlers are

not found in Europe, Africa, or Asia, but almost

every state in the Union (Maine, Alaska, Hawaii,

and Delaware are the exceptions) has at least one

species. Arizona boasts eleven. A total of seventy

species and subspecies—ranging from gigantic dia-

niondbacks, which may exceed seven feet, to an

eighteen-inch subspecies native to only a few

mountains in Arizona—are found in North, Cen-

tral, and South America.

The most distinctive feature of this reptile, of

course, is its rattle, made oftwo to ten hollow inter-

locking segments of a Ught, fingernail-Uke material.

When the rattlesnake vibrates its muscular tail, each

separate segment bounces against the adjoining

Recent reports suggest that the venom

of North America's rattlesnakes is growing

increasingly potent, making their bites

more difficult to treat. by sieve grenard

ones at fifty cycles per second, creating a buzzing

sound that signals sensible folks to stay away. Unfor-

tunately, not everyone does.

Most ratdesnakes are peaceable, retiring animals

that flee tor the underbrush when they encounter

humans. Unless they are hunting rodents, ratders

strike only in self-defense. But ifyou step on one or A western

try to capture it, a ratder will retaliate \vith a rapid diamondback

strike that can be debihtating or even lethal. In the rattlesnake

United States, about 8,000 people a year are bitten strikes, its fangs

by ratders or their cousins in the pit \aper subfamily, extended. The

which includes copperheads and water moccasins, snake's forward

In 1988 t\vo doctors at the Umversity of Southern lunge has been

California Medical Center analyzed 227 cases of clocked at eight

venomous snakebite, covering more than a decade, to eleven feet

and tound that 44 percent occurred during acci- per second.

dental contact, such as stepping on the animal.

More than 55 percent, however, resulted from the

\'ictim's grabbing or handhna; the creatures, and in



Neurotoxic

venom makes

the Mojave

rattlesnake,

above, the most

deadly of all

American snakes.

Right: The

northern Pacific

rattler, a

subspecies of

the prairie

rattlesnake,

ranges over

Oregon,

Washington

State, and

northern

California.

28 percent of these cases, the victims were intoxi-

cated. The doctors' conclusion was that the typical

snakebite victim is male and under thirty, with a

blood-alcohol concentration of more than 0.1 per-

cent at the time he is bitten. Yet only 0.2 percent of

all snakebite victims die each year, and most of

them receive no medical treatment or first aid.

Rattlesnake venom is not a simple poison. The
snake's venom glands, located at the rear of the

upper jaw and connected by ducts to its pair of

hollow fangs, produce a complex brew of toxic

peptides, polypeptides, and enzymes. In the

venom, these toxins are combined in differing pro-

portions that vary throughout a species' range and

even during an individual snake's Ufetime. Rattle-

snakes harbor so many biochemical mixtures for

venom that toxinologists who analyze the stuff

confront a range of variations rather than a stan-

dard formula for each species. Some of this vari-

ability seems to reflect recent changes in the

venom of certain rattlesnakes, from the hemotoxic

and proteolytic type (which affects blood and other

tissues) to the neurotoxic type (which attacks the

nervous system) . The first type hasn't changed into

the second; rather, the proportion of neurotoxins

in the mix appears to have increased in some areas

of the country. Consequently, victims may now re-

ceive a significant dose of both types of poison

from a single bite.

Matters seemed a bit simpler a few decades ago.

Scientists knew that pit vipers produced a hemo-

toxic venom that was rarely deadly to humans. Ex-

cept in Arizona and parts of Texas and Cahfor-

nia—home to the deadly, neurotoxic Mojave

rattlesnake—most humans bitten in the United

States could expect to survive. But they did experi-

ence depressed blood pressure associated with

shock, destruction of tissue near the bite, massive

swelling of the affected area, and hemorrhaging

both near the bite and internally (caused by antico-

agulants in the venom). If untreated, the area

around the bite would become gangrenous and



Death from a neurotoxic

bite can occur in as Little

as ten minutes and is

usually caused by paralysis

of the diaphragm.

turn black. Sometimes the venom would also at-

tack the kidneys. People lost fingers or toes, but

tew died—particularly after the introduction in the

1 930s ot an antivenom made from horse serum. In

the worst cases, a bite victim usually had an hour

or two to get to a hospital before the situation

turned dire.

Neurotoxic venom, on the other hand, doesn't

allow for such leisure, because it blocks nerve im-

pulses to muscles, mcluding those in the diaphragm

that are used m breathing. Usually associated with

members of the cobra family, a neuroto.xic bite can

cause immediate shortness ot breath, weakness or

paralysis ot the lower hmbs, double vision, inability

to speak or swallow, drooping eyelids, and involun-

tary tremors of the facial muscles. Death can occur

in as little as ten minutes, usiaaUy due to abrupt ces-

sation of respiration. In the 1970s, researchers at the

Veterans Administration Hospital in Salt Lake City,

Utah, identified the Mojave toxin that makes this

Uttle reptile the most deadly ratder in the United

States—even when its victims have been treated

with antivenom.

Over the past few years, however, neurotoxic

symptoms have appeared in several people who ap-

parently were bitten by other species of rattler. In

1999 in Hesperia, California, an eighteen-year-old

reptile hobbyist received a bite on the hand while

trying to grab a local ratdesnake with his bare

hands. The species was believed to be a southern

Pacific ratdesnake, a subspecies of the prairie, or

western, ratder. Within minutes, the young man
developed general weakness, had difficulty breath-

ing, and showed the classic neurotoxic symptoms of

double vision, facial twitches, and an inabihty to

swallow or talk. He recovered only after being

treated with thirty-five vials of antivenom. The

doctors who treated him, Sean Bush and Eric

Siedenburg, ot the Loma Linda Universits' Medical

Center, pubhshed a report of the episode, caUing it

the first known case of neuroto.xicity associated

with a suspected southern Pacific rattlesnake enven-

omation. Yet the victim also showed several classic

symptoms of hemotoxic poisoning, such as hemor-

rhaging and swelling of the hand and arm. The

doctors observed that even if the snake had been

misidentified and was really a Mojave rattlesnake,

the case would still be noteworthy "because enven-

omation demonstrating both venom A [neurotoxic]

and venom B [hemotoxic] effects has not been re-

ported previously from southern CaHfornia."

Do all populations of Mojave rattlesnakes have

neurotoxic venom? While doing their work a

quarter century ago, the Salt Lake City researchers

found that they didn't. In the western and southern

parts of the species' range in Arizona and south-

eastern California, many individuals had the more

virulent Mojave A, whereas populations in other

parts of Arizona and Texas had the nonneurotoxic

Mojave B toxin. But it wasn't long before popula-

tions vwth both A and B surfaced. Some herpetol-

ogists thought those results suggested the likeh-

hood of interbreeding among local populations ot

the same species.

Of the fifteen species of rattlesnake found only

in the United States, at least ten have been verified

as having neurotoxins in their venom. Until re-

cently, however, the low levels of these chemicals

in the overall mix were not considered much of a

threat to humans. The southern California case,

along with a scattering of recent clinical reports

from far-flung parts of the country, raises the pos-

sibility that the situation is changing. In 1998 in

A technirian

collects venom

from a western

diamondback. To

make antivenom,

several kinds of

pit viper venom

are injected into

horses, whose

blood then

produces

antibodies.
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Below: The

canebrake rattler,

a southern variant

of the timber

rattlesnake, has a

more neurotoxic

venom than its

northern cousins.

Overlapping

territories on the

distribution map,

bottom, show

possible areas of

rattlesnake

hybridization.

Alabama, the minister of a snake-handling sect

died within ten minutes of being bitten by a tim-

ber rattlesnake during a church service. And last

year in Florida, an army ranger on maneuvers in

the Florida Panhandle stopped breathing only

thirteen minutes after being bitten by a timber rat-

tler. Fortunately, he had already managed to reach

the hospital at Eglin Air Force Base, where he was

resuscitated and successfully treated with forty

vials of antivenom—four times the usual dose.

Are the genes for Mojave A toxin moving from

Arizona westward and across the prairies to the East

and Southeast? If so, one would have to consider

the possibility that contiguous populations of rattle-

snakes are interbreeding, creating hybrids at the

Western diamondback rattlesnake

(Crotalus atrox)

Timber rattlesnake ^3
(Crotalus horridus)

~ Eastern diamondback rattlesnake— (Crotalus adamanteus)

borders of their ranges. Rattlesnakes have been

known to produce such hybrids in captive situa-

tions. A captive-bred Mojave-diamondback hybrid

is on exhibit at the Reptile World Serpentarium in

Saint Cloud, Florida, and similar hybrids (some of

which escaped into the surrounding countryside)

were bred at the San Diego Zoo in California about

fifty years ago. Mojave A toxins have been identi-

fied in the venom of some populations of prairie

Of the fifteen rattlesnake

species found in the United

States, at Least ten are

known to have neurotoxins

in their venom.

rattlers, western diamondbacks, timber rattlers (but

not northern timbers), and eastern diamondbacks,

even though researchers have not yet detected any

direct evidence of their interbreeding.

Some scientists are convinced that they have

found proof of rapid molecular evolution in the

venoms of related rattlesnake populations. Others

have difficulty believing that significant evolution-

ary change could be occurring within the space of

a few decades. Another mechanism that might be

capable of driving the development of rattlesnake

venom to more lethal levels is the continual escala-

tion of an evolutionary "arms race" between preda-

tors and prey. Texas A&M researcher John C. Perez

and colleagues have studied forty species of mam-
mals that are the natural prey of rattlesnakes in

Texas, and they found that sixteen had substances in

their blood serum that blocked the hemorrhagic ef-

fects of western diamondback venom. Selection

may thus be favoring rattlesnakes with a more pow-

erful venom that can subdue animals endowed wdth

these chemical blockers.

Supporting this hypothesis is the work ofJames

Biardi, Richard Coss, and David Smith, all fi'om the

University of California, Davis, who recently

demonstrated that the California ground squirrel

(Spermophilus beecheyi) suffered little after being bit-

ten by its traditional nemesis, the northern Pacific

rattlesnake. A factor in the blood serum of this

squirrel actively inhibits enzymes (or proteases) in

the venom that cause local tissue destruction, rup-

ture of capillaries, and hemorrhage. The researchers

found that the blood serum of squirrels in habitats



where the iiDrthcrn Pacific rattler is abundant com-

bats venom more effectively than does the blood

serum of squirrels from locations where these rat-

tlers are rare. Nevertheless, a gooci many squirrels

(probably younger ones, with less resistance) still

manage to get eaten by the snakes.

As an alternative to the arms race and the hy-

bridization hypotheses, James Biardi has advanced a

third explanation for the possible changes in rattle-

snake venom. Such a shift, he suggests, could sim-

ply be a by-product of changes in snake demogra-

phy. For some years, researchers have known that

juvenile rattlers often have stronger venom than

that of their larger, more mature counterparts—

a

difference that may have arisen because small snakes

inject much less venom than adults and may go after

different or faster prey. In some species, young

snakes have a higher proportion of neurotoxins in

their venom than do older individuals.

Because humans often kill, capture, or inten-

tionally run over larger snakes when they encounter

them, Biardi argues, we may be affecting the age of

the overall rattlesnake population. One need only

look at the annual "rattlesnake roundup" in Sweet-

water, Texas, where in 1997 more than 18,000

pounds' worth of rattlers were killed during the

weekend hunt. Prizes go to those who bring in the

largest and heaviest ones. To qualify tor the compe-

tition, a hunter must submit at least 100 pounds of

rattlesnakes. According to Biardi, it humans con-

tinue to selectively ehminate older rattlesnakes, it

will be mostly younger ones—with the neurotoxic

venom—that remain in the wild.

Whether the apparent shift to more neurotoxic

venom in rattlesnakes is attributable to snake demo-

graphics, to hybridization and gene flow, or to the

coevolution of predator and prey, doctors must now
use much more antivenom to treat bites. Whereas

five to ten vials used to suffice, patients today don't

seem to improve until they have been injected with

between thirty and seventy. This is not simply a

question of using a more massive dose of a known

cure: Hke the venom itself the antivenom is also a

complex mixture.

Made by injecting horses (or rabbits or sheep

or goats) with small, sublethal doses of particular

venoms, antivenom is a biological concoction of

antibodies. It can combat only the specific venom

that was injected into the animals, however. In the

United States, the only rattlesnake antivenom now
available is made from the serum of horses injected

with the venoms of several kinds of pit vipers.

• .<v-«

While this preparation does not specifically in-

clude anti-Mojave antibodies, these may be pre-

sent if Mojave A or B toxins are constituents of

some of the venoms used. The presence of anti-

Mojave antibodies in the current U.S. antivenom

formula may be just as variable as it is in wild

snake populations, and this unpredictabiUty may

explain why many vials are often needed to coun-

teract neurotoxic venom. By administering vials

from a number of batches, a physician may even-

tually find one with enough of the right kinds of

antibodies to combat Mojave neurotoxins. Mean-

while, a British company is awaiting U.S. Food

and Drug Administration approval of a new an-

tivenom made from the serum of sheep that have

been injected with Mojave toxins as well as with

the venoms usually injected into horses.

As the search for effective antivenom goes on,

the rattlers continue in their propensity tor remain-

ing placid until disturbed. Ifwe don't bother them,

they won't bother us. It isn't hard to see why rebel-

hous eighteenth-centur}' American colonists placed

a rattlesnake across the thirteen stripes of the first

Navy Jack flag, along with the warning "dont

TREAD ON ME." D

A California

ground squirrel

confronts its

archenemy, the

northern Pacific

rattlesnake.

Some squirrels of

this speries have

developed

immunity to the

snake's venom.
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Death
_.in the
Dunes
What killed the famous fossil

creatures of the andent

Gobi? Geologists examine the

rock-hard evidence.

By Lowell Dingus and David Loope

A
desert covering some half a million square

miles, the Gobi arcs across vast portions

of Mongolia and China. Every summer

since 1990, a joint expedition from the

American Museum of Natural History and the

Mongolian Academy of Sciences has ventured

into the remote reaches of the Gobi of Mongolia

in search of fossils. The land, which appears so

Ukhaa Tolgod, right,

is the world's richest

site of late Cretaceous

vertebrates, such

as the juvenile

Protoceratops above.



desolate, IS actually a palcoiitological paradise, ami

our disL\)vcries of new and varied fossil animals in

the region's rocks have been widely chronicled.

But why, in this desert, is such an array ot ancient

animals coming to light? How is it that so many

animals perished and are so finely preserved here?

What was the ancient environment like, and how

did the creatures die? We are finding answers not

only in the fossil bones but also in the rusty red

sandstones that contain them.

At Ukhaa Tolgod, a single small site discovered

in 1993, expedition members have unearthed more

than one thousand fossils of twenty species ot mam-

mals and reptiles. These date from the end ot the

Cretaceous and are from 71 million to 75 million

years old. Ukhaa Tolgod contains the richest assem-
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FIGHTING

DINOSAURS: NEW

DISCOVERIES

FROM MONGOLIA,

an exhibit of

fossil animals

from the Gobi, is

on view through

October 29 at

the American

Museum of

Natural History.

blage of fossil vertebrates of this age known any-

where in the world. Many specimens are of previ-

ously unknown species, and some have bridged

gaps in our knowledge of the evolution of birds and

mammals. What's more, the bones are in excellent

condition. Skeletons range from twelve-foot re-

mains of the armored dinosaurs known as anky-

losaurs, with almost every piece of bony plate in-

tact, to two-inch skeletons of early mammals,

complete down to their fragile, microscopic ear

bones. Dinosaur nests, eggs, and embryos have also

been preserved. Some of the animals have been

captured not in death throes but in the ordinary (al-

though last) acts of their Hves—such as the thero-

pod dinosaur Oviraptor sitting on its clutch of eggs.

The unusual fideHty of fossil preservation and

the articulation of the bones—they were not jum-

bled by scavengers or scattered by the elements

—

indicate that many of the animals at Ukhaa Tolgod

were killed quickly and buried quickly in a cata-

strophic event. In addition to identifying the crea-

tures and their attributes and relationships, we

wanted to know what was responsible for the mass

mortality and swift burial. To find out, we needed

to examine the rocks, because they hold the clues

to the area's ancient environment.

Today the JMongolian Gobi is a land of

windswept basins and rugged ranges ("Gobi" is

Mongolian for "waterless place"). Sand dunes,

shaped and moved slowly by the wind, migrate

across the valleys. Violent sandstorms and thunder-

storms occasionally interrupt our hikes across the

sparsely vegetated ridges and ravines in search of

bones exposed by erosion. A sandstorm can in-

stantly send a tent careening across the landscape.

The only way to avoid being sandblasted by wind-

blown grit is to run for the cover of our expedi-

tion's trucks and jeeps.

Some of the sandstones at Ukhaa Tolgod repre-

sent the solidified remnants of ancient sand dunes

and have a distinct structure of thin, incHned layers,

called cross beds. Similar layering is apparent today

in dunes in the Gobi and other sandy deserts. It

comes about when sand grains, blown by strong

winds, bounce up the gently sloping windward side

of a dune and then tumble down the steep leeward

side. Over time, the dune will migrate in the direc-

tion of the wind. At Ukhaa Tolgod, the cross-bed-

ded rocks consistently lean about 25° toward the

northeast. This indicates that during the late Creta-

ceous, the dunes here migrated in that direction,

driven by winds from the southwest.

The cross-bedded sandstones and the natural

mobihty of dunes have led to a popular hypothesis

that the fossil animals of the Gobi were killed by vi-

olent sandstorms. At first, this is an appealing idea.

But we have searched the travel hterature and have

found no modern analogies, no descriptions of ani-

mals being buried alive by drifting sand during such

storms in the deserts of either central Asia or Ara-

bia. Whether ancient or modern, no healthy animal

is hkely to let itself be inundated by sand to the

point of suffocation. Furthermore (and contrary to

popular belief), deserts in continental interiors,

such as the modern and the ancient Gobi, are much

NO
healthy animal,

ancient or modern,

IS likely to let

itself be suffocated by

dnfting sand.
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less windy than those in humid coastal areas. Along

a sandy coast, the firequent passage of atmospheric

fronts and the differences between land and sea

temperatures lead to more wind and more active

dunes. In addition, many geologists view the Creta-

ceous as a "greenhouse" period in Earth's history,

when, even in high-latitude continental interiors,

winter temperatures remained above freezing, re-

ducing air pressure gradients and windiness. This

view is based on fossil evidence of crocodiles from

the Gobi. AH these factors argue against sandstorms

as an explanation for the burial ofthe Gobi animals,

but we have found that the structure of the rocks at

Ukhaa Tolgod makes an even more compelling case

against this cause of death.



None of the fossil bones from this site were col-

lected from the layered sandstones generated by

Cretaceous dunes. In rare instances, within a layer

of cross-bedded sandstone we have found deforma-

tions that resemble a stack ot bowls in cross section

and that record footprints—complete with toe and

claw impressions—of dinosaurs that had trekked

across the dune field. But these layers contain no

bones. All the skeletons we have excavated come

from a second type of sandstone: massive, structure-

less slabs that contain none of the internal layers

typical of dunes. When we looked closely at these,

we saw that some contained large, isolated pebbles

permeable sediments, seeps downward, and slowly

leaves the groundwater reservoir through springs.

Heavy rains during summer thunderstorms, how- In addition to

ever, can trigger sudden avalanches of wet sand, dinosaurs,

called debris flows. One rancher showed us a photo lizards (such as

of his pickup half-buried in sand during a cloud- the specimen

burst. Other residents tell of their calving sheds

—

below),

built on the leeward sides of big dunes for protec- crocodiles, and

tion from the wind—being rapidly filled by slurries early mammals

of sand. In other parts of the world, such debris were part of

flows carry large pebbles that "float" in the sand as the Gobi's

it moves, as did those at Ukhaa Tolgod. Cretaceous

Are the conditions that generate the Nebraska community.

too big to have been wafted into the deposit by

wind. We needed to find a different agent to ac-

count for these structureless sandstones.

To complement our work in Mongolia, we have

been studying a modern site half a world away. Ne-
braska's Sand Hills give us a modern analogue of

how the Gobi sandstones may have formed. A
large, relatively young dune field in the western

part of the state, the Sand Hills rise as high as 400

feet and are stabihzed by vegetation. In early sum-

mer during wet years, the grass-covered landscape

looks more Hke Ireland than Arabia. As with the

layered sandstones at Ukhaa Tolgod, the leeward

sides of the Nebraska dunes slope 25° to 30°. Most

of the rain fallina; in the Sand Hills infiltrates the

debris flows closely analogous to forces that acted

on the Gobi dunes 75 million years ago? Did rain-

soaked sand act like wet cement to trap the

denizens of Ukhaa Tolgod? While Nebraska debris

flows can deliver a slab of heav^', wet sand up to 900

feet long, 4 feet thick, and 50 feet wide, they are

not hkely to annihilate larger animals in their path.

We have never encountered a farmer who has lost a

cow to such an event. And because the Sand Hills

lie northwest of the route taken by most of the

tropical storms that could soak the dunes, rainfall of

more than an inch an hour over several hours is

rare. Any similar sand shde in the Gobi would have

had to be on a much larger scale to have caused the

demise and fossiUzation of the animals there.
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wind

leeward slope windward slope
cross beds of sand

eroded cross-bedded
layers of earlier dunes

During Intervals when the climate of the ancient Gobi was dry,

dunes migrated in the direction of the wind.

direction of

new debris flow

calicfie cross-bedded sandstone

(no fossils, some tracks)

structureless sandstone

(fossils)

deposit from
new debris flow

sandy deposits from
earlier debris flows

muddy deposits from
streams and ponds
between dunes

During less arid intervals, lasting hundreds to thousands of years,

dunes were held in place by vegetation, and layers of cementlike caliche

formed under their leeward slopes.

Based on the cross beds' thickness, which repre-

sents only a fraction ot the height ot an original

dune, estimates for the heights of the Gobi dunes

during the Cretaceous range from a probable 300

feet to possibly more than 800 feet. We also know

that in the late Cretaceous, mountains rimmed

Mongoha's basins to the west of the Pacific Ocean,

which was then quite warm. The ancient dune

fields of the Gobi were most likely subject to occa-

sional drenchings whose magnitude would dwarf

any that hit western Nebraska today.

JMore evidence of wet periods comes from the

Flaming Chffs, another of Mongolia's rich fossil

sites. Here the expedition discovered near-vertical,

mud-fdled burrows less than one inch in diameter

but reaching nine feet in length. The burrows were

probably made by creatures with life cycles similar

to those of modern crayfish. These animals thrive

during rainy periods, but during droughts, they ex-

cavate burrows to reach the water table and escape

death from desiccation. The expedition team found

branches off the main tunnels, indicating that the

animals repeatedly dug themselves out after muddy
floods had clogged their burrows. More clues to cli-

A
huge, weighty slab

of wet sand cascaded

down the steep

dune, entombing all life

in its path.

mate came from discontinuous mudstone layers,

representing ephemeral ponds between dunes, and

from the fossihzed roots of dune plants.

In 1996 we found evidence that the huge dunes

at Ukhaa Tolgod migrated only intermittently. Be-

neath the dune slopes we detected thin bands of

sand grains cemented together by calcium carbon-

ate. Such bands, called caliche, form two to three

feet below the sediment surface and become ce-

mented only after hundreds to thousands ofyears of

dune stability in a low-wind setting.

Not until 1998 did we realize that the caliche

might help us interpret how the fossils were pre-

served. Because it blocked the infiltration of rain-

water through the dune during heavy rainstorms,



Nebraska's

Sand Hills, left,

are dunes

stabilized by

vegetation. Their

verdancy masks a

sandy interior.

Above: At Ukhaa

Tolgod, layered

rock sits atop

the structureless

sandstone

formed by an

ancient

sandslide.

the caliche caused a steeply sloping slab ot wet sand

to build up above it, setting the scene tor giant de-

bris flows. The recent devastating debris flows (of

mud rather than sand) on the mountain slopes of

coastal California and in Central America were

triggered when heavy rains infiltrated the soil but

were then blocked by bedrock. The saturated soO

was "hfted" by the water between sediment grains,

decreasing the friction between the soil and the

bedrock. Under dry conditions, such friction stabi-

lizes the slopes, but the heavy rains undermined

their stabiHty and led to deadly cascades of mud. In

the Gobi, similarly weight^', water-saturated sand

above the cemented caHche zone would have bro-

ken loose and quickly moved down the long dune

slope, entombing any nesting Oviraptor, foraging

ankylosaur, or small scurrying lizard or mammal in

its path. In the process, the slide ensured the preser-

vation of their remains.

The two types of sandstone formations at Ukhaa

Tolgod probably represent two distinct climatic

regimes that prevailed there at different times. Dur-

ing the late Cretaceous, the Gobi's chmate was not

always hostile. Long periods of aridity were inter-

rupted by warm, wet—or at least semiarid—inter-

vals that lasted from thousands to perhaps tens of

thousands of years.

The cross-bedded sandstones represent dunes

from the dry intervals, when plant and animal life

was less abundant. They give us a picture of a dry

desert subject to sandstorms, with moving dunes

that, in rare cases, captured the footprints of larger

animals traversing them but that contain no bones.

By contrast, the large, structureless, fossil-rich sand-

stones were formed by debris flows from huge,

nonmigrating dunes. When atmospheric circula-

tion changed, bringing rain from the warm Pacific,

vegetation grew upon and anchored the dunes, and

caHche cemented the sand just below their surfaces.

The animal community was fiill and varied. The

plants supported a variety of large and small herbi-

vores that in turn were prey for carnivores and scav-

engers. To fially explain the presence of the Gobi

fossils, all the key elements—large, steep dunes,

heavy rainfall, caliche, and abundant animal life

—

had to coincide in time and space. Some 75 million

years ago in the Gobi, they did just that—and left us

a rare treasury of fossils. D



Animals were suffering

and dying in the

southern Kalahari

Desert in October

1995. It had not rained in more

than a year. One afternoon, I

spotted a starving old lioness

lying in the sparse shade of a

camel thorn tree near the

Bedinkt water hole in what is

now Kgalagadi Transfrontier

Park. At first I thought she was

dead. I positioned myself

nearby with my camera,

wondering whether her bony

carcass would attract any

scavengers.

Before long, a brown hyena loped over the rise and began staring at the motionless cat.

Rather than approach her, it descended the slope and waded into the water for a drink. Instantly

the Uoness got to her feet and began to stalk the hyena with silent concentration. Summoning
her last reserves of strength, she leaped into the muddy pool and grabbed it. Although the hyena

struggled furiously, the old Honess was resolute. One or the other was going to survive this day.

The desperate, prolonged growls and screams of their ten-minute death match will always

remain with me. Although pitifully weak, and with her canine teeth worn down to stumps, the

lioness nevertheless managed to drown the hyena in the shallow water.

She dragged her prey to a nearby bush, but her attempts to rend the carcass failed, because

her teeth were practically useless. I had to return to camp and never saw the old Honess again.

The next day, however, I went back to read the tracks and other signs around the water hole.

They showed that she had in fact managed to feed on the hyena. Soon afterward, the drought

broke and the area teemed once more with life.



Story and photographs by Adrian Bailey

Matter of Survival
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Fascination

Nature by Roderick Wliitfield

^ i^ince ancient dines, Chinese philosophers,

4 'poets, and artists have taken time to ob-

^^^ ser\e tiie tiniest and humblest denizens of

1 ^^ the natin'al world. No subject was too

^„„^^ small to be worth studying, none too fa-

niihar to be inclucied. A willingness to empathize

with other creatures and to study their behavior res-

onated with the Daoist way. In one of the most cel-

ebrated stories from his fourth-century B.C. text,

Zhuangzi, the philosopher Zhuang Zhou recalls a

dream in which he was a buttei-fly. Awaking sud-

denly, he was quite confused, not knowing ifhe had

been dreaming of the butterfly or if he were a but-

terfly dreaming of Zhuang Zhou.

A fourteenth-century silk handscroll, its tide

translated variously as "GHmpses of Life in Heaven

and Earth" and "Fascination of Nature," exempH-

fies this close attention to the natural world. Eleven

inches wide, twelve feet long, and signed in 1321

by an artist named Xie Chufang, the painting is a

depiction of insects' struggle for survival and per-

haps an allegory of pohtical events during the Yuan

dynast)' (1280-1368), when the whole of Chma
was under Mongol rule.

At the end of the scroU are four poems by con-

temporary Chinese Uterati that seem to be obHque

e.xpressions of frustration with Mongol rule. One
poem by a loyahst scholar reads:

Small insects labor to eat, each to his own.

Hiding and spying, ambushing, they prey on

each other.

Inheritance and profit are not according to

justice,

Their knowledge is no more than carefree

boldness.

—Chen Shell (1260-1344)

During the Yuan dynasty, many scholars and civil

servants dropped out ot government service and

turned their talents to painting and writing; the

state examination system by which they were re-

cruited and promoted had been suspended, and

they did not wish to serve under the Mongols.

Thus, the scroll's images of a Uzard on the prowl, a

snail steadily climbing up the underside of a cab-

bage leat, the industry of ants, and a hapless cicada

clinging to a weeping willow and faUing victim to

a predatory mantis—all may be interpreted as sub-

versive commentaries on the oppressive authority

ot the Yuan dynasty.

Plant and insect painting

—

caochong—had been

a recognized genre of Chinese art during the

Northern Song dynasty (960—1127). In that pe-

riod, most representations of nature carried auspi-

cious meanings: bamboo, for example, signified re-

silience in the face of adversity, while the cicada,

A paper wasp

carries a leaf

fragment to its

nest, hidden

among bamboo

shoots

intertwined with

a morning glory

in bloom.

A fourteenth-century Chinese scroll niinntely records the ordered

world of insects and hints at turmoil in the human domain.
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The scroll (which

reads from right

to left) opens

with a dragonfly

attacking its

prey. A toad,

partially hidden

under a plantain,

prepares to catch

some ants with a

lightning flick of

its tongue. The

seat in the

bottom right

corner is that of

the early-

eighteenth-

century collector

Geng Jiazuo, who

once owned the

painting.

ri\
ow did the scroll turn up in late-eighteenth-century England,

where Chinese painting was virtually unknown?



>r'.l-

Ih'c'.uisc oI its loiii; iiiKicriiioiiiul pupation and its

supposed ability to exist only on dew, bespoke im-

mortality. The morninn glory, opening its blooms

d.iily tor only a few iioiirs, was celebrated for its

shy beauty.

One views the Robinson Scroll, as Xie C^hu-

tang's painting is known, in the traditional way

—

honi right to left. In midair a dragonfly, with un-

mistakable predatory intent, engages a much
smaller insect. On the ground below, which is

barely indicated by a few scattered clumps of bright

green dots arranged parallel to tiie lower edge of

the scroll, ants mill around and drag along a small

butterfly (its upper and lower left wing are seen

from the underside), already partially dismem-

bered. An ant procession, with another wing in

tow, leads past a fine specimen of Asian plantain

—

PI<iiilii{>o iisialica, known in Chinese as the "weed

tnider the wheels"—-shown laden with flowers and

seeds. Under the largest of its leaves, already fading

and worm-eaten at the tip, a toad lies in wait to

prey upon a stream of ants as they pass close by. An
astonishing variety of other creatures—a hzard, a

snail, a tree frog, a moth, a bush cricket, as well as

grasshoppers, cicadas, and wasps—are depicted in

and around the flora. No one who sees the paint-

ing can tail to admire the remarkably lifelike quali-

ties ot the animals and plants.

The signature on the inner cover of the scroll,

"W. Buder 1797," is that of William Buder, a writ-

ing master in a school for young ladies in London's

East End. How did the scroll turn up in late-eight-

eenth-century England, where Chinese painting

was virtually unknown (except tor wallpapers and

y£

.^-h:::'W^P

\
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The red

swallovrtail

butterfly at the

end of the

Robinson Scroll

hangs from the

stamen of a

musk mallow.

The inscription

beneath the

artisfs seal in

the upper left

corner states

that the painting

was made for

Dashan, a neo-

Confudan

scholar during

the Yuan

dynasty.

"Company painrings" of Chinese scenes, commis-

sioned from Cantonese artists by East India Com-
pany traders)? We shall probably never know for

certain, but the date suggests a possible connection

with Lord Macartney, leader of the first British

diplomatic mission to China in 1792—93. Follow-

ing Butler's death in 1822, the scroll was acquired

by Sir Thomas PhiUipps (1792-1872), whose vast

collection of books (some of which had indeed

come from Lord Macartney's Hbrary) included a

handful of Chinese works of art. Then in 1946,

bibhophile Phihp Robinson purchased a large por-

tion of PhiUipps 's collection.

Entranced with the scroll despite experts' dis-

missal of it as inconsequential, Robinson brought

it into the British Museum on June 29, 1982, to

ask my opinion. It was an exciting moment. Al-

though the object was in a fragile state, I immedi-

ately recognized it as the most important discov-

ery of my sixteen years as assistant keeper in the

Department of Oriental Antiquities. Once it had

undergone conservation in the museum's Orien-

tal mounting studio, I was able, with Robinson's

enthusiastic encouragement, to research the

scroll's authorship and history.

Toward the end of the Yuan dynasty, scholar-

painters moved on to landscape painting and callig-

raphy. But the estabhshed repertoire of plants and

insects, brought to vivid hfe in the Robinson Scroll,

had found its niche. In succeeding dynasties, artists

working in a new genre—the decorative blue-and-

white underglaze painting of porcelain vessels

—

continued to render leaves, flowers, insects, and

animals in minute and accurate detail. D



N\
subject was too small to be worth studying, none toofamiliar to

be included in the portrayal of the natural world.

I
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Tlu-
modem cell, now found tliroughoiit our

bodies, arose a billion years ago from tiie fu-

sion of two different cell types: big and little.

Big ones swallowed little ones but for some reason

tiid not digest tlieni, and the little ones ended up

luiiig iiisiiie the big ones. Over time, the little

Diiis lost their independence; they handed over

most ot their DNA .iml molecular machinery but

gained a safe haven within the large cell. The little

ones became the mitochondria, and the big ones

Ix-c.ime modern cells.

Of all the beasts on tins Earth, mitochondria

most resemble bacteria. They are the same size as

bacteria (about 1 billion would fit into a grain of

sand); they are bounded by two thin, membranous

walls like those of bacteria; and inside thev have

similar machinery and a similar type ot DNA. Our

LEAKY POWERHOUSES
Mitochondria produce virtually all of a cell's energy. They use the

oxygen we breathe in to burn the food that we cat. Just like a power

station burning coal or gas, the mitochondria use the energ\' released

from the burning process to produce electricit\'. So our cells are really

powered by electricity. The mitochondria's electric machines (called

respiratory electron transport chains) are minute, as are the mito-

chondria's spinning electric motors. Driven by proton electricity,

these produce adenosine triphosphate, or ATP—a convenient form

of energy for the rest of the cell.

But the mitochondria's "power stations" appear to have one spec-

tacular design flaw: they leak. Electrons shp out into the cell and pro-

duce the toxic, highly reactive chemicals known as free radicals.

These have unpaired electrons that are driven to bond with any other

electrons they can find, causing mayhem and chaos in the cell. Pro-

ton electricity leaks out, too. Up to one-quarter ot the energ\' our

bodies generate is apparently wasted this way.

All cells are

powered by

mitochondria. Here,

a mitochondrion

fs in the process of

dividing within an

oncocytoma.

bodies contain roughly 10 million billion of these I

bugs. They are so used to living inside us—and we |

are so used to having them around—that we can- i

not live without each other now. S

The single niitochondnon takes many shapes s

and forms. Caught in an unflattering snapshot, it |

looks a little like a worm—but a worm that S'

writhes and spHts in two and fuses \\ath other A single

worms. Sometimes we catch a mitochondrion mitochondrion

looking Uke a zeppelin, sometimes like a multi- (blue) within

headed and multitailed beast, sometimes like a a human

weird snarl of crisscrossing tubes and plates. The intestinal cell

mitochondrion is a dragon with a monstrous

appetite. It eats again everything that we eat and
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breathes it forth as fire: virtually all the food and

oxygen taken into the body are consumed by the

mitochondria, and they produce most of our en-

ergy and body heat.

How the first living cells got their energy, we

do not know, but within the first half-biUion years

of life's history, some were able to harvest light

from the nearest star, our Sun. This simple yet

powerful process, photosynthesis, enabled life to

take off in a big way. But the oxygen released as a

by-product of photosynthesis built up until, about

a billion years ago, it reached the level it remains

at today (one-fifth of the air is now oxygen) . This

was the first global pollution event and ecological

disaster. With oxygen at such a high level, many

types of cells must have been killed off (just as

MITOCHONDRIA AND COLOR

Mitochondria are virtually the only colored parts of the cell. If it

were not for the melanin in our skin, the myoglobin in our muscles,

and the hemoglobin in our blood, we would be the color of mito-

chondria—that is, a brownish red. And if this were so, we would

change color when we exercised or ran out of breath, so you could

tell how energized someone was from his or her mitochondrial color.

Some insects are colored only by their mitochondria and change

color when they fly. This finding was one of the first clues to the ex-

istence of mitochondria.

many types of bacteria are killed by oxygen

today). Some survived because they evolved an

enzyme machine that could consume the oxygen

at a rapid rate. Cells with such respiratory ma-

chinery seized the opportunity and thrived, using

the extra energy to do useful internal tasks. When
^! these cells were engulfed by larger cells, they did

the work of respiration for their hosts.

The larger cells may have made a devilish bar-

^y^ gain, however. The very machinery the mito-

chondria use to produce energy and consume

oxygen also leaks electrons, producing superoxide

and other toxic free radicals. The name "free rad-

icals" may suggest a benign group of political in-

tellectuals, but in fact they are a subversive group

of chemicals that create havoc within the cells and

are suspected of causing aging and many diseases.

Thus, the modern cell bought its greatly en-

hanced energy supply at a high price.

Extensive new research shows that in harboring

the mitochondria, our cells may also have taken in

their own executioners. That the mitochondria

Mitochondria

(pink) are

shown in cross

section within a

liver cell.

would carry out the death sentence of the cell

makes a lot of sense. The stupendous juggling act

that is cell life depends on a continuous supply of

energy from the mitochondria; without it, the cell

literally falls apart. Mitochondria are extremely

sensitive to damage by such things as toxins, free

radicals (some of their own making, some not),

excessive calcium, and lack of oxygen. When the

mitochondria are damaged, the energy supply to

THE CELL AND ITS

MITOCHONDRIA

the rest of the cell fails. Molecules that are meant

to be kept outside the cell cannot be stopped from

coming in, and molecules that are meant to be in-

side cannot be stopped from leaking out. The

knock-on effect is that the whole cell spins out of

control. Its death is inevitable.

Cells can die in two different ways, however;

chaotic explosion or controlled suicide. The for-

mer is known as necrosis and the latter as apopto-

sis. Necrosis is a frenzied, savage form of killing,

leaving the blood and gore of the cell all over the

place. The mitochondria and other parts of the

cell blow up Uke balloons and explode. Necrosis

can be a big problem for the rest of the body, too,

because the release of a cell's total contents, in-

cluding toxic chemicals and enzymes, damages



SLirroLiiidiiig licilthy cflls and causes general

inflammation. Apoptosis, also known as pro-

grammed i.i.'ll death, IS a nuicli more orderly pro-

cess, in whicli the cell is gr.uki.illy disassembled

from within and then engiilted .md digested by

\\ lute blooi.1 cells.

Hut why would a cell commit suicide? Usually

apoptosis occurs because the cell is not needed

.uiymore (excess brain cells, for example, are dis-

MnOCHONDRION

NUCLEAR DNA

carded during human embryonic development, as

are the cells in a tadpole's tail when the larva

metamorphoses into an adult frog) or because it is

diseased (a cell that is cancerous or infected by a

virus). So apoptosis plays a vital role in protecting

the body. The problem is that this suicide pro-

gram occasionally gets out of control. When
apoptosis is overactivated (as in stroke and such

neurodegenerative conditions as Alzheimer's and

Parkinson's diseases), an excessive number of brain

neurons die. On the other hand, the inactivation

of the apoptotic machinery is one of the key

changes that allow cancerous cells to survive.

The hara-kiri of apoptosis is executed by mo-

lecular machines called caspases. These are molec-

ular "scissors" that, once activated, go around the

cell cutting up other kinds of molecular machines.

Caspases are activated by being cut, so once the

process gets started, it snowballs into an avalanche Cross section of

of molecular snipping, reminiscent of the finale ot a mitochondrion

a slasher movie. in a mammalian

In \'>'>(> the new but rapidly expanding field of kidney cell

apoptosis research was agog when Xiaodong
^

Wang, of the University of Texas, reported that |l

this orgy of cutting was initiated by the release of

cytochrome c from mitochondria. Cytochrome c |!

is a small and venerable protein discovered by ^f

David Keilin in 1933 and long known to be cen-

tral to energy production in virtually all forms m
life. What was it doing initiating cellular suicide-

Nobod)- I talked to at the time believed it. but ii

turned out to be true. Cytochrome c is norni.ilK

FROM MOTHERS ONLY

Mitochondrial DNA divides, evolves, and is inherited separately

fi-om nuclear DNA. Virtually all the mitochondrial DNA in our bod-

ies comes from our mothers, because when a sperm penetrates an egg

cell during conception, it delivers a full load of nuclear DNA but

only a few or no mitochondria. The huge egg cell, however, contains

tens of thousands of them. This maternal inheritance of mitochon-

drial DNA is important in a number of ways. It means that mito-

chondrial defects are inherited down the maternal line only. Thus, if

you are lethargic (or hyperenergetic), you may have to blame your

mother's mitochondria. Although there are many contributing fac-

tors to lethargy apart from defective mitochondria, and although the

coding for many components of the mitochondria comes from nu-

clear rather than mitochondrial DNA, we now know ofmany mater-

nally inherited mitochondrial DNA diseases that cause chronic tired-

ness and other, more serious symptoms.

safely tucked away in the mitochondria, doing its

vital job of passing electrons down the mitochon-

drial respiratory chain. But Wang demonstrated

that if a mitochondrion is punctured, cytochrome

c is released into the cytoplasm, where it activates

the deadly caspases.

Both necrosis and apoptosis are preceded by

the same irreversible event: the opening of huge

pores in the mitochondrial membrane. These per-

meabilirv' transition pores, as they are formally

known, are normally kept closed; otherwise, the

mitochondria could not function to provide en-

ergy to the rest of the cell. But when free radicals

or other lethal stimuH enter the cell, the transition

pores open up. The consequences are dire: first,

the mitochondria cannot produce energy^ in this
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A mitochondrion

(orange) can

be seen below

the nucleus of

a mouse's

epithelial cell.

condition, so the cell is seemingly condemned to

necrotic death; second, cytochrome c is released,

triggering apoptosis.

This seems to be what happens to our cells

during a heart attack or a stroke, both ofwhich do

their damage by blocking the blood vessels sup-

^ plying the heart and brain, respectively. In these

3- unhappy circumstances, the heart and brain cells

i cannot obtain sufficient oxygen for their mito-

p chondria. The mitochondria respond by opening

their pores. Apoptosis is not always quick enough

to preempt necrosis, and if the damage is severe

enough, there will not be enough energy to

power apoptosis. Some cells (probably those that

EVOLUTION OF WARM-BLOODEDNESS
Toward the end of the reign of dinosaurs, some animals (the future

mammals and birds) evolved endothermy, or warm-bloodedness.

This was a risky business: in order to produce so much heat, the ani-

mals had to eat ten times as much food. But the payoff was that

everything in the body would work faster, and body temperature

could be independent of how cold or hot the environment was. The

heat was produced by the mitochondria's normal energy-producing

machinery—only there was more of it, and the machinery was

leakier than in cold-blooded animals. The result of all this is that

today's warm-blooded animals, such as mice and men, are very inef-

ficient energy users compared with Hzards and crocodiles.

An animal's energy situation is somewhat similar to that of a car.

When a vehicle is not being used in cold weather, its engine temper-

ature falls. The car may not start well and works rather sluggishly

until the engine warms up. To overcome this problem, we could

allow the engine to run aU the time (even when the car is not mov-

ing). The obvious disadvantage of this strategy is that it is very ineffi-

cient in terms of fuel consumption. Warm-blooded animals seem to

have adopted it, however. But because it is almost impossible to de-

termine the history of a biological process, we may never know the

role of the mitochondrion in the evolution of warm-bloodedness.

were most damaged by the blockage) wUl die by

necrosis. Others die by apoptosis and are rapidly

cleared away.

Drug companies are now racing to develop

drugs that block apoptosis or stop the opening of

the pores. However, it is unclear whether block-

ing apoptosis would be beneficial, because a "res-

cued" cell may end up dying by necrosis, thereby

causing further damage. Even if necrosis, too, is

blocked, the damaged ceU may function abnor-

mally or produce free radicals—resulting sooner

or later in dysfunction in the body.



The revelation that our mitochondria, these

ancient monsters that we once thought were our

.3 tame and benign pets, are in fact our potential ex-

p ecutioners has reawakened the sleeping field of

mitochondrial research with a jolt, putting it at

the forefront of biological and medical research.

Are the mitochondria friends or foes? As one re-

MITOCHONDRIA AND AGING
Mitochondrial DNA mutates and evolves at something like ten times

the rate of nuclear DNA. Most of these mutations are harmless, but

some compromise energy production in the cell. Very few such mu-
tations are detectable in our cells before the age of thirt\- or forty;

after that, however, they rise exponentially. In old age, the proportion

of mutant mitochondrial DNA may be so high that it significantlv

damages our abihty to generate energy-. We do not know what causes

human aging, but one promising theon,' proposes that it arises from

dvsfunctional mitochondria.

Fluorescent

imaging highlights

mitochondria

(pink) in three

living endothelial

cells of a cow's

pulmonary artery.

searcher recently put it, mitochondria are like the

legendary Scandinavian sea monster, the kraken.

When left alone in their deep evolutionar\' slum-

ber, mitochondria are certainly our friends, but

when roused they can destroy us. As Tennyson

wrote of the kraken,

There hath he lain for ages, and \viJil lie

Battening upon huge sea-worms in his sleep,

Until the latter fire shall heat the deep;

Then once by man and angels to be seen,

In roaring he shall rise and on the surface die.

A mitochondrion

in a pancreatic

cell of a bat
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The Lobster Pickle

All's well with

the American
lobster population.

Or is it?

By Robb Walsh

pi:
usty Court steers the Casey

Anne, his forty-two-foot

lobster boat, around Maine's

Boothbay Harbor as if it

were the family station wagon. Zigzag-

ging between moorings and dodging

sailboats, he stops alongside another

lobster boat to compare notes on the

day's catch. While he navigates, I try to

interview the old salt.

"So, Rusty, have you been lobster-

ing all your life?" I ask.

"Not yet," says Rusty, straight-

faced. He leans overboard with a grap-

pUng hook and snags the pink-and-

black float that identifies one of his

lobster pots, tosses the float aside,

hooks the Hne onto a power winch,

and pulls a footlocker-sized, rubber-

coated wire trap up from the bottom.

Two undersized lobsters snap at his fin-

gers when he reaches in to free them.

Rusty points to an escape hatch in the

pot through which small lobsters can

exit, but these creatures were evidently

too engrossed in their herring-bait

dmner to try to get away.

Like all lobstermen, Rusty carries a

gauge for determining the size of

a lobster. The gauge is hooked onto

the back end of the crustacean's head

section and extended from there to the

eyeball. The distance must measure at

least three and one-quarter inches or

the lobster can't legally be taken. Rust)'

says as he shows me the gauge, but he

doesn't bother to use it on these two

small fry—he simply throws them

overboard.

In the slate blue waters of the har-

bor—among the reflections of expen-

sive wood-shingled summer homes,

Victorian inns, and canvas-swathed

sailboats—thousands of color-coded

lobster-pot markers are bobbing

around. Boothbay Harbor (about

twenty-five miles northeast of Port-

land, as the crow flies) is a port of call

for the yachting crowd and a summer

address for the rich and powerful. For

most of its existence, though, it was

just a humble lobstering town.

To remind you that they arent

like their rich neighbors, lobstermen

love to complain about how poorly

their work pays. "Did you hear about

the lobsterman who won a million

dollars in the lottery?" Rusty in-

quires. "They asked him what he was

going to do with all that money. He
said, 'Just keep lobstering till it runs

out, I guess.'"

Lobsterman Rusty Court fishes in and

around Boothbay Harbor, Maine, on his

forty-two-foot craft, the Casey Anne,

above and right.

""^



Lobster tisliiiiu; in New fiiis^l.md is

traditionally done from June through

tlie New Year. Few lobstermen fisli in

midwinter, when Hncs, decks, and

tackles get coated with ice. The ordi-

nary American lobster, lIoiiuiiKs amcri-

Cciiiiis, inhabits Atlantic coastal waters

from Labrador to North C'arolina but

is especially prevalent along the New
England coast. Until the end of the

nineteenth century, lobster was so

plentiful that it was commonl)' used

for fish bait. Lobstermen claim that

the H. aiHcricaniis population is still

very healthy, but some marine scien-

tists think that unless steps arc taken

soon, lobstering may collapse as com-

pletely as the cod fishery ilid in the

past decade.

When I ask Rusty if the lobster

supply is declining, he says, "No, the

catch has been prett\' constant over the

last few years." That's Kusty's experi-

ence. And in fict, the catch for all of

Maine has been steadily increasing

since the late I98()s: from 9,860 metric

tons in IM88 to 21,335 metric tons in

1998. According to Rusty, Maine

keeps tight control over lobster fishing,

hi 1 999 the state issued 8, 1 60 lobster li-

censes, and 5,927 ot those were com-

mercial. Each license holder must abide

by the statewide limit of 800 traps, al-

though certain areas, such as Boothbay

Harbor, have a lower limit of 600 traps

per license. That's just "too many li-

censes and too many traps," maintains

I). Winsor Watson, a University of

New Hampshire zoology professor

who studies the lobster population.

What about Rustys contention

that the fishery is robust? "He's right,"

Witson says. "It's a strong fishery right

now. But one of the scary things we

see is that we are catching something
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like 90 percent of the legal lobsters

every year. I am concerned that we

don't have enough reproductive-sized

lobsters out there. We are harvesting

lobsters just as they reach the age at

which they can begin to reproduce."

That age varies from five to nine years.

Aside from direct observation in

the lab and tagging experiments that

track the fate of individual lobsters,

there's no way to determine the age of

a lobster. The crustaceans grow faster

in warm water, and before becoming

sexually mature, they may reach the

size at which they can legally be

vested when they get too big to exit

through the escape hatch.

Lack of pressure from predators

may be another reason that the lobster

population has been able to support a

strong fishery. Small lobsters were once

eaten by cod and other large fish, but

overfishing has removed most of these

fish from New England waters. What

if a new lobster predator were to arise?

In another University of New Hamp-

shire study, video cameras recorded

predators attacking lobsters that had

been tethered to the ocean floor. The

surprise dinner guests in these tapes are

Overfishing has removed most of

the cod and other large fish that

once ate small lobsters in Ne\v
England waters. What ifa new
lobster predator were to arise?

caught. Big lobsters are getting rarer

and rarer.

In the past, the only way to monitor

the lobster fishery was through the sta-

tistics ofthe catch. Now Watson and his

students have done a number of smdies

that give a better picture of the popula-

tion. In one smdy, a baited lobster trap

with a video camera attached was low-

ered into the sea at different depths in

various habitats. Replayed at high

speed, the video recordings are some-

what comical. One of them shows a

dozen or so small lobsters that appear to

enter and exit a cage every few minutes,

although Watson warns that it's not re-

ally clear they're the same lobsters, since

they often go beyond the camera's reach

before returning. Lobster pots, the

video suggests, not only trap lobsters

that are big enough to harvest but also

act as feeders for undersized ones. In

heavily fished waters, such as Boothbay

Harbor, the undersized animals prob-

ably learn to depend on the traps for

food, thus guaranteeing their being har-

skates, which aren't usually regarded as

lobster predators. The cameras re-

corded hundreds of graceful, raylike

skates honing in on the crustaceans. So

far, skates haven't had much impact on

the lobster population, but the absence

of cod and other big fish has made the

ecosystem more unpredictable.

How the lobster population main-

tains itself is baffling, Watson concedes.

Maybe the 10 percent of it that the

lobster traps miss are incredibly fertile,

he suggests; more likely, however, large

offshore lobsters are supplying new in-

dividuals and making up for the ab-

sence of sexually mature lobsters in-

shore. One would expect a graph of

the size and frequency distribution of

Atlantic inshore lobsters to show a bell

curve, says Watson, but the graph actu-

ally describes "half a bell curve," faUing

away to nothing at the point where the

legal size limit is reached. Meanwhile,

the graph for lobsters 100 miles off-

shore indicates the presence of more

big ones there than inshore. In Wat-

son's view, it's time to reconsider lob-

ster fishing limits in the United States,

especially in light of what has hap-

pened to the cod and other New Eng-

land fisheries. He beheves that raising

by half an inch—from three and one-

quarter to three and three-quarter

inches—the size at which lobsters can

legally be caught could make a big dif-

ference. The problem with proposing

tighter limits is that environmentalists

and marine scientists have been pre-

dicting doomsday for the past twenty

or thirty years, and doomsday has not

yet occurred. Watson knows that tack-

Hng the problem presents "a political

nightmare."

Lobstermen like Rusty Court are

part of a revered New England fishing

tradition. To side with environmental-

ists, marine scientists, and other doom-

sayers against the wisdom of these old-

timers seems like a betrayal of our

heritage. And nobody knows this bet-

ter than the scientists. "The lobster-

men think we're crazy, and maybe we

are," says Watson. "I'm just a scientist. I

don't have all the answers. But I don't

have any financial interest in what hap-

pens one way or the other, either."

Watson would love to see the

United States adopt seasonal limits

such as those used in Canada. He also

points to the tightly regulated and ex-

tremely lucrative Australian lobster

business as a model of a well-managed

lobster fishery. A complete overhaul of

the U.S. lobstering industry is unlikely,

but a number of small steps—raising

the size limit, reducing the number of

pots per hcense, or instituting a de-

fined season—could have a positive ef-

fect on the H. americanus population.

"If we wait until the lobster harvest

starts shrinking, then it's going to be

too late," Watson warns. "When the

lobster population crashes, it's going to

crash in a major way. And we are not

going to see it coming."

Robb Walsh writes about food for the

Houston Press.
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WHO'S ON FIRST?
There's still no end to the controversy over when

and how humans populated the New World.

5y Anna Curtenius Roosevelt

A
little less than 13,000 years ago,

as the Ice Age was drawing to a

close, big-game hunters crossed

the Bering land bridge from Siberia

into the Americas. By 12,000 years

ago, they had made their way south

from the interior of Alaska through an

ice-free corridor to the high plains

of North America. Hunting effectively

by using spears tipped

with fluted, flaked stone

points (called Clovis

points, after an archaeo-

logical site in New
Mexico), these Paleo-

indians decimated the

game herds of the plains

in less than a thousand

years. Some then mi-

grated farther south

through the highlands

of Central America and

the Andes, reaching the

tip of South America about 10,000

years ago, just as global warming and

rising sea levels marked the end of the

Ice Age, or Pleistocene epoch. Only

then did people spread to the coasts and

big rivers; develop new varieties of tri-

angular, stemmed points; and begin to

subsist on small game, fish, shellfish,

and wUd plants. The game-poor tropi-

cal forests remained off-hmits until after

New World peoples had developed

agriculture, about 5,000 years ago.

This attractively simple tale, stiU en-

shrined in some textbooks, is unravel-

ing as a result of archaeological evi-

dence accumulated over the past two

decades. Nearly seventy years after ex-

cavations first revealed the Clovis big-

game hunting culture, new sites and

new dates in both North and South

The Settlement of the

Americas: A New Prehis-

tory, by Thomas D. Dillchay

(Basic Books; $27.50)

Bones, Boats, and Bison:

Archeology and the First

Colonization of Western

North America, by E. James

Dixon (University of New Mex-

ico Press; cloth, $49.95; paper-

hack. $24.95)

America are challenging Clovis's claim

to priority. But a new consensus has

not yet emerged. Instead, scholars are

engaging in acrimonious public dis-

putes while dramatic press releases with

conflicting claims incite the media.

Two new books on the first Ameri-

cans ofler to clarify the picture. One is

by Thomas D. DiUehay, the T Marshall

Hahn Jr. Professor of

Anthropology at the

University of Kentucky,

Lexington; the other is

by E. James Dixon, the

curator of archaeology

at the Denver Museum
of Natural History.

Both books are defi-

nitely worth reading,

but they require con-

siderable effort and a

critical eye. Both use

terms and dating crite-

ria inconsistently and contain inaccura-

cies or out-of-date information that

will confuse the general reader.

Although the books difier in several

respects—for one thing, DiUehay 's em-

phasizes South American discoveries,

while Dixon's focuses more on North

America and the Clovis sites—both

take it for granted that people entered

the New World before the rise of Clo-

vis culture. The idea of an earlier mi-

gration is not new. For more than

thirty years, Alan Bryan and Ruth

Gruhn, as well as other archaeologists,

have argued that people who lacked

projectile points for big-game hunting

entered the Americas more than

30,000 years ago. Recurring claims for

such early cultures have been based on

a handful of sites, along with analyses of

Native American Hnguistic and genetic

diversity suggesting that people have

lived in the New World for a long time.

But with the exception of evidence for

the Nenana culture (known from sev-

eral sites in central Alaska), the data

supporting all pre-Clovis cultures have

failed to withstand careful scrutiny.

C. Vance Haynes and others have

shown that the sites in question do not

provide a consistent series of early dates

that are securely tied to unambiguous

evidence ofhuman presence.

Neither DiUehay nor Dixon can

marshal a consistent pattern of evi-

dence for an arrival prior to 12,000

years ago. The new claims for pre-

Clovis sites are no stronger than the

old ones, and the old ones continue to

circulate despite their evident flaws. A
number of the sites championed by

one or both authors—for example,

Putu and Bluefish Caves—have no ev-

idence of human presence at an early

date. Some, such as Meadowcroft

Rockshelter, have questionable dates

due to possible contamination, and

others, such as Cactus HOI, a new site

in Virginia, have inconsistent dates,

vague stratigraphy, and inadequate arti-

fact samples that disqualify them from

scientific acceptance, at least for the

present. (On the accompanying map, I

have indicated which early sites I think

do—and which I think do not—meet

stringent criteria.)

Even Dillehay's Chilean site of

Monte Verde—^which he, Dixon, and

many others beHeve to be about 12,500

years old—can be challenged. (After

these two books went to press, the

magazine Discovering Archaeology car-

ried an acerbic article by Stuart Fiedel

criticizing the quality of the data.) As

Fiedel, Dena Dincauze, Tom Lynch,

and I have pointed out, this site pre-

sents many problems. Located in boggy

terrain along a stream, Monte Verde

has discontinuous stratigraphy, suggest-

ing a mixing of strata. Few of the ob-

jects unearthed are indisputably tools,

and there are no flakes from the manu-
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and their carbon 14 dates. A

"questionable" site is one that

may well be sound in many

respects but has at least one

shortcoming—such as equivocal

dating, the mixing of early

materials with later ones, or the

absence of unmistakable human

artifacts. —A.C.R.
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Note: Dates are expressed in years

before the baseline of 1950, with a

statistical margin of error. Uncertain

dates are indicated by a question mark.
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facture of such tools. Three narrow

points found at Monte Verde are ta-

pered at both ends, a "bipoint" form

common in established sites in Chile

and Peru that have more recent dates

—

Holocene rather than Pleistocene.

The tools at Monte Verde cannot

be firmly connected with the dates,

which were obtained on the basis of

bog material, not from incontrovert-

ible artifacts or food plants. And the

dates are too widely spaced—from

about 14,000 to 12,000 years ago—to

fit the brief occupation that DiUehay

beUeves the site represents. Further-

more, the site contains possible carbon

contaminants, such as bitumen, which

are known to make materials dated by

the carbon 14 method appear older

than they are (two very early dates of

more than 33,000 years ago are typical

of those recorded for petroleum mate-

rial such as bitumen). Human traces

could be the result of intrusion by later

peoples. The mastodons believed to

have been killed and eaten could be

mired fossil fauna, and the supposed

remains of shelters could be snags from

fallen trees—similar to natural deposits

found elsewhere in the region.

For their part, scholars skeptical of

the vahdity of pre-Clovis sites typically

fail to apply the same rigorous criteria

to the Clovis sites they do accept. As a

consequence, the age of Clovis, which

many stiU claim is the ancestor to all

other cultures in the New World, has

been exaggerated. It is regularly put at

11,500 or sometimes even 12,000 years

old, but no indisputably valid Clovis

site has such early carbon 14 dates.

(When carbon 14 results are that old,

they turn out to be from sites that yield

only isolated single dates, dates with a

margin of error greater than 300 years,

or dates based on carbon that has no

certain connection with a human pres-

ence.) Even Dixon, despite his pre-

Clovis yearnings, perpetuates this exag-

geration of Clovis's antiquity.

The inconsistent treatment of dates

has given the false impression of a

rapid wave of colonization by groups

descended from Clovis peoples and has

drawn attention away from numerous

vaHd sites that are contemporaneous

with Clovis but very different cultur-

ally. Most archaeologists ignore such

sites because they do not have the ca-

chet of being pre-Clovis. For now,

though, their age and location provide

the most reliable basis for an account

11,000 years ago, specialized maritime

foragers had already settled the Pacific

coast, guanaco hunters were Hving in

the southern grasslands, and riverine

tropical-forest foragers inhabited the

eastern lowlands. The peoples of the far

south used fishtail points with expanded

stems, and the forest and coastal peoples

used triangular points, often with ta-

pered stems.

The earliest migrants used various resources and

habitats; only some of them hunted big game.

of the migrations and ecological adap-

tations of the first Americans.

What, then, would be a more accu-

rate picture? My conclusion is that the

first people to venture into the eastern

Bering Strait region, a bit before 12,000

years ago, may have been a group Uke

the Nenana people, who were not spe-

cialized big-game hunters but rather

foragers of small game, fish, fruits, and

nuts. Instead of fluted spear-points they

made triangular points that they prob-

ably used as knives. During the ensuing

thousand years, their descendants pene-

trated diverse ecological zones through-

out the Americas. Clovis was only one

of these descendant cultures and not,

therefore, either the earliest in the Amer-

icas or a culture that set an adaptive pat-

tern for the hemisphere. None of the

other descendant cultures were charac-

terized by specialized big-game hunting.

No one type of environment seems

to have been colonized before others,

and people did not create one single

style of artifact or survive on one partic-

ular kind of resource. Most Clovis-age

peoples in the far north lacked fluted

points; they used microblade tools (small

blades struck off" a prepared core) to

hunt and gather a variety of resources.

Even the Clovis fluted point (with its

shallow channel on one or both sides

and its parallel edges), which spread

widely in the interior continental

United States, is conclusively associated

with big-game hunting only in the high

plains. In South America, by about

With their pre-Clovis emphasis,

both DiUehay and Dixon miss the

broad significance of these sites, and

neither manages to sketch a coherent

picture of colonization that fits the pat-

tern of current data. Dixon argues that

the earhest migrants followed a coastal

route from the Bering Strait region

southward to Tierra del Fuego, yet he

cannot demonstrate that coastal sites

were occupied any earher than interior

sites. As Ted Goebel and John Erland-

son have pointed out, there are no se-

curely dated maritime sites in North

America as old as Clovis, and those in

South America are the same age as in-

terior sites, not older.

DiUehay beUeves that the first mi-

grants in South America could have

been pre-Clovis big-game hunters who
arrived at least 15,000 years ago and

used fishtail projectUe points. However,

he can identify no fishtail-point sites

earher than 1 1 ,000 years ago, and these

are in the far south, not the north, as

would be expected. And, as he admits,

few early South American human sites

include the bones of now-extinct Ice

Age game animals. In addition, DiUe-

hay distinguishes another South Amer-

ican tradition of foragers with only

unifacial tools (made by flaking one

side), but no such culture has been

shown to exist. AU the sites that have

been adequately sampled and dated

yield bifacial as weU as unifacial tools.

Both authors try to make sense of

the current heated debate about the bi-



oloi^ical origins i)t the first Aiiicricms, a

debate with pohtical and racial over-

tones. Some archaeologists argue that

modern-day Native Americans are sig-

nificantly different physically from the

i'.ileoindians—and ch.it I'.ilcoindi.m

sites are tiierefore not subject to the Na-

tive American Graves Protection and

Repatriation Act (NAGFRA). They

suggest that the very first New World

peoples were of European origin and

that modern-day Native Americans de-

scend principally from later waves of

migrants from Asia. The long and nar-

row prehistoric crania, such as that be-

longing to Kennewick Man (discovered

in Wiishington State), are taken to be

Caucasoid, while Solutrean tools from

France are proposed as precursors of

Clovis points. However, this cranial

shape and the relevant tool traits are

found in Asia as weU. Citing studies of

teeth, Dixon righdy points to maritime

northeastern Asia rather than to Europe

for the origin of Paleoindians. Dillehay

is ambivalent, but gives some credence

to claims of Australian or African affini-

ties—such as for a woman's skull found

at Lapa Vermelha, Brazil—but these

claims are weak on both geographical

and chronological grounds.

All modern groups differ signifi-

cantly from their distant ancestors.

With more precise studies, the cultural

and biological links of living Native

Americans to the Paleoindians are be-

coming clearer. Although some groups,

such as the Umatilla in Washington

State, want to prevent future research

on Paleoindians, members of other

groups, such as the Tlingit, welcome

the new information about their pre-

decessors. From my own experience

with Paleoindian archaeology, I'd say

that present-day Native Americans

have much to gain, and nothing to fear,

from continuing research.

Anihi Curlmius Roosevelt is a professor of

anthropology at the University of Illinois,

Chicago, and the curator of archaeology at

the Field Miiseuw of Natural History
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I Will Tell of My War Story: A Pictor-

ial Account of the Nez Perce War, hy

Sioii M. Tlwmpson (Universiiy of iVashiiigkm

Press, 2000; $26.95)

This 1 877 war is perhaps best known for

Chief Joseph's moving surrender speech.

But now the discovery of a Nez Perce

artist's drawings of these events allows us

to see not only the exploits of war but

also camp scenes, ceremonial dances, and

abstract representarions of tribal belief

The Redrock Chronicles: Saving Wild

Utah, /))' T.H. Watkins {Johns Hopkins

University Press, 2000; $24.95)

At the heart of the Colorado Plateau

—

135,000 square miles of uplifted rock

"like a huge island in the earthly conti-

PHOTOGRAPHY

nental sea"—is Utah's red-rock canyon

country. Watkins gives an evocative ac-

count of its geolog)', ecology, and peo-

ples, with many maps and photographs.

Tyrannosaurus Sue: The Extraordi-

nary Saga of the Largest, Most

Fought Over T. Rex Ever Found, by

Sure l-fjer iW.ll. ireeman. 21JIJU; $24.95)

The 1990 discovery of forty-one-foot

"Sue"-the most complete T. rex fossil

find to date—resulted in legal, politi-

cal, and scientific wrangles and pitted

federal government claims against

those of the Cheyenne River Sioux.

Finally sold at auction for S8.36 mil-

lion. Sue now belongs to Chicago's

Field Museum.

Weeds, by Howard Bjcnison

(Clnoindc Becks. 2000; $19.95)
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Young Naturalist Awards 2000
For the American Museum of Natural History's third annual Young Naturalist Awards, students in

grades 7 through 12 were invited to do a research project, document an expedition, or create an

exhibition related to the fields of biodiversity, earth science, or astronomy. This year's theme was

"Looking Back, Looking Ahead," from 1900 to the present and onward into the future. The winning

entries (selected from nearly a thousand) are summarized below. Full-length versions are available in a

catalog published by the Museum's National Center for Science Literacy, Education, and Technology

and also online at www.amnh.org/youngnaturalistawards.

The Big Chill: Calming Signals

Among Wolves, by Chhe Esker (Sacred

Heart Schools, Chicago, IL; Grade 8)

The wolf has been Claire Esker s

favorite animal since the age of nine.

She documents a range of behaviors in

a wolf pack in Peoria Wildlife Prairie

Park, especially their cahiiing signals

—

the gestures they make to reduce

aggression, fear, and stress within the

pack. "As we enter the twenty-first

century, I believe the use of calming

signals among wolves will eventually

become less pronounced," Claire

concludes. "As the wild wolf

population decreases, more wolf

refuges wiU be created. The aggressive

tendencies of these wolves wiU

decrease due to contact with humans

and the fact that hunting will no

longer be essential to their survival."

Agricultural Genetic Engineering, by

Elaine Gould (Toll Gate High School,

Warwick, RI; Grade 10)

Elaine Gould designed a four-room

exhibition that would explain the role

ofDNA in genetic engineering, plant

biotechnology, and the alteration of

animal traits, and that would examine

some of the risks and benefits of

genetically engineered foods. Perhaps

the most innovative of her installations

is the Cell Theater, representing the

inside of a cell and its complex

processes. "The aim of this museum
exhibit," Elaine explains, "would be to

educate the public about the ever

increasing advances in agricultural

genetic engineering."

Fiddler on the Marsh, by Gmmw Gupta

(Tltomas Jefferson High School for Science

and Technology, Alexandria, VA; Grade 9)

"The cold, salty wind blows over the

marsh, invisible, detected only through

the swaying of the knee-high cordgrass

and the faint ripples on the surface of

the creek," writes Gaurav Gupta in a

report of his class's expedition to study

the fiddler crab. He observes the crabs

clustered together in mudflat burrows

and muses on the kinds of threats they

face—from pesticides, parasites, and

viruses to earthen dams, ditches, and

rerouted water. "I suddenly know I am
observing a dwindling and precious
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resource," he states. "It is important

that we preserve this key decapod. It

fiddler crabs were to die out, the

marsh would die with them."

Mars— Past, Present, Future, by

Andrew Walker (Briscoe Middle Scliool,

Beverly. AM; Grade 7)

"Maybe one day we will need to live

there," speculates Andrew Walker, who
summarizes what has become known

about Mars since the Babylonians first

observed the planet 2,400 years ago.

Today we know about the geography,

atmosphere, and climate of the red

planet, but Andrew believes we wiO

learn much more in the twenty-first

century, particularly in the ne.xt thirty

years. He describes some ot the

proposed missions to the planet and

talks about the possibihty of colonizing

Mars. "One thing that might be done

in the next century," Andrew says, "is

terraforming." This, he explains, "is

when scientists change the

temperature and atmosphere of a

planet to allow life to exist on it."

Operation: Human Genome Project,

/))' W'aiidnii KiViiiiini (Diriiie Savior Holy

Angels High Scliool, Mihi'aiikee, WI;

Grade 1 1)

^

Wambui Kamuiru is one of several

young naturalists fascinated by the

recent advances in genetics. Wimbuis

design for an interactive exliibit on the

Human Genome Project (HGP)

encompasses three rooms, or "pods,"

organized around a giant 3-D model ot

a chromosome. She focuses particularly

on ethical, legal, and social issues and

hopes to convince "mature museum

visitors" of the relevance and

seriousness of the HGPs primary goals:

identifying the more than 100,(JOO

genes in human DNA and determining

the sequences of its 3 billion chemical

bases. "Not only will the knowledge of

ones own generic makeup change the

way we see ourselves," writes Wambui,

"but it may alter the way others

perceive us as well."

The Indian Ricegrass, by Jayrene June

(Page High School, Page, AZ; Grade 12)

After analyzing 300 samples of Indian

ricegrass from three areas of northern

Arizona and southern Utah, Jayrene

June recommends that the Bureau of

Land Management revise its grazing

limits and base them not only on plant

height but also on diameter. Navajo

elders told her ot a time on their

reservation when "the grass would

grow up to their knees and waists," but

today there is little vegetation. Jayrene

writes, "In the future, I plan to help

my people by educating them about

overgrazing. My goal is to make this

land a yeUow ocean once again. The

future of our land depends on how we

use it today."

Genetics: An Increasingly Important

Field of Science, by Janet Lee (Troy

High School, Fullerton, CA; Grade W)
"The whole idea that genes can

control so many aspects of our lives

DURING JULY AND AUGUST

Two exhibitions rel.ited to Mongolia

arc on display: "Fighting iJinosaurs:

New Discoveries From Mongolia," in

Ciallery 3, and "Mongolia Observed:

Photographs Present and Past," in the

Akeley (Jallery.

Beginning July 1, in addition to

Dolphins (a film about the complex be-

havior of these marine mammals in the

wild, with a soundtrack by Sting), the

Museum's IMAX theater is also pre-

senting To Be an Astronaut. Featuring a

NASA team, the movie follows the as-

tronauts through their extensive in-

flight training to countdown and the

final launch into space.

The American Museum of Natural

History is located at Centr,il Park West

and VMth Street in New York City For

listings of events, exhibitions, and

hours% call (212) 769-5100. Visit the

Museums Web site at \\^\^v.aninh.org.

Space Show rickets, retail products, and

Museum memberships are now avail-

able online.
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fascinates me," writes Janet Lee, who

describes genetics as "the science of

our fliture." Providing a concise

summary of the histoiy of genetics

research—from Gregor Mendel to

Thomas Hunt Morgan, James Watson,

and Francis Crick—Janet (who would

like to have a career in this field) sets

the stage for new developments as the

completion of the Human Genome

Project draws near. "It will be a new

ase," she writes, "one in which

scientists work diUgently to prevent

currently incurable diseases."

Seeing Double: An Exhibit on

Cloning, by Amy Tsao (Bergen Academy,

Hackemack, NJ; Grade 1 1}

The purpose ofAmy Tsao's interactive

exhibit is to help people reaHze why

cloning is such an important scientific

breakthrough. "After visiting the

exhibit," she says, people "should be

able to reaHze why DoUy the sheep

,f|'p7/;

»:^-

^ Iv \v

made headlines." Text, images, videos,

and interactive games provide

background information on DNA and

genetics. Amy focuses on the

potentially beneficial uses of cloning,

and she writes, "These uses of cloning

include bringing animals back from

extinction, repopulating endangered

species, creating organs for transplants

through donor pigs with human

DNA, and producing medicine

through the rrdlk of cloned animals."

The Circle of the Food Chain and

Decomposition, by Hallie Woodward

(Olive Branch Middle School, Olive

Branch, MS; Grade 7)

During the spring of 1997, half a year

after Hallie Woodward moved into a

new neighborhood, her family had

the backyard sodded and they began

to plant trees, shrubs, and flowers.

The woods behind the house,

however, had been "bulldozed and

graded flat for more new houses."

When the spring rains came, their

backyard was flooded, then covered by

a mudslide, and their landscaping

eflibrts were ruined. This set Hallie to

wondering about "the development of

our city and its effect on the soil and

the ecosystem." A year and a half later,

after researching soil composition and

learning composting techniques,

Hallie was replenishing the soil with

the natural nutrients and

microorganisms from her own
kitchen-garbage compost. "Due to

the industrial and residential boom,

our area's woodlands, wildlife, and

waterways are being destroyed," Hallie

laments. "If laws are not passed, we
will probably have future problems of

pollution, flooding, and erosion."

Can Tropical Fish Survive in a Lake

in Southwestern Montana? by Amber

Overstreet (Reed Point Schools, Reed

Point, MT; Grade 8)

To find out why tropical fish

(introduced thirty years ago by a pet

store owner) have survived in

southwestern Montana's thousand-

year-old Trudau Lake, Amber

Overstreet examined the lake's water

quality, temperature, and aquatic

fauna. Discovering that she was the

first person to study the lake

systematically. Amber rafted across it

and "dropped some corn into the lake

to attract the fish. Five minutes later,

the two most beautiflil fish I have ever

seen slowly swam up. The first was

about four inches long and one inch

tall, yet it was skinny; he was a sort of

clearish white. The second one was

bright orange with a forked tail and

long and clear fms." Amber identified

a number of tropical species and

concluded that the fish were well

adapted to Trudau Lake's year-round

warmth, high pH, high mineral

content, and low oxygen.

Paleontology and Stratigraphy of

the Rochester, New York, Area, by

Kevin Swain (Churchville Chili Junior

High School, Churchville, NY; Grade 9)

As a way of studying Earth's past and

of learning "about the climate and

environment in the Silurian and

Devonian periods of the Paleozoic

Era," Kevin Swain searched through

layers of shale in three areas around

Rochester, New York. There he

found invertebrates such as trilobites,

bryozoa, and brachiopods—fossil

remains that serve as a window on

deep time. "When I uncovered these

fossils," he writes, "it was the first time

they had seen light in 400 million

years." Disappointed at not finding an

example of a eurypterid (also known

as a sea scorpion), the state fossil of

New York, Kevin resolved to make it

his "goal in Hfe to find a complete

eurypterid" this summer. D
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Visit the harp seal pups on
the pack ice of the Gulf of

. St. Lawrence.

ww.trovelwild.com

800-368-0077

TravelWild Expeditions

Tke^ Real Per(4/

See the best macaw clay ticks in South

America from our rain forest lodges

' Manu Biosphere and Tambopata Reserves

< Birding. Wildlife, Culture and Archeology

call toll free: asS-2S7-71se • e-mM: kit@inkanatura.coin

GALAPAGOS ^glgL
Learn about the Origins of S pedes \^cK^y~\^
from our gilted nalutalist as vou Sh,.l976^ '^^

explore Darwin's islands in comfort 13H-NGU3rdSt. / A
aboard small, deluxe yachts. Swim EmervviilB, CA 94608 /^
wilfi penguins and sea lions, savor (5101420-1550

equatorial sunsets, and really get Ng1@incafloats.CDm

away! Free brochure and video wwrw.incafloats.com

Award winning lodge on the Tamshlyacu-Tahuavo
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 or. Peter lerche.

POLAR BEARS
Join us for the world's

greatest gathering

of polar bears in

I, Churchill, Manitoba

along the shore of

Hudson Bay.

800-368-0077

, www.travelwild.com
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us environmental law adventure travel - family

<

Amstefdam, Madrid, Rome $350.

Hawaii $238. Australia $850.

Bangl<ol<, Seoul, Manila, Singapore

$40aALLROUNDTRIP!

1 800-822-0888 ,1807

AirCeurier.org ">-

('303-215-9000) wwwQircouriero(g*wvAVCfieapfnpscom

Siid.fct to ovoilolMliry. membarship, & departure cites.

discover iTVv

with

ORAMA
littDy/uiuiiu.eKpiopania.com
E-maii: ainazon@8KDiorama.com

USA (800) 707-5275

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

Iquitos - Peru

Thunder B3y...e'ien Itie name conjures

up images ol excllemeni and adventure!

Between ttie wind-tossed waves ol Lake

Superior and Itie deep green

^ mystery ol unspoiled

f wilderness lies a

city ready to set the scene lor

an unlorgettable getaway.

For Visitor Inlorraation call 1-800-MOST FUN

Internet: littp://taurlsni.city.thunder-liay.on.ca

ASIA HIMALAYAS!
Treks, tours, v/ildlife safaris & overland )ourneys m India, Nepal,

Tibet, Bhutan. Thailand, Burma. Vietnam, Cambodia. Laos. Indo-

nesia, Borneo & China. Group & independent programs, Asian

adventure travel specialists since 1978 Free color trip catalog.

Phone: 800-225-2380 (24 Hr.) Email: worldadv@netaxis.com
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Current

Address
Spanning ten feet,

individual gorgonians, or

sea fans, at Kimbe Bay

(on the north coast of New

Britain, an island of Papua New

Guinea) are minihabitats unto

themselves. Like giant sequoias

or great-grandfather oaks in

terrestrial landscapes, these

upright, rooted coral animals

attract an array of more mobile

creatures. Reef fish probe their

latticework, sponges grow on

them, shrimp and crabs climb

about on their two-dimensional

branches. Photographer Fred

Bavendam framed a close-up of

one lodger, an eight-inch

yellow feather star. Ambulatory

relatives of the stalked sea

lilies, feather stars use their

arms to walk (slowly) and to

climb. After scaling a sea fan,

the feather star might stay for

a while, hanging on by means

of tiny hooks called cirri. Both

the fan and the feather star are

filter feeders. Once stabilized,

the star unfolds its arms,

embraces the current, and culls

edible particles floating by.

—Judy Rice

Photograph by

Fred Bavendam
MINDEN PICTURES
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Back in the forties, we didn't have any armadillos here

in South Georgia. I learned a bit about Florida ar-

madillos from my cousin Mike, who lived down

around Holopaw. Every time he came up to our place for a

visit, all I would hear was "my armadillo this" and "my ar-

madillo that." I tried not to be envious, but I couldn't help

telling him about how I had a cotton rat once and a jaybird

for a little while. Mike would just smugly proclaim that they

had plenty of cotton rats and two kinds ofjaybirds down in

Holopaw. Panthers too. But he liked armadillos best. One
time Mike came up to Georgia with a busted nose and two

black eyes. "Bingey," he

warned me, "armadillos

are unpredictable. They

can jump eight feet

straight up. That is one of

the ways they fight off

their attackers." I told

him next time he might

try to fmd something

better than his nose to at-

tack one with. So I kept

my dignity, but I sure did

want to see one of those

wonderflil animals.

The first time I ever

had any personal dealings

with a real armadillo was

in the early sixties. I was

riding my motorcycle

back from a trip to Pi-

geon Key, and I didn't see

one until I got all the way

up to Payne's Prairie, just

below Gainesville. This

armadillo was digging

out in the wet weeds be-

side a culvert embankment. I coasted my motorcycle up as

close as I dared and watched it for a long time. Single-

minded, the armadillo kept on working. I decided to catch

and examine it as best I could. I got off my bike and shpped

up on the animal in my best baby-quail-catching style.

Somehow it detected me even over the din of the traffic and

was into that culvert in a flash.

I was beginning to believe some of the old Mike talk,

and it got even more credible after I crossed the highway,

poked around in the short grass, and looked through the far

end of the culvert and even in the water. No armadillo. I

never did find out exactly how such a stupid-looking animal

had outfoxed a person ofmy experience and ability.

When I got back to my motorcycle, the armadillo was

rooting around by the kickstand. I grabbed it by the tail and

Armadillos, and
Dangerous

By Robb White

picked it up, but not before it flipped about three quick

divots of sod into my eyes with its hind feet. When it quit

squirming and I could see again, I began my inspection at

the stern, as that part was up. I immediately became fasci-

nated by a peculiar movement of the anus. It appeared to be

alternately protruding and retracting, sort of like the Hps of

toothless old people when they do that involuntary, fruitless

chewing motion. When I leaned down for a closer look, I

found the action far from fruitless. He (for that was what he

was) sprayed liquid excrement all over my face, arms, hair,

clothes, even the tops of my bare feet. It smeUed just Hke

fish-bait worms allowed

to die in the can. I man-

aged to put the armadillo

into my old GI surplus

knapsack, which has held

many other creatures

(some much further up

the evolutionary scale),

and waded out into the

weedy water to wash off.

When I got back to the

I motorcycle, the arma-

I dillo was back digging

s around under the kick-

I stand as if nothing had

I happened. There was a

i round hole, just about as

^ big as an armadillo, in the

corner of my old coon-

proof knapsack.

Around 1973, my
home place in Georgia

(within the Tallahassee

metastasis zone) became

the exact point of inter-

section of two expanding

populations of armadillos, just moving back up firom where

they were pushed during the last ice age. One group came

in from the west. Somehow they crossed the Mississippi, and

they kept moving east until they met the Holopaw bunch,

which had walked up from South Florida. I was glad to see

both groups, and I have found out many things about ar-

madillos since then. Mike was wrong about their mean dis-

position (my own observation has yet to reveal any disposi-

tion whatsoever), but they can jump straight up when they

detect danger from above. I once tried to lean over and

write a number on one that was smelling my toe. When he

felt the little Wite-Out brush, he jumped up so hard that it

busted my Hp and loosened two teeth.

Boat builder and biologist Robb Wliite lives in Ttioniasuille, Georgia.
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What weighs less than 1 3 oz. but

can carry you thousands of feet

across any terrain?
With up to 80 times power Z-80 Siiperzoom Binoculars are the most

powerful compact bim)culars on the market.

You're in the wilds of Montana, sur-

rounded b\' the looming, snowy-

white pealcs of Glacier Park, dwarfed

by an awe-inspiring view, when something

stirs in the treetops. You look up quickly

and vaguely see the outline of a hawk or red

heron lift-off...vou can't distinguish the

breed of bird. Frantically, you clutch your

backpack and rummage for your binoculars,

onlv to remember vou left them in vour RV
because they were too bulky to carry in your

backpack. If only you'd had your friend's

featherweight, compact Superzoom Z-80's

—

the only binoculars built for power and easy

transport on the trail or anywhere. Next

time you'll borrow them, for sure, or better

yet, get a pair for yourself.

Carson's new, ultralight Superzoom Z-80

compact binoculars ha\e a higher zoom
capacitv than anv other pair of compact

binoculars on the market. They allow you to

view at 20x magnification and then zoom in

for pinpoint accuracy to 80 power, without

ever losing sight of your object. Complete

with case, neck strap, lens cap and tripod

adapter, the dynamic Superzoom Z-80

sports high performance prisms and super,

fully-coated lenses that provide exceptional-

ly sharp, high-contrast images. Plus, these

state-of-the art binoculars weigh less than 13

ounces and are small and durable enough

for long-lasting use anywhere.

Take Control. Tlie Superzoom Z-80's easy-

to-use manual zoom le\'er puts you in control,

letting you zoom in or out with the slightest

touch of your finger The superb specifica-

tions, utilizing BAK4 prisms, along with the

precision and craftsmanship of the Superzoom

Z-80, will ensure excellent performance under

the most demanding conditions. If handled

with care, the Superzoom Z-80 will pro\'ide

vears of tioublo free-service.

Seeing Eye to Eye. The binoculars' ultra

compact zoom is fitted with rubber eye cups

designed to exclude extraneous external

light. If you wear glasses, simply roll down
the eye cups to bring your eyes closer to the

binoculars' lens for improved field of vision.

Get closer to the action

Regular binoculars With the Z-80 at full power

Up lo 2(Jx to 8Ux magnitication sets the

Superzoom Z-8() apart in a league of its own
compared to other compact binoculars.

With an objective 25mm lens and a field of

view (m/lOOOm) of 30m to 13m, these pow-

erful binoculars arc a "best buy" worth

more than their price.

Be there. ..up close and yet far away.

IJon't miss out on this great iiller

Superzoom Z-HO comes with a one-year

manufacturer's limited warranty and

TechnoScout's exclusive risk-free home trial.

If you are not satisfied for any rea.son, sim-

ply return it within 30 days for a full "No
Qiie>..li(ins .Aski'd" [•(fiiiicl.

Zooming
lever

Roll down
eyecups

Tripod

adapter
Dimension 4x4x1

High performance prisms and super

fully coated lenses provide excep-

tionally sharp, high contrast images.

Magnification 20x to 80x

Objective Lens 25mm

Field of View (m/1 00m) 30m-13m

Minimum Focusing Distance 4m at 20x

Prism BAK-4 porro

Weight 12.5 02.

Color gray

Where high tech hits home
For years, we have found high tech

solutions from the innovators and
brought them directly to you. ..months

before they were available in stores.

Now, TechnoScout.com is the high-tech,

low-stress way to a better life.

Z-80 Superzoom Binoculars

S179.95 S11 95S&H

Please mention product code 9171 -1 8650.

For fastest service, call toll-free 24 hours a day

800-992-2966
VISA CSiS"

Vi' order by tiuiit. Stuif check or luoncu order for the total amount

itu'ludiug S&H. Or ehiir^c tt to i/oiir credit card by ciiclosing your

iKcouiil mimber iitid expiralkm date.

Wfyidiii residents only—please add 43'''v sales ta.x.

^ECHNOSCOUT^
II%3
m

1 998 Ruffin Mill Road ~ T
Colonial Heights, Va 23834 |3
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American Museum o Natural History gp
Discovery Land
Tours Programs
Since 1869, the American

Museum of Natural History

has sponsored

scientific expeditions

around the globe in an

effort to unravel the

world's greatest mysteries.

This passion to discover

and understand is the inspi-

ration for Discovery Tours,

the Museum's

educational travel

program. M

Participants in Discovery

Tour programs have the

unique opportunity to trav-

el the world with Museum
scientists, uncovering new
insights into the nature of

life on earth, as they

explore some of the

world's greatest wildlife

areas, archaeological sites,

and cultural centers.

Indochina Unveiled: Vietnam,

Cambodin and Laos __J ^
January 26 - Febraary'll, 2001

Mexico: Mayan Ruins and

Exquisite Haciendas

February 9 -22, 2001

Big Cats of the Serengeti:
'

Biodiversity and the Role of

Carnivores in Ecosystems

February 19 -March 4, 2001

Inside Saudi Arabia
February 22 - March 8, 2001

Belize & Tikal: Rainforests,

Reefs and Ruins

March 9 -18, 2001

November 2 -11, 2001

Qassical Greece & The
Elgin Marbles
April 18-28, 2001

Madagascar: Witnessittg the

Total Solar Eclipse

June 9 - 23, 2001

Inside Iceland

July 9 -18, 2001

Exploring Atlantic Canada:
Bay of Fundy and Nova Scotia

August 7 - 14, 2001

China & The Yangtze River
August 27 - September 1 1. 2001

• k j^fAost of oikr land programs are

limited to i^-25 travelers.

In Search of the Source of

the Nile: From London to

Zanzibar, Tanzania, Uganda and

Khartoum

September 4 - 23, 2001

Ethiopia: The Heart of Afiican

Civilization

October 3 - 17. 2001

Papua New Guinea: Journey

to the Last Unknown
_j0|tober 6 - 20, 2001

Iran: Persian Treasures

October 12 - 26, 2001

South Pole Expedition

_J,aiiuar-y,-2Q02

Cruises
Exploring Antarctica & The
Falkland Islands: Aboard the

Hanseatic

JEttiuary 14 - 29, 2001

The Galapagos Islands:

Aboard the Isabela 11

January ,14-24,2001

Cuba: Imagtand Reality Aboard

th'e Panorama
i

January 18 -2872001'

Timbuktu and the Rivers of

West Africa: Mali, Senegal and

the Gambia Aboarii the Halcyon
February4- 17,2001

The Lost Islands of Tahiti:

Exploring French Polynesia

Aboard the Paul Gauguin
March 1-11,2001

The Amazon: Discovering its

Natural Wonders Aboard La

Amatista

February 24 -March 3, 2001

March 10- 17,2001

March 17 - 24, 2001

Indian Ocean Odysseys «

.

South Africa, Madagascar and

the Seychelles Aboard the

Hanseatic

March 17 -April 4, 2001

Sicily: Crossroads of

Mediterranean Civilizations

Aboard the Halcyon
April 29 -May 9, 2001

f

I

Springtime in Japan:

i

Exploring Gardens, Temples and

1
Traditional Cidture Aboard the

\
Clipper Odyssey
May 7 -21, 2001

Historic Cities of the Sea:

Sicily, Malta, Tunisia and Spain

i

Aboard the Clelia 11

1 May 9 - 20, 2001

; Fire & Ice: Tlk Kuril Islands

and Kamchatka Peninsula

i
Aboard the Clipper Odyssey

: June 18-30,2001

North America's Great
Lakes: From Toronto to

Chicago Aboard Le Levant

June 24 - July |2, 2001
|

Voyage to the North Pole:

Aboard the Yamal
July 18 -August 1,2001

American Museum of Natural
Central Park West At 79th Street,

History/Discovery Tours
New York, New York 1 0024-S 1 92
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DISCOVERY TOURS - 2001 PROGRAMS
The Labrador Sea &
Hudson Bay Expedition:

Abonni Le Lewint

August 2 -14, 2001

Undiscovered Greece:

llhldcii hlaiul^, Villa^cf and

Ancient Sites Abonrd the

C.illisto

I
August 16-23,2001

' The Outer Islands of

Britain, Ireland & Scotland

Aboard the Song of Flower

August 22 - September 3, 2001

The Elbe River: A journey

front Prague to BerUn Aboard

the Katharina

August 29 - September II , 2001

Along the Ancient Coast of

Turkey: Aboard the Panorama
September 21 - October 1, 2001

j

Great Temples of Southeast

Asia: Tliailand, Cambodia,

Malaysia and Indonesia

Aboard tlie Clipper Odyssey
October 22 - November 10, 2001

Under Sail in the Wake of

Moors & Mariners: Spain,

t

Moroeco and The Canary

I
Ishinds Aboard the Sea Cloud

1 October 27 - November 7, 2001

I Arabian Gulf Voyage:
' Dubai, Qatar, Bahrain, Kuwait,

!
Saudi Arabia, Khasab and

t

Muscat Aboard tlie Song of

Flower

November 8 -21, 2001

NlN,<^

Patagonia: Torres Del Paine'

and Tierra Del Fuego Aboard

the Terra Australis

Novembers- 16,2001

I V #
Train
Trips
Bhutan & Northern India:

Aboard the Royal Orient

January 29 - February 15.2001

Exploring Southeast Asia:

Thailand, Malaysia, Cambodia,

Singapore ami Hong Kong

Aboard the Eastern & Oriental

ExDrcss

March 18 -April 1,2001

Africa's Wilderness by
Rovos Rail: South Africa,

Ziudmbwe, Botsumna and

Namibia

May 16-30.2001

The Ancient Silk Road: A
Journey Through Chhia and

Central Asia

September 21 -October 14, 2001

Festivals of India: Aboard

tlie Palace on Wheels
November 2- 18,2001

Plane
Trips

Family

Heaven & Earth: Around
the World Private Jet

Expedition to Celebrate the

Rose Center for Earth and
Space: Tikal, Cuzco, Machu
Picchu, Easter Island, Samoa,

Ayers Rock, Borobiulur, Angkor

Wat, Taj Mahal, Luxor, Petra

and Norway's Northern Lights

January 19 -February 10,

2001

National Parks of the West
Private Jet Expedition:

Mt. Rushmore, Grand Teton,

Yellou'stone, Grand Canyon,

Glacier National Park, Zion,

Bn/cc Canyon and Mesa Verde

June 28 -July 9, 2001

The History of Food &
Wine by Private Jet:

Burguiniy, Istanbul, Umbria,

Venice and Bordeaux

July 6-19, 2001

Exploring Egypt & Jordan
by Private Plane

October 2 -18, 2001

Lost Cities by Private Jet:

Petra, Oman, Lhasa, Chengdu,

Kathmandu, Vientiane, Luang

Prabang, Angkor, Ulaanbaatar

and Sanmrkand

October 3 1 - November 20, 2001

Programs ^^^3

Family Adventure in the

Land of Pharaohs and
Prophets: Egypt, Israel, Jordan

and the Red Sea aboard the

Callisto

December 22, 2000 - January 2,

2(K)1

Wildlife of the Galapagos
Islands: A Family Adventure

aboard the Santa Cruz
June 30 -July 10,2001

Family Dinosaur Discovery:

In the Grand Vallei/ of the

Colorado River

July 7- 13,2001

Explore the Natural

Wonders of Ireland

July 12-20,2001 -^
China For Families

July 19 -August 2, 2001

Voyage to the Lands of Gods
and Heroes: A Fannly Journey

to the Ancient Mediterranean

Aboard the Clelia II

July 23 -August 4, 2001

Family Alaska Expedition:

Aboard the Wilderness

Ad\'enturer

'^

August 14-21,2001
Ik

Nepal: A Himalayan Family

Adventure

December 19. 2001 - January 2,

2002 i

U /

For More Ikformation Call: 800-462-8687 or 212-769-5700
Fax: 212-769-5755 Visit:www. discoverytours.org

';
;

Discovery Tours, the educational travel department of the American Museum of Natural History, is a registered ser\ice mark of this institution.
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(FINALLY, A POWERTRAIN LIMITED WARRANTY

FOR VEHICLES THAT ARE MADE TO RUN OVER THINGS!

Consider a 10-year /120,000-mile powertrain limited

warranty. On a car that takes you to work, it's no big

news. On an SUV that takes you places cars can't go,

it's a different story. At Isuzu, we back all our 2000

SUVs (the Trooper, Rodeo, Amigo, and VehiCROSS)

with America's longest warranty. Because we expect

you to go places in an Isuzu truck. And we want you

to go with the knowledge that your vehicle is built

to withstand the beating. Call 1-800-795-9779 for

your local Isuzu dealer or visit www.isuzu.com.

CAR COMPANIES BUILD SUVS THAT ARE AFRAID TO

LEAVE THE ASPHALT BEHIND. WE'RE NOT A CAR COMPANY.

n r~:~-> r~i n,3

t*Warranty coverage for defects in materials and workmanstiip oniy. tfo coverage for damage caused by misuse. See your Isuzu dealer fai
.warranty details. Powertrain Limited Warranty excludes commercial or fleet vehicles and is transferable to Immediate family members onil
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THE
GREATEST RISK
IS NOT
TAKING ONE.

It takes courage to do something that's never been done before. To attempt a feat

that goes beyond conventional thinking. But, it also takes planning and a complete

understanding of all the problems that may arise. No one has better firsthand knowledge

of the inherent hsks of dahng enterphses than we do. In fact, we're the leading U.S.-based

provider of custom-tailored risk solutions for companies all over the world. So the next

time you wake up, mind ablaze with an idea that nobody's attempted to pursue before,

contact AIG. We're the organization that helps challenging ventures get off the ground.

--^
WORLD LEADERS IN INSURANCE AND FINANCIAL SERVICES ^^CH

Insurance and services provided by members of American Inlemational

Group, Inc., 70 Pine Street, Department A, New York, New York 10270. WWW.AIG.COM



lake an

automated tour

of the galaxy

COMPUTER CONTROL
|

1 i 2 3

ETX-90EC
Astro

Telescope

Let MeadrfflTO-high-
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Words or

Pictures

Marine toad

The hackneyed saying that one picture

is worth a thousand words was, it turns

out, the brainchild of an American

advertising executive, Frederick R.

Barnard. (Hoping to get more respect

for his slogan, which he thought up in

1921, Barnard put out the word that

it was a Chinese proverb.)

Some of the editors at Natural

History are awfuUy fond of words

and reluctant to admit that ,
,,-'^

any amount of text can easily
'^'^^

be trumped by a picture. But when it

came to planning "Biomechanics," a column that made its debut in the

magazines July-August 1999 issue, we editors became real Barnardites:

we started worrying about pictures right away. Reporting on biophysical

discoveries—how toads unfurl their tongues to catch insects, how baby

skates pump water over and through their egg cases, why blades of grass

spring back after being blown down, how geckos cHmb walls, how flies

fly—was, we reasoned, a challenge no wordsmith should face alone. We
needed an illustrator, and no ordinary one. Enter Sally Bensusen.

An artist who had a brief career as an astronomer, Bensusen is blessed

not only with visual imagination but with a passion for attacking diverse

and difficult subjects. Undertaking the illustration of "Biomechanics" in

every issue means reading and mastering scientific papers on a variety of

subjects. It means working in close concert not only with the writer

(Carl Zimmer), the editor (Rebecca FinneU), and the designer (Tom
Page) but also with the scientists who have made the biomechanical

discoveries in question. The outcome of all this collaboration invariably

turns out to be a striking image. Proof of Bensusen s success? The
magazine staff is happy, readers write to tell us how much they enjoy her

illustrations—and the scientists often ask to buy

her paintings.

Thanks, Sally.

—

Ellen Goldensohn
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Venomous Exchange?

Steve Grenard contends that

the venoms ofmany

rattlesnake species across

North America have grown

more potent within the

past two to five decades ("Is

Ratdesnake Venom
Evolving?" 7/00-8/00).

The notion of such rapid

evolution is suspect when

one considers the relatively

long time span between

ijeneratioiis—five vears or

more. (These snakes are

not exactly Drosophila in a

bottle!)

Even ifwe assume that

such a change has taken

place, Grenard fails

to present convincing

explanations. Most

preposterous is the concept

of rapid introgression of

Mojave toxin genes from

JVlojave rattlers into timber

rattlers. Since only a handful

of hybrid rattlesnakes have

ever been found in the wild,

it is difficult to conceive of

the mechanisms by which

genes from one population

would enter another and

increase in frequency so

rapidly that we could detect

them in a matter of decades.

Rather than spending so

much time discussing a

hybridization hypothesis,

the author could have

explored the possibility that

Mojave toxin genes arose in

an ancestral species and have

been variably preserved or

expressed in different species

and populations.

Unfortunately, Grenard's

sweeping assertion about

venom toxicity will be read

as gospel and lead to

increased persecution of

rattlesnakes, many ofwhich

are already imperiled.

Andrew T. Holycross

Department ofBiology

Arizona State University

Tempe, Arizona

Steve Grenard replies:

While evidence for increases

in the toxicity of rattlesnake

venom is still anecdotal,

many medical facilities I've

contacted are concerned

about recent cases of

apparently neurotoxic

envenomation—several of

which have been reported

in medical journals. (See, for

example, S. P. and E.

Siedenburg, "Neurotoxicity

Associated With Suspected

Southern Pacific

Rattlesnake [Crotalus viridis

helleri] Envenomation,"

Wilderness and Environmental

Medicine 10, 1999.) My
article presented

hybridization as only one of

several hypotheses that

might explain alterations in

rattler venom. Documented

cases of hybridization

between various wild and

captive rattlesnake species

have estabhshed that gene

flow is possible in the wOd.

I also stressed that venom

does not come in standard

formulas for each species

but in a range of variations,

so small quantities of

neurotoxins may always have

been present in some

populations. This possibility

is not inconsistent with

Andrew Holycross's view

that the trait may have

derived from common
ancestors.

I did not claim that

venoms have changed

composition in the past ten

to fifty years, only that

unexpected neurotoxic

symptoms of snakebite

began to appear during that

time. Certainly the

evolution of venoms in

response to prey resistance

has occurred over

millennia.

As for the complaint that

my assertions foster

increased persecution of

rattlesnakes, I emphasized

that rattlers will not bother

people if people don't

bother them and that most

species in the United States

are severely threatened by

habitat degradation and by

"rattlesnake roundups."

Runs, Hits, and Errors

Although Stephen Jay

Gould ("Jim Bowie's Letter

and Bill Buckner's Legs,"

5/00) warns against the way

humans "misstate easily

remembered and

ascertainable facts in

predictable ways" because

we need our myths about

those facts, he

unfortunately falls victim to

this very disease. In the

tenth inning of the amazing

sixth game of the 1986

World Series, the Red Sox

were leading by two runs,

not three. And when
Wilson's ball went through

Buckner's legs, Ray Knight

scored from second base,

not third.

As Mr. Stengel said,

"You could look it up."

I love the professor, and 1

would prefer to think he is

testing his readers to be

certain that they understand

his point.

Robert Nelson

Brooklyn, New York

Early Warming

In his article on

mitochondria ("Symbionts

and Assassins," 7/00-8/00),

Guy C. Brown restates

the common misconception

that birds and mammals

evolved endothermy

"toward the end of the reign

of dinosaurs." In reality, the

first mammals and dinosaurs

appear in the fossil record at

about the same time, in the

late Triassic period. The

ancestors of mammals, the

pelycosaurs and therapsids,

may have been warm-

blooded as early as the late

Carboniferous period, a fliU

235 miUion years before the

end of the dinosaurs' reign.

Birds show up in the Jurassic

and coexist with dinosaurs

for at least another 85

million years. Moreover,

dinosaurs themselves may

have employed endothermic

mechanisms for some

parts of their Hfe cycles.

Jason Brougham

American Museum

ofNatural History

New York, New York

Natural History i e-mail

address is nhmag@amnh.org.
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A Virginia native, Laura A. Sessions ("A Floral Twist of Fate," page 38) traveled to New Zealand

in 1996 as a Fulbright scholar. She earned her master's degree in botany at New Zealand's

University of Canterbury in Christchurch, studying the effects of introduced brush-tailed possums

on New Zealand mistletoes. Along the way, Sessions notes, "I realized that I enjoy learning and

writing about science more than I Hke actually doing it." She is currently pursuing a doctorate in

science communication and the media, as well as continuing work on the effects of introduced

animals in New Zealand. An "introduction" herself. Sessions says she has come to love New
Zealand's "beautiful landscapes and relaxed pace of life."

In search of material for his new book, Parasite Rex, science writer Carl Zi'mmer ("Attack and

Counterattack: The Never-Ending Story of Hosts and Parasites," page 44) spent a lot of time

traveling. In Costa Rica he watched parasitologists dissecting firogs, turdes, and iguanas and finding

new species of parasites in each group. He went to southern Sudan, where people struggle with

guinea worms, blood flukes, and many other such organisms. His search also took him to the U.S.

National Parasite Collection near Washington, D.C. Zimmer says he used to think of parasites as

minor oddities. Now he realizes they're "the dirty secret of nature: they're everywhere, and they

shape the course of evolution itself."

Alan Rabinowitz ("The Price of Salt," page 52) got his start as a field zoologist for the Wildlife

Conservation Society (WCS) in BeUze, where he set up the world's first jaguar preserve. He later went

to Southeast Asia to study big cats and other endangered large mammals, including clouded leopards.

In 1993, when Laos and Myanmar opened their borders to foreign scientists, Rabinowitz (right, with

his son, Alexander) led some of the first wildHfe surveys there in decades. He is currently director of

WCS's Global Carnivore Program. His latest book. Beyond the Last Village, about his expeditions to

northern Myanmar, is forthcoming from Island Press. Photographer Steve Winter, who accompanied

Rabinowitz to Myanmar, says he is extremely lucky to work in such remote areas when "most people believe there are

no wild places left on Earth." His pictures have appeared in many publications, including National Geographic and Geo.

Peter M. Kappeler ("The Lemurs of Kirindy" page 58) is head of the Department of Behavior and

Ecology at the German Primate Center, which has maintained a research station in the Kirindy Forest

since 1993. The virtues of Madagascar are many, he says, and include the pleasant circumstance that

the island has no big carnivores or venomous snakes. Kappeler stresses that studying the lemurs of this

forest is a joint venture with several students and colleagues (notably Jorg Ganzhorn andjutta Schmid).

Plans for Kappeler's own long-term research include investigations into lemur communication and

cognition. He is also engaged in intensive conservation efibrts on behalf of the animals of Kirindy.

Based in New York City, wildlife artist Deborah

Ross, right, took two trips to Madagascar—one in

the dry season, one in the wet—to paint Kirindy 's

animals. Other paintings by Ross, from her

numerous visits to Africa, were featured in the

12/96-1/97 and 4/98 issues o{ Natural History.

Back home in New York City, she studies West

African dance.

Coauthor Alexandra Dill

recently graduated from

Wiirzburg University,

where she studied animal

ecology and tropical

biology. For her thesis, she

investigated how Verreaux's

sifakas rear their infants.

Jiirg Alean ("The Natural Moment," page 82) earned a doctorate from the Swiss Federal Institute of

Technology in Zurich with a study of glaciers, but his interests eventually turned from ice to fire.

With Itahan colleague Roberto Carniel, of the University of Udine, he set up a seismic station on

the island of StromboH and collaborated on a Web site (stromboli.net) that features pictures of the

eruptions there. Since activity on nearby Mount Etna has become more spectacular, they have shifted

some of their attention to Stromboli's "big neighbor." Whenever he ventures near an active volcano,

says Alean, he is torn by two strong, conflicting feelings: "the wish to be as close to the dramatic

action as possible and the desire to survive my visit unharmed."
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Holey Waters
On a dry hillside, a rain-filled tree hole may be the only available

nursery for gnats, midges, punkies, mosquitoes, marsh beetles, and a host of other

small organisms. By Peter J. Marchand

T^
he man looked skeptical as I

explained how I had wandered

onto his property in the woods

of western Virginia—how I had been

searching for tree holes that captured

and retained rainwater, and that my
interest lay in the aquatic organisms

inhabiting these pools in places where

there was no other water around.

Expecting to be invited off the

premises, I was not prepared for his

response. "I heard one of my dogs

lapping water out of a tree when we
was up back ofmy cabin last week," he

drawled. "Ifyou want, I'll take you to

it." Half an hour later, I was staring

into a pool of tea-colored water

caught between the twin trunks of a

huge white oak. Mosquito larvae

danced just below the surface, and as I

probed the excelsior-Hke mesh of

recalcitrant leaf veins and decomposing

organic material at the bottom, I

quickly turned up other organisms. It

was perfect! Though I would find

many similar water holes up and down

the Appalachian Mountains during the

next two weeks, none were more

exemplary than what this woodsman

had led me to.

In a landscape devoid of ponds,

water-filled tree holes are sometimes

hidden reservoirs of biodiversity,

providing a habitat for upwards of 140

species, including protozoa, flagellate

algae, swarms of bacteria, and

numerous invertebrates whose larval

stages are aquatic, as well as occasional

mosses and vascular plants. Included

among the invertebrates are moth

flies, wood gnats, midges, punkies,

mosquitoes, marsh beetles, and beelike

or waspUke syrphid flies. A dozen or

so insects in these families are seldom,

if ever, found elsewhere.

While not uncommon in the

deciduous forests of the eastern United

States and western Europe, tree holes

capable of supporting simple aquatic

communities are found only under

rather specific circumstances. Most

occur where closely grouped trees

grow together at their bases, eventually

grafting and forming at their junctures

a catchment basin (known as a pan)

Hned with seamless, waterproof bark

tissue. In parts of the eastern United

States, numerous hardwood stumps

Water channeled down the bark into a

tree hole delivers nutrients washed from

leaves and branches.

remained after the land was cleared

during the nineteenth century; when
the stumps resprouted, the clumping

ofnew trees led to the formation of

many of today's pans. Some large

species—^beech, for example—may

also form pans in their buttressed roots

and occasionally in the crotches of

their branches. (These trees are an

important source of water holes in

Europe.) Tree holes can develop when

bark is injured, allowing fungi and

bacteria to enter the tree and create a

cavity through decay. In this case, the

tree often responds by producing callus

tissue, which walls off the cavity and

eventually enables it to hold water.

Breakage caused by wind or ice storms

often leaves branch stubs vulnerable to

the formation of such decay cavities.

Other possibilities exist as well; tree

holes have been found in almost all

broad-leaved genera and even in a few

spruces and firs.

Not all tree holes are created

equal, however. I have investigated

many seemingly ideal cavities that

failed to provide suitable habitat for

aquatic insects for lack of two

essential conditions. The first is an

adequate supply of rainwater that is

channeled down the tree trunk into

the cavity or pan. During a rain, this

so-caUed stem flow not only provides

the water necessary to maintain the

aquatic community (direct

interception of rainfall or canopy drip

is less hkely to result in standing water

in a tree hole) but also delivers

nutrients washed off leaves and bark.

And during storms, the stem flow

may flush potentially toxic
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livdrogcn sLiltidc, trom

the pool. The second

n.(.|uirement is a supply

ot' organic matter

siitficifiit to provide an

energy base kir tlie

eoniiniinity. Food cliain

in tins habitat generally

involve the serial

processing—in lianc

nie-down fashion—ot

successively smaller

organic particles by a

number of organisms

that feed on dead plant

matter, firom leaf-

shredding marsh beetles

.ill the way down to

protozoans. (Many

browsers, such as

mosquito larvae, also act

as predators of protozoa

and bacteria.) Without a

source of material from

the outside, the marsh

beetles—keystone

species that regulate

food supply to lower-level

consumers—have little to work with.

In deciduous forests, autumn leaf

fall provides almost all the energy

necessary to sustain the tree-hole

community. The best tree holes,

therefore, will be positioned so that

they intercept both water and leaves.

But the right combination of stem

flow and leaf tall is critical. Too much
organic matter often has a detrimental

Trees growing together at their bases may form a pan h"ned with

seamless bark tissue. When a tree hole fills in and dries out, it may

provide a refuge for small terrestrial creatures such as the red-

backed salamander, inset.

eflect on the community, reducing

both species diversity and population

densities, probably^ because it reduces

the amount of standing water.

Despite their sometimes tenuous

nature, water-filled tree holes offer

insects at least one major advantage

over lakes and ponds: greatly reduced

predation of their larvae. Once the

insect leaves the tree hole as an adult,

however, the score mav be evened, for

I success isn't counted until

i the life cycle has been

^ completed. lioth insects

and habitat arc widely

dispersed, so the greatest

challenges for organisms

that breed only in tree

holes are to find mates

M\d to kxate new tree

holes where they can

deposit their eggs. The

pans or cavities must have

sufficient resources to

carry another generation

ot larvae into adulthood.

How the insects find the

holes in the first place

remains a mystery, but

one important criterion

in site selection is

probably the amount of

standing water they hold.

Farther north along the

Appalachians, I came

across another pan in a

large twin oak. Lazily

litting a dry leaf from the

surface, I startled a red-

backed salamander. This

water hole, like a pond

filling in, was near the

end of its hfe span; it

contained only saturated

organic matter, and the

terrestrial salamander had

found a cool refuge inside

it. "One taxon's loss is

another's gain." I thought.

But this play doesn't end

with the dying of a pool.

Through some accident

—two acorns sprouting side

by side or a large branch collapsing

under the weight of winter snow

—

another aquatic refuge will turn up on

another dry hiUside, and a small group

ot tree-hole breeding insects wdll find

another home.

PeterJ. Marclhiuii is ilic iiurhor of

Autumn: A Season of Change

(Unii'crsity Press ofNew England, 2000).

ot nature
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ytsteroids have been getting a bad

ZiA rap of late, which is better than

jL ^ the rap they used to get,

which was none at all. But several

developments in the past few

months—including fresh data from a

spacecraft "s visit to one asteroid and

now the nightly appearances of

another—have fostered a new interest

by the give-and-take of gravity.

Maybe "maybe" doesn't belong in

the scientific vocabulary—though in

the case of asteroids, astronomers were

willing to make an exception. There

seemed to be no end to the number of

asteroids, and no compeUing reason to

seek one. Occasionally an observer

would stumble across a new asteroid.

how many asteroids there might be

out there, and the estimates range from

hundreds of thousands to billions. Ask

whether any of the asteroids that are

not part of the main belt between

Mars and Jupiter might be on an

eventual collision course with Earth,

and the answer is even less precise.

Nobody knows.

in asteroids among professional and

amateur astronomers ahke.

Ever since January 1, 1801, when
Italian monk and astronomer Giuseppe

Piazzi discovered a relatively small

celestial object he later christened

Ceres, asteroids have been the orphans

of the solar system—planets without

portfolio. Maybe they were pieces of a

planet that never quite coalesced.

Maybe they were pieces of a planet

that did coalesce but at some later

point suffered a catastrophic collision.

Maybe they were pieces of neither, but

simply an odd assortment of space

rocks left over from the solar system's

birth and swept over time into the gap

beiAveen the orbits ofMars and Jupiter

name it (often after a spouse, friend, or

pet), and then pretty much forget

about it. In 1887 a Scottish astronomer

thought he'd found a new star, only to

realize he'd rediscovered an asteroid

that had first been sighted eighty years

earlier. In 1916 U.S. astronomers Seth

Nicholson and Harlow Shapley

discovered a new asteroid (which they

named after Shapley 's wife, Mildred),

only to lose it for much of the rest of

the century (it resurfaced in 1991).

Today the state of asteroid

knowledge can still be as spotty as the

sky during a meteor shower. Most

meteorites, in fact, are fragments of

asteroids; astronomers can now say at

least that much with certainty. But ask

Thanks to Hollywood's special-

effects artists, as well as to an

astronomer's mistaken prediction a

couple ofyears ago that an asteroid

could potentially be heading for an

impact with our planet some thirty

years hence, it's the apocalyptic

possibilities of asteroids that have most

captured the popular imagination. For

scientists, however, these minor planets

have begun to ignite a different kind of

speculation: What if at least some

asteroids are remnants of the

primordial solar system?

Last February the spacecraft NEAR
Shoemaker entered a close orbit with

the asteroid Eros, specifically to

investigate this possibility. StiU, nobody
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at NASA had dared hope for what

happened on May 4. For half an hour,

while instruments on the NEAR
tracked the 21 -mile-long asteroid from

a distance of only 31 miles, a flare

from the Sun washed over Eros,

causing its elements to radiate

X rays—and, in the process, to reveal

the asteroid's chemical composition.

Preliminary results show a collection

of magnesium, silicon, and aluminum

that has never undergone the kind of

intense heating and melting that would

characterize the development of a

more mature terrestrial body.

Therefore, Eros is indeed very Hkely a

relic from the first stage of the solar

system's formation.

That's not true of all asteroids,

however, and one prominent

exception has been visible in the night

sky in recent months. Spectroscopic

studies of Vesta during the 1990s

revealed that lava once flowed on its

surface, which means that this rather

massive asteroid is a kind of cousin to

Earth. With its diameter of

approximately 335 miles, Vesta is the

third-largest asteroid in the main belt.

It is also the only main-belt asteroid

occasionally seen with the naked eye

by observers on Earth.

As September begins, Vesta is

wrapping up a four-month period of

such visibility. For the first few days of

the month, in the hours just after

nightfall, it will be shining in the

southern sky at magnitude 5.8—-just

about the limit of our unaided viewing

capabihties. From about September

7—19 it will wash out in the glare from

the Moon, but when Vesta returns, it

will be appearing near a reasonably

conspicuous marker in the sky: the

5.5-magnitude star SAO 188192.

Although by that time you'U need

binoculars to see Vesta, carefril

monitoring should reveal the asteroid

moving against the background stars

from one night to the next.

Vesta won't be visible to the naked

eye again until February 2003. Until

then it may be out of sight but, Uke

asteroids themselves these days, no

longer out ofmind.

Richard Panek is the author ofSeeing and

Beheving: How the Telescope Opened

Our Eyes and Minds to the Heavens

(Penguin, 1999).

THE SKY IN SEPTEMBER By Joe Rao

Mercury is invisible this month, rising

too low on the horizon—and at an

hour when it is too deeply immersed

in evening twihght—to be observed.

Venus shines at magnitude -3.9 and

becomes increasingly visible in the

western sky during evening twilight,

setting sixty to ninety minutes after

sunset. On the evening of September

19, the planet passes less than 3° north

of the first-magnitude star Spica,

which appears only about a hundredth

as bright. Look for a two-day-old

crescent Moon above and to the right

ofVenus on the evening of the 29th.

Mars is visible as it rises from the east

between 4:30 and 5:00 A.M. local

dayhght time (LDT). On the morning

of September 16, the planet slips

almost 1° north of the first-magnitude

star Regulus, in the constellation Leo.

Because Mars is currently more than

230 million miles from Earth, it shines

only a trifle brighter than a second-

magnitude star, but its yellow-orange

color should still contrast strikingly

with the blue of Regulus. On the

morning of the 25th, a waning

crescent Moon forms an eye-catching

triangle with Regulus and Mars.

Jupiter, ghmmering at magnitude

-2.4, rises from the east-northeast at

about 11:30 P.M. LDT at the

beginning of the month and two

hours earlier by month's end. On
September 7, Jupiter passes 5° north of

ruddy Aldebaran, in the constellation

Taurus. This is the first of three

encounters Jupiter will have in the

next year with this first-magnitude

star, the other two coming in October

and April. A waning gibbous Moon
appears near Jupiter and Aldebaran on

the night of September 19—20.

Saturn, looking Hke a yellowish white

zero-magnitude "star," rises from the

east-northeast at about 11:00 P.M. LDT
at the start of September, but by the

last day of the month it can be seen

closer to 9:00 PM. LDT. A waning

gibbous Moon appears less than 2°

south of Saturn late on the night of

September 18. From our earthly

perspective, Saturn, viewed through a

telescope, appears even more three-

dimensional than usual because the

planet and its rings cast especially long

shadows.

The autumnal equinox occurs on

September 22 at 1:27 RM., when Earth

reaches a position in its orbit that

brings the Southern Hemisphere

closer to the Sun, making it appear as

if the Sun is crossing the equator.

Autumn begins in the Northern

Hemisphere and spring in the

Southern Hemisphere.

The Moon is at first quarter on

September 5 at 12:27 P.M. The harvest

Moon—the frill Moon occurring

nearest to the autumnal equinox

—

appears this year on September 13 at

3:37 P.M. Last quarter is on September

20 at 9:28 PM., and the new Moon is

on September 27 at 3:53 p.m.

Unless otherwise noted, all times are given

in Eastern Daylight Time.
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Linnaeus's

Luck?

Why does the great creationist's system of

classification work in Darwin's world?

And what does the resolution of this paradox teach us about the

importance and fascination oftaxonomy? By StephenJay Gould

Carolus Linnaeus (1707-78),

the founder of modern taxon-

omy, frequently cited an an-

cient motto to epitomize his view of

Hfe: Natiirn nonfacit saltum (Nature does

not make leaps). Such unbroken conti-

nuity may rule in the material world,

but our human passion for order and

clear distinction leads us to designate

certain moments or events as "official"

beginnings for something discrete and

new. Thus, the signatures on a docu-

ment define the birth of a nation on

July 4, 1776, and the easily remem-

bered eleventh hour of the eleventh

day of the eleventh month (November

11, 1918) marks the armistice in a hor-

rible war supposedly fought to end all

contemplation of future wars. In a

small irony of history, our apostle of

natural continuity also becaine the au-

thor and guardian of a symbolic leap to

novelty, for the modern taxonomy of

animals officially began with the pubh-

cation of the definitive tenth edition of

Linnaeus's Systema Naturae in 1758.

The current classification of ani-

mals may boast such a formally recog-

nized inauguration, but an agreement

about beginnings does not guarantee a

consensus about importance. In fact,

the worth assigned to taxonomy by

great scientists has spanned the full

range of conceivable evaluations.

When Lord Rutherford, the great

British physicist (born in New
Zealand), discovered that the dates of

radioactive decay could establish the

true age of Earth (billions rather than

millions of years), he scorned the op-

position of paleontologists by branding

their taxonomic labors in classifying

fossils as the lowest form of purely de-

scriptive activity, a style of research

barely meriting the name "science."

Taxonomy, he fumed, could claim no

more intellectual depth than "stamp

collecting"—an old canard that makes

me bristle from two sides ofmy being:

as a present paleontologist and a for-

mer philatelist!

Rutherford's anathema dates to the

first decade of the twentieth century.

Interestingly, when Luis Alvarez, a

physicist of similar distinction, became

equally enraged by some paleontolo-

gists during the last decade of the

twentieth century, he invoked the

same image in denigration: "They're

not very good scientists; they're just

stamp collectors." I continue to reject

both the metaphor and the damning of

all for the stodginess of a majority, for

Alvarez had exploded in fi-ustration at

the strong biases that initially led most

paleontologists to dismiss, without fair

consideration, his apparently correct

conclusion that the impact of a large

extraterrestrial body triggered the mass

'^ <--^
%-r--

Canis

familiaris

(Domestic dog)

t^
^-'fe

"Oy.

Linnaeus's classification scheme can be visualized as a series of nested boxes in

which the species is the irreducible category.
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extinction of dinosaurs and about 50

percent of marine animal species 65

million years ago.

The phony assumption underlying

this debasement of taxonomy to phi-

lately holds that the order among or-

ganisms stands forth as a simple fact

plainly accessible to any half-decent

observer. The task of taxonomy may

then be equated with the dullest form

of cataloging—the allocation of an ad-

mittedly large array of objects to their

clearly preassigned places: pasting

stamps into the designated spaces of

nature's album, putting hats on the

right hooks of the world's objective hat

rack, or shoving bundles into the

resents a basically boring and easUy as-

certainable aspect of macroscopic na-

ture—too far removed from the atomic

world offundamental laws and causes to

generate much scientific interest or in-

sight. For Agassiz, in greatest conceiv-

able contrast, this order represents our

best shot at grasping the otherwise inef-

fable nature ofGod himself.)

In framing a modern Goldilockian

defense of the importance of taxon-

omy—far warmer than Rutherford's

icy indiflerence but not quite as hot as

Agassiz's impassioned embrace—we
must begin by refuting their shared as-

sumption that one true order exists

"out there" and that correct classifica-

The most natural classification may be defined as the

scheme that best respects, reveals, and reflects the

causes that generated the diversity oforganisms.

proper pigeonholes in evolution's

storehouse, to cite a standard set of dis-

missive metaphors.

In maximal contrast, the great

Swiss zoologist Louis Agassiz exalted

taxonomy as the highest possible call-

ing of all when, in 1859, he opened

Harvard's Museum of Comparative

Zoology in his adopted land. Each

species, Agassiz argued, represents the

material incarnation on Earth of a sin-

gle and discrete idea in the mind of

God. The natural order among spe-

cies—their taxonomy—therefore re-

flects the structure of divine thought.

Ifwe can accurately identify the system

of interrelationships among species,

Agassiz concluded, we wiU stand as

close as rationaHty can bring us to the

nature of God.

Notwithstanding their maximally

disparate judgments of taxonomy,

Rutherford and Agassiz rank as strange

bedfellows in their shared premise that a

single objective order exists "out there"

in the "real world" and that a proper

classification will allocate each organism

to its designated spot in the one true

system. (For Rutherford, this order rep-

tions may be equated with accurate

maps. We can best defend the scientific

vitality of taxonomy by asserting the

opposite premise: that all systems of

classification must express theories

about the causes of order and must

therefore feature a complex mixture of

concepts and percepts—that is, prefer-

ences in human thinking combined

with observations of nature's often

cryptic realities. Good taxonomies

may be analogized with useful maps,

but they reveal (as do aU good maps)

both our preferred mental schemes and

the pieces of external reality that we
have chosen to order and depict in our

cartographic efibrt.

This acknowledgment that tax-

onoinies can express nature's objective

reahties only in terms of theories de-

vised by the human mind should not

encourage any trendy postmodern

pessimism about the relativity of

knowledge. AU taxonomies do not be-

come equally valid simply because

each must filter nature's facts through

sieves of human thought and percep-

tion; some popular attributions of for-

mer centuries may be dismissed as just

plain wrong (corals, for example, are

animals, not plants). Other common
schemes may be rejected as more con-

fusing than helpful in nearly all situa-

tions (we learn more about whales by

classifying them genealogically with

mammals than by amalgamating them

with squids and sharks into an evolu-

tionarily heterogeneous group of

"things that swim fast in the ocean").

Professional taxonomists have al-

ways recognized this inequaUty among

systems of naming by proclaiming the

search for a natural classification as the

goal of their science. Although we may

regard the word "natural" as a pecuUar,

even arrogant, description for an opti-

mal scheme of classification, the ratio-

nale for this verbal choice seems clear

enough. If all taxonomies must express

theories about nature's order, then we

may define the most natural classifica-

tion as the scheme that best respects,

reveals, and reflects the causes that

generated the diversity of organisms

(thereby evoking our urge to classify in

the first place!).

A zoo director might, for practical

purposes, choose to classify organisms

by size (as a convenience for selecting

cages) or by cUmatic preferences (so his

polar bears won't asphyxiate in an ex-

hibit on tropical rainforests). But we

would label such taxonomic schemes

artificial, because we know that evolu-

tion has generated the interrelationships

among organisms by a process of ge-

nealogical descent through geological

time. The most natural classification

may therefore be defined as the scheme

that best permits us to infer the ge-

nealogical connections among organ-

isms—that is, the primary cause of their

similarities and differences—from the

names and forms of our taxonomies.

When we recognize all influential

classifications as careful descriptions of

organisms made in the light of fruitful

theories about the causes of order, we

can finally appreciate the fascination of

taxonomy as a source of insight about

both mind and nature. In particular, the
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secuMT

history of changing classifications be-

comes far more than a dull archive or

chronicle of successive purchases from

nature's post office (discoveries of new

species), followed by careful sorting

and proper pasting into preassigned

spaces of a permanent album (taxo-

nomic lists of objectively defined

groups, with room always available for

new occupants in a domicile that can

grow larger without changing its de-

finitive style or structure). Rather,

major taxonoinic revisions often re-

quire that old mental designs be razed

to their foundations so that new con-

ceptual structures may be raised to ac-

commodate radically different group-

ings of occupants.

dered display of a museum—became

an unintended pageant of history's ge-

nealogical flow and continuity.)

But the argument that the history

of taxonomy wins its fascination, at

least in large part, as a dynamic inter-

play of mind (changing theories about

the causes of order) and matter (in-

creased and more accurate understand-

ing of nature's factuality) now exposes

a paradox that defines the central

theme of this essay and leads us back to

the official founder of taxonomy, Car-

olus Linnaeus. Darwinian evolution

has set our modern theoretical context

for understanding the causes of organic

diversity. But if taxonomies always

record theories about the causal order

How can Linnaeus, a creationist who lived a full

centxiry before Darwin, be the official father of

modern—^that is, evolutionary—^taxonomy?

In the obvious example of this

essay, Agassiz's lovely cathedral of taxo-

nomic structure, conceived as a mater-

ial incarnation of God's mentahty did

not collapse because new observations

disproved his central conviction about

the close affinity ofjellyfish and starfish

(now recognized as members of two

genealogically distant phyla, falsely

united by Agassiz for their common
property of radial symmetry). Instead,

the greatest theoretical revolution in

the history of biology—Darwin's tri-

umphant case for evolution—revealed

a fundamentally different causal basis

for taxonomic order. Evolution fired

the old firm and hired a new architect

to rebuild the structure of classifica-

tion, all the better to display the

"grandeur" that Darwin had located in

"this view of Ufe." (Ironically, Agassiz

opened his museum in 1859, the same

year that Darwin pubHshed the Origin

of Species. Thus, Agassiz's replica of

God's eternal mind at two degrees of

separation—from the structure of di-

vine thought to the taxonomic

arrangement of organisms to the or-

that underHes their construction, and if

evolution generated the organic re-

semblances that our taxonomies at-

tempt to express, then how can Lin-

naeus, a creationist who lived a fuU

century before Darwin discovered the

basis of biological order, be the official

father of modern—that is, evolution-

ary—taxonomy? How, in short, can

Linnaeus's system continue to work so

well in Darwin's brave new world?

Perhaps we should resolve this

paradox by demoting the role of the-

ory in taxonomy. Should we embrace

Rutherford's philatehc model after all

and regard organic interrelationships as

simple, observable facts of nature, quite

impervious to changing winds of the-

oretical fashion? Linnaeus, in this phi-

latelic view, may have won success by

the simple virtue of his superior obser-

vational skiUs.

Or perhaps we should argue, in

maximal contrast, that Linnaeus just

lucked out in one of history's most fe-

Hcitous castings of dice. Perhaps theo-

ries do specify the underlying order of

any important taxonomic system, and



Linnaeus's creationist account just hap-

pened to imply a structure tliat, by

pure good fortune, could be translated

without fuss or fracture into the evolu-

tionary terms ot Darwin's new biolog)'.

I will advocate a position between

these two extremes of exemplary ob-

servational skill in an objective world

and pure good luck in a world struc-

tured h\ theoretical preferences. Lin-

naeus was, no doubt, both the premier

observer and one ot the smartest scien-

tists of his (or any) age. But following

my central claim that taxonomies must

be judged for their intrinsic mixture of

accurate observation and fruitful the-

ory, I will argue that Linnaeus has en-

dured because he combined the best

observational skills ot his time with a

theoretical conception of organic rela-

tionships that happens to mirror—but

not by pure accident—the topology of

evolutionary systems, even though

Linnaeus himself interpreted his orga-

nizing principle in creationist terms.

(As for the fascinating, and largely psy-

chological, question ot whether Lin-

naeus devised a system compatible

with evolution because he glimpsed

"truth" through a glass darkly or be-

cause his biological intuitions subtly

and unconsciously tweaked his theo-

retical leanings in an especiaUy fruitful

direction—well, as for all inquiries in

this speculative domain ot human mo-

tivation, I suspect that Linnaeus took

tliis particular issue, \vith his mortal re-

mains, to the grave.)

We refer to Linnaeus's system as bi-

nomi.il nomenclature because the for-

mal name of each species includes two

components: the generic designation,

given first with an initial uppercase let-

ter {Homo for us, Canis for dogs, and so

on), and the so-called trivial name,

presented last and in all lowercase let-

ters {sapiens to designate us within the

genus Homo and fcviiiliiiris to distin-

guish dogs from other species within

the genus Civiis—for example, the

wolf, Civiis lupus). Incidentally, and to

correct a common error, the trivial

BacR
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name has no standing by itselfand does

not define a species. The name of our

species, using both parts of the bino-

mial designation, is Homo sapiens, not

sapiens. We regard the 1758 version of

Systema Naturae as the founding docu-

ment of modern animal taxonomy be-

cause in this edition and for the first

time, Linnaeus used the binomial sys-

tem in complete consistency and with-

out exception. (Previous editions had

dehneated some species binomially and

others by a genus name followed by

several descriptive words.)

The kingdom Animalia

win's thoroughly altered evolutionary

world. The very structure of a binomial

name encodes the essential property

that makes Linnaeus s system consistent

with Hfe's evolutionary topology.

Linnaeus's taxonomic scheme des-

ignates a rigorously nested hierarchy of

groups (starting with species as the

smallest unit) embedded within suc-

cessively larger groups (species within

genera within famiUes within orders

and so forth). Such a nested hierarchy

implies a single branching tree with a

common trunk that ramifies into ever

The phylum Chordata

The subphylum Vertebrata

The class Mammalia

The order Carnivora

^ The genus Cam's

Wolves

Clams Cats and other

and other Fishes Horses and other members of Domestic dog

invertebrate and other and other carnivorous the genus (Cattis

animals vertebrates mammals mammals Canis familiaris)

Alternative ways of visualizing Linnaeus's scheme include a progressively inclusive

hierarchy, top, and a branching diagram, bottom.

The binomial system includes sev-

eral wise and innovative features that

have ensured its continuing success.

But for the theme of this essay, the log-

ical implications of the system for the

nature of interrelationships among or-

ganisms stand out as the keystone of

Linnaeus's uncanny relevance in Dar-

finer divisions of boughs, limbs,

branches, and twigs. This treelike form

just happens to express the hypothesis

that interrelationships among organ-

isms record a genealogical hierarchy

built by evolutionary branching. Lin-

naeus's system thus embodies the

causahty of Darwin's world.
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1 iiin.icaii iiicrarchy aiici iit'c's cvolu-

tioii.iry tree achieves its clearest expres-

sion in pictorial torin. The illustration

on page 18 shows a Linnaean ordering

ot" bo.x within box; for alternative ex-

pressions of this hierarchy, see the dia-

grams of scc]iiential genealogical spht-

ting, opposite. Here we have a

successive carving ot the kingdom ot

all animals into, first, chordates con-

trasted with all other animals; then,

vertebrates contrasted with alJ inverte-

brates; mammals contrasted with all

other vertebrates; the order Carnivora

contrasted with all other mammals; the

family C'anidac contrasted with all

other carnivores; the genus Ctitiis con-

trasted with all other canids; and fi-

nally, dogs contrasted with all other

members of the genus Caiiis. (I stated

that binomial nomenclature expresses

the first step of this hierarchical order-

ing—and thus presents a microcosm of

the entire scheme—because the two

parts of a species' name record the tirst

act of embedding smaller units within

more inclusive groups of relatives. The

name Caiiis faiiiiliiiris states that this

particular smallest unit, the dog spe-

cies, ranks as one member of the next

most inclusive group, the genus Canis,

which unites all other species [includ-

ing the wolt, Caiiis lupus, and the coy-

ote, Canis latmns] that originated from

a common ancestor shared by no other

species in any other group.)

Linnaeus thought that his chosen

scheme of mapping biological rela-

tionships as smaller boxes within suc-

cessively larger boxes, until all units

nested within the most inclusive box

of life itself, represented the best

human de\'ice for expressing the eter-

nal order that God had chosen when

he populated the universe. I doubt that

Linnaeus ever explicitly said to himself

(for I suspect that his mental mansion

included no room for such a thought):

"But if. quite to the contrary, lite

c\olved by a process of ever expanding

(Please turn to page 66)
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Leaf
Reading

in Oahu
A Hawaiian mountain

trail provides plant detectives

with plenty of exercise.

By Robert H. MohLenbrock

M arc!

-^. fam<

^he third largest of the 131

islands in the Hawaiian

archipelago, Oahu boasts such

. famous locales as Honolulu,

Waikiki Beach, Diamond Head, and

Pearl Harbor. From the first

Polynesian settlers to the latest real-

estate developers, human beings have

had a huge impact on the island's

environment, stripping away

indigenous vegetation and introducing

ornamental and crop plants from

across the sea. But steep slopes and

high elevations stUl harbor tracts of

montane rainforest where many native

species abound.

Oahu consists of two nearly parallel

volcanic mountain ranges that run

northwest to southeast. The rugged

Waianae Range, on the island's

western side, is the older of the two

and includes Oahu's highest peak,

4,040-foot Kaala. On the eastern side

is the Koolau Range, whose

spectacular fissured cliffs front the

windward side of the island. The

Koolau mountains capture the greater

part of the moisture shed by the trade

winds, and their slopes were once

completely cloaked in forest. Here the

rainforest stOl survives above 1,650 feet
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View from Manoa Cliff Trail on Mount Tantalus
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or so. But in the Waianae Range, only

the upper slopes of Kaala are moist

enough to support this habitat.

One of the most accessible places

to see a bit of the montane rainforest is

near Honolulu. The city has spread

toward the Koolau mountains, and the

suburb of Makiki Heights has

penetrated the foothills below Mount
Tantalus. This 2,013-foot mountain,

which falls within the Honolulu

Watershed Forest Reserve, hes

northeast of the famous Punchbowl

Crater, location of the National

Memorial Cemetery ot the Pacific.

A map ofMount Tantalus that

shows various hiking trails is available

from the Hawaii Nature Center on

TELLTALE LEAVES

Makiki Heights Drive. I recoinmend

the 3.4-mile-long Manoa Cliff Trail.

After leaving the nature center, take

Makiki Heights Drive eastward to

where it turns into Round Top Drive

and proceed on this circuitous route

up the mountainside. The trail begins

near a parking area, follows the cliff

above Manoa Valley, and then

continues around Mount Tantalus. It

ends at Tantalus Drive, which is the

continuation ofRound Top Drive. At

that point you can retrace your steps

or, watching out for traffic, walk along

the narrow vehicular road to your

starting point. A shorter option is to

hike the trail for about one and a half

miles to the junction with the Pu'u

'Ohi'a Trail (which would take you

toward the summit ofMount Tantalus)

and then turn back.

At the beginning ofManoa Chff

Trail, numerous nonnative ornamentals

grow rampantly. Six-foot-tall ginger

plants, with their white and yellow

flowers crowded into a club shape,

complement the colorful ti plant,

whose clusters of long, mottled red-

and-green leaves grow from the tops of

unbranched stems. Nonnative trees

include strawberry guava, common
guava, rose apple, kukui (a candlenut),

and avocado, while two of the shrubs

are lantana and a type of raspberry

called ola'a. Farther along the trail are

groups of banana plants.

Leaves crowaea at tne tips of twigs

or branches are found in three species

related to lobelias. The easiest of these

to identify is Cyanea grimesiana,

because its leaves are fernlike; the

other two have toothed leaves.

Another plant in this category, kolea

lau nui, has smooth-edged leaves.

Alternating leaves are apparent in

koa, readily identified by its sickle-

shaped leaves. Others in this category

that are easily recognized include

Penottetia sandwicensis, which has red

veins in its leaves; maua, which has red

leat stalks; and ala'a, a relative of the

soapwort, which oozes milky sap from

the stalk when a leaf is broken off.

Kawa'u (a member of the holly family)

has smooth-edged leaves with an

intricate network

of conspicuous

veins. Perhaps

the strangest of

these plants is

pamakani mahu,

a shrub in which

the tips of the

branches tend to

climb like vines.

Leaves arranged in pairs characterize

many species, including three with leaf

domatia (tiny chambers that house

insects and mites). In 'ahakea lau nui,

the domatia are

slightly elevated on

the leaf surface, while

in kopiko kea and

Psychotria mariniana,

they are sunken into

the surface where the

lateral veins join the

main vein. 'Akoko is a shrub readily

identified by its milky sap, and 'ohi'a

ha leaves have pink or red middle

veins. In Diibautia plantagina, the

parallel-veined leaves are reminiscent

of those of the common North

American weed known as plantain. A
shrub whose paper-thin leaves emit a

foul odor when crushed is au, a

member of the coffee family.

Leaves arranged in whorls forming

circular patterns at intervals along

the twig characterize

just one shrub,

Coprosina longifolia.

The leaves on this

slender, branched

species are grouped

in threes.



The tirst native trees encountered

are some koas that form a canopy over

the trail. Mature koa leaves are sickle

shaped, and the tree produces cream-

colored riowers in powder-purt' clusters

and rtat pods up lo ten inches lonti;.

Hit^hlv prized, koa wmid is used for

both tniditional and modern proilucts.

Native species abound along much

of the rest of the trail—wildflowers,

vines, and, above all, trees and shrubs.

They are easiest to identify when they

are bearing their flowers or fruit, but

most of the time the only clues are the

leaves. One salient detail is the way the

leaves are arranged on twigs or

branches, hi some species, they are

crowded at the tips, a characteristic

rarely seen in plants native to the

continental United States. One such

species is Cyaiica griiiiesiaiia, a shrubby

relative of the lobelia with fernUke

leaves. (Lobelias in the continental

United States are small wildflowers,

but most of their Hawaiian relatives are

shrubs or even small trees. Why plants

on islands tend to be large and woody

while their mainland relatives are not is

,1 phenomenon di.it li.is iiitngiietl

biologists since the time of Darwin.)

In other species, the leaves may be

arranged along the twig in an

alternating pattern, in pairs, or in

whorls. Additional leaf characteristics

that help in identification are size,

torni, color, vein pattern, thickness,

•ind te.xture. (The accompanying

descriptions in "Telltale Leaves"

illustrate some of these distinctions.)

The leaves of three closely related

species have tiny chambers called

domatia, which commonly serve as

shelters for sm.ill insects and mites.

Domatia were first described more

than a century ago by Swedish

naturalist Axel Lundstrom, who
suggested that the residents they

attracted helped protect the plant. This

has been confirmed in some species,

including these Hawaiian plants.

Rohm II. Mohknbrock, profcsior vimritiis

oj plant biology itl Soulhcni Illinois

University, Carbondcik, explores the

biohmical and i;colo{;ical tii^^lilights of U.S.

national forests and other parklands.

c
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Molecule,

Heal Thyself
Genetics is rapidly transforming

how we think about disease.

By Ronald L. Nagel

"Disease enters and leaves man as

through a door," wrote French philoso-

pher Georges Canguilhem more than

half a century ago, illustrating the no-

tion that disease is a distinct "thing"

that exists apart from the human body.

This view has prevailed in many cul-

tures since ancient times, although in

various guises. While people once

might have attributed maladies to de-

monic possession, we now talk confi-

dently about disease-generating micro-

organisms and parasites. But a very

different idea has also enjoyed favor

throughout history—that disease is not

a separate entity but a changed state of

the organism, a disturbance of the nat-

ural equilibrium or harmony. An ex-

ample is the beHef, originating in classi-

cal times, that disease is caused by an

imbalance among four bodily humors:

blood, phlegm, yellow bile, and black

bile. Hippocrates, considered the father

of Western medicine, prescribed vari-

ous remedies to restore the balance, in-

cluding bleeding the patient and induc-

ing vomiting to remove excess amounts

of any of the humors.

Although these two views of disease

may appear incompatible, physicians

have learned to rely on both when
striving to understand the diseased in-

dividual. Take, for example, malaria,

which involves infection by a parasite

transmitted by mosquitoes. When a

person has a severe case ot the disease,

he or she experiences periods of calm

interspersed with sudden, intense shak-

ing chills and very high fever. This

cycle reflects events within the patient's

blood. First, the malaria parasites grow

in synchrony, from early to late stages,

within red blood cells. During this

time, the disease symptoms are mild.

When the parasites mature, the in-

fected blood cells erupt, each liberating

about twenty parasites along with all

the by-products accumulated in the cell

during their maturation. Among these

by-products are chemicals that induce

the host to release tumor necrosis factor

(TNF) into the bloodstream. This omi-

nously named substance—also found in

cancer patients—is actually a first Hne

site) and of disequilibrium

(changes in the internal bal-

ance of biologically active

molecules) coalesce to pro-

vide a picture of the disease.

With the emergence of

molecular biology and ge-

netics, these two points of

view have become ever

more synthesized. An im-

portant breakthrough was

the concept of molecular

disease, introduced in the

late 1940s with Linus Paul-

ing's elucidation of the un-

derlying basis of sickle-cell

anemia. Pauhng hnked the

suffering and decreased sur-

vival of sickle-cell patients

A diagnosis of "pneumonia" as an identical

disease every time it occurs—even in the

same patient—is just an abstraction.

of defense, since it inhibits parasite

growth. But it also precipitates chills,

fever, and other effects that do not ap-

pear to benefit the host. If the body

does not properly regulate the release

ot TNF, the negative consequences

may outstrip the good ones and possi-

bly cause death. Thus, concepts of

an external invader (the malaria para-

to a single abnormal mole-

cule called hemoglobin S.

Pauling's insight came

after he heard Harvard

physician WiUiam Castle's

description of this type of

anemia, in which the red

blood cells appear in irreg-

ular sickle shapes. A student

jviSf



of Castle's had observed a peculiar

property of sickle cells not found in

normal red blood cells: the interior of

tiie cells became illuminated only

when lit from certain angles. Pauling, a

chemist who iiad revolutionized the

science by focusing on the three-

dimensional structure ot molecules, re-

alized that sickle cells probably con-

tained an abnormal protein. Molecules

of this protein were apparently capable

of forming an orderly array that played

tricks witli the light shining on them.

Pauling knew that hemoglobin was the

preponderant protein inside red blood

cells, so he suspected the culprit was an

irregular tbrm of it. Working with

other researchers at his laboratory in

Pasadena, he was soon able to confirm

that the hemoglobin in individuals

with sickle-cell anemia had a different

electrical charge, detectable by elec-

trophoresis. In 1949 he coauthored a

landmark paper for Scicna; "Sickle Cell

Anemia: A Molecular Disease."

By this time, geneticist James V.

Neel had shown, through genealogical

studies, that sickle-cell anemia was an

inherited disease. And in 1957, Vernon

M. Ingram, a Swedish researcher work-

ing in England, determined that sickle-

cell anemia was due to a change in a

single amino acid out of the 1 46 that

make up each of the two beta-chain

constituents of the hemoglobin mole-

cule (the other constituents, two alpha

chains, are normal). From there it was a

short step to identifying the genetic

mutation responsible for the disease.

The technological explosion of

molecular biology has meant an expo-

nential increase in our knowledge of

pathogenic mutations in genes. Some

mutations can be transmitted through

inheritance, such as those responsible

for Tay-Sachs disease (which leads to a

fatal breakdown of the central nervous

system) and phenylketonuria (a disorder
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that prevents the body's normal metab-

oHzation of the amino acid phenyl-

alanine, which is found in many foods).

Other mutations affect only the de-

scendants of the mutated cell and are

not transmitted by inheritance; an ex-

ample of this is the bone-marrow dis-

order called paroxysmal nocturnal he-

moglobinuria. While such findings

were once novel, we are now con-

stantly bombarded with the news that

this or that disease has been traced to

some offending gene.

families in which such mishaps are

more common?
Along with the appreciation of ge-

netic factors in disease has come a real-

ization of the extraordinary individual-

ity of humans at the DNA level. The

expression of even a largely genetic dis-

ease is thus affected not only by the ab-

normal gene or genes that cause the dis-

ease but also by subde differences in the

normal genes that are present. A gene

(and other sequences of DNA sur-

rounding it) that dictates the production

Something as seemingly random as breaking a leg has

a genetic component, which affects the way you fall,

the strength ofyour bones, the risks you take.

Probably the most important insight

of the past decade, however, is that all

diseases are always both genetic and en-

vironmental. Phenylketonuria, long

considered a prime example of a ge-

netic disease, is also environmental; if

one modifies the diet, eUminating or

greatly reducing the intake of foods

containing phenylalanine, the disease

disappears or is greatly ameliorated. On
the other hand, such bacterial, viral,

and parasitic infections as tuberculosis,

the common cold, and malaria—all

quintessential examples of disease as an

entity that invades the body—turn out

to have a complex relationship with the

genetics of the host, since individuals

vary in susceptibility and resistance to

most infections.

Common chronic diseases (athero-

sclerosis, high blood pressure, diabetes,

and many others) have major genetic

components. Even something as seem-

ingly random as breaking a leg while

skiing has a genetic component, be-

cause the way you fall, the strength of

your bones, your ability to ski, the risks

you take—all have a genetic compo-

nent. Is it so surprising, then, that

people who have a history of more

than one fracture are hkely (at least ac-

cording to some studies) to come from

of a particular protein may be polymor-

phic—that is, it may exist in more than

one form in the human population.

Subtle differences in the genetic code

sequence from one individual to an-

other wiU result in proteins with minor

or major fianctional differences or in the

production of these proteins in different

quantities. Current data suggest that at

least 10 percent of genes are polymor-

phic and that some are highly so, owing

to natural selection. If the polymorphic

mutations affect the cUnical course of a

genetic disease, they are called epistatic,

or modifier, genes.

For example, clinicians in the 1960s

who followed African American or

Italian American patients suffering

from sickle-cell anemia (and who had

the opportunity to observe patients

living longer as a result of better pre-

ventive and therapeutic approaches)

were struck early on by the fact that

individuals with the same mutation

had very diverse clinical presentations.

Some had few symptoms, but others

had severe comphcations and required

frequent hospitalization. In the past

twenty years, it has become clear that

in a severe case of sickle-cell anemia,

the patient probably has modifier

genes that intensify the illness, while

the patient with a more benign condi-

tion has a set of modifier genes that

ameliorate the disease.

Three important genetic modifiers

of the disease are known. First, sickle-

cell disease is less intense in patients

who also have alpha-thalassemia, a very

mild condition that in African and

other populations provides partial pro-

tection against death from malaria.

One out of four Ajxican Americans is

born with alpha-thalassemia; therefore,

at birth, one-fourth of African Ameri-

cans with sickle-ceU disease have this

amehorating condition.

Second, genes Hnked by proximity

to the sickle mutation can modify the

expression of the disease. The sickle

mutation arose at least four times in

Afirica and once on the Indian subcon-

tinent, and each time a different set of

genes has ended up near the sickle mu-

tation. Although the reasons are stiU

not fuUy understood, these nearby gene

sets ameUorate the disease in two in-

stances—one of which is associated

with the eastern oases of Saudi Arabia

and the so-called tribal peoples of India

and the other with present-day Senegal

and surrounding countries. In contrast,

the disease is more severe in the other

three cases. One of them affects the in-

habitants of Benin and neighboring re-

gions ofWest Africa, and another (par-

ticularly severe) is found in Bantu

speakers, who Uve throughout the cen-

tral and southern parts of the conti-

nent. The third case is Hmited to the

Eton people of Cameroon—a distribu-

tion so restricted that it probably repre-

sents the most recent mutation.

A third genetic modifier is related to

sex: all other things being equal, females

are apt to have less severe symptoms

than males do. This is because women
are better at making fetal hemoglobin

when they are anemic, and fetal hemo-

globin helps counteract the bad effects

of hemoglobin S. We do not yet know

which genes determine this, but they

are probably located in the X chromo-

some. In sum, while hemoglobin S, the
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variant type of hemoglobin, can be at-

tributed to a single gene, the genetic

disease sickle-cell anemia is the com-

bined result of many genes.

Similarly, the effectiveness of

chemotherapy and of other pharma-

ceutical treatments depends on each

individual's genetic makeup, which ul-

timately determines how cells process

and ehminate pharmaceuticals. Among
the responsible genes are the so-called

multidrug-resistant genes (MDRs),

which are involved in enabling the

body to rid the interior of cells of toxic

molecules. In the distant past, these

genes may have protected hunter-

gatherers who consumed toxins pre-

sent in wild plants. Today the products

of the genes often defeat chemother-

apy given to combat cancer, because

they pump the drugs out of the mahg-

nant cells before the treatment can do

its work. Allergic reactions to medica-

tions (common immunological re-

sponses to an offending molecule) and

idiosyncratic, very bad reactions on the

part of some rare individuals are also

defined by the genetics of the patient.

One can take this a step further. For

example, suppose Jane Doe is diag-

unique to this particular individual and

this particular episode. Even if Jane

Doe contracts pneumonia again, both

the bacterium and her own body will

hkely have changed, along with envi-

ronmental conditions (which can in-

clude nutritional

choices, interac-

tions with sick

family members,

exposure to pets

carrying disease,

and so on). A di-

agnosis of "pneu-

monia" as an

identical entity

every time it oc-

curs even in one

patient is thus

only an abstrac-

tion in the physi-

cian's and pa-

tient's minds.

Recently, fol-

lowing the devel-

opment of tech-

nologies that automate and vastly

accelerate the sequencing and compar-

ison of DNA, research teams an-

nounced they had generated a rough

treating an individual who has become

diseased, a whole organism that has

painted its unique genetics all over the

disease process.

Additional challenges will include

defining and understanding with pre-

The expression of a largely genetic disease is affected

not only by abnormal genes but also by subtle

differences in the normal genes that are present.

nosed as having pneumonia, a lung in-

fection that occurs when, for some

reason, the immune system fails to

produce effective antibodies to combat

invading bacteria and/ or the white

blood cells fail to kill them. The sever-

ity of the disease will be defined not

only by the intrinsic virulence of the

infecting bacterium but also, more im-

portant, byJane Doe's genetic makeup.

Similarly, the effectiveness of antibi-

otics that may be prescribed depends

on genetic characteristics of both the

microorganism and the patient. Thus,

what we have is a lung infection that is

draft of the entire human genome. It is

realistic to think that physicians wiU, in

the not-too-distant future, have a road

map of each patient's chromosomes,

indicating all mutations that might

bring about or modify the pathological

process, and also those that could im-

pinge on treatment. The constellations

ofsymptoms and signs that we call dis-

eases wiU stOl be useful, but only to

focus clinicians' search for the relevant

genetic data. Rather than treating a

disease—whether conceived of as ei-

ther a separate entity or a disturbance

of equilibrium—physicians will be

cision the environmental factors that

contribute to the genesis of the dis-

eased individual, as well as gaining

deeper insight into lesser known areas

of physiology, such as the workings of

the mind. AH this points to an ever in-

creasing role for medical knowledge

based on rigorous, controlled studies.

If anything, the physician of the fiiture

will have to be more of a scientist than

his or her counterpart is today.

Still, neither our level of knowl-

edge nor our treatment resources are

likely ever to approach perfection.

Consequently, the art component of

medical practice—which, after all, has

always separated medicine from pure

science—will continue to count in the

distant future. I see nothing wrong

with that. D

Ronald L. Nagel is the Irving D. Karpas

Professor of Medicine and the head of the

Division ofHematology at the Albert Ein-

stein College ofMedicine/Montefiore Med-

ical Center in New York City.
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Story by Carl Zimmer ~ Illustration by Sally J. Bensusen

Jaws ofDeath
If you were an oyster, the last thing you'd want is a ray with a crush on you.

Sharks, rays, and ratfishes share

a special burden: these

cartilaginous fishes are saddled

with a reputation for being somehow

inferior to vertebrates blessed with

bony skeletons.

Bone is certainly a wonderfully

strong material. It lets hyenas crush

carcasses with their jaws and enables

elephants to support their massive

bodies. Bone tissue is crammed with

cells known as osteocytes and blood

vessels that keep them nourished. The

osteocytes release calcium, phosphates,

and other minerals, which help make

bones strong. They form layers that

wrap around the outside of the bone

and create a dense web of branching

columns inside it.

The cartilage in sharks and rays, by

comparison, consists primarily of a

mesh of collagen fibers embedded in a

gelatin-Uke matrix, along with a

scattering of cartilage-generating cells

called chondrocytes. (Sometimes the

cartilage is surrounded by a thin layer

ofmineraUzed tissue that gives it a little

extra stiifiiess.) The result is a softness

and flexibility that imply a certain

weakness. After all, it is backbone we

admire in a person, not cartilage.

Dating back at least 420 million

years, cartilaginous fishes are

sometimes referred to as primitive—as

if cartilage were an intermediate step

on the climb from invertebrates to

bony vertebrates. The development of

a human embryo seems to replay this

imagined evolutionary ascent: the

embryo starts out with a skeleton of

pure cartilage that gradually turns

almost completely to bone. As adults,

we retain only a few vestiges of

cartilage—in the nose, the ear, the

voice box, the disks between the

vertebrae, and at the ends of free-

moving bones.

Adam Summers, a biologist at the

University of Cahfornia, Berkeley, is

determined to show that this supposed

inferiority of cartilaginous fishes is a

biomechanical myth. Cartilage is

indeed generally weaker than bone but

at times can become remarkably stiff^

and strong. For the past few years.

Summers has been studying the

cownose ray (Rhinoptera bonasus). This

three-foot-wide creature, which Hves

solely on hard-shelled mollusks, is a

scourge of oystermen; a school of

3,000 rays can pick an oyster bed clean

in an afternoon. A ray eats its prey by

grabbing the moUusk in its mouth and

crushing the shell with its jaws.

To discover how this fish can be so

adept at breaking something so much
harder than its own jaws. Summers

x-rayed a cownose ray. Its cartilaginous

jaws, he found, had a lot of mineral

inside them. At first he thought he had

picked a diseased individual to study.

In humans, cartilage contains hard,

calcified deposits only when a person

is suflering from a disorder such as

scleroderma (an ultimately fatal illness

in which the joints and skin stiffen).

Yet Summers discovered that ray after

ray had the same sort ofjaw, with a

mineral-rich cartilage unhke any that

had been described before.

The mineral, however, is not

randomly distributed in the ray's jaws.

nor is it spread evenly. Rather, it is the

chief ingredient ofhoUow struts in

both upper and lower jaws, and these

struts are concentrated in the areas of

the jaws that bear down on prey.

Summers cannot yet say how these

struts form, but their function is clear.

Without adding much weight to a

structure, struts allow it to resist

bending and buckling. Struts are a

favorite tool of engineers, whether

they are designing a bridge or a piece

of corrugated cardboard. Likewise,

struts help a cownose ray's jaws

hold up against the shell of a clam or

an oyster.

But Summers suspects that the

struts are responsible for only part of

the cownose ray's shell-crushing abihty.

Species of rays that eat fish or soft-

bodied invertebrates have loose

Ugaments connecting the upper and

lower jaws. In these species, the jaws'

left and right sides are separate, which

means the ray can bite down with one

while opening the other. That

freedom gives these rays the flexibihty

they need to handle squirming prey.

The cownose ray has a difierent jaw

design. To help crush hard prey, it has

a solid lower jaw and a soHd upper jaw.

In addition, ligaments lash this ray's

upper and lower jaws tightly together.

Such a design. Summers proposes,

would be ideal for a fish that uses its

jaws as a nutcracker. Placing a shellfish

between them, he says, the cownose

ray might contract the muscles on the

left side of its mouth. This side would

then act Hke the handles of the

nutcracker being squeezed together.



Ligament

At first, bringing the left side of the

jaws together would stretch the right

side of the jaws apart. But because the

ligaments are so tight, the jaws couldn't

stretch very far, and soon the ligaments

would begin acting hke the fulcrum at

the hinged end of the nutcracker. As

the cownose ray continued squeezing

the left side of its jaws closer and closer

together, it could put more and more

pressure on the shellfish, crushing it.

A nutcracker works by amplifying

the forces exerted on it. Summers

V'"^

calculates that a cownose ray with

prey caught at the center of its jaws

would, because of the jaws'

architecture, be able to double the force

of its bite. He plans to test his

nutcracker model by recording the

activiry ofjaw muscles in live cowiiose

rays as they feast on shellfish. The

results of these experiments, he expects,

will demonstrate just how a jaw that is

more custard than steel can become

—

with the help ot some struts and proper

leverage—shell-shatteringly strong.

An excerpt from Carl Ziininer's tiew book,

Parasite Rex, appears on page 44 of this

inoiiths Natural History.

Ligaments

hold the upper

and lower jaws of

the cownose ray

tightly together.

When the ray closes

one side of its mouth,

the other side—unable to

stretch much in response-

may act like the hinged end of

a nutcracker. For a shell caught

in the middle, the resultant

pressure would be shattering.
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w
New Zealand mistletoes that bear

strange^ sealed flowers depend on

savvy native pollinators to thrive.

By Lauro A. Sessions

\

Every
year in December, the beginning of the

austral summer, the green temperate

rainforests in parts of New Zealand come

alive with bright-red mistletoe flowers. One

ofmy favorite places to see this natural display of

Christmas color is a thirty-acre fragment of

southern beech forest on the shore of South

Island's Lake Ohau. This turquoise glacial lake lies

in the shadow of the central Southern Alps' snowy

peaks. Nearly every southern beech in this patch of

forest is host to one or more large mistletoe plants.

Botanists categorize mistletoes as hemiparasites

—

plants that can make food through photosynthesis

after siphoning water and mineral nutrients from a

host plant via rootUke structures that penetrate the

host's bark and vascular system. The misdetoes that

grow on the Ohau beeches can reach nine feet in

both length and width and can virtually envelop a

tree, but unlike their European and North

American counterparts, they do not damage their

hosts. When the mistletoe flowers mature, they

drop from the plant and form red piles on the

forest floor, like confetti from a hoUday party.

Right: Sealed at the

tips, red mistletoe

buds await a

oollinator. A native

bellbird, left,

perched on a flax

plant, knows how

to tap the

mistletoe's nectar.



A visitor to the Oliau forest who examines

these t.illeii blossoms will notice that many of them

h.ive opened upside-down. While the petals of

most other Howers are joined at the bottom and

told b.u k from each other ,ii tlieir tips, these mistle-

toe petals are fused at the top and detached at the

base. The stigma, or pollen-receiving structure,

stays sealed within the flower tip, hidden from any

pollinators that might fertilize the bloom and thus

stimulate fruit and seed production, leading to a

new generation of mistletoes. Why would a plant

produce hundreds of flowers if they remain inac-

cessible to pollinators? In 1969, referring to these

sealed flowers, botanist Job Kuijt declared, "We

cannot even guess at the meaning of this bizarre

performance."

Thanks to a research project that began in 1992

and continues today, we can offer more than a

guess at the significance of the fallen and unfertil-

ized misdetoe flowers. We now know that these

misrietoes have a pollination system unique in New
Zealand and that the unpollinated blooms dying on

the forest floor represent a breakdown of the sys-

tem. Led by Dave Kelly and Jenny Ladley, of the

University of Canterbury in Christchurch, the pro-

ject, which I joined in 1996, has gradually been

transmogrified into a ten-person field effort. Every

December, as other people prepare to celebrate the

holidays, we gather our ladders and video cameras,

sort through piles of tiny colored wires, mesh bags,

batteries, chemicals, and microscope shdes, and

head out to the field. We now monitor more than

200 plants throughout New Zealand to determine

changes in their size, health, and rates of pollina-

tion and fruiting. We also take more than 100

hours of video footage each year to record which

poUinators visit plants and how they behave.

While mistletoes grow in temperate and tropical

regions worldwide, New Zealand is home to eight

species that occur nowhere else and one that is also

found only on Norfolk Island in the Tasman Sea,

between New Zealand and Australia. Our research

has focused on two of these species, red misdetoe

'Pcmxilla tctmpctala] and scarlet misdetoe (P. coleusoi).

In one of their first experiments, Kelly and

Ladley attempted to learn more about New
Zealand mistletoe reproduction by putting mesh

bags over branches bearing unripe buds. The flow-

ers could then be hand-poUinated, and the poten-

tial fruit production could be estimated. Or so

Kelly and Ladley thought. After several weeks of

close monitoring, the buds had ripened but tailed
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to open. Eventually they began to split from the

bottom, as Kuijt had noted, and to fall off the

branches. This occurrence and a knowledge of the

ways in which certain African and Indian mistle-

toes achieve poUination gave the researchers clues

to what might be going on. On Christmas Eve of

1992, Ladley watched from just a few feet away as a

tui, a native honeyeater (a nectar-eating bird),

moved defdy among the nearby unbagged flowers

on the tree. Using its beak, the bird reached for a

bud and gave it a quick twist, which released the

four petals. Within a second after the bud sprang

apart, pollen was catapulted onto the tui's head as

the bird sipped a pool of nectar.

Until this revelation, no one had known that

any New Zealand misdetoes—or any other New
Zealand flowers—reHed on this unusual pollination

mechanism. Flowers that can be popped open in

this way by animals are called explosive. Various

plant families from different parts of the world have

such flowers, many of which are easily tripped by

the touch of an insect or even by the wind. But

flowers that require forceful opening are rarer and

must attract poUinators that know the trick. From

the bird's perspective, explosive twist-top buds un-

equivocally signal the presence of a sweet fast food

(nectar) wrapped in a tamperproof package. The

mistletoe also benefits from this setup. Sealed buds

protect poUen against rain and mist until a pollina-

tor is available, and once it is, the miniexplosion ef-

fectively showers the bird with pollen. The mistle-

toe usually ceases to produce nectar within the

flower once it is opened, thereby encouraging birds

to concentrate on opening new flowers rather than

revisiting old ones.

In addition to the tui, another New Zealand

species of honeyeater, known as the beUbird for its

Unpollinated buds,

above, open at the

bottom and fall off

the plant. Opposite

page: A beech tree

serves as the host

for a red mistletoe.

The tui, below,

pollinates mistletoe

and disperses its

seeds, but like many

New Zealand birds,

it is threatened by

introduced

predators such as

stoats, below right.

BUD BIRD-VISITED UNVISITED

clear, bell-like call, commonly opens mistletoe

flowers. Of the 170 species of honeyeaters in Aus-

tralia and the Pacific Islands, only three—the tui,

the bellbird, and the stitchbird (the latter surviving

only on offshore islands)—are found in New
Zealand. For their mutually beneficial relationship

to have evolved, the honeyeaters and the mistletoes

with explosive flowers presumably have been coex-

isting for thousands or perhaps rruUions of years.

Introduced birds, such as blackbirds and finches

(which are casual nectar feeders), rarely twist the

flowers open. Perhaps these exotic species have not

been hving long enough with mistletoes in New
Zealand to learn the opening maneuver. Occasion-

ally we have seen beUbirds trying unsuccessfully to

hasten the opening of the flowers of yellow mistle-

toe, or Alepis flavida, which open on their own.

This suggests that explosive opening in red and

scarlet mistletoe flowers might have evolved as the

birds sought to be the first to reach an untapped

nectar source.

Two years after their discovery of the exploding

iTustletoe flowers, the team found that birds were

not the only animals that had learned how to access

mistletoe riches. Several species of native solitary

bees {Hylaeus agilis and various Leioproctus species)

are barely one-fifth the size of a red mistletoe bud,

but with persistent gnawing and heaving, they oc-



casionally manage to pry one open vviili their

i

mandibles. The bees are not interested m neetar; in-

stead, they harvest pollen and haul it back to their

nests to feed their larvae. In contrast to the birds' in-

stant twist-and-sip method, the tiny bees often take

more than a minute just to release the petals. On
average, they succeed in opening one bud in every

four they attempt to spring. But their efforts are

generously rewarded. A bee that manages to jimmy

open a mistletoe bud gets first access to an untapped

store. The New Zealand red mistletoe is the only

plant in the world with bird-pollinated explosive

flowers that are also opened by insects. This chal-

lenges the common notion that plants usually have

only one guild of pollinators—for example, either

birds or butterflies, but not both.

As is the case with the honeyeaters, only native

bees seem to have had time to learn how to unlock

the mistletoe blossoms; the insects" introducec

counterparts—exotic honeybees and wasps—have

not yet discovered the trick. The native bees may

be playing a role that in other parts of the world is

likely to be adopted by other types of animals.

New Zealand has relatively few pollinators. There

are no mammalian pollinators, and only seven bird,

one bat, sixteen butterfly, and about forty native

solitary bee species serve New Zealand's flowers.

(Australia, in contrast, is home to about 3,00U bee

species and 110 bird species that are active pollina-

tors.) Consequently, most New Zealand flowers ei-

ther attract a range of pollinators (a variety of in-

sects, for example) or are selt-tertile (that is, able to

produce fruits without pollen from another plant)

.

Red and scarlet mistletoes' dependence on a few

savvy pollinators came as a surprise.

Also unusual is the flower structure of red and

scarlet mistletoes, which allows for visits by polli-

nators of vastly different sizes. A solitary bee weighs

only one three-thousandth as much as a bellbird.

When a tui or a bellbird pops open a bud, all four

petals spring back, and as the bird inserts its beak

into the corolla to drink nectar, its head often

brushes pollen onto the receptive stigma. If the

flower reacted the same way to a bee's probings, the

insect could easily gather pollen from the anthers

(the pollen-producing structures) without ever

touching the stigma, and pollination would be un-

likely. But bees seldom "detonate" flowers the

same way birds do. Instead the bee makes a small

slit in the end of the bud, creating just enough

room to push its way inside. In such cramped quar-

ters, the bee is more Ukely to touch the stigma

—
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and pollinate the mistletoe—as it harvests pollen^

from the anthers. Our experiments show that on =

average, and despite their size, bees deposit about

the same number of pollen grains during a single

visit as birds do.

Still, bees are probably not as important to these

mistletoes as native honeyeaters are, because the

bees enter far fewer flowers. In addition, red and

scarlet misdetoes depend on birds for seed disper-

sal. Peraxilla seeds are small and green even when

ripe. In order for the seeds contained within the

fruit to germinate and to become established on a

new host tree branch, the fruit skins must be re-

moved. The birds devour and digest the fruit and

its skin, then defecate the seeds, often onto a

branch of another tree. The pulpy seed is sur-

rounded by a sticky layer that glues it to the surface

on which it lands. Germinating immediately, the

seed sends out "rootlets" to tap into the host tree's

water supply.

Because of the mistletoe's reliance on hon-

eyeaters for both poUination and dispersal (in addi-

tion to the honeyeaters, only one other bird, the

waxeye, frequently eats the fruit), mistletoe plants

are particularly subject to reproductive failure if

their avian partners become scarce or disappear, as

has happened with other indigenous birds. Plants

that maintain less specialized relationships with their

poUinators can reproduce with the help of many

difierent insects or various birds; for them, the loss

of any one species of pollinator is not so significant.

But red and scarlet mistletoe flowers cannot open

without the help of specific native bird and bee spe-

cies, and unopened flowers have only a 5—10 per-

cent chance of forming seeds through self-poUina-

To see
pollinators in

action,

go to

yjvjvLnii'vjrd

A native bee,

opposite, struggles

to pop open a bud.

If the insect

succeeds, the pollen

rewards are rich.

Below: A patch of

New Zealand's

southern beech

forest.

tion. Unfertilized flowers end up as mysterious bot-

tom-opened remnants on the forest floor.

At the turn of the last century, botanists re-

ported forests ablaze with the scarlet blooms of na-

tive mistletoes, but today few areas ofNew Zealand

support profuse growth. In most places, unpoUi-

nated dead blooms Uttering the ground are more

conmion than flowers twisted open by birds and

bees. Our experiments have shown that at several

sites in the central Southern Alps of South Island,

inistletoe plants produce no more fruits than plants

that have been placed inside cages to keep out pol-

Hnators. This means that birds and bees are visiting

flowers so infrequently—or that the birds are be-

coming so scarce—that essentially there is no in-

crease at all in pollination over the low rate of self-

pollination. (Birds may also be dispersing fewer

seeds, although this may be less of a problem than

the dechne in pollination; ripe fruits can wait six

weeks for a bird's visit, while buds last only six

days.) A potential cycle of decHne could begin if

pollination drops to the point at which these

mistletoes become rare and individual birds lose the

twisting habit or if, over time, the bird species "for-

get" how to access flowers.

The decline ofNew Zealand misdetoes is one of

a series of ecological changes stemming from the

introduction ofland mammals into plant and animal

communities that evolved without such creatures.

Rats, stoats, ferrets, cats, and possums have deci-

mated native animals that were unaccustomed to

mammahan predators. Native birds in particular

have drastically declined, and some have been

forced to seek refiige on mammal-free offshore is-

lands. One mammal I have studied, the Australian

brush-taiLed possum, harms mistletoe in a direct

way, by devouring it. But another cause ofthe grad-

ual disappearance of mistletoes throughout New
Zealand is the eHmination of avian pollinators by

mammals. This chain of ecological events may al-

ready have doomed a close relative of the red and

the scarlet species, the mistletoe known as Trilepidia

adamsii, which has been extinct since the mid-

1950s. New Zealand has risen to the challenge,

however, and measures are being taken to control

exotics and to conserve native species, including

honeyeaters and the remaining mistletoes. No
longer a mystery, the fallen flowers of Ohau have

proved to be the warning sign of a disruption in a

long-standing ecological relationship. That partner-

ship must be revived if the newfound pollination

phenomenon itself is to survive in New Zealand. D
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Attack and
Counterattack:
The Never-Ending Story

of Hosts and Parasites

By Carl Zimmer In the Origin ofSpcdc.<. Charles Darwin said Ht-

tle about a particularly powerful exolutionary force that brought

him a lot of personal sadness: parasites. His ten children struL^gled

against diseases such as influenza. t\phoid. and scarlet tever. and

by the time the Oiioiii came out in 1S59, three of them had died.

Darwin himself suffered for much of his adult life from fatigue,

dizz\- spells, \omiting, and heart trouble. He once described his

health this wa\-: "Ciood. when young, bad for the past 33 years."

Although no one is sure what made him suffer, some ha\-e sug-

gested Chagas" disease, which is caused by a trypanosome. a par-

asite that in turn is spread b\- the hciicliiiui, a biting insect of South

America. The wa\s to die of Chagas" are horrible in their vari-

er\-: vour mishring heart ma\- stop beating, for example, or food

mav pile up in \our colon until you die ofblood poisoning. Dar-

win was bitten b\- a hciicliiiai as he was tra\eling around the world

on the HMS Bcaolc, and many of his symptoms arose only after

he returned to England.

Perhaps parasites caused Dan\in too much misery for him to

recognize their evolutionary importance. But he was hardl\- alone.

Onl\- recently have scientists begun thinking seriously that para-

sites mav be just as important to ecosystems as lions and leopards.

fter consuming most of the tongue of a spotted rose

snapper, a parasitic isopod (a tiny relative of crabs

and lobsters) hooks onto the floor of the fish's mouth.

There it may take over the tongue's role, helping the fish

hold prey—and getting tidbits for itself in the process.
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Above: Tiny

/» leaf-cutting

ants known as

minims ride

shotgun on a

piece of leaf

being carried

back to the

colony's fungus

garden by a

larger nest mate.

The minims' job

is to fight off

parasitic flies,

such as the one

at right, that

attempt to lay

their eggs on the

larger ants.

And only now are they realizing that parasites have

been a dominant force, perhaps the dominant force,

in the evolution of life.

Organisms of all kinds have evolved means to

detect, fight, and avoid parasites. Copadichromis euci-

nostomus, for example, a small fish that Uves in Lake

Malawi in southeastern Afirica, is one of many ani-

mals in which the females employ some sort of par-

asite test when selecting a mate. To attract females,

the males build bowers out of sand on the lake bot-

tom. Some of the bowers are nothing more than a

handful of grains sitting on top of a boulder, while

others are big cones several inches high. The males

build their bowers near one another, creating dense

neighborhoods, and each defends his bower against

other males. The female fish spend most of their

time feeding on their own, but when ready to

mate, they go to the bower neighborhood and in-

spect the males' work. If a female chooses to mate

with a particular male, she releases an egg and puts

it in her mouth. The male then deposits his sperm

there too, and the female swims away with the fer-

tilized egg inside her mouth, where it will develop

into a baby fish.

The females apparently use the bowers to find

out which males do the best job at fighting para-

sites. Experiments have shown that they prefer

males that build big, smooth-shaped bowers and

that these males are also the ones with the fewest

tapeworms. Perhaps a fish that's carrying tape-

worms has to spend so much time eating that it

can't maintain its bower. The bower thus becomes a

medical chart and perhaps a sort of genetic profile.

Parasites also have been instrumental in shaping

the social structure of some species. Leaf-cutting

ants travel from their nests to trees and hack off

bits of leaves, which they grip in their mandibles.

Then, forming a parade of green confetti on the

forest floor, the ants carry the foliage back home,

where they use it to grow gardens of fungi—the

ants' food. Leaf-cutter colonies are divided into

big ants, which tote the leaves home, and httle

ones. The little ants, known as minims, tend the

gardens, but they can also be found riding atop the

leaf fragments being carried by their larger nest-

mates. Entomologists were puzzled for a long time

over why the minims would waste their time

hitching rides hke this. Some suggested that they

must collect some other kind of food on the tree,

maybe sap, and then ride home on the leaves to

save energy. In fact, minims are guards. The para-

sitic flies that attack leaf cutters have a special ap^



Some
amphipods,

top, parasitized

by the larvae of

thorny-headed

worms (orange)

respond by

swimming to the

surface, where

they are likely to

be snapped up

by a mallard.

Bottom: Adult

worms complete

their life cycle

in the duck's

intestine.

pro.ich to tlu-ir luiMs: tlu-y l.iiul uii .1 leaf fragment

carried In .111 .mt ,iiui then crawl down to lay their

etit;s in the gap between the ant's head and thora.x.

Hitchhiking minims, their mandibles open, patrol

the leaf or perch on top of it; when they en-

counter a Hy, they scare it away or even kill it.

No matter what the situation, of course, the

best strateg)' for a potential host is simply not to

cross paths with a parasite at all. Consider leaf-

rolling caterpillars. These are pretty ordinary insect

larvae, with one exception; they fire their drop-

pings like howitzers. As a bit of frass starts to

emerge from the caterpillar, it pushes a hinged

plate against a ring of blood vessels surrounding the

anus. The blood pressure builds up behind the

plate, which the caterpillar then releases. The

blood slams against the droppings so suddenly that

it blasts them three

feet a second, in a

soaring arc that car-

1 ries the frass as far as

two feet away. What
could have driven

the evolution of this

anal cannon? Para-

sitic wasps in search

of a caterpillar host

may be drawn to

their prey by the

_ odor of its drop-

I pings. High-pressure

^ fecal firing gives the

I caterpillar a better

chance of escaping

detection.

However, even if

you can blast your

frass into the neigh-

boring meadow, even

if your mother was

an exceUent judge of

bowers, even if you

carry a parasite guard

with you through

the forest, you may

still end up with a

parasite inside you.

Your immune sys-

tem, an exquisitely

precise system ot de-

fense brought about

by the evolutionary

pressure of parasites, will do its level best to stave off

the invasion. But host organisms have evolved other

kinds of warfare as well: they can enlist other spe-

cies to help them; they can medicate themselves;

they can even program their unborn offspring for

life in a parasite-ridden world.

A plant attacked by caterpillars (which, looked

at from this perspective, are parasites themselves)

defends itself with its own version of an immune
system, creating poisonous chemicals that the cater-

pillars ingest as they chew. It may also send out cries

for help—calling to wasps that parasitize the cater-

pillars (an apparent case of "the enemy of my
enemy is my friend"). When a caterpillar bites into

a leaf, the plant responds by making a particular

kind of molecule that wafts into the air. The odor is

hke perfume for parasitic wasps. As they fly around

escape detection by

parasitic wasps, some leaf-

rolling caterpillars shoot their

feces as far as two feet.

searching for a host, they are lured by the plant's

smell. Following it to the wounded leat, they tind

the caterpillar there and inject it with eggs.

To defend themselves against internal parasites,

some animals just stop eating—a sheep suffering

from a bad case of intestinal worms, for instance,

may graze only a third as much as it would other-

wise. Such a change clearly doesn't benefit the par-

asite, which needs the sheep to eat a lot so that it,

too, can eat a lot and make a lot of eggs. Circum-

stantial evidence suggests that eating less may also

somehow boost the sheep's immune system, mak-

ing it better able to fight the parasite.

Sometimes parasitized animals change their diet.

Some woolly bear caterpillars, for example, nor-

mally eat lupines. If attacked by parasitic thes that

lay eggs in their bodies, they switch to a diet ofpoi-

sonous hemlocks. The fly larvae stiU emerge from

the caterpillar, but some chemical in the hemlocks

helps the woolly bears stay alive, grow to adult-

hood, and ultimately metamorphose into Isabella

moths. The caterpillars, in other words, have

evolved a simple kind of medicine. Chimpanzees

<ilso, when infected with flukes and other kinds of

worms, seek out plants with medicinal value, swal-

lowing certain kinds of leaves whole and stripping
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A
snail sheds

thousands of

tiny larvae of the

trematode

Schistosoma

mansoni into the

water. The larvae

will go on to

seek a human

host. Burrowing

into the skin and

settling in veins,

they cause the

debilitating

disease

schistosomiasis.

the bark off other plants to get at the bitter pith in-

side. When studying these plants in the laboratory,

scientists have discovered that they contain sub-

stances that are harmful to many parasites.

When things get truly bleak—when there's lit-

tle hope of getting rid of a parasite—a host may

act to cut its losses. Evolution has given certain or-

ganisms ways to make the best of the time they

he more parasitic mites a male fruit

fly is infested with, the more

determined he may be in his efforts

to court females.

have left. Once infected with flukes, for instance,

some species of snails have only a month or so be-

fore the parasites castrate them and turn them into

food-gathering slaves. The snails take full advan-

tage of the time, producing a fmal burst of eggs. If

a fluke gets into a sexually immature snail, the

mollusk will respond by speeding up the develop-

ment of its gonads.

Male fruit flies of the Sonoran Desert respond

to parasites by escalating their pursuit of females.

These tiny insects feed on the rotting flesh of

saguaro cacti, where they sometimes encounter

mites. Leaping onto the flies, the mites jab them

with their needlelike mouths and start to suck up

their internal fluids. The consequences can be

grave: a heavy infestation of mites can kill a fly in a

few days. Biologists have found a big diflerence be-

tween the sexual activities of healthy and mite-

infested male fruit flies. Males with parasites spend

more time courting females, and the more parasites

a male has, the more time he spends at it, in some

cases triphng his eflbrts.

At first it might seem as if the mites speed up

their own transmission by putting infected flies in

contact with healthy ones. But in fact, these para-

sites seem to get on flies only when they are feeding

on cacti; they never hop from fly to fly during

courtship or mating. It appears that the parasites,

with no benefit to themselves, have driven the flies

to mate more when death is imminent. Why don't

flies make the fast-and-furious lovemaking style a

permanent one? Sex puts a lot of demands on fruit

flies and makes them an easy target for predators.

And the risk may not always be worth it; some cacti

are covered with mites, but others are mite-free.

Many Uzards are also tormented by mites. They

can die from an infestation, and survivors are likely

to be stunted. When these animals are attacked,

they change not their mating behavior but their

unborn young. Normally a baby hzard wdll have a

growth spurt in its first year and then grow more



slowly for the rest of its life. A lizard born to iiiitc-

ridden parents will instead grow fast for its first two

years and perhaps even longer. Lizard mothers ap-

parently can program the future growth ot their

offspring in response to the presence of parasites.

In mite-free times, a young lizard can afford to

grow slowly, but when mites are around, it pays to

grow quickly so that the little reptile can have a

chance of reaching .idultiiood and producing

voung of its own.

And if doomed to die. some parasite-infested

hosts will do their best, not to protect their own

offspring, but to spare their sisters and brothers.

Worker bumblebees spend their days Hying from

flower to flower, collecting nectar and bringing it

back to the hi\e. At night they stay in the hive,

kept warm by the heat of thousands of flapping

wing muscles. On its travels for nectar, a bumble-

bee mav be attacked by a parasitic fly, which lays an

egg in its bodv. In the warmth of the hive, the par-

asitic larva's metabolism runs so quickly that matu-

ration occurs in only ten days. The fly then

emerges from its host, ready to infect other mem-
bers of the hive. Many parasiric flies never get that

chance, however, because the infected bee does

something strange: it starts spending the night out-

side the hive. By staying out in the cold, the

worker slows down the parasites metabohsm, often

so much that the bee dies a natural death before the

fly larva can mature.

As effective as some of these counterattacks may

seem, parasites—not surprisingly—can evolve

counter-counterattacks. Cow manure fertilizes the

grass around it. making it grow lush and tall, but the

cows generally stay away firom this vegetation. They

keep their distance because the manure often car-

ries the eggs of parasites such as lungworms. After

hatching, these parasites crawl up nearby blades of

grass, where, if all goes weU for the parasites, they

will be eaten by a grazing cow. Some lungworms

pursue a different strateg\'. however. They bide

their time inside the pat of manure until morning

light strikes them. Light is their signal to climb up

through the manure until they reach the surface,

where they begin to hunt around for a species ot

fungus that also parasirizes cows—a species that re-

sponds to light by growing little spring-loaded

packages of spores. When one of the lungworms

touches a spore package, it latches on and climbs up

to the top. Soon the fungus catapults itself six feet

into the air, soaring away from the manure like a

puddle jumper, with the lungworm going along for

the ride. If the lungworm lands in a patch of grass

(and not on another cowpat), its odds of being

eaten by a cow are much improved.

Study these arms races long enough, and you

start to imagine that hosts and parasites could carry

each other into the clouds, each driving the evolu-

tion of the other so hard that they become

demigods hurling lightning bolts at each other. But

the race has its limits, as A. R. Kraaijveld, of Eng-

land's Imperial College of Science, Technolog\' and

Medicine, demonstrated in some elegant experi-

Like many

I tapeworms,

Anthocephalum

duszynskii is

highly

specialized,

lodging in the

gut of only two

species of round

rays. The scolex,

or head, left, of

this species

adheres to the

host's intestine

with rounded

attachment

structures, each

one edged with a

row of suckers.

Bottom: A

parasitic fluke

(center, brown)

has attached

itself to the

inside wall of a

Portuguese man-

of-war's

digestive

mechanism. The

fluke exploits at

least two

different types

of hosts during

its life cycle.
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merits with two species of fruit flies (Drosophila siib-

osaira and D. inetanogaster) and the wasp that para-

sitizes them. Kraaijveld raised the wasps on D. siib-

oscnm flies and then put a few dozen of the parasites

into a chamber with D. tnelaiiogaster. The wasps par-

asitized these new hosts, killing nineteen of every

twenty flies. But the one in twenty that survived

managed to marshal its immune system and kill the

wasp larvae. Kraaijveld took these resistant fruit flies

and used them to breed the next generation of D.

melaiwgaster. Meanwhile, he continued to raise his

wasps on the other species, D. subosaim. When the

next generation of D. melaiwgaster had matured, he

transferred some of the wasps into their chamber.

The wasps promptly attacked the flies, and once

again, Kraaijveld raised the survivors to produce a

new generation.

By raising the wasps and flies this way, Kraaijveld

was bhndfolding one of the boxers in his host-

parasite match. With each generation, the D. mela-

nogaster flies were able to adapt more and more to

the wasps. But the wasps, being raised on another

species of fly, had no chance to match the evolution

of their D. inelaiiogaster hosts. The mismatch let the

flies steadily improve in their fight against the

wasps. In only five generations, the proportion of

flies that could kill the wasp larvae rose fr-om one in

twenty to twelve in twenty.

Interestingly, in later generations, the resistance

remained at 60 percent. Why didn't it rise to 100

percent, creating a race of perfectly immune flies?

arasites are unavoidable and often

extremely unpleasant. They also turn

out to be one of the most important

forces of evolution.

Well, fighting wasps is costly. Kraaijveld set wasp-

resistant flies in competition for food against regular

flies and found that they fared badly. They grew

more slowly, died young more often, and, if they

survived to adulthood, were smaller. Evolution

doesn't have an infinite arsenal to offer host organ-

isms, and energy spent on one thing is not available

for something else. At some point, hosts have to ac-

cept one of nature's absolute truths: parasites are a

fact of life. D

Ommatokoita
elongata, a

copepod, left,

feeds on the

cornea of a

Greenland shark.

Resultant

lesions may

leave the shark

with little more

than a light

meter for an eye.

I
Opposite: An

I adult female

I chimpanzee in

Z Tanzania's
p

g Mahale National

I Park prepares

I to swallow a

i leaf of Aspitia

I mossambicensis,

I a plant known to

I help purge the

g body of

^ nematode

§ worms.
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THE PRICE OF SALT



^f iiiok 1)11 my lioots and crouched down at the

doorway to enter the smokc-filled hut. The

\ ill.ige lieiuhnan, liis outline barely visible, was

Ab lonitortably settled beside a small tire burning

in die center of the room. After motioning me to

sit beside him on a pile of deerskins, he placed a

teapot on the burning coals, A woman came out of

the shadows and carefully handed over a niuch-

dirtieti paper packet. Turning to me as if to make

sure I watched what he was doing, the headman

opened the packet and poured most of the contents

into the teapot, then emptied the remainder into

my cup. I'd been through this ritual many times

during the previous week, but it stilJ fascinated me.

He was sharing one of his most precious posses-

sions—and giving me a little extra—to acknowl-

edge the value he placed on my visit. A common
condiment throughout the modern world but des-

perately scarce and highly prized in this remote

mountain region, it was the central player in a bar-

tering system that provided the local peoples only

regular contact with the outside world. The head-

man was giving me salt.

It was March 1997, and I was accompanying a

team ot eight scientists and forestry officials on

a wildlite survey through the mountainous north-

ern region of Myanmar (formerly Burma). Called

"the most forbidding terrain on Earth" by Frank

Porters make

their way along

the bed of the

Nam Tamai River,

left. In the

background are

the snow-capped

peaks of the

southeastern

Himalaya. Above:

Salt for sale in a

Yangon market.

In Myanmar's for north, the body parts of endangered wildbfe

are bartered for a scarce and highly prized commodity.

By Alan Rabinowitz ~ Photographs by Steve Winter
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U Phemar Yaung

Htu, right, his

crossbow and

poison arrows

under his arm,

returns from a

hunt carrying a

red goral. He will

exchange its skin

for salt and tea.

Kingdon-Ward, a British botanist who collected

plants there in the 1930s, northern Myanmar re-

mains one of the most biologically unknown and

unspoiled regions in Indochina. The area's plants

originated during the Miocene, presumably be-

came isolated during the turbulent glacial and inter-

glacial period ofthe Pleistocene, and have remained

isolated to this day.

I had first visited the region in 1996 and had

gotten as far as the town of Putao, gateway to the

rugged terrain where the eastern Himalaya meet up

with the Gaoligong Shan and Hengduan Shan

ranges that defme the border between Myanmar

and China. At the town's market, I had discovered

the magnificent horns of a blue sheep while exam-

ining wildHfe body parts being offered for sale. Blue

sheep were known from neighboring Tibet, but

this specimen had reportedly been killed north of

Putao, in what are locally referred to as the "icy

mountains."

As the Wildlife Conservation Society's (WCS)

Director of Science for Asia, I had arranged with

Myanmar's Department ofForestry to make biolog-

ical surveys here and to recommend specific areas

for protection. Now, in 1997, having walked 250

miles from Putao in the course of nearly a month,

we were close to the border with Tibet. The hut

where I was drinking tea was in Tahawndam, an

enclave of Burmese Tibetans (the Rawang are the

region's other principal ethnic group) and the last

village one encounters before reaching Myanmar's

tallest peak, Hkakabo Razi.

Long before arriving in Tahawndam, we had

passed through a dense subtropical forest—the

northernmost range of most Indo-Malayan ani-

mals—and had entered the temperate and alpine

habitats of the lesser known Sino-Himalayan wild-

Hfe. This was the most rugged country I had ever

been in. Between valleys and mountain passes, we
followed trails that climbed precipitously from

1,500 to more than 10,000 feet. Weather and pun-

ishing terrain restricted our movements much be-

yond Tahawndam, but we had already found three

large mammal species not previously known to Hve

in Myanmar: blue sheep, black muntjac (barking

deer), and stone marten. Our most exciting find,

as we moved north through the transition zone

Tibet (XizAtiG'^ZizrtlQu)
'

,

', Sichuan

hikakabo Razi

between subtropical and temperate forest habitat,

was a deer not quite two feet tall and weighing less

than twenty-five pounds. I suspected I was looking

at an animal few people, if any, had ever seen outside

the region. Further exaininarion of more of these

deer—called leaf deer by local hunters—^would later

confirm my suspicion: this was a species new to

science (it is also one of the smallest, and possibly



most primitive, mcmbors of the CA-rvidae family).

These important disco\crics made me e\eii

more coiueriied about the issue of wildlife protec-

tion. Although the people ot the region were pri-

marily simple agriculturists, growing staple crops of

wheat, corn, and millet, they also hunted. In many

village homes, there were skulls mounted on trophy

boards—a practice based on the animistic belief that

it will bring success on future hunts. Skins, horns,

and other animal parts were piled in the corners,

waiting to be exchanged tor basic necessities when

traders came from Myanmar's towns and villages to

the south, from neighboring Tibet, or from C'hina's

Yunnan Province. At the heart of this trade was salt.

The use of salt can be documented as far back as

Neohthic times and has long played a pivotal role in

human affairs. Settlements have flourished or disap-

peared because ot salt. The historical record indi-

cates that this substance was one ot the sinsjle most

valuable items of commerce in developing civiUza-

tions and was also often the currency used both for

ta.xing and rewarding the populace. In China a sys-

tem of collecting salt as tribute was in place by

.ibout 2()()() B.C. The word "salary" comes from the

Latin siilariiini, referring to the salt payments given

to Roman soldiers.

What makes salt really mysterious, however, is

our inability to fully understand our strong desire

for this "primordial narcotic" (as one writer de-

scribed it). Medical research indicates that while we

need salt to help regulate the body's internal fluid

levels, most of that salt can be obtained trom the

tbod we eat (except in purely vegetarian diets). Yet

in most societies around the world, people con-

sume at least two to three times more salt than they

need. "There is one commodity which aO men, of

whatever colour, crave," wrote Kingdoii-Wird atter

meeting Chinese traders in northern Burma more

Children from

the village of

Karaung identify

the birds of the

new Hkakabo

Razi National

Park.
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In northern

Myanmar, salt Is

available mostly

in rough,

granular form,

right. Below: A

hunter sells the

bill and double-

pronged casque

of a great

hornbill, shot

near the town

of Putao.

than six decades ago. "It influ-

ences their hves. No hardship

is too great to be borne, if only

the need be thereby satisfied.

This commodity is not bread,

nor opium either, but com-

mon salt; common, that is, al-

most anywhere but here."

Salt is highly valued in this

remote region because there

are no natural sources of it. As

I finished my tea in the smoky

hut and reached for the pot to

pour myself another cup, I re-

alized that the desire for this

elemental substance, to which

I had never before given a mo-
ment's thought, was threaten-

ing the future survival of some

of the world's most unusual

and endangered mammals.

Given WCS's mandate from the Myanmarese gov-

ernment to identify areas that could be set aside to

protect the country's fauna, I was facing the ques-

tion of how to curtail the killing of wildlife, a prac-

tice that was also the basis of the barter system be-

tween local people and outside traders. The vil-

lagers knew their hunting was not sustainable, for

they complained about having been able to kill far

fewer animals in the past five years and having to

devote much more time to the hunt. Yet they read-

Uy exchanged these dwindling resources for cloth-

ing, tea, and—above all—salt.

I discovered that every village has its hunters,

who use mostly the traditional crossbow and poison

arrows as weapons. Some also use metal jaw traps

and snares brought over from China. When they

are not needed for the tending of crops, hunters go

off for days or even weeks to stock up on game and

rare plants. The items most sought after by traders

are certain medicinal herbs that grow at the highest

altitudes, the musk glands of

male musk deer, and the gall-

bladders of Himalayan black

bears. But every animal part is

traded, from serow tongues

(consumed to treat headaches)

and goral legs (ground into a

Hniment for joint ailments) to

the skins ofwhite-browed gib-

bons and capped leaf monkeys

(made into shoulder bags).

These items are exchanged

for white salt, used primarily

in tea but also for cooking.

"Food doesn't taste good

without it," the locals told me
again and again. The tribes

also barter their kills for a type

of red salt from China that

they feed to hvestock, most of

which are gayals (the domestic

form of the gaur). For as long

as anyone can remember, this

has been the system.

In 1996 the government of

Myanmar had designated this

mountainous northern region

a protected area. My purpose

now was to convince the gov-

ernment to change the area's

status to that of a national park

in order to further protect

wildlife. Upon returning to

the capital, Yangon, I pre-

sented officials with a plan

—

suggested in part by the vil-



lagers tlicmsclvcs. They IkkI .igivcd to liiiiii iIk-h-

hLinting and to monitor the population tiends ot

key game species in exchange for regular shipments

of good quality salt and other necessities to be sup-

plied by the park statF. Each headman would be re-

sponsible for the actions ot ini.li\iLluals in his village.

With the incentive of being pn)\ided with basic ne-

cessities, people would presumably no longer kill

animals other than those intended tor their own

consumption, and the wildlife trade would there-

fore be curtailed.

The hunger tor salt has, in large part, tostered

the systematic killing of wildlitl'—a bad practice

both tbr animal populations and, ultimately, tor the

villagers who depend on the hunt to acc]uire a

prized commodity. In coming years, we hope that

providing salt directly to local people will prove a

good practice for both wildlife and people and \\ ill

help preserve the region's biological and ethnic di-

versity, improve the quality of life at a local level,

and tbster discoveries that enable us to add more

pieces to the jnizzle of our biological past.

Postscript: In November 1998, Myanmar's De-

p.iitiiieiit of Forestry designated a 1 ,5()0-square-

mile area Hkakabo Razi National Park—the

largest protected area in the country. Early in 20(10,

Rabinowitz, along with the national park's new

chief U Thein Aung, returned to the region to

talk with local villagers about the park and to bring

basic necessities—salt included—in exchange for

protecting wildlife. D

Pictured below

with Rawang

children in the

village of

Karaung is Dawi

(far right), one

of the few Taron

pygmies living

today.
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By Peter M. Kappeler and Alexandra Dill

Illustrations by Deborah Ross

The

Female red-fronted lemur (Eulemur fulvus rufus)

Lemurs of

Kirindy
Near the west-central coast of

Madagascar, and a mere hour's drive

from the town of Morondava, is the

25,000-acre Kirindy Forest.

Dominated by majestic baobab trees, it is home to

the world's smallest known primate as well as to

dozens of amphibian and reptile species and more

than sixty species of birds. Every rainy season,

Kirindy transforms itself from a tangle of dry

branches on which not a single green leaf can be

found to an impenetrable emerald wall. Its

changeable beauty and the diversity of its

inhabitants are enough to captivate any visitor. But

the forest's puU on us lies not so much in its

considerable visual charm as in the actions of its

eight resident species of lemurs.

Some of Kirindy 's lemurs are strictly nocturnal,

others are active only in the daytime, and some are

up and about day and night. Different species also

exhibit different patterns of activity over the

course of a year. In some, both sexes hibernate,

while in others, only the female takes time out.

For almost a decade, we and other members of the

German Primate Center have been working to

fmd out more about this unusual web of daily and

yearly activity cycles.

Kirindy is indeed a place of pronounced

seasonal changes. A short, hot rainy season

between December and February is followed by

nine months with virtually no rain. At the height

of the dry season, nightly temperatures regularly

drop below 50° F and sometimes stay just above

freezing; during the day, temperatures may rise

above 86° F During the rainy season, temperatures

fluctuate between 68° and 104° in the course of

twenty-four hours. Most of the forest's trees

Madagascar's Kirindy Forest leaps from
dry to lush in the short, hot rainy

season. The forest's eight lemur species

adapt to the seasonal changes in

varied—and sometimes dramatic—ways.

respond to the extended dry season by dropping

all their leaves to conserve water. Some, such as

the three species of baobabs, also store water in

their huge trunks. Kirindy 's trees tend to grow

extremely slowly and (unhke many tropical trees)

have pronounced seasonal cycles of flowering,

leafmg, and fruiting.

The response of most *•

amphibians and reptiles to "

the area's dramatic

seasonahty is to do

much of their hard

Hving—finding a mate,

producing eggs,

growing, and

preparing for the next

dry season—during the
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Narrow-striped

mongoose, or boky-

boky (Mungotictis

decemUneata)

rainy weeks and to be much less active the rest of

the year. For example, five-foot-long Leioheterodon

snakes pass the dry months several feet below

ground, curled up in a nest of ants, and emerge

only after the rains begin. Similarly, many of

Kirindy's birds spend the harsh months in other

parts ofMadagascar or in Afi-ica or Europe. None
of these patterns are surprising. Many birds

migrate, and many of the world's frogs, lizards, and

snakes he low during cooler periods of the year.

Some of the lemurs and other mammals of

Kirindy, however, are quite another story, a

striking exception to the rule that tropical

mammals generally do not exhibit strong seasonal

variations in activity. Most puzzhng among them

are several species that hibernate even when the

weather is warm.

Verreaux's sifakas (Propitbecus verreauxi

verreauxi) are the most prominent inhabitants of

Kirindy. These long-legged, seven-pound

lemurs, white with dark patches, leap among tree

trunks high in the canopy, propelled by their

powerful hind legs but continually maintaining

an upright posture. Like the vast majority of

primates elsewhere in the world, they live in

small, cohesive groups of

two to eight

members and are active exclusively during the

day. Sifakas have teeth and guts that are

specialized for feeding on leaves, but they adapt

their menu opportunistically as different flowers

and fruits come into season. These lemurs cope

with the long dry season primarily by expending

less energy, sometimes halving the distance they

travel each day and the time they devote to

foraging and other activities. Sifakas' body

temperature falls a few degrees at night, another

Hoopoe (Upupa epops)

The red-tailed sportive lemur
saves energy during the dry

season by reducing its already low
activity level and metabolism.

^^S^SSSfe-:*



Red-tailed sportive lemur

(Lepilemur ruficaudatus)

'̂^

"^



62 BIODIVERSITY natural history 9/00

calorie-saving adaptation; when morning comes,

they take extended sunbaths high in the trees to

bring their temperature back up to normal.

Remarkably, the females give birth at this time of

year; nursing sifaka mothers produce very dilute

rrdlk and thus lose significant amounts of water

during lactation. Nevertheless, these animals

never descend to the ground to drink, seemingly

able to balance their water budget by choosing

plants high in liquid content and by occasionally

licking dew from leaves and tree trunks in the

early morning hours.

Early morning is a time when members of the

other group-Hving lemur species in Kirindy may

African darter

(Anhinga rufa)

take a breather from their efforts for a few hours.

Red-fronted lemurs (Enlemurfiilvus mfus), Hke

other members of the genus Enlemur and the

closely related bamboo, or gentle, lemurs (genus

Hapalemur), have an unusual circadian rhythm,

consisting of several bursts of activity irregularly

distributed over the twenty-four-hour cycle. This

type of activity pattern, which is termed

cathemeral, has been reported outside Madagascar

in only one other primate: Azara's night monkey

(Aotus azari) in South America. (More generally,

among the tropical arboreal mammals of Africa,

Asia, and South America, only sloths have such an

I I

Verreaux's sifaka

(Propithecus verreauxi verreauxi)

J*



Verreaux's sifakas,

which never descend

to the ground to

drink, get part of the

water they need by

Hckin^^ dew from leaves

and tree trunks.

Geckos (Phelsuma madagascahensis)

on-again, off-again lifestyle.) Perhaps the

cathemeral cycle of these lemurs represents an

evolutionary midpoint in the transition from a

nocturnal to a diurnal pattern; night vision

requires increased sensitivity to light and generally

comes at the expense of color vision and acuity.

The transition to cathemeral activity may have

been triggered by ecological changes associated

with the extinction of large raptors and giant,

probably diurnal, lemurs after the onset of human

setdement in Madagascar about 2,000 years ago

and the resultant hunting and deforestation.

Kirindy's six other lemur species have strictly

nocturnal habits but adapt to the changing seasons

in a variety ot ways. Coquerel's dwarf lemur

(Mirza coqnercli) and the fork-marked dwarf lemur

(Phanerfiircifer) are active year-round. The leaf-

eating red-tailed sportive lemur (Lcpileiiuir

mficaiidatm)—Hke the sitaka—saves energ)' during

the dry season by reducing its already low activity

level and metaboHc rate (and presumably its body

temperature as well, although we have yet to

measure this precisely).

Fat-tailed dwarf lemurs (Clieirogaletis niedius)

take energy savings to an extreme. These five-

ounce animals squeeze an entire reproductive

cycle into the rainy season and, during this rime of

plenty, accumulate enough fat reserves to fuel up

to eight months of hibernation. Feeding on high-

energy fruits and insects, the lemurs convert most

of their food into fat, which is primarily stored in

the tail, nearly doubling their body mass. At the

beginning of the dr^- season, small groups of males

and females rerire into hoUow trees, their body

temperature and metabolic rate drop, and the

animals be^in hibernation.
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The gray mouse lemur (Microcebus nuiriiius) can

also hibernate for months, but in this species, only

adult females do it. Like their fat-tailed cousins,

female gray mouse lemurs go through their

complete reproductive cycle between late

December and eaiiy February, acquiring

impressive amounts of fat and increasing body

mass by more than 40 percent. As the nights begin

to get cool, these two-ounce lemurs resort to

another remarkable strategy to reduce energy

expenditure: night-time torpor. When the

temperature falls below a certain point, they enter

a tree hole and reduce metabolism, thus lowering

Pygmy mouse lemur (Microcebus myoxinus)

feeding on a locust

body temperature close to the level of the air

around them. (Some of our colleagues have

recorded body temperatures as low as 48° F in

torpid animals.) Huddling together in well-

insulated holes further enhances their energy

savings. When the ambient temperature rises

during the morning, body temperature follows

passively up to about 82° F, at which point the

metabolism kicks in again and heats the lemurs up

to a normal level of about 100° F.

As the dry season progresses, adult females stop

leaving the tree hole altogether, remaining inactive

for the next four months or more. Males,

however, continue venturing out to forage

(mainly on gum and the few remaining insects) for

at least a few hours almost every night. Why they

forgo the substantial energy savings enjoyed by

females and expose themselves to owls and other

predators every night is something of a mystery to

us. However, the mating season begins soon after

the females emerge, and we think the males may

Red-fronted lemurs have an unusual

circadian rhythm, consisting of

several bursts of activity irregularly

spread over twenty-four hours.

0Sm»'-<im^,

Male red-fronted lemur



bv taking adv.iiit.it;i.' of tlK-sc nn)iulis to establish

dominance hicrarcliics.

The diversity of lifestyles we see in Kirindy's

lemurs demonstrates that there is no one way to

fit into the forest. Further evidence of the

considerable behavioral ,ind physiological

flexibility of these primates can be found in other

parts of Madagascar as well. Recent observations

of gray mouse lemurs at the northern end of the

species' geographical range, for example, revealed

that neither males nor females hibernate there. In

addition, five new species of mouse lemurs

inhabiting the west coast of Madagascar

—

including the smallest living primate, a pygmy

mouse lemur discovered at Kirindy—have just

been described (these new species will receive

their scientific christening in the October issue of

the IntcmationalJournal of Priinatolo^iY) . These

primates offer scientists an opportunity to study

how a group of related mammals respond to a

range of environmental conditions—in this case,

along the entire length ot the world's fourth

largest island. The more we can learn about how

these animals diwy up the available habitat with

closely related species, as well as how they avoid

interspecific mating, the more we may be able to

understand how Madagascar evolved such a

richness of lemurs. Our deepest hope is that

habitat destruction on the island will not result in

a squandering of this remarkable wealth. D

Male red-fronted lemur
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(Continuedfrom page 25)

branching from a single ancestor over a

long period of time, then the hierar-

chical order of the binomial system

will capture the topology of organic

relationships just as well, because the

logic ofmy system translates pictorially

into a tree with a single trunk at the

base, which subsequently divides into

branches that never coalesce thereafter.

I wiU therefore hedge and win in ei-

ther case. For my chosen topology

might represent either God's perma-

nent order, preconceived from the

first, or the happenstance of historical

change and development on an evolu-

tionary tree growing from a single

starting point under the constraint

of unbroken continuity (although

branches may die and fall from the tree

as hneages become extinct) and con-

tinuous bifurcation without subse-

quent joining of lineages."

I emphasize this property of irrev-

ocable branching without subsequent

amalgamation because the Linnaean

logic of placing small boxes into larger

boxes—which just happens to con-

form to the historical reality of Dar-

win's system—establishes just such a

map of organic relationships as its pri-

mary and inevitable consequence.

One can't, after all, either in Linnaean

logic or in the real world, cram big

boxes into smaller boxes. Therefore,

for example, two species in the same

genus can't reside in different families,

and two orders in the same class can't

be placed in different phyla. If lions

and tigers rank as two species in the

same genus (Panthera), they cannot

then be allocated to different famiHes

of higher rank (lions to the Felidae

and tigers to the Canidae, for ex-

ample), for the two larger family

boxes would then have to fit within

the smaller box of the genus Panthera,

and both the rules of Linnaean logic

and the requirements of Darwinian

evolutionary history would be frac-

tured. I can be a monkey's uncle or a

horse's ass only in a metaphorical

sense, for my species fits into the small

box of the genus Homo, which must

nest within the larger box of the fam-

ily Hominidae, and one member ot

my species can't opt out of our box to

join the Cercopithecidae or the

Equidae, thus splitting a coherent

lower group into two higher groups.

So just watch what you call me, you

miserable skunk!

Did Linnaeus therefore just enjoy a

little bit of luck in choosing the one

logic for a creationist system that

would also fit without fuss into a new

celebrated naturalist Georges-Louis

Leclerc, comte de Buffon (1707-88),

had struggled through more than forty

volumes of his Histoire nattirelle—in my
judgment, the greatest encyclopedia of

natural science ever written—to de-

velop, without conspicuous success, a

nonhierarchical system that joined each

species to some others by physiology, to
j

a different group by anatomy, and to a

stiU different set by ecology.

But I would, in addition, Uke to ad-

vance the unfamiliar argument that

Linnaeus also succeeded because he

Linnaeus built his system upon a familiar form of

logic

—

2i style ofreasoning, moreover, that may

track the basic operation ofour brains.

universe of historical evolution by

branching? At least he has demon-

strated exemplary survival skills in

passing the test of time as taxonomy's

father. But I hesitate to ascribe his re-

markable success to pure dumb for-

tune—for a primary reason that calls

upon the key contention of this essay:

that taxonomies transcend simple de-

scription and always embody particular

theories about the causes of order, thus

melding preferences of mind with per-

ceptions of nature.

I think that Linnaeus succeeded be-

cause, however unconsciously or pre-

consciously, he made some excellent

decisions about both the mental and

perceptual aspects of taxonomic sys-

tems. On the perceptual side, he must

have seen better than any ot his col-

leagues that under the logic ofhierarchy

and branching, organisms could be ar-

ranged into a consistent order that

might win general assent without pro-

voking constant bickering among prac-

titioners. Other contemporaries had

proposed very different logics of classifi-

cation but had never found a way to

push them through to an unambiguous

and consistent system. In the most

telling example, Linnaeus 's most famous

contemporary and archrival, France's

made a very clever, and probably con-

scious, choice from the mental side of

taxonomic requirements as well. In de-

ciding to erect a hierarchical order

based on continuous branching with

no subsequent joining of branches,

Linnaeus constructed his system ac-

cording to the most familiar organizing

device ofWestern logic since Aristotle

(and arguably of our innate and uni-

versal mental preferences as well): suc-

cessive (and exceptionless) dichoto-

mous branching as a system for making

ever finer distinctions. In a logical tree

of this form, often called a dichoto-

mous key, one may move in either di-

rection: down the tree, to place a par-

ticular basic object into ever larger

groups by joining successive pairs, or

up the tree, to separate a large category

into its component parts by successive

twofold division.

One may, for example, interpret

the branching diagram presented ear-

lier (see page 24) as a dichotomous key.

We can reach dogs by starting with the

largest category of all animals, making

a twofold division into vertebrates and

invertebrates, then splitting the verte-

brates into mammals and nonmam-
mals, the mammals into carnivores and

noncarnivores, the carnivores into
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canids and noncanids, and finally, the

canids into dogs and other canines.

(We can also work outward in the op-

posite direction—by successive joining

ofpairs—to learn how dogs fit into the

hierarchy of all animals.)

In fact, the idea for this essay came

to me when I recently purchased an

obscure late-sixteenth-century book

on AristoteUan logic and noted that its

numerous charts for working through

the categories of reasoning and the at-

tributes of human form and behavior

vation of such devices from pre-Dar-

winian times—to order their pairings

from the good and most valued on top

to the least admirable on the bottom.

In this case, reason beats custom, while

within custom, private decisions—pre-

sumably motivated by personal belief

—

trump pubhc actions, which may be

enforced by social pressure. I am partic-

ularly fond of the dichotomous key for

birds ofprey that the great English nat-

uralist John Ray pubhshed in 1678,

with a first division of day fliers on top
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French physician Nicolas Abraham published this chart for classifying types of

ethical decisions in his treatise of 1586.

had all been constructed as dichoto-

mous maps bearing an uncanny resem-

blance to the taxonomic keying devices

that I have seen and used in texts and

guidebooks for naturalists throughout

my career. Thus, Linnaeus gave himself

quite a leg up by building his taxo-

nomic system upon a famihar form of

logic that scholars had apphed to all

subjects, scientific and otherwise, from

the dawn of Western history—a style

of reasoning, moreover, that may track

the basic operation of our brains.

I took the chart reproduced above

from this 1586 treatise, published in

Paris by the physician Nicolas Abraham

and entided Isogogethica ad rationis iior-

mam delineata (An introduction to

ethics as delineated by the rule of rea-

son). Abraham first divides the domain

of ethical decisions into the dichoto-

mous pair of mentis (by the mind) and

maris (by custom). He then splits the

lower domain of custom into the two

categories of privatis above and publicis

below. (Interestingly, and I suspect con-

sciously, authors of dichotomous keys

also seem—at least in my limited obser-

and night fliers on the bottom; a sec-

ond division of the preferred day fliers

into bigger species above and smaller

below; and a third division of the big

species into "more generous" eagles

above and "more cowardly and slug-

gish" vultures below.)

But let us foUow Abraham's key for

the higher category of mental deci-

sions (mentis), which then undergoes a

fiirther dichotomous spht into sapientia

(done by wisdom) above and prudentia

(done for reasons of prudence) below.

The third and final set of twofold divi-

sions then separates judgments by sapi-

entia into intelligentia (achieved by pure

reason) above and scientia (achieved by

knowledge about material things)

below. The lowerjudgments o(pruden-

tia then divide into a preferred cate-

gory of bona consultatio (derived by

seeking good advice from others)

above and the less worthy dichoto-

mous alternative sagacitas (determined

by our own judgment) below.

I do admire Linnaeus as an intellec-

tually driven and brilliantly compli-

cated, but arrogantly vainglorious.

man. If I preferred the hagiographical

mode of writing essays, I would stop

here with a closing word of praise for

Linnaeus's perspicacity in harnessing

both the observational and theoretical

sides of his mental skill to construct a

flexible and enduring taxonomic sys-

tem that could survive intact under the

greatest theoretical transformation in

the history of biology.

But he who Hves by the sword dies

by the sword (as Jesus did not exactly

say in a common misquotation that re-

mains potent in truth and meaning de-

spite its inaccuracy in citation). Lin-

naeus's consistency and wisdom in

developing and defending the bino-

mial system of hierarchical classifica-

tion carried him through to intellec-

tual victory. But hke so many

originators of grand and innovative

systems, he reached too far (whether

by overconfidence or overexcitement)

and became too committed to his pro-

cedure as the one true way for classify-

ing any collection of related objects. (I

cannot help recalling my experience

with a customs official on a small West

Indian island, who recorded my land

snails as turdes because his forms per-

mitted only a distinction between

warm-blooded and cold-blooded ani-

mals and the word "animal," in his

personal understanding, designated

only vertebrates. Thus, snails became

turtles because both are cold-blooded

and move with legendary torpor.)

Once Linnaeus had fully developed

the binomial system and its supporting

logic of a consistendy nested hierarchy,

he supposed that he had discovered the

proper way to classify any group of

natural objects, and he therefore began

to give binomial species names to sev-

eral classes of inappropriate phenom-

ena, including rocks and even human

diseases. Clearly, he had become over-

enamored with his own device and

had lost sight of the key principle that

hierarchical embedding by dichoto-

mous branching captures the causal

order only within certain kinds of sys-
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tems, particularly those that develop

historically by successive branching in

unbroken genealogical continuity

(with no later amalgamation of

branches) from a common ancestor.

The fact that Linnaeus tried to apply

the binomial system to several groups

of objects that, by their own rules of

order or development, patently violate

the required hierarchical logic indi-

cates that perhaps he never did really

grasp the limitations (and therefore the

essence) of his system. So perhaps Lin-

naeus did prevail partly by the luck of

organic conformity to his logic rather

than by his correct and conscious rea-

soning about the causes of relationships

among plants and animals.

For example, a page from the sev-

enth (1748) edition of Systana Naturae

(see page 74) designates binomial spe-

cies of the genus Quartzum from the

classification of rocks and minerals that

Linnaeus presented as a third chapter,

following his taxonomies for animals

and plants. The first "species,"

Quartztim aquetim (transparent quartz),

includes ordinary glassUke quartz; the

second, Quartzum album (white

quartz), encompasses less valued,

opaquely waterworn quartz pebbles;

the third, Quartzum tinctum (colored

quartz), gathers together the tinted va-

rieties that mimic more valuable gem-

stones (Linnaeus calls them false topaz,

ruby, and sapphire, for example); and

the fourth, Quartzum opacum (opaque

quartz), describes the even less useful

and less transparent flintstones.

But the nature of quartz, and the

basis of relationships among minerals

in general, defies the required logic of

causality for any system legitimately de-

scribed in Linnaean binomial terms.

The members of Quartzum aqueum, for

example, do not hang together as a set

of closest historical relatives, all physi-

cally derived in continuity from a com-

mon ancestor that generated no other

oSspring. Rather, the specimens of this

false species look alike because simple

rules of chemistry and physics dictate

that transparent quartz will form when-

ever silicon and oxygen ions come

together under certain conditions of

temperature, pressure, and composition.

The members ofthis "species" maintain

no historical or genealogical coherence.

One specimen might have originated

half a billion years ago from a cooling

magma in Africa, and another just fifty

years ago in a bomb crater in Nevada.

Minerals must be classified according

to their own causes of order—a set of

rules distinctly different from the evolu-

tionary and genealogical principles that

build the interrelationships among

organisms.

Linnaeus clearly overreached in

supposing that he had discovered the

one true system for aU natural objects.

In the twelfth and final edition of Sys-

tema Naturae (1766), he included a

section entitled Irnperium Naturae,

dedicated to extolling his hierarchical

and binomial method as universally

valid. God made all things, Linnaeus

argues, and must have used a single

and universal method, now discovered

by his most obedient (and successful)

servant. Linnaeus writes: "Omnes res

creatae sunt divinae sapientiae et potentiae

testes" ("All created things are the wit-

nesses of divine knowledge and

power"). Using a common classical

metaphor (the thread of Ariadne that

led Theseus out of the labyrinth after

he had kiUed the Minotaur), Linnaeus

praises himself as the code cracker of

this universal order: "Knowledge of

nature begins with our understanding

of her methods by means of a system-

atic nomenclature that works like Ari-

adne's thread, permitting us to foUow

nature's meanders with accuracy and

confidence."

Ironically, however, Linnaeus had

succeeded (in a truly ample, albeit not

universal, domain of nature) precisely

because he had constructed a logic that

correctly followed the causes of order

in the organic world but that could not

(for the same reasons) be extended to

cover inorganic objects not built and

interrelated by ties of genealogical

continuity and evolutionary transfor-

mation. The strength of any great sys-

tem shines most brightly in the hght of

limits that give sharp and clear defini-

tion to the large, but not infinite, do-

main of its legitimate action. By un-

derstanding why Linnaean logic works

for organisms and not for rocks, we
gain our best insight into the impor-

tance of his achievement in devising a

system that he appHed too widely but

that later allowed us to specify the var-

ied nature of disparate causes for na-

ture's order among her many realms.

On the same theme of power in

exceptions, and to make a somewhat

ironic point in closing, Linnaeus 's hope

that he had discovered a fuUy universal

basis (God's own rules of creation) for

classifying all natural objects has re-

cently suffered another fascinating

blow. Science had already denied Lin-

naeus's universality more than 200

years ago by validating his procedures

only for historically generated ge-

nealogical systems (the evolution of

organisms) and by rejecting his bino-

mial schemes for rocks or diseases with

other theoretical foundations of order.

But now one of the most important

biological discoveries of our age has

also challenged the universal applica-

tion of Linnaean taxonomy—but this

time from the inside (that is, from the

world of organisms).

We need not fret for fat, furry,

multicellular creatures—the plants,

fungi, and animals of our three great

macroscopic kingdoms of life. For

evolution, in this visible world of

complex creatures, does follow the

Linnaean topology effectively all the

time. That is, the basic structural rule

that validates the binomial system

works quite satisfactorily at this level,

for branches never join once they have

separated, and each species therefore

becomes a permanently independent

lineage, making no further combina-

tions with others after its origin. Evo-

lution cannot make a nifty new species
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B, QVARTZUM.

of manimal by mixing half a dolphin

with half a bat to generate an all-

purpose flier and swimmer.

Until a few years ago, we thought

that this rule of permanent separation

also applied in the simplest world, uni-

cellular bacteria—the true dominators

of Earth and rulers of Hfe, in my opin-

ion (see my 1996 book Full House). In

other words, we assumed that the bac-

terial foundation of the tree

of life grew in a fiiUy Lin-

naean manner, just Hke the

multicellular section. (Ac-

tually, and to emphasize the

importance of the discov-

ery described below, the

bacterial domain occupies

most of life's tree, because

the three multicellular

kingdoms sprout as three

terminal twigs on just one

of the tree's three great

Umbs, the other two being

entirely bacterial.)

Apparently we were

wrong. By a set of pro-

cesses collectively called

lateral gene transfer (LGT

for short), individual genes

and short sequences of

genes can move from one

bacterial species to another.

For two reasons, these

transfers may challenge

Linnaean logic in a serious

way. First, LGT does not seem to re-

spect taxonomic separation. That is,

genes from genealogically distant bac-

terial species seem just as Hkely to enter

a host species as do genes from closely

related species. Second, the process is

apparently not rare enough to periTiit

dismissal as a peculiar exception to the

prevailing Linnaean rule of strict

branching with no subsequent amalga-

mation. (If only a percent or two of

bacterial genomes originated by import

from distant species via LGT, we could

view the phenomenon as a fascinating

anomaly that does not degrade the pri-

mary signal of Linnaean reality. But at

least for some species, LGT may be suf-

ficiently common to shine as a primary

signal of its own. In the familiar E. coli,

for example, 755 of 4,288 genetic

units—about 18 percent of the entire

genome—have been introduced in at

least 234 events of lateral genetic trans-

fer during the last 100 million years.)

Professional evolutionary biologists

have been puzzled and excited by these
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On this page of Linnaeus's Systema Naturae (1748

edition), the author extends his binomial taxonomy

of animals and plants to cover rocks and minerals.

discoveries about LGT. But the word

has hardly filtered through to the inter-

ested public—an odd situation, given

the status ofLGT as a challenge to one

of our most basic assumptions about

the nature and fundamental topology

of evolution itself, not to mention the

foundation of Linnaean logic as well!

Perhaps most of us just don't care

much about invisible bacteria, whereas

we would sit up and take notice if we

heard that LGT played a major role in

the evolution of animals. Or perhaps

the issue strikes most people as too ab-

stract to command the same level of at-

tention that we heap and hype upon
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such events of minimal theoretical in-

terest as the discovery of a new carniv-

orous dinosaur larger than Tyraii-

nosaurus. But I would not so disrespect

the concerns of pubUc understanding.

Properly explained, the theoretical

challenge ofLGT to some truly funda-

mental views about the nature of evo-

lution and classification should be tas-

cinating to all people interested in

science and natural history.

To put the matter baldly, if LGT
plays a large enough role in bacterial

evolution to overcome the Linnaean

signal of conventional branching with-

out subsequent joining, then binomial

logic really doesn't work. An honest

diagnosis could not then recommend

that we make some minor repairs or

apply some small plaster patches, for

the Linnaean system would be truly

broken by the collapse of its central

theoretical prerequisite. The hierarchi-

HaHfax. In the June 25, 1999, issue of

Science (a special report on evolution

from America's leading journal for pro-

fessional scientists), Doolittle wrote, in

an article entitled "Phylogenetic Classi-

fication and the Universal Tree":

// "lateral gene transfer" can't be

dismissed as trivial in extent or limited

to special categories ofgenes, then no

hierarchical uuiuersal classification can

be taken as natural. Molecular

phylogeneticists will havefailed tofind

the "true tree," not because their

methods are inadequate or because

they have chosen the wrong genes, but

because the history of life cannot

properly be represented as a tree.

Do not lament for the spirit of Lin-

naeus. Yes, his dreams about the dis-

covery of a universal system suffered

two sequential blows: first, soon after

The Linnaean branching taxonomy is now
challenged by the discovery that lateral gene

transfer—^the ultimate tree buster—occurs frequently

in the substantial domain ofbacteria.

cal basis of Linnaean logic demands

that Ufe's history be built as a tree,

without amalgamation of branches

once a Uneage estabUshes its indepen-

dence. But if LGT dominates the

composition of bacterial genomes,

then trees cannot express the topology

of evolutionary relationships, because

the pathways ofHfe would then form a

meshwork—as bacteria evolve by im-

porting genes iiom any location on the

genealogical net, no matter how evo-

lutionarUy distant.

But don't trust this expert on land

snails (in the realm of fat furry things)

and dihgent essayist on subjects beyond

his genuine expertise. Just consider

these measured words from a technical

article by my close colleague, the lead-

ing researcher on the subject, W Ford

DooHttle, of Dalhousie University in

his death, when scientists recognized

that his logic worked only for organ-

isms and not for rocks and the rest of

the natural world; and second, as dis-

covered only in the last decade, when
Linnaean taxonomy encountered a

strong biological challenge from the

frequency of lateral gene transfer—the

ultimate tree buster—in the substantial

domain of bacteria, albeit not in our

own world of multicellular life.

As a truly great scientist, Linnaeaus

understood the central principle that

honorable error (through overexten-

sion of exciting ideas) comes with the

territory, and that theories gain both

strength and better definition from

principled limitations upon their

realm of legitimate operation. More-

over, as the modern founder of the

truly noble science of taxonomy, Lin-

naeus also understood that all classifi-

cations must embody passionate

human choices about the causes of

order—in short, theories that must be

subject to continuous revision and

correction—and cannot record the ac-

cretion of pure and unchanging de-

scriptions of objective nature on the

philatehc model.

Thus, taxonomies must express

both concepts and percepts—and must

therefore teach us as much about our-

selves and our mental modes as about

the structure of external nature. Surely

Linnaeaus, of all people, compre-

hended this fundamental and in-

eluctable interrelationship of mind and

nature, for when he composed, at the

very beginning of Systema Naturae, his

formal description of his newly

crowned species, Homo sapiens, he

Knked us (in various editions)—in only

one case correctly, as we now know

—

with three other mammals: monkeys,

sloths, and bats. For each of these

three, Linnaeus penned a conventional

and objective description in terms of

hairiness, body size, and the number of

fingers and toes. But for Homo sapiens,

he chose the path of terseness and

wrote just the three Latin words of an-

other familiar motto. Not Natura non

facit saltum this time, but the foremost

intellectual challenge of classical wis-

dom: Nosce te ipsum—Know thyself.*

StephenJay Gould teaches biology, geology,

and the history of science at Harvard Uni-

versity. He is also Frederick P. Rose Hon-

orary Curator in Invertebrates at the Amer-

ican Museum ofNatural History.

*l would like to dedicate this essay to Ernst

Mayr, the greatest taxonomist of the twen-

tieth (and twenty-first) century, who re-

mains as intellectually active as ever at age

ninety-sis, and who taught me, through his

writing and the human contact of personal

friendship, the central principle of our sci-

ence (and of this essay): that taxonomies are

active theories about the causes of natural

order, not externally provided stamp al-

bums tor housing nature's obvious facts.
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A Conversation With

John Maynard Smith
ByJonathan Weiner

A classical geneticist and leading theo-

y^-l rist in evolutionary biology, John

^ ^Maynard Smith started out as an

engineer and worked as a "stress man " dur-

ing World War II, calculating the stresses in

airplane wings. Since then, he has applied

his knoivledge of mathematics to some of the

greatest problems in evolution—exploring

the stress points, the places where the theory

threatens to pop its rivets.

Maynard Smith is best known for using

game theory to explain the jousting snatches

that one sees among the males ofmany spe-

cies, from sticklebacks to sea lions, from stag

beetles to stags. "You'd simply expect them

to sort of hit the other chap in the groin as

quickly as possible," he says, "and yet

there's rather little escalated fighting and a

great deal of display in settling contests.

"

It's almost as if the combatants are cooperat-

ing—a paradox the biologist explains by

invoking the mathematics of nonzero-sum

contests and win-win situations.

At the University ofSussex in England,

where he works, Maynard Smith is closely

involved with a group of colleagues he calls

"The Institute for the Study of Tiny

Minds": neurobiologists working on the be-

havior of ants, bees, ivorms, and snails. He
also talks daily ivith colleagues across disci-

plines who, like him, are trying to apply the

theory of natural selection to the design of

robots and computers.

JW: How did you get interested in biology?

Does science run in yourfamily?

JMS: My father was a poor boy who
made good, who became a surgeon.

But I can't remember anything of him;

I was only eight when he died, and my
mother and her family, with whom I

grew up, were really not intellectuals.

After my father died, we went to live

in the country, in western Britain, and

I became obsessed with birds. My
Auntie Mary gave me a guide, A Bird-

book for the Pocket, which had a picture

of each of the British species in it. And
oh, the excitement of going through

the book: "That's a robin, that's a

green fmch, that's a blue tit!" But the

interesting thing is that I did know
them all. The experience has per-

suaded me ever since that, at least in

birds, species are real things. Because

any kid would have got the species

right. It's not something that we im-

pose upon nature, it is something that

is there to be recognized.

y^: I hear you read a lot ofsciencefiction.

JMS: Yes. Possibly most influential in

making me interested in genetics and in

evolution was a strange book by a man
called Olaf Staple-

ft don. Last and First

I
Men. It's a history

I of the next—oh, I

s don't know—100

million years of

human history. It's

not terribly weU
written, but the

book's thesis is that

there will be a suc-

cession of human
civilizations that col-

lapse. And it isn't

until human beings

deliberately change

their own constitu-

tion to make them-

selves less aggressive

and more friendly

that a stable civiliza-

tion can be made.

Although I no

longer believe that

the only path to

human betterment

is to change our

genes, I was really

persuaded by the ar-

gument at the time.

J



Many ycirs later, I rcati a (.ollfctioii

of sliort stories by Artluir C. Clarke. In

the preface he describes how, as a boy,

he read Stapledons List and First Men

and how this led him into science-

fiction writing. And he had taken the

book out of the same local public li-

brary. Whatever librarian put that book

on the counter has got a lot to answer

for. Macle my h.iir stand on end when I

read that!

Possible Ubrlils, by the biologist

J.
B. S. Haldane, also impressed me. I

was at Eton, where I was not very

happy. The school had virtues—it

taught me mathematics very well. But

it was really anti-intellectual, it was

snobbish, it was arrogant; it just wasn't

a pleasant atmosphere. There was one

person whom my schoolmasters would

speak of with real hatred, and that was

J.
B. S. Haldane. He was also a socialist,

an atheist, a divorce, and a Marxist. I

remember thinking, "Anybody they

hate so much can't be all bad. I must go

and fnid out about him."

JW: By thai you l^ucw that you loucd biol-

ogy. Wliat made you shoot off in another

direction?

JMS: My tamily supposed that I was

going to join my grandfather's stock-

broking business. And I realized at the

age of about sixteen, I think, that

whatever else I was going to spend my
life doing, it wasn't that. So I an-

nounced at Sunday lunch one day,

"Look, I've decided that I'm not going

to become a stockbroker." And you

could have heard a pin drop. My
grandfather turned to me and said,

"All right, boy, what are you going to

do then?" So I said the first thing that

came to my head. Literally, on the

spot, I said, "I'm going to be an engi-

neer." And I went to Cambridge to

read engineering.

During the war, I worked for a little

company called Myles Aircraft. But

when the war ended, I went back to

coUege and took a second degree, in

biology. I chose University College fuse, and he didn't suffer fools very

I (indim JHH.uiM- 1 knew th.it 1 laldane well. 1 lived always afraid that he would

was a professor there .iiid I thought it realize I was really rather stupid. And

would be interesting to learn from him. by his standards I think 1 was. He never

And "interesting," I think, is probably built up a big group around him be-

tlie right word. cause of these rather abrasive character-

istics. He taught me everything I know.

JW: Not an easy man? I wept when he died.

JMS: He was fascinated by almost any

intellectual problem you would like to

bring to him. He was very encouraging

to young people. He was, on the other

hand, somewhat frightening to be

around. He weighed about seventeen

stone [240 pounds], and most of it was

muscle. He had an extremely short

JW: \'our latest booh is about reairritig pat-

terns in the history of life. How did you

come to write such a panoramic book?

JMS: Well, it was very much of a joint

enterprise with Eors Szathmary. We
met in 1 W5 or thereabouts and realized

that our minds work together in a very

EXCERPT

The Language of Life

r
M he analogy between

the genetic code and

sense of a change in the genetic mes-

sage. But there have been two major

changes in the way in which infor-

mation is transmitted since the ori-

gin of language. The first was the in-

vention of writing. Without writing,

or some equivalent way ot storing

information, large-scale civihzation

was impossible, if only because one

cannot tax people without some

form of permanent record. The lat-

est transition, through which we are

living today, is the use of electronic

means for storing and transmitting

information. We think that the ef-

fects of this will be as profound as

were those after the origin of the ge-

netic code, or of language, but we

are not rash enough to predict what

they will be. Will our descendants

Uve most of their lives in a virtual re-

alin,'? Will some form of s^Tiibiosis

between genetic and electronic stor-

age evolve? Will electronic devices

acquire means of self-replication,

and evolve to replace the primitive

hfe-forms that gave them birth? We
do not know.

(T John M.iyiurd Smith .ind Eors Sz.ithman' 1999. Reprinted tronl Vu Ongim c/Lifc: Fnm lite Binh of Life !o the Onjm ofUnguagc hy }ohn

M,iyn;ird Smitli and Eors Szathm.iry (1999) by permission of Oxford Universit>- Press.

I
human language is remark-

able. Spoken utterances

. are composed of a se-

quence of a rather small number of

unit sounds, or phonemes (repre-

sented, at least roughly, by the letters

of the alphabet). The sequence of

these phonemes first specifies differ-

ent words, and then, through syn-

tax, the meanings ot sentences. By

this system, the sequence of a small

number of kinds of unit can convey

an indefinitely large number of

meanings. The genetic message is

composed of a linear sequence of

only tour kinds of unit. ... In both

systems a linear sequence of a small

number of kinds of unit can specify

an indefinitely large number of out-

comes. . . .

We have treated the origin of

language as the last of the major

transitions. This shows that we are

biologists, not historians. Language

was indeed the last transition that re-

quired biological evolution, in the
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nice way. I mean, he knows all sorts of

things I don't know—he really knows

molecular biology and chemistry.

Eventually we realized that a mathe-

matical model I had made years before,

of the evolution of social groups, was

extremely similar to one he had devel-

oped to try to understand the very

early evolution of Ufe. We were reaUy

working on the same problem; it was

just that one was about animals and the

other one was about molecules. You

nature.net

could see enormous parallels between

events that happened very early on in

the origin of chromosomes and events

that happened much later (after 2,000

million years of life's sloshing around

doing nothing) in the evolution of eu-

I karyotic cells.

jl JW: You think such

different events are

fundamentally alike?

JMS: These transi-

tions are all con-

cerned with the

storage and passage

of information. It's

fascinating, for in-

stance, to try to

model the evolu-

tion of the genes

together with the evolution of human

language—not identical events but at

bottom very similar. But by inventing

language, we've put ourselves in an un-

precedented position. Absolutely. Hu-

man beings are enormously influenced

by what, for want of a better word, I

caU myth or ritual. The ability is adap-

tive, because any individual who Hved

in a society and could not learn and

pick up the cultural beUefs and mores

of that society very quickly would be

ostracized.

JW: One of life's "major transitions," you

point out, was when mitochondria—proba-

ble descendants ofparasites—swam into big-

ger cells and then got trapped inside and put

to work. Wliat about computers and us? Is

this the next transition?

JMS: We like to think that computers

are our slaves. It does seem to be pos-

sible that the relationship might be in-

verted.

Jonathan Weiner's most recent book.

Time, Love, Memory: A Great Biolo-

gist and His Quest for the Origins of

Behavior (Knopf, 1999), is a biography of

the molecular biologist Seymour Benzer. It

won the National Book Critics Circle

Award in 1999.

By Robert Anderson

Charting the Rocks Belo^v
To anyone unfamihar with them, geo-

logical maps can look hke the work of a

child who went crazy with Magic

Markers, using every possible hue in

seemingly random patterns. This is par-

ticularly true of "A Tapestry of Time

and Terrain," an online map created by

the U.S. Geological Survey (USGS) at

tapestry.usgs.gov. It combines vivid

colors assigned to rocks of different

time periods with topographic reHef

shading to illustrate some of the major

geological features of the continental

United States.

By clicking on "Rocks of Ages" on

the main page, you can check the

color-coded geological time scale to

see how old the rocks are in your area.

You can also select a sHce of time—say,

the Cretaceous—and a map will display

the distribution of rocks from that pe-

riod only. Click on "Description of

Features" and you can zoom in on one

of forty-eight points on the map to get

a closer look and a brief description of

the local geology.

Number twenty-six, for example,

shows the Los Angeles area and de-

scribes how the relative westward

movement of Earth's crust north of the

Garlock Fault interferes with the

movement of tectonic plates along the

San Andreas Fault—a wrench in the

works that threw up the mountains

upon which my house rides. The map
gives a nice tour of the nation's geol-

ogy, but it left me wanting to zoom in

much closer and to examine more than

the forty-eight points offered.

If this Web site piques your curiosity

and you want to learn more about the

rocks that underlie your locaHty, the

USGS also offers the National Geologic

Map Database—a searchable catalog of

both paper and digital maps (ngmdb.usgs

.gov/). You can select from different

kinds of maps and a host of other re-

sources. Andrew Alden, About. com's

geology guide, has also gathered geolog-

ical maps of most states at geology.about

.com/education/geology/msub24.htm.

Robert Anderson is afreelance science writer

based in Los Angeles.
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Extinct Humans, by Lm liillmall iiudjcl-

frcy H. Scliu'iirt: (Nfi'riiuiiioiii/Wesli'ii'w

Press, 2000; $50)

In a new look at the fossil record of

human evolution (auguniented by nu-

merous photographs), two anthropolo-

gists show convincing evidence for the

existence of fifteen kinds of humans

and near-humans that once walked the

earth—many of them, surprisingly, at

the same time and in the same places.

Voodoo Science: The Road From

Foolishness to Fraud, by Robcn L. Park

(O.xtlml I hiii'miry Press. 2000: $25)

Physicist Park debunks some foolish

and fraudulent scientific claims, such as

magnetic deficiency syndrome, cold

flision, and free energy. (Also check out

Park's weekly electronic newsletter at

ww^v.aps.org/WN/.)

LEAP, by Terry Tempest IVilliimis (Pantheon

Books, 2000; $25)

Williams, a passionate advocate for the

natural world, takes the reader on an

PHOTOGRAPHY

improbable and lyrical pilgrimage

through the landscape of Hieronymus

Bosch's enigmatic painting The Garden

of Dc\i<ihts. As she contemplates the fif-

teenth-century triptych, she reflects on

nature, ci)ntemporary life, and her

Mormon upbringing.

Bananas: An American History, /.)

I'irginiii Scott Jenkins (Sinillisoiiitiii Institution

Press, 2000; $16.95)

One of our country's most popular and

inexpensive fruits—the banana

—

comes from a herbaceous plant (not a

tree) that can grow to a height of thirty

teet, is endemic to the rainforests of

Southeast Asia, and may have been cul-

tivated as early as lUOO B.C.

Virtual Tibet: Searching for Shangri-

La From the Himalayas to Holly-

wood, by Ori'ille Scliell (Metropolitan /Holt,

2000; $26)

Schell, a China expert and dean of the

Graduate School of Journalism at the

University of California, Berkeley, re-

I Am Rich PotOSi: The Mountain That Eats Men, by Stephen Ferry (MonacelU Press,

I '>99; $45)

counts the tangled history of Western

encounters with Tibet. He is particu-

larly vivid on the subject of Holly-

wood's skewed portrait of a country

that is occupied by China and whose

leader, the 1 )alai Lama, is in exile.

The Muse of History and the Science

of Culture, by Hoben L. Carneiro (Kluwer/

Plenum, 2000; $37.50)

American Museum of Natural History

anthropologist Carneiro, in a thought-

ful and thought-provoking treatise on

the nature of history (from "great man"
and racial theories to theological,

philosophical, and anthropological

views), proposes some scientific "laws"

ot cultural development.

The Mating Mind: How Sexual Choice

Shaped the Evolution of Human
Nature, by Geoffrey F. Miller (Doubleday,

2000; $27.50)

Why do we sing, write poetry, tell jokes,

believe in fairness, and invent fantastic

myths? According to evolutionary psy-

chologist Miller, our capacities for art,

morality, language, and creati\dt\- evolved

by sexual selection—that is, because of

competition for sexual partners.

The Emperor of Nature: Charles-

Lucien Bonaparte and His World, by

Patricia Tyson Stroud (University of Pennsylva-

nia Press, 2000: $34,951

Napoleon's nephew, ornithologist

Charles-Lucien Bonaparte, came to the

United States in 1823 at the age of

r\\'enry. Durmg his hve-year sojourn,

he became closely associated with the

Philadelphia group ot naturalists that

included William Bartram, Thomas
Say, and John James Audubon.

The books in "Natural Selections" can

usually be purchased in the Museum
Shop, (212) 769-5150, or via the Mu-
seum's Web site, w^\'^v.amnh.org.
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Hoopla!
On the island of Sicily, near the active

interface of Eurasian and African tectonic

plates, one of the world's most continuously

active volcanoes—Mount Etna—rumbles and

spews. Historians have chronicled its

intermittent paroxysms since Findar and

Aeschylus wrote about a spectacular

explosion there in 475 B.C. Over the past five

years, four summit craters have produced

spectacular lava fountains and powerful

explosions. Since 1997, Swiss geography

teacher Jiirg Alean, Itahan astronomer Marco

FuUe, and Itahan seismologist Roberto

Carniel have been among those monitoring

the mountain. Last February, they observed

several hoops of steam being ejected from the

crater known as Bocca Nuova.

Alean photographed this ring, he says, as it

"gently drifted overhead and past the Sun,

which was tinted orange by aerosols in the

plume of expelled steam and gases." In recent

months, the steam rings—estimated at 600

feet across, sailing as high as 3,000 feet above

the ground, and lasting up

to ten minutes—have

become almost a daily

occurrence. Alean

speculates that they may

be formed by "rapid gas

pulses emitted through

narrow vents into the

atmosphere," like the

artificial smoke rings that

once emanated froni a

famous billboard in New
York City's Times Square.

Produced by pulses of

steam forced through a

large round pipe, the ephemeral rings exited

a gigantic cigarette smoker's mouth, then

wafted dreainily above the congested

streets.

—

Richard Milner

Photographs by Jiirg Alean
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The Matses Inventory
In northeastern Peru, Museum mammalogists tap local

knowledge to catalog the fauna of the rainforest. By Henry S. F. Cooper Jr.

Tropical rainforests are now dis-

appearing, according to some

estimates, at the rate of 65,000

square miles a year—the equivalent of

Washington State. "There is a growing

idea that we don't know what's in these

vanishing areas," said Robert S. Voss

—

an associate curator in the Museum's

mammalogy department, when I vis-

ited him in his lofthke white office on

the fifth floor. Over the past decade,

Voss—a lean, animated man in his mid-

forties who talks very fast—^has been

taking inventory of the mammals at the

eastern and western extremities of

Amazonia, which is home to the

w^orld's largest extant rainforest. The

farther west one goes, the more diverse

the mammalian fauna becomes, and

the reason may be that the soils of Pe-

ruvian Amazonia, which were created

by alluvium from the Andes, are richer

than the leached-out pre-Cambrian

soils along the Atlantic seaboard.

Voss, whose specialty is rats, started

his inventory in the early 1990s at the

low end of the diversity gradient, in a

stretch of pristine forest near Paracou, a

field station in French Guiana. Because

the country is an overseas department

of France and because a European

Space Agency rocket-launching base is

located there, it is wealthier than many

of its neighbors and hence there is less

pressure to cut down its forests. Nancy

B. Simmons, Voss's wife, who is also an

associate curator in the mammalogy

department and who specializes in bats,

was a coinvestigator throughout the

project. (The two are known around

the Museum as "Rats and Bats.")

In the course of thirty-six weeks'

work between 1991 and 1994, Voss

and Simmons, using a variety of traps

and nets inside a circle of rainforest

about four miles in diameter, found

142 species of mammals—more than

had ever been found in any comparable

habitat and approximately three times

the number ofmammal species in tem-

perate-zone woodlands in, say, New
York or Connecticut. More than

half—78 species—were bats, including

ghost bats, fishing bats, giant false vam-

pire bats, mammal- and bird-feeding

vampire bats, nectar-feeding bats, fruit

rats, agoutis, prehensile-tailed porcu-

pines, and many smaller rodents.

In 1998 Voss shifted his research to

the high-diversity end of Amazonia,

west of the UcayaH River, one of the

Amazon's main tributaries. One of the

most remote rainforests anywhere, the

region is home to the Matses Indians,

whom Voss first heard about from an

Ohio State University undergraduate,

David Fleck. In the mid-1990s Fleck

had encountered a group of Matses

FRENCH

GUIANA

Amazon
River

BRAZIL

Above: JoacHin Rojas (right) describes animals to his son

Moises and researcher David Fleck. Above right:

Mammalogist Robert Voss. Opposite: A page from Rojas's

field journal notes the number of bats roosting in a palm

that the Matses call niste.

> study areas
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bats, sucker-winged bats, and free-

tailed bats. The list also included mouse

opossums, water opossums, two- and

three-toed sloths, giant armadillos,

silky anteaters, marmosets, howler

monkeys, jaguars, kinkajous, coati-

mundis, tapir, peccaries, brocket deer,

pygmy squirrels, water rats, climbing

while collecting marsupials at a botani-

cal field station in the area. He had re-

turned with the Indians to their village,

Nuevo San Juan, situated between the

Ucayali and Yavari Rivers, and had

been adopted by a Matses family. Even-

tually he decided to do his master's the-

sis on the region's animals, and having



IV, id a paper coauthored by Voss about

conducting rainforest inventories.

Fleck asked him for help.

"We put together a couple of crates

ot equipment, sent them ot], and then

forgot about David," Voss says. "It wasn't

until a year later that we began getting

crates of specimens—fabulous niaterial,

just incredible stuff. Most people don't

have the opportunity to collect things

like this any more. But David wxs work-

ing with the hidians, and most impor-

tant, he came back speaking MaLses."

In 1998 Voss joined Fleck at Nuevo

San Juan, where the two men collabo-

rated with their Matses hosts in survey-

ing the local mamiiiiilian fauna. In the

course ofjust one season, Voss identified

150 mammal species, and he suspects

that number will grow to 200. The list

Ma^n^tajfy. 9-% -/«. Se,ZLMMl)rn,

JCiJJi,%\}.K'i

.Jti&Ja^.alsie.

there just one kind?" And the Matses

would reply, "Oh, no! Ihere's the bl.ick

qticsban with the bright white stripes

that roosts between the buttresses of

large trees in primary forest, and then

there's the smaller, browner qucshati with

slightly less bright white stripes that lives

higher up in the trees, and then there's

the sort of green qucsbari with white

stripes you can barely see and that roosts

on the inclined trunks ot trees that hang

out over the river."

As Voss says, "It turns out they rec-

ognize thirty or fort\- different types of

bats. What David found was that

recognition of biological diversity pre-

cedes the cultural processes that result

in naming." Indeed, the methods by

which Matses learn about natural his-

tory are now the subject of Fleck's doc-

-^<tjT.^S 2-g- </< Sa-<G^.

COM j»i4^wW^ slfee-"4'*<

—»!««.CU<g^—'^ocd3& •:-'
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— ^L( •/•en

includes about as many bats as were

found at Paracou (although they consti-

tute less than 50 percent of the total be-

cause ofthe abundance ot other species).

From the start, the Matses made major

contributions to the effort. Bats, for ex-

ample, had one name, qtiesban, so Fleck

would say, "Tell me about quesbati; is

toral work; at Rice Umversit); he has

switched from zoology to linguistics.

And just as he was once adopted by the

Matses, he has now been adopted by

the Museum as a field associate in the

anthropology department.

Creating an inventory of mammals,

however, involves more than simply

counting species; it also entails finding

them. In this respect as well, the Matses

arc critical to Voss's studies, because

they know the habits of the mammals

they hunt. Certain bats sleep inside ter-

mite nests, but Voss could never find

such a roost until a young Indian boy

named Moises directed him to a

crevice in one of the large termite nests

rommonly located on tree trunks

throughout the tbrest. When Voss put

his hand inside, sure enough, the nest

was flill of bats. Moises was given a ma-

chete as thanks. Other Matses children

began bringing him bats, rodents, and

other animals, for which he rewarded

them with fishhooks or flashlights.

When Voss was unable to return to

Peru in 1999 because of writing re-

sponsibilities and other Museum du-

ties, he and Fleck recruited the Matses

to act as research assistants. Joachin

Rojas, Moises's father, was given a

pencil and notebook and hired to lo-

cate and describe bat roosts. Voss

showed me the notebook, which was

filled with pages of neat handwriting,

all in Matses, interspersed with com-

petent illustrations of a number ot dit-

ferent roosts. (In the late 1960s, a

group of missionaries known as the

Wycliffe Bible Translators taught the

Indians how to write in their own lan-

guage using the Roman alphabet. The

missionaries translated the Bible into

Matses and also established schools for

the children.)

Fleck has also been recording the

Matses. Voss played me an interview

with a hunter that included the man's

evocative imitations ot the calls ot titi

monkeys. "The Indians know where the

animals Uve," says Voss. "They know-

how many young they have, they know

when the young are born, and they

know what foods are eaten at what times

of the year. They know what the princi-

pal predators are, what sounds wooUy

monkeys make when they get up in the

morning, how they call to one another

throughout the day, whether the group

stays together or disperses into smaller
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groups, how they reunite in the eve-

ning, and how roost trees are chosen.

The tapes just go on and on and on."

(To hear excerpts from the interviews,

go to www.naturalhistory.com).

As part of his doctoral research.

Fleck is transcribing these interviews.

He is also compiling the natural history

information contained in them for a

classroom text in Matses, a field guide

to sixty or seventy mammals. Voss be-

heves the book will help preserve not

just the animals but the language (the

Events

SEPTEMBER 22 AND 23

9:00 A.M. to 5:00 P.M. ScientistsJames

Watson (Cold Spring Harbor Labora-

tory), Harold Varmus (Memorial

Sloan-Kettering Cancer Center), and

Stephen Jay Gould (Harvard University

and New York University) are among

the speakers at a two-day conference,

"Sequencing the Human Genome:

New Frontiers in Science and Technol-

ogy." The conference is free, but reser-

vations are required. For more informa-

tion, go to www.amnh.org/welcome

/specials/genomics/.

SEPTEMBER 25

7:30 P.M. As part of the "Distin-

guished Authors in Astronomy" se-

ries, astronomer Mitch Begelman, of

the University of Colorado, gives a

talk about black holes, drawing on his

new book. Turn Right at Orion: Travels

Through the Cosmos (Perseus, 2000).

The Web site for AustraliaQuest is

launched at www.classroom.coni. Aus-

trahaQuest is the fifth ordine expedi-

tion sponsored by Classroom Connect

in partnership with the Museum. This

interactive journey allows students to

join a scientific expedition for a five-

week exploration of the island conti-

nent's geography, natural history, and,

in particular, its aboriginal culture.

Millions of children have participated

in previous Quest expeditions.

only other book in Matses is the trans-

lated Bible). Above all, though, the

project is an attempt to repay the Mat-

ses by preserving their trove of ethno-

biological knowledge in their own lan-

guage for future generations.

Henry S.F. CooperJr., aformer staffu^iter

for the New Yorker, has been visiting the

Museum since he wasfour years old. He has

contributed articles to Natural History on

the Museum's newestfossil hall and the re-

designed planetarium.

DURING SEPTEMBER

Musings is a free quarterly Web news-

letter about Museum exhibitions and

classroom resources for science educa-

tors. Produced by the Museum's Na-

tional Center for Science Literacy, Ed-

ucation, and Technology, it is available

at www.amnh.org/learn/musings. To

be included on the mailing list, e-mail

musings@amnh.org.

Museum naturalists lead three series

of eight walks each in Central Park (on

Tuesdays, Wednesdays, and Thursdays)

to observe the fall migration of birds

during September and October. Learn

how to use field marks, habitat, behav-

ior, and song to identify birds. For de-

tails and a complete schedule, call (212)

769-5200.

In addition to Dolphins (a film about

these marine mammals in the wild,

with a soundtrack by Sting), the Mu-
seum's IM7\X is also presenting To Be

an Astronaut, featuring a NASA team of

astronauts on their extensive prelaunch

in-flight training sessions.

The American Museum ofNatural His-

tory is located at Central Park West and

79th Street in New York City For list-

ings of events, exhibitions, and hours,

call (212) 769-5100. Visit the Museum's

Web site at wA'VAv.amnh.org. Space

Show tickets, retail products, and Mu-
seum memberships are available online.
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By Meredith F. Small 1 may be a caRi-carrying academic

with .1 I'h.D. in anthropology, buc I like trasliy TV sliows as

iiiucli as the next person. And that's wliy 1 tuned nito the

('BS liit Survivor one Wednesday night tliis summer. I

knew the premise—sixteen people stranded on a tropical

island tor thirty-nine days, periodically forced to vote

someone off until just one survivor remained to claim the

nullion-dollar prize. And so I sat down with some friends

tor a night of popcorn and laughs. Still, I couldn't keep

tiom analyzing the contestants" behavior. They were doing

u hat we primates do best—making alliances, strategizing,

and gossiping about one another.

Though supposedly posing a test of survival skills, the

desert-island situation was rather contrived. Two teams

Island

ofthe
Apes
How I survived

reality TV

("tribes") were pitted against each other in competitive

games. The beach site was littered with bathing suits, sun-

glasses, and rain gear, as if the castaways had just come from

the mall. And they all looked terrific—tan, slim, and fit (who

else would agree to have cameras in their faces all the time?).

Most significant, these people knew the game would be over

soon. You can stand almost anything for a month.

Beyond the superficial adjustments to life in the bush,

much of the action had a familiar ring. On the night I

watched, the survivors had already been there for a while,

and the social gloves were off. Cliques had formed; a hier-

archy was in place; certain people had become targets of

ridicule; one couple was romantically involved. I couldn't

help thinking of the groups of macaque monkeys I've ob-

served—the alliances, the petty squabbling, the focus on sex.

If monkeys could talk, I'm sure that they, too, would be

more than happy to gossip about one another.

It was also interesting to assess the personalities ot the in-

dividual "survivors" and how they meshed—or didn't. The

funny guy, Greg, who seemed not to be taking this whole

thing very seriously, was considered a leader because he was

"comfortable in the forest." And one woman gained respect

because she could throw a spear. Even the crotchety old

man was tolerated because he was fit, straightforward, and a

hard worker. What seemed to count was knowledge and

ability in the current context. (The physician, on the other

hand, was generally disliked.)

And there was a predictable subsistence pattern: the

women went into the forest to dig up cassava roots while the

men went fishing. As is commonly the case, the gathering was

productive, but the hunting effort proved disappointing. In

one scene, the women lambasted the men for wasting their

time lounging on rafts when there was real food to be found

in the woods. Buckling under, the men sauntered off to

gather, grousing all the way, and came back with only one

pitiful root. It reminded

me of the division of labor

found in the typical hunt-

ing-and-gathering group:

women walk miles and

haul home loads of nuts or

roots to provide most ot

the calories; men pursue

the more glamorous, and

more elusive, gazelle.

I was also reminded of

how quickly tribal loyalt\'

develops. The two teams

were separated on the is-

land and met only during

the staged competitions.

Yet each team was more

than willing to make disparaging remarks about the other,

belittling the abUities of individual members while at the

same time praising their own weakest members. What we

had here, I thought, was the beginning of an ugly kind of

nationaHsm. Of course, given the survivor-takes-all premise,

this was a highly charged situation involving ambitious con-

testants. But I think these people were behaving as good pri-

mates always do—using their smarts to quickly master their

social situation.

During the show, when I unglued myself from the tube

and focused on the group of friends watching it with me, I

noticed that they, too, were making instantaneous personal

judgments about the contestants. They yelled comments at

the TV, made pronouncements on who should be voted off

and who should stay, reveled in every bit of gossip. And

that's the secret of Survivor's success. Underneath it all, we

are just a bunch of apes who want to know what our fellows

are up to, always eager to be part ot the action.

Meredith F. Small is a professor of anthropology at Coruell Univer-

sity in Ithaca, New York.
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Family Adventure in the Land of
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58,495
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Solar Eclipse
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55,590
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June 18 -30, 2001
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China for Families: Beijing, Xi'an,

Yangtze River, Shanghai

June 19 -July 3, 2001

$4,890 - $5,620

North America's Great Lakes:
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Le Levant

June 24 -July 2, 2001

53,890 - $5,390

National Parks of the West
Private Jet Expedition:
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$13,950

Wildlife of the Galapagos
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55,995 - 58,395

Family Alaska Expedition:

Aboard tlie Wilderness Adventurer

August 14 -21, 2001

!2,790 - 54,890

Exploring Atlantic Canada:

Bill/ ()/ Ftindii and Nova Seotia

August 7 -i4, 2001

52,045

Undiscovered Greece: Hidden

Islands, Villages, and Ancient Sites

Aboard the Callisto

August 16-25, 2001

53,995-55,295

The Outer Islands of Britain,

Ireland, and Scotland: Aboard the

Song of Rower
August 22 - September 2, 2001

55,975 - 511,475

China & The Yangtze River

August 27 - September 13, 2001

56,790 - 57,390**

The Elbe River: A journey from

Prague to Berlin Aboard the

Katharina

August 29 - September 11, 2001

55,790 - 56,390

September 2001
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September 21 - October 14, 2001
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Himalayan Kingdoms: Tibet,

Nepal, and Bhutan

October 1-21, 2001

57,880

Exploring Egypt & Jordan by
Private Plane

October 2- 18,2001

55,990

Ethiopia: The Heart of African

Civilization

October 3 -17, 2001

55,420

Papua New Guinea: journey to

the Last Unknown
October 6 - 20, 2001
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Iran: Persian Treasures

October 12 -26, 2001

55,980

Along the Ancient Coast of

Turkey: Aboard the Panorama
October 16 -26, 2001

53,895 - 54,795

Great Temples of Southeast

Asia: Thailand, Cambodia, Malaysia,

and Indonesia Aboard the Clipper

Odyssey
October 25 - November 13, 2001

58,400 - 511,360**

Under Sail in the Wake of

Moors & Mariners: Spain,

Morocco, and The Canary Islands

Aboard the Sea Cloud

October 27 - November 7, 2001

55,470-59,152

Lost Cities by Private Jet: Petra,

Oman, Lhasa, Chengdu, Kathmandu,

Vientiane, Luang Prabang, Angkor,

Ulaanbaatar, and Samarkand

October 31 - November 20, 2001

532,950

November 200 I

Festivals of India: Aboard the

I'alace on VVluvIs

November 2 -18, 2001

Price TEA

Patagonia: Torres Del Paine

and Tierra Del Fuego Aboard

the Terra Australis

November 5 -16, 2001

54,975 - 56,975

Arabian Gulf Voyage: Dubai,

Qatar, Bahrain, Kuwait, Saudi

Arabia, Kliasab, and Muscat Aboard

the Song of Rower
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Price TBA

December 2001
Nepal: A Himala\/an Family

Adivnture

December 19, 2001 -January 2, 2002

55,990 -56,490»*

January 2002
South Pole Expedition

January, 2002
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UP FRONT

Crying Out Loud
Natural historians—whether field biologists, medical doctors,

neuropsychologists, anthropologists, paleontologists, or mathematically

minded theorists—have a tendency to ask annoying (because difficult)

questions about things the rest of us take for granted. Take the

unremarkable fact that human infants have very loud cries. There's

nothing to say about the phenomenon that isn't obvious, right?

But to people who
habitually think about

behavior in the light of

natural selection, the very

noisiness of babies'

crying—Uke the noisy

begging of a brood of

nestlings—is a bit of a

conundrum. Why would

any helpless, immature

organism do something

that seems so Hkely to

attract predators and

squander precious energy?

Doesn't it stand to reason

that the neonates of all

species—including our

own—should be neither

seen nor heard?

Well, yes—and no. In "The Uses of Crying and Begging" (page 62),

Bryant Furlow takes a look at "parent-soHcitation displays" (scientific jargon

for baby-to-parent communication) and presents new evidence that the

attention-grabbing traits of the newborn and newly hatched may have

evolved for reasons that are not entirely self-evident.

—

Ellen Goldensohn

P.S. Some readers have written to us wondering what happened to

"Universe," Neil de Grasse Tyson's popular column on astrophysics. Tyson,

director of the planetarium in the new Rose Center for Earth and Space at

the American Museum of Natural History, has just finished a half-year

sabbatical away from our pages. He returns with "DoubHng Time," a

humorous meditation on the information revolution (page 84).
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LETTERS

Old Wounds

As a surgeon interested in

the history ofwound care,

I very much enjoyed

Stephen Jay Gould's essay

"The Jew and the Jew

Stone" (6/00), in which he

discusses Johann Schroder's

seventeenth-century recipe

for weapon salve.

About ten years ago, I

treated an elderly woman
who had lacerated her arm

while preparing a meal. As

I dressed her wound, she

informed me ofhow she

had initiated her treatment

at home by anointing the

offending knife with oil,

wrapping it in a clean linen

napkin, and placing the

knife in a drawer. She

explained that she had

learned to do this when she

was a young girl Hving in

rural Ireland.

The origins ofweapon

salve are obscure. Sir James

George Frazier, in The

Golden Bough, describes

sympathetic magic as the

root of the salve. The magic

inhered in the abiUty of an

object that had come in

contact with a body to

affect that body from afar.

Therefore, treating a sword

with weapon salve was the

equivalent of treating the

wound. My patient's self-

treatment was still common
in England in the early

twentieth century.

Alan Sori, M.D.

Paterson, NewJersey

Medium Message

Thank you for the lovely

illustrations and the

explanation of the

symboUsm of the Chinese

scroU described in

"Fascination of Nature,"

by Roderick Whitfield

(7-8/00). But what material

was used to make the scroll,

and what medium was used

to paint it?

Jeremiah B. Lighter

New York, Neii' York

Roderick Whitfield
REPLIES: The painting

surface is specially woven

silk treated with alum to

hold both ink and colors,

which are generally

mineral pigments. The

scroU is then mounted,

along with additional

sheets of paper (for a title

and calligraphy to be added

later by connoisseurs), and

the whole is held together

by a thin backing of

mulberry bark.

Armadillo Masochism

It certainly sounds as though

Robb White ("Endpaper,"

7-8/00) is a glutton for

punishment when it comes

to armadillos. At the very

least, reason should have

warned him that the

"pecuHar movement of the

anus" might well have

foreshadowed a movement

of another kind. As if

leaning down "for a closer

look" wasn't enough the

first time, he relates that he

was still at it some years

later, trying to write a

number on the back of

another specimen and

suffering a busted hp and

two loosened teeth in this

encounter.

Robert and Mary Ruhalsky

Queens, New York

Panama Coronation

I read "The Crown of

Montecristi" by Tom Miller

(6/00) just as my older

summer hats were in need

of replacement. The article

left me torn between the

thought that buying a true

Detail from a fourteenth-century Chinese scroll, in which images of nature depict political turmoil

A Panama hat from

Montecristi, Ecuador, is tops.

Panama hat from Ecuador

made me an exploiter of

poverty-stricken adults and

children and the thought

that I was keeping a craft

and a tradition aHve.

When I visited my
favorite hat shop, I looked

at a shantung and a cheap

Panama hat but decided that

my head would look and

feel better when crowned

by a true Montecristi.

Arthur Tenenholtz

New York, New York

Natural Historyi e-mail

address is nhmag@amnh.org.
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CONTRIBUTORS

Archaeologists Thomas H. McGovern and Sophia Perdikaris ("The Vikings' Silent

Saga," page 50) have both done work on Scandinavian settlements in the North

Atlantic—McGovern in the Shetland Islands, Iceland, and Greenland, and Perdikaris

mainly in the Lofoten and Vesteralen island groups in northern Norway. McGovern

is a professor of anthropology at Hunter College, of the City University ofNew
York (CUNY), and coordinator of the North Atlantic Biocultural Organisation.

Perdikaris is an assistant professor of anthropology and archaeology at CUNY's
Brooklyn College. She is also director of the Brooklyn College Zooarchaeology

Laboratory and of CUNY's Northern Science and Education Center.

For his doctoral dissertation, at Lehigh University in Pennsylvania, Rogello Macias-

Ordofiez ("Touchy Harvestmen," page 58) wanted to choose an animal species that

would lend itself to research on mating strategies. Noticing a pair of striped

harvestmen mating, he wondered whether this common daddy longlegs might be a

good candidate. "I found close to nothing in the hterature on the mating systems of

this group," he says, "and for so common an animal that's not a good sign: it usually

means that it is too hard to study. Surprisingly, the years have passed and no special

problem has emerged. I guess I was lucky to find an empty niche." Macias-Ordonez is

now an associate research scientist in the department of ecology and animal

behavior at the Instituto de Ecologia in Xalapa, Veracruz, Mexico.

Bryant Furlow ("The Uses of Crying and Begging," page 62) traces his interest in biology to a childhood spent on a

farm in Oregon, where he devoted no small amount of time to collecting rats and shrews and assorted other small

creatures. Later, at the University ofNew Mexico, from which he graduated summa cum laude, he did a study of

human infant cries that became the basis of his senior thesis. Furlow now lives in California and is a regular contributor

to the British weekly New Scientist. His fascination with life's early stages continues unabated. Most recently his attention

has been captured by the effect of prenatal stress on child development and adult behavior. Furlow still spends a lot of

time in the field—but now he's collecting insects with his wife, Tara Armijo-Prewitt, an entomology graduate student at

the University of California, Davis.

Richard Fortey ("Crystal Eyes," page 68) brings us his great enthusiasm for ancient fossil trilobites in

a chapter he has adapted from his new book Trihbite! Eyewitness to Evolution (ICnopf, November

2000). The volume is something of a bridge between his other writings—learned and popular. On
the one hand, he is at work as "trilobite coordinator" for the upcoming tome Treatise of Invertebrate

Paleontology, and on the other hand, he confesses, he "must be one of the few paleontologists to have

written two humorous books pseudonymously." A Merit Researcher at the Natural History

Museum in London and visiting professor of paleobiology at Oxford University, Fortey, Hke many
other paleontologists, collected fossils as a child, in his case, trilobites in Wales. But he adds, "I am
also a passionate amateur mycologist. If I hadn't done trilobites, I'd have done mushrooms."

John Cancalosi ("The Natural Moment," page 94) took this month's featured photograph of

the bearded vulture in the Spanish Pyrenees. Cancalosi (pictured here with his son, Nicholas)

thought a sheep carcass would be a windfall for scavenging vultures, but the birds were slow to

descend: "I worked in conjunction with a biologist over several weeks, most ofwhich I spent

staring into space, perched on a rather uncomfortable board in a cold blind." Then one week,

several birds investigated the spread, and he photographed them (with a Nikon F-5 camera)

from about forty yards away. Cancalosi has a master's degree in zoology and left a teaching job

eleven years ago to become a frill-time photographer. A worldwide traveler, he spent a year

living, and eating, in Spain, where he finally acquired a taste for olives.
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FINDINGS

in the Brain
Humrningbirds don't just hum—^they sing. And they

learn the tunes from one another.

By Annette Heist

The fact that humans learn to talk by

listening to and imitating other people

seems obvious. If speech were built in,

as breathing and swallowing are, we
would all speak the same language, free

of dialect, and life might be a lot sim-

pler (think foreign travel or peace ne-

gotiations). While children pick up

language with enviable ease, the pro-

cess of vocal learning is actually quite

complex, and most Unguists agree that

there is a critical time when it should

occur. But given the proper teachers

and timing, most humans can learn to

produce a seemingly infinite number of

sounds and sound combinations.

Such is not the case with most ani-

mals. In fact, only whales, dolphins,

bats, and some birds are known to have

the ability to learn vocahzations. Sepa-

rate a kitten from its mother or other

tutor, and its mew wiU be basically the

same as that of its httermates—a pat-

tern that holds true for the howl of a

wolf the grunt of a gorilla, and the

whinny of a horse.

Vocal learning has been repeatedly

demonstrated in two bird orders,

Passeriformes (specifically the oscine

songbirds) and Psittaciformes (parrots),

and is beheved to occur in a third, the

Trochiliformes (hummingbirds) . By
comparing brain structures in these

three bird orders, which are widely

separated from one another on the

avian family tree. Rockefeller Univer-

sity biologist Claudio Mello and his

colleague Erich Jarvis, of Duke Uni-

In rufous-breasted (top) and sombre

hummingbirds, seven cell clusters in the

brain control vocal learning.

versity, have shown that the same areas

that control song learning and produc-

tion in songbirds and parrots are also

present in hummingbirds, a finding

that strengthens the case for vocal

learning in the latter.

Most people are surprised to learn

that hummingbirds even have songs.

"The songs aren't particularly loud and

you sort of have to know what to Usten

for," explains MeUo. "They are higher

pitched than those ofsongbirds, but the

songs are amazingly rich, and in some

species they can be quite complex."

In the 1950s biologists began to in-

vestigate the processes by which birds

iinitate the sounds they hear and incor-

porate them into songs. Appropriately

enough, that work began with song-

birds, a suborder that includes almost

half the nearly 8,500 living species of

birds. W H. Thorpe, of the University

of Cambridge, was the first to demon-

strate learning in birds by performing

what is now considered to be a classic

experiment, involving the isolation of

male chaffinches (European songbirds)

in soundproof chambers equipped with

speakers. Young chaffinches that heard

recorded chaffinch songs were able

to imitate these songs, while birds

deprived of the recordings developed

abnormally simple songs.

Isolation experiments are exceed-

ingly difficult to do with humming-

birds, however. Because of their ex-

traordinarily fast metabolism, baby

hummers must be fed every ten min-

utes around the clock. But in 1990,

this type of experiment was conducted

on one species of trochilid, the Anna's

hummingbird (Calypte anna). The late

Luis Felipe Baptista, of the California

Academy of Sciences, and Karl Schu-

mann, at the Zoologisches Forschungs-

institut in Bonn, Germany, found that

a male Anna's hummingbird raised in

isolation produced a much simpler



A singing Anna's hummingbird: The vocalizing of three males raised together was

more complex than that of an individual raised alone.

song than did wild males. The song

was also very different from that of

three males hand-raised together. The

outcomes suggested that the males

were imitating each other's vocaliza-

tions—evidence that hummingbirds

learn their songs. Other research

showed that the nearest neighbors of

hermit hummingbirds (Pliaethoniis

loiigticinaiviis) sing more similar songs

than nonneighbors of the same spe-

cies; and the songs of green hermit

hummingbirds (P. ^^tiy) living in Costa

Rica are different from those of the

same species living in Trinidad.

In the 1970s and 1980s, Fernando

Nottebohm, of Rockefeller University,

and several colleagues set about map-

ping the parts of the brain involved in

the singing process. The researchers

identified six anatomically distinct

areas-^clusters of cells called nuclei—in

the forebrain of songbirds. These nuclei

are organized into two distinct paths:

the posterior pathway, which controls

song production, and the anterior path-

way, which controls song learmng. To-

gether these pathways form a song con-

trol system that must be intact if birds

are to sing the songs they've learned.

Forebrain nuclei similar in structure

and location have also been found in

the budgerigar (an Australian parakeet).

No such nuclei have been found in the

birds most closely related to songbirds,

the suboscines (woodcreepers, oven-

birds, antbirds), or in other nonlearners

of songs such as pigeons and doves

(order Columbiformes) and chickens,

turkeys, and quails (order GaUiformes).

And betorc Meiio and Jarvis, no one

had bothered to look for these nuclei in

hummingbirds.

Working with songbirds in the

1990s, bird researchers added a novel

tool to their toolbox, a gene called

yj:\'K, that woukl make the search for

luiclei in luiminingbirds much easier.

Nottebohm, Mello, and Jarvis noticed

that the number of activated ZENK
genes in certain areas of the brain was

very low when the songbirds were

quiet. When the birds sang or heard

songs, however, ZENK activity in-

creased. By measuring the levels ol ac-

tivated ZENK in specific locations, the

researchers were able to see the previ-

ously identified nuclei "in action."

ZENK gave the researchers a window

into the brain, enabling them to see

how certain behaviors set into motion

the molecular activity of cells in spe-

cific brain areas.

The ZENK gene soon led the re-

searchers to discover another nucleus in

the songbird vocal system, bringing the

total to seven. With ZENK they were

also able to define more clearly the

roles of the anterior and posterior path-

ways. The anterior pathway (which,

they knew, needed to be intact for

learning to occur) showed signs of ac-

tivity only when the birds heard songs

by members of their own species. And

after they had heard the song a number

of times, the ZENK response began to

fade. "With ZENK," says Jarvis "we

now had a technique that essentially lit

up the learning center."

Jarvis and Mello went on to look at

budgerigars" brains. "The brains were

much more similar to songbirds' brains

than people thought," says Jarvis, "We
found many of the same structures, and

their placement in the brain was identi-

cal." One question remained: Did hum-

mingbirds, too, have the brain structures

and pathways necessary' for learning?

To answer that question, Mello and

his colleagues have made several trips

to his native BrazU, to an area with one

of the world's highest densities and spe-



16 NATURAL HISTORY 10/00

cies diversity ofhummingbirds. The re-

searchers set up a hummingbird feeder

on the veranda of the Museu de Biolo-

gia Mello Leitao, a small museum and

biological research station on the out-

skirts of the town of Santa Teresa, nes-

tled high in the Atlantic tropical forest

of Brazil's east coast. Part of the re-

search involved learning to identify in-

dividual birds—no easy feat.

For the uninitiated, it is difficult to

tell apart the thirty or so species of

bejia-Jiores (Portuguese for "flower-

kissers," the creatures we call hum-

Cuckoos

Parrots

Swifts

—
Hummingbirds

-
Turacos

Owls

Doves

—

- Cranes

—
Shorebirds

i
Suboscines

a

a:
Songbirds

\
'''w

^K.

Family tree: Did vocal learning capacity

evolve independently in parrots,

hummers, and songbirds, or did a

common ancestor possess the trait?

mingbirds) that hve in this swath of

forest, and it is mind-numbing to try

following the activity of individual

birds. They move so fast that keeping

your eye on one is Hke trying to follow

a single bee in a swarm. Banding—the

field technique commonly used for

telling birds apart—doesn't work:

hummingbirds' legs are so tiny that

there is little space for a band, and the

birds weigh so little that attaching a

band could significantly affect their

abiHty to fly.

"After a couple of days, you start to

see individual variation, a messy feather

here, or a slightly darker color," says

Linda Wilbrecht, a graduate student at

Rockefeller. Working at MeUo's field

site in Brazil, Wilbrecht and her fellow

graduate student Sidarta Ribeiro ob-

served the behavior of individuals of

two species, sombre hummingbirds

(Aphantochroa cirrhochloris) and rufous-

breasted hermits (Glaucis hirsuta).

WUbrecht and Ribeiro followed birds

that were doing one of three things:

singing in territorial defense, Ustening

to recorded songs of conspecific birds,

or perching quietly. These species were

chosen, in part, because their songs are

very different. G. birsuta's is complex,

while A. drrhochloris's is fairly simple. A
complex song is itself evidence that a

bird learned its song: the in-

nate vocalizations of birds

(those produced by pigeons,

for example) tend to be sim-

ple, with few syllables and a

narrow range of notes. Be-

cause of the differences between the

two species, Jarvis and MeUo reasoned,

one might be a learner and the other

not—a possibility that would make

their results quite intriguing.

Back at Rockefeller University, the

researchers hoped to learn whether the

behavior they had observed in the field

translated into observable differences

in the ZENK expression within the

birds' brains. In the laboratory, the re-

searchers confirmed that seven nuclei

are active in singing hummingbirds,

and that these structures are strikingly

similar to the seven forebrain structures

involved in vocal learning and produc-

tion in songbirds and parrots. It also

turned out that Aphantochroa's song is

not so simple after all. While these

birds do sing relatively few notes, each

note is in itself more like a chord

—

To hear
hummingbird

songs,
goto

wwvLjjiiiiij'iii

more complex than notes in a Glaucis

song. As for their brains, there is httle

difference in their structure. For the

first time scientists can say definitively

that hummingbirds have the necessary

brain circuitry for vocal learning.

And what of the evolutionary path

that brought hummingbirds to this

point? Of the twenty-three bird orders,

the three in which song learning oc-

curs are very distantly related; on the

avian family tree they are separated by

several orders in which learning doesn't

occur. This suggests two possible sce-

narios: First, all the birds shared a com-

mon ancestor that had the necessary

brain structures, but only three orders

retained them, developing into learn-

ers, while the intervening orders did

not. But that would mean that some

birds with the structures necessary to

learn, and maybe even the abiHty to

learn, have lost them over time. To

Jarvis, this seems an unlikely scenario.

The second possibility is that the three

orders independently evolved

the same learning structures in

their brains. "Maybe complex

behaviors can evolve more

than once. What we're saying

is that there is an overarching

factor that says if vocal learning is

going to occur, then Mother Nature is

only going to let it happen this way,"

Jarvis says.

The next step is to use ZENK to

look at the brains of the intervening

orders to see if birds that don't learn

songs share the same brain structures

and pathways with their educated (or

educable) cousins. The researchers will

start with doves, and if the learning

structures aren't found, the second hy-

pothesis becomes even more likely.

Jarvis doesn't think learning structures

will be found in the other birds, "but if

in a million years pigeons develop

learning, I say I can predict where in

their brains those structures wOl be."

Annette Heist is a producer of National

Public Radio 's Science Friday.
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TO GIVE NATURAL HISTORY FOR THE HOLIDAYS...

CALL 1-800-234-5252 TODAY or FAX 1-712-755-3980
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WHY DO BIRDS DIVORCE? in most of

Europe, blue tits (Parus caewleus), relatives of

North American chickadees, form strong, per-

sistent pair bonds that last through many

breeding seasons. But blue tit females studied

on the Mediterranean island of Corsica aban-

don a previous mate 59 percent of the time.

What causes such a high rate of "divorce"

among these Corsican blue tits?

According to ornithologist Jacques Blondel

and colleagues at France's National Center for

Scientific Research, the divorce rate is deter-

mined by large variations in the quality of

breeding sites on the island.

While males cling to the old homestead,

many females simply move to habitats where

vegetation is denser, caterpillars (their staple

food) are more abundant, and parasites are

less profuse. So when a Corsican female leaves

her mate, she does so to find a better home in

a nicer neighborhood with better dining op-

portunities. ("High Divorce Rates in Corsican

Blue Tits: How to Choose a Better Option in a

Harsh Environment," Oikos 89, 2000)

FIDDLING WITH THE TRUTH Males of

an Afro-Asian species of fiddler crab (ilea an-

nulipes) have one oversize claw that they use

for both flirting and fighting. In the presence

of a female, a male waves the claw in a fast,

frantic display. During territorial contests with

other males, the crabs use claw length to as-

sess an opponent's fighting ability.

When they lose these claws (through injury

or predation), male fiddler crabs soon grow

new ones that look similar to the originals but

are much lighter, flimsier, and of tittle use in

fights. Such males, according to animal behav-

iorist Patricia R. Y. Backwell, of the Smithson-

ian Tropical Research Institute in Balboa,

Panama, nevertheless manage to intimidate

rival males and to attract females. ("Dishonest

Signaling in a Fiddler Crab," Proceedings of the

Royal Society of London B 267, 2000)

NEW HOMINID TROVE At Drimolen, a

cave site discovered less than a decade ago in

the Krugersdorp district of South Africa by

Andre W. Keyser, of the University of the Wit-

watersrand, researchers have reported finding

seventy-nine new fossils of hominids (the

group that includes humans and our closest

extinct relatives).

Estimated at 1.5 to 2 million years old, the

Drimolen fossils are mostly teeth that be-

longed to Paranthropus robustus australopith-

ecines. In addition, Keyser and Ron J. Clarke

have pieced together an australopithecine

skull and jaw from Drimolen—the most com-

plete yet found.

On the basis of fossils found at the nearby

Swartkrans and Kromdraai sites some seventy

years ago, paleoanthropologists had specu-

lated that two hominid species—P. robustus

and P. crassidens—had once lived there but

had become ex-

tinct long before

the first humans

appeared on the

scene. The new

evidence seems

to indicate that

the area was in-

habited by a sin-

gle population of

a robust australopithecine species whose den-

tal features varied widely.

In another study, Keyser and colleagues

confirmed that Drimolen is the second site in

South Africa where Paranthropus and Homo re-

mains have been found together, strengthen-

ing the evidence that "man-apes" did indeed

coexist with early humans there for hundreds

of thousands of years. ("The Drimolen Skull:

The Most Complete Australopithecine Cranium

and Mandible to Date" and "Drimolen: a New

Hominid-Bearing Site in Gauteng, South

Africa," South African Journal of Science 96,

April 2000)

ALTRUISTIC MEERKATS Altruism, ac-

cording to evolutionary biologist W. D. Hamil-

ton, sometimes evolves among social species if

the altruistic individuals share a large number

of genes with the individuals they are helping.

Evidence to support Hamilton's kin-selection

model has been found for various social insects

as well as for hyenas, kingfishers, and mole

rats—all of which show a high degree of relat-

edness between the helpers and the broods

they assist in rearing. Mammalogist Tim H.

Clutton-Brock, of the University of Cambridge,

and colleagues recently tested the hypothesis

on a population of meerkats (Suricata suri-

catta), a desert-adapted mongoose that lives

in southern Africa.

Most meerkat young are born to a single

dominant female. After she gives birth, one or

two helpers remain in her burrow each day to

"baby-sit" while the rest of the group members

leave to forage. Baby-sitters usually spend up

to three weeks caring for the litter, an exertion

that results in considerable weight loss.

Clutton-Brock's team studied fifteen

groups of meerkats in the Kalahari Desert to

see if the meerkats that gave the most help

were in fact those whose genes were most like

those of the infants they nurtured. The results,

however, were negative. In their analysis of

114 helpers—most of known pedigree—the re-

searchers found "no indication that the large

differences in contributions to baby-sitting

that exist among helpers are related to differ-

ences in their kinship to the litter they were

caring for." ("Individual Contributions to Baby-

sitting in a Cooperative Mongoose, Suricata

suricatta, " Proceedings of the Royal Sodety of

London B 267, 2000)—Richard Mitner
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or many, birding is an exciting and rewarding pastime. One needs only

to enter the great outdoors to feel a connection with mother nature. But

to truly discover the world's wild side, take a birding adventure with an expert.

Victor Emanuel Nature Tours (VENT) offers

several birding excursions around the world,

with a team that excels at finding birds and

showing them to others. VENT leaders have superb

birding, people, and organization skills. They

VICTOR EMANUEL
know that birding can be fun, as well as educational.

VENT leaders focus on expanding each participants

knowledge of birds —from spotting, appreciating

detail, and observing interesting behavior to

understanding each bird's life history and how it

fits into its environment Whether you're a new birder

interested in increasing your skills or a seasoned

old-timer, VENT has a birding tour for you.

Have you ever wanted to visit India? VENT

offers the Palace on Wheels, the first-ever

tour designed to visit two of India's

best-known tiger reserves: Kanha and

Ranthambhor Rated as one of the 10

best luxurious rail journeys in the

world, the Palace on Wheels is

an adventure like no other. In

addition to luxury compartments,

the train has a lounge with a bar, a

library and two restaurants. While on board,

you will see not only the large cats, but also

deer, antelope, monkeys, and, of course, a

wealth of birds. The adventure begins in the city

of Delhi, home to more than 430 species of birds,

including plum-headed parakeets, brown-headed

and coppersmith barbets, yellow-crowned

woodpeckers, bay-backed and long-tailed

shrikes, and rufous treepies to name a few. And

no tour of India would be complete without a

visit to the magnificent Taj Mahal.

For a journey to Antarctica, South

Georgia, and the Falkland Islands,

VENT offers an 18-day cruise exclusively

for birders. Victor Emanuel believes

that filling an entire ship with birders will

capture the camaraderie, enthusiasm,

and fun that only a group of birders can

share. In the isolated beauty of the Antarctic

north, you will observe some of the best

birding in the world. In the Antarctic wildlife,

there are as many as five species of albatross,

including the huge wandering and royal

albatrosses, as well as several species of

prions, stormpetrels, petrels, diving petrels,

and shearwaters. Many of these seabirds

actually follow the ship, allowing you a

tremendous opportunity for close observation.

IWmil NATURE TOURS' GOAL IS TO PROVIDE A BIRDING EXPERIENCE OF THE HIGHEST QUALITY.
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y^o celebrate our Anniversary, Victor Emanuel Nature Tours will offer seven special

departures In 2001. VENT trips attract a wonderful group of people who share an interest

In nature and birds. The combination of spectacular scenery, great birdlng and superb

leaders will make these trips unbeatable. We hope you can Join us.
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Antarctica. Soutli Georgia & The Falklands

on Tlie E:*plorer

January 26-February 12, w/ Greg Lasley, Deff Gordon, Peter Roberts & Debra Shearwater

Ticpers, Birds & Tlie laj IVIalial

on Tlie Palace on ^iVKeels

March 24-Aprli 5, w/ Robert Bateman, David Bishop, Victor Emanuel, Robert Fleming,

Steve Hllty, Peter Kennerley, Peter Hatthiessen, George Plimpton, Robert RIdgely,

Raj Singh & Kevin Zimmer

Trie Amazon on The Explorer
April 11-20, w/ Victor Emanuel, David Wolf, Robert RIdgely, Steve Hiity, Kevin Zimmer,

Charles Munn, Peter English, Paul Greenfield, Andrew Whittaker, David Ascanio

& Nathaniel Gerhart

The Berinc} Sea: The Ktirils & Kamchatka
May 24-June 12, w/ Robert Bateman, David Bishop, Victor Emanuel, Peter Matthiessen

& Barry Zimmer

June 16-30, Fire Si Ice I, w/ Peter Harrison & Peter Kennerley

Ecuador Celebration
Celebrating the publication of The Birds of Ecuador

June 21-July 5, w/ Robert RIdgely, Paul Greenfield, Victor Emanuel,

David Wolf, Steve Hilty, Kevin Zimmer, Peter English & Andrew Whittaker

The Oalapacfos on The Polaris
Spedally designed for Families

July 6-15, w/ Victor Emanuel & Barry Zimmer

Lords of the Antarctic. Emperor Penguins
November 22-December 20, w/ Victor Emanuel, Robert Bateman, Greg Lasiey

& Peter Matthiessen

Post Office Box 33008, Austin, Texas 78764 800/328-VENT 512/328-5221

Fax 512/328-2919 info@ventbird.com cst# 2014998-50

Photos, top to bottom: ©Frans Lanting, MInden Pictures; ©Peter Roberts; ©Tul De Roy

^v^v^v.'enthird.com

VICTOR
EMANUEL
NATURE •
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birdwatcher's Guide to Pelmarva

is available, covemq the Delaware,

Maryland and

Virginia peninsula,

sandwiched between the

Chesapeake Bay and Atlantic Ocean.

This practical, site-specific guide

utilizes high Impact color photos, maps
and Information on how, when and jUiJ^Ol/if

3S?»-

where to view the reqlone birds.

$6.95 ca// to order.

aOO-&52-0335 '^

Worcester County Tourism

113 Franklin St., Unit 1

Snow Hill, MD 21563
ekipjack.net/\e_ehore/

worceetr/hird'mg
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Made for the
Great Outdoors

SwiftJB25R EMiLET - 7X, 36mm, Lightweight 20 oz.

C AJ|nored 0£7d WATERPROOF

./ '^^ Featuringfeigh definition multi-coated

.-.i^^S. <BSJ* • -•*» o^ics for an especially bright

image in fair or foul

weather.

Close focuses

under 6 ft.

Swift Instruments
952 Dorchester Ave.,

Boston, MA 02125 (617)436-2960
in Canad-:i. V;sion 'I^mads, LTD, PKl-er^ng, ODT LiW ^Si

BIRDS!

SEE swif/s complete line of quality optics on the web at: www.swift-optics.com

SWIFT INSTRUMENTS. INC. ISA PROUD SPONSOR F STOffES B/RDS A T HOME
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IF YOU WANT TO STAY A LITTLE CLOSER

to home, check out domestic birding at its

best in Maryland's Charles and Worcester

Counties.

It's a sure sign of fall in Worcester County

when lone kestrels appear on the horizon

and the sky fills with Canada and snow

geese. Over 350 species of birds have been

recorded in Worcester Country, including

pelicans and pewees, kingbirds and cuckoos,

herons, harriers, and eagles. Along the

coast, you can visit Assateague to observe

innumerable migratory species, including

peregrine falcons, merlins, and enormous

flocks of tree swallows. Just offshore,

northern gannets pass by the hundreds.

One of the best places in Worcester

County for fall birding is the Pocomoke

Sound, a mostly tidal marsh with a few

acres of forest. In this area, ducks, wading

HOREBIRDING

AT ITS BEST CAN

BE FOUND IN THESE TWO

MARYLAND COUNTIES.
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birds, and shorebirds are awaiting your visit.

Herons, egrets, and ducks can all be seen in

the marsh, searching for food, or just

playing, Ospreys, once declining in numbers

in Maryland, have fully recovered and now

nest on channel markers, which are visible

from the shore. And from April to

September, you can catch a glimpse of a

barn owl on the marsh,

Charles County offers a tremendous

opportunity for fall bird watching. With

the second largest population of bald

eagles in Maryland, along with 321 other

species, this county is a birder's dream. The

region includes many large and small lakes,

ponds, and extensive wetlands.

One way to truly capture the beauty of

Charles County is to visit the Myrtle Grove

Wildlife Management Area, considered a

great location for bird watching and nature

photography. Once home to the Piscataway

Indians, Myrtle Grove's 1,410 acres of

forests, fields, and wetlands now present

visitors with an ideal setting for enjoying

the outdoors. Within Myrtle Grove, the

forest along Mattawoman Creek is home

to the barred owl, various songbirds, wood

ducks, and other waterfowl. The Myrtle

Grove WMA is located in Charles County

about 5 miles west of LaPlata on MD 225.
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www.explorecharlescomd.com

Where to s: o when nature calls

Head to Alabama's gulf coast... For vacation

where you'll not only find sugar-white sand and information, call us

emerald water, but hundreds of species of indigenous birds todaj toll-free at

and neo-tropical migrants—up close and personal

—

1 -8//-y22-004-4-

among some of the world's most glorious preserves, www.gulfshores.com

forests, and saltwater marshes.

Call for your /i/abama Coastal Birding Trail Guide today. f ,

t h m i n u t
GULF Shores

ORANGE BEACH



Pristine & Private Isiand Getaway
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LITTLE
ST. SIMONS

ISLAND

The Lodge on Little St. Simons Island
Exclusive 10,000-acre Georgia island paradise, 7-mile shell-strewn

undeveloped beach, recreational activities, gourmet regional cuisine and

gracious accommodations await just 30 guests. Birding, boating, hiking,

bicycling, canoeing, horseback riding and interpretive programs offer

unique ways to explore this coastal wilderness. All-inclusive rates are

$325 - $900 per night. Or, enjoy the Island exclusively from $4,400.

888-733-5774 • 9 1 2-638-7472 • www.LittleStSimonslsland.com

Galapagos
Explorer U
A voyage like no other

]?)<Ank^

i/Sl-agency.

pagosexpIorer.com
Canodros S.A. Ecuador-South America

tlSiSvifSEiPr

feov\c \KAOe

For your free Travel Guide and Outer Banks

Getaway Card good for seasonal values, log on to

www.outerbanks.org

orcsi, 1-800-446-6262

ThEOuim BanksA^
NORTH CARCM-INA

Outer Banks Visitors Bureau

• Kltly Hawk • Kill Davll HIIIl • Nao» Haad •
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BIRD WATCHING ALONG THE ALABAMA
Gulf Coast during the fall migration can

truly be a fantastic experience. You'll be

treated to a variety of v^'ading and

shorebirds, hummingbirds, migratory neo-

tropical songbirds, and indigenous Alabama

birds in a diversity of habitats. Alabama's Gulf

Coast extends over 32 miles of beaches along

theGulf of Mexico

A B A H A and inland areas

of live oaks and

pines, freshwater lakes, rivers, bayous, and

coves, all showing an abundance of birds.

One of the treats of making the Alabama

Gulf Coast your birding destination is the

Alabama Coastal Birding Trail, where some of the

most popular birding sites in the state are

located. The trail is separated into six loops that

can each take a half-day or more to complete.

A Bl-page booklet that introduces the trail,

complete with maps, photographs, and directions,

can be obtained from 800-745-SAND.

In October, watch the Hummer Bird Study

Group at Fort Morgan as they record height,

weight, health, and species of the many birds

traveling south for the winter This group

welcomes the public to visit their site and

observe the birds as they are each given a

physical and then released to continue the journey

south. For more information call 334-968-7511.

One of the best loops for fall birders is the

Dauphin island - Bayou La Batre Loop, home

of the Dauphin Island Audubon Bird Sanctuary.

The sanctuary consists of 164 acres of

maritime forest, marshes, and dunes, including

a lake, a swamp, and a beach, located at

the eastern end of Dauphin Island, a 14-mile-

long barrier island off the Alabama Gulf

Coast. The sanctuary is the largest segment of

protected forest on the island and, in the

fall, the final feeding and resting place for

neo-tropical birds on their return flight to

Central and South America.
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LITTLE ST. SIMONS ISLAND

LITTLE ST. SIMONS ISLAND IS REGARDED

as one of the best locations to spot shorebirds

on the Georgia Coast. The island's constant

growth creates large areas of intertidal flats

and sandbars that make attractive feeding

areas for shorebirds. Although birds may be

seen at any time, the tide plays an important

role in determining their location and behavior.

The optimum time for shorebirding is high tide.

when the birds are pushed onto the upper

reaches of the sandbars and beaches.

The island also offers the opportunity to see

a variety of wading birds such as herons and

egrets. Its diverse habitats attract many species

of passerines, or songbirds. The prime seasons

for migratory species is mid-April through early

May and again from mid-September through

mid-October.

ZEISS

THE EVOLUTION OF OPTICS.

The four Victory models are more than the next generation of Zeiss technology. They are compact,

lightweight, light gathering wonders of optical design. Thanks to our Advanced Optical System,

with a new type of glass that yields exceptional contrast and overall resolution from thinner, lighter

lenses. Victories are waterproof, rugged, and backed by a transferable lifetime warranty.

Call, write or visit our new website at www.zeiss.com for details.

CARL ZEISS OPTICAL, INC., 13017 N. KINGSTON AVE., CHESTER, VA 23836 800/338-2984 WWW.ZEISS.COIVI



EAGLE OPTICS
Optic Outfitters for

Birdwatchers

NEW!
Phase-Corrected

Eagle Optics Rangers!

Phase-corrected models;

8X42, 10X42, or 10X50
Priced at less than $500.00!

Standard models and

Compact models also available.

8X32
RAPTOR PC

Phase Corrected Prisms

Waterproof/Fogproof

Long Eye Relief

Rubber Armored
Fully Multi-coated Lenses

Center Focus

Extremely Close Focusing

Lifetime Warranty By Leica

Authorized Dealerfor:
Leica, Zeiss, Swarovski, Swift,

Nikon, Celestron, Kowa, Minox,

Bausch & Lomb, Tele Vue, Canon,

Pentax, Minolta, Meade, Steiner,

Leupold, Bushnell, Biirris, Fujinon

Brunton and more!

EAGLE OPTICS
Call for your FREE

Comprehensive Optic Buying Guide &
Discount Price List on all major brands

(800) 289-1132

Visit our excellent Online Buying Guide at:

www.eagleoptics.com
2120 W. Greenview Dr. #4

Middleton, WI 53562
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WHETHER YOU RE A BEGINNER OR A

seasoned professional, the right equipment-

including fine, high-quality binoculars— is

a necessity to get the most out of

your binding experience.

For 154 years, Zeiss EQUIP
has been an optical

pioneer. Its goal is always to provide the

consumer with accurate color, stunning

contrast, crisp imagery, and a lifetime of

profoundly satisfying performance. Zeiss

binoculars and monoculars are backed by

a Lifetime Transferable Warranty

Swift Instruments has been a leader in

designing and manufacturing innovative bird

watching optics for the past 40 years. It

has won praise and endorsements from

leading naturalists around the world.

Eagle Optics not only provides a variety of

quality optics at "consumer friendly" prices, but

also makes a commitment to support consen/ation

causes and bird watching through-

M E N T out the country. This October,

Eagle Optics will be attending:

• Florida Birding Festival, from October 5

to 8, in Clearwater, Florida. For more

information call 877-fla-bird.

• Monterey Bay Birding Festival, from

October 6 to 8, in Moss Landing, CA.

For more information check out their

website at www.elkhornslough.org.

• Wild Bird & Backyard Habitat Expo,

from October 13 to 15 in Waukesha, WI.

For more information call 800-324-3337.

I For more information about taking a Victor

Emanuel Nature Tour, call 800-328-VENT

or visit their website at www.ventbird.com.

I For more information about Worcester G>unty,

call 800.852.0335 or visit their website at

www.skipjack.net/le_shore/visitworcester

I For more information about Charles

County, call 800.766.3386 or check out

their website at www.govt.co.charles.md.us.

I For more information on Dauphin Island,

call the Friends of the Dauphin Island

Audubon Sanctuary, Inc. at 334-861-2120

or visit www.gulfinfo.com/dibird.

I For more information on the Alabama

Gulf Coast, contact the Alabama Gulf

Coast Convention & Visitors Bureau at

800-745-SAND or www.gulfshores.com.

I For more information on the Lodge on

Little St. Simons Island, call 888-733-5774

or visit their website at

www.LittleStSimonslsland.com.

This special editorial/advertising supplement was created by the Natural History Special Sections

Department and did not involve the magazine's editorial staff WRITER: Seth Kornfeld

DESIGN: Mindy Phelps Stanton PHOTOGRAPHY: Courtesy of the U.S. Fish and Wildlife Service and Victor Emanuel Tours



Outer Islands of

l^ritain^Ireland
Orknjey Islands, Shetland Islands,

Outer Hebrides— Isles of Lewis and Harris,

Inner Hebrides
—

Isles of Iona and Staffa, Dublin, Caernarvon, Isles of Solly
Shetland blands

Ovier Httrtd«-

bUofUwIsand V^
Harrii ^ '

^brkiu> Islaiuls

August 21 - September 2, 2001

Aboard the Luxurious 180 Passenger Song of Flower

Optional Ro\al Scotsman Rail Extension

^he American Museum of Natural History invites you to discover the rich

wildlife of the North Atlantic, and to explore the remote outposts and ancient

sites of the Scottish Isles, Ireland, Wales, and England.

The Outer Islands provide an amazing variety of landscapes, from the

windswept Shetland Islands in the North Sea to the subtropical gardens

GLAND on the Isles of Scilly off Land's End in the Atlantic. We depart from the

"^ --*-v Scottish mainland to the Orkneys, reputed to present the greatest

bksofSdlli ,^T;

'' concentration of prehistoric sites in Europe. In the Shetlands, we sail

beneath precipitous cliffs where fulmar, gannet, shag, skua, kittiwake, Arctic

tern, guUemot, murre, razor-bill, and Atlantic puffin crowd every available ledge and niche. On the Isle of

Lewis in the Outer Hebrides, we cross the moorlands to the 4,000-year-old Callanish Standing Stones, a site

of archaeological importance equal to Stonehenge.

These quiet islands— so rich in wildlife, archaeology, history, and rugged scenery—can only be fully appreciated

on a small and agile vessel like the Song ojYlower. This luxury cruise ship has received numerous accolades

—

including a six-star rating—and provides a maximum of 180 passengers with an atmosphere of warmth,

hospitality, and camaraderie, as well as a wonderful setting for exploration and learning.

To reserve your space, or for more information, please call

American Museum of Natural History/Discovery Tours at 800-462-8687, or 212-769-5700. Mention code brit 2001.

Eikcn Donan CaUk Callanish Slanding Stones Northern Gannet

Discovery Tours
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IN THE FIELD

Seeds ofFortune
How does a fir tree cross a desert? By winning a lottery.

The place is Wind Whistle in

southeastern Utah, just a stone's

throw from Canyonlands

National Park. Tucked into the deep

shadow of a north-facing cHif grow

three Douglas fir trees, the largest

more than two feet in diameter and

nearly a hundred feet taU. The trees

might not have attracted my attention

but for one thing: Wind Whistle is in

sagebrush desert, and these firs are a

long way from their nearest kin. While

the site obviously suits the trees, their

presence here tells much about the

sweepstakes character of long-distance

seed dispersal, one of the great gambles

in the Ufe of a plant.

Seed dispersal is no

less important to the

success of a plant than are

its germination, growth,

and flowering. It is the

sole means by which

plants track shifting

resources in an ever

changing landscape. And
autumn is the best time

to view plants' strategies

for getting around. A
walk through the woods

and tall meadows at this

time of year reveals an

abundance of

architectural innovations

for spreading seeds: the

fluttering samaras of ashes

and maples; the winged

nudets of birches, alders.

By Peter J. Marchand

and conifers; the sticky coating of

mistletoe; the sweet berries of heaths;

the wind-borne plumes of asters and

milkweed; the explosive pods of

jewelweed; the cHnging spikes of

beggar-ticks; the minute, dustlike seeds

of beUflowers and orchids; and on and

on. It's a display of extraordinary

beauty and purpose, but despite their

elaborate structures and their

adaptations to specific agents of

transport, seeds are often iU fated.

Long-distance dispersal, it turns out, is

much Uke a lottery.

Though I can see where my
Douglas firs might have come from

—

the hazy blue slopes of the La Sal

A black noddy tern, studded with Pisonia seeds, walks on an island

near Australia's Great Barrier Reef. Such migratory seabirds are

capable of carrying seeds long distances.

Mountains rise sharply from the

plateau on the distant horizon

—

getting seeds from there to here would

have presented a problem. The valley

between is broad, about twenty-five

miles across, and the seed of a Douglas

fir is not well equipped to travel that

distance. It is winged enough to be

carried beyond the shadow of its

parent tree, but experimental

evidence suggests that drift farther

than two or three tree lengths is

improbable. But that's always the rub

for wind-transported seeds. Most of

them alight on the ground close to

their origin or get snagged in nearby

growth. Even for some of the most

buoyant plumed or dust

seeds (in some species

weights of the latter

approach one-millionth

of an ounce), a half mile

can be a long haul. Thus

the real pioneering

excursions by plants,

including those with

winged seeds, usually

require outside help.

The best opportunity

for long-distance

transport to suitable new

territory seems to lie in

getting picked up and

carried by an animal,

partly because animals

tend to move between

similar habitats and the

plant has already proved



successful in at least one

of these places. A good

way for a plant to get

itself transported by an

animal is to barter a

nutritional reward, such

as the juicy pulp of a

fruit, in exchange for a

lift—an evolutionary

tactic that works for a

great number of plant

families. In most cases,

however, this mode ot

transport seldom carries

seeds very tar. Except

during migratory flight,

the combination ot an

animals limited foraging

range and the usu.il rate

of passage for food

moving through its gut

generally results in a

seed's being defecated

within a few hundred

feet of where it was

consumed. (Surprisingly,

some carnivores provide

an exception. Bears,

coyotes, and pine

martens, for example,

frequendy ingest berries

when available and then

move the seeds

considerable distances by

virtue of their large

territories. Food-caching

speciahsts, such as jays and nutcrackers,

may also transport seeds a few miles,

where they are often buried and not

recovered.) For most plants, then, the

best bet may be to sidestep the

expense of nutritional enticement and

just attach their seeds directly to an

animal. Although propagules such as

the familiar burdock and beggar-tick

must still await a chance encounter

with a passing animal, once affixed,

the clinging seeds may be carried,

undiscovered, quite far by a bird or

large mammal, especially a long-

distance migrant, before fmally being

groomed off.

Seeds on the bare leg of a man, San Cristobal, Galapagos

Dispersal by attachment is not

always a matter of design, however.

While a number of seeds possess

hooks, barbs, or viscid substances for a

quick stick, many small seeds without

special anatomical adaptations can get

caught up in flir, feathers, and feet. In

Origin of Species, Charles Darwin

recounts having been sent a specimen

of a red-legged partridge with

considerable dried mud on its feet. He
removed the mud, moistened it,

placed it under a bell jar, and

subsequently germinated no fewer

than eighty-two seeds. The most

telHng tale, though, comes from

Macquarie Island, some

600 miles out to sea

between New Zealand

and Antarctica. All of the

thirty-five terrestrial plant

species on Macquarie are

animal dispersed, mostly

via adhesive propagules.

The floras of the Cocos,

Galapagos, and Hawaiian

Islands, too, are mostly

the result of animal

dispersal, although ocean

drift has contributed

significantly to seed

arrival, with wind only a

minor player.

Pondering again the

origin of the three

marooned Douglas firs, I

recalled once seeing, on a

crisp fall day, a flock of

Cassin's finches

dismembering ripe

subalpine fir cones while

a steady rain of seeds

fluttered to the ground. It

was not hard to imagine

one of those little packets

of hfe, encased in its own

papery sail, flying on the

wings of a bird to distant

soil. But though the

colonization of a faraway

place is a momentous

development for a plant

species, it is also a rare outcome of

seed dispersal.

The successful estabhshment of a

single plant, let alone a plant

population, in a new neighborhood is

a game of formidable odds—a matter

of chance events played out on a field

of ever changing boundaries and

conditions. Yet, as those three tall trees

attest, in the seed dispersal sw-eepstakes,

as elsewhere, small odds occasionally

turn up big winners.

Peter Marchand is the author of Lite in

the Cold (University Press ofNew
England, 1996), )!ou' in its third edition.
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Remnants of a dense oak forest survive in Texas, Oklahoma, and Kansas.

By Richard V. Francavigiia

Most people heading for Lake

Mineral Wells State Park,

thirty miles west of

Dallas/Fort Worth, Texas, are drawn

by the prospect of boating, swimming,

or rock climbing. Ask one of them

what "Cross Timbers" means and

you're likely to get a blank stare. But a

century ago, almost everyone in the

area would have used that term to

describe the kind of scrubby oak forest

found on the east side of Lake Mineral

Wells. A forested archipelago awash in

a sea of prairie, the area known as the

Cross Timbers once ranged from

north-central Texas well into

Oklahoma and as far north as

southeastern Kansas. Dominated by

post oak and blackjack oak, the forests

followed the lay of the land, doing best

in sandy soil and in the rugged

sandstone uplands. Prairie grasses, on

the other hand, flourished in soils

derived from Hmestone.

The earliest historical references to

the Cross Timbers come from

eighteenth-century Spanish explorers,

who called it the inonte grande (great

forest), a designation they based on

Indian names for the conspicuous

landmark. The EngHsh term "Cross

Timbers" (occasionally "Cross

Timber") was in use by the 1820s, but

its origin is uncertain. Some people

say it arose because the forests crossed

the great rivers of the region—the

Brazos, Red, Washita, Canadian, and

Arkansas. Others beHeve the reason

was that the setders had to cross

through the timbered lands on their

way west. Then again, post oaks are

also known as cross oaks, so the name

may simply derive from one of the

region's principal trees.

Early observers, such as naturalist

Thomas Nuttall (1786-1859), noted

the connection between the forest's

vegetation and its geology. Chmate,

too, has been an important influence.

The Cross Timbers straddle an

intermediate zone between the humid

eastern part of the continent and the

semiarid lands to the west, forming an

outpost of eastern moist forest within

the western prairies.

About 11,000 years ago, near the

end of the Ice Age, the wetter, cooler

climate here supported a forest

comprising mainly spruce and other

conifers. As the area dried out, the

forest composition changed, and fires

—

which suppress woody vegetation

—

fostered the spread of grassland. Fires do

occur naturally, but the people who



began to occupy the area as tlie climate

became warmer and drier may also

have played a lok-; lumters may have

deliberately set tires to drive their prey

and for other purposes, such as to

encourage the growth of vegetation

attractive to game.

The Cross Timbers occupied about

30, ()()() square miles when farmers and

ranchers began to arrive in the early

nineteenth century. While some of

their activities, notably fire prevention

and catde grazing, promoted the

growth of trees, the farming of cotton

and other crops tended to work

against preservation ot the forests.

Nonetheless, substantial portions ot

the Cross Timbers were left alone: as

the settlers soon reahzed, the prairie

lands were much better suited for

cultivation. In addition, the post oaks

and blackjack oaks made poor

structural lumber—in part because

they grew neither tall nor straight. As a

result, they were spared the wholesale

cutting that removed much ot the

hardwood forest in the East.

Perhaps as much as 1 5 percent of

the original Cross Timbers survives,

mostly as haphazard patches of

woodlots and scrub forest scattered

amid the pastures, fields, and small

conunuiiities. Nearly all ot it is m
private hands, but the forests can still

be enjoyed in a number ot public

places, including the 3,000-acre Lake

Mineral Wells State Park, whose lake

was created during the 1930s through

dam construction. Here the forest

occupies a ridge east of the lake—

a

rugged, marginal location that was

never heavily used. Some of this park's

venerable post oaks may be more than

250 years old (although usually less

than thirty feet tall and not more than

two feet in diameter) . Another good

site to visit is Keystone State Park,

which encompasses Keystone Lake

near Tulsa, Oklahoma.

Back in 1831, while traveling

through what is now Oklahoma,

statesman-writer Washington Irving

encountered the Cross Timbers. So

tough was the going that he described

the vegetation as "forests ot cast iron."

Yet today large portions ot the C'ross

Timbers have almost vanished, not

only from the land but t'rom public

consciousness. Historians and

ecologists, however, have begun to

urge preservation of its remnants,

which provide habitat for animals,

protect the soil from erosion, replenish

the underlying aquifer, and also

contribute to our understanding of

humankind s complex relationship to

nature. As private landowners come to

realize that their patches of scrubby-

A stand of Cross Timbers forest, viewed

across Lake Mineral Wells

looking forest represent a cultural

heritage and a natural resource, they

too may join the cause.

Ricliard V FrancavigUa is a professor of

history at the University of Texas at

Arlington, where he also directs the Center

for Greater Southwestern Studies and the

History oj Cartography. His latest book is

The Cast Iron Forest: A Natural and

Cultural History of the North

American Cross Timbers (University

of Texas Press, 2000).

For visitor information, contact:

Lake Mineral Wells State Park

100 Park Road 71

Mineral Wells, Texas 76067

(940)328-1171

www.tpwd.state.tx.us/park/lakemine/

lakeniine.htm

HABITATS

Cross Timbers forest is dominated by

post oak (Quercus stcllata) and blackjack

oak (Q. inarilandica), but other trees

abound, including live oak, black

hickory, cedar elm, hackberry, and

eastern red cedar. Along with sassafras

and other bushes, the understor)' is

often thick with vines and brambles,

including catbrier, Virginia creeper,

poison ivy, and raccoon grape.

Prairie openings contain an array of

grasses, including big bluestem, Indian

grass, side-oats grama, buffalo grass,

and silver bluestem.

Forest edge habitat, especially on

drier sites, often features yucca and

numerous kinds of prickly pear cacti.

Mesquite, though native to the area,

has become more common in the last

century, in part as a result of grazing.

Streamside vegetation is found along

watercourses that have not been

inundated owing to dam construction.

The willows, white oaks,

cottonwoods, and pecans that grow

here are normally much taller than the

oaks of the Cross Timbers forest. D
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CELESTIAL EVENTS

Saturn is the ringed planet, right?

Wrong. A Httle over twenty

years ago, it was demoted to a

far less privileged position in the solar

system: a ringed planet. To be precise,

it is merely one of four—or possibly

more—such celestial objects.

Saturn's seemingly distinctive look

has been an object of astronomical

Cassini determined in 1675.

(Thereafter, the space between the

inner and outer rings was called the

Cassini Division.) Having figured out

that Saturn actually had rings,

astronomers next asked themselves:

Why rings, of all things? Specifically,

are the rings of Saturn soHd, or are

they . . . something else?

rings but millions of moonlets. Indeed,

American astronomer James E. Keeler

validated this interpretation in 1895

through spectroscopic observation.

There the matter ofplanetary rings

more or less rested until March 10,

1977. On that day, two groups of

astronomers observed the disappearance

(occultation) of a ninth-magnitude star

By Richard Panek Ring:s Around the

Planets

Color-enhanced photograph of Saturn's rings taken by the Voyager 2 spacecraft.

fascination since July 1610, when

GaHleo first observed the planet's

"triple-bodied" appearance through a

telescope and tried (although

unsuccessfiaUy) to explain it (see "The

Sharp-Eyed Lynx Outfoxed by Nature,"

Natural History, May 1998). It wasn't

until 1659 that the Dutch astronomer

Christiaan Huygens, working with

better equipment and more favorable

viewing conditions, finally announced a

solution to the puzzle: "a thin, flat ring,

nowhere touching."

Thin, flat rings, actually, as French-

Italian astronomer Jean-Dominique

Definitely something else, said

French theoretician Pierre-Simon

Laplace, who in 1785 proved

mathematically that the rotation rates

of solid rings would violate Kepler's

third law of planetary motion. As to

what that something else might be,

Laplace had a suggestion: not two

rings but millions of rings, all rotating

at varying rates. In 1856 the British

astronomer James Clerk Maxwell

refined that hypothesis, arriving at an

interpretation more in keeping with

the sateUite pattern elsewhere evident

in the solar system: not millions of

Saturn's most prominent

feature is no longer a

singular phenomenon

.

behind Uranus. One group of

astronomers, aboard an airborne

observatory, noticed several spikes on

the data plot just before the star

vanished irom view, indicating some

sort of irregularity in the immediate

vicinity of the planet. On a hunch, the

researchers radioed the ground-based

team and urged them to continue

gathering data when the star reemerged

from behind Uranus. Sure enough, the

second group of astronomers found an

identical set of spikes at the same

distance from the planet. The only

possible explanation was rings.

Suddenly Saturn's centuries-old

reign as the ringed planet was over.

Then, visits of the Voyager i spacecraft

to Jupiter in 1979 and of Voyager 2 to

Neptune in 1989 revealed that they too

had ring systems. Some astronomers

have even hypothesized the presence of

very thin rings around Mars as well

(they're looking). Apparently rings are
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a common feature among planets—

a

realization that has only complicated

astronomers' efforts to study what rings

are, where they came from, and how
they work.

The rings of Saturn and Uranus

appear to consist primarily of ice

particles, ranging in size from mote to

iceberg, while Jupiter's seem to be

rock. Neptune's rings, however,

remain a mystery. The particles that

comprise the rings of these four

planets might be rehcs from the

formation of the solar system or

remnants ofmoons that broke apart

after venturing too close to the planet,

or maybe of moons that suffered from

violent coUisions. Whatever their

source, these particles have settled over

the eons into a central plane,

apparently stabilized by the host

planet's gravitational field.

Still, mathematicians have shown

that gravity alone can't explain why
millions of particles would maintain a

ring shape over time. One frarther

possible explanation has inet with great

success: bodies called "shepherding

moons" may gravitationally corral the

particles. Predicted in 1979, they've

since been photographed around Saturn

and Uranus. But even after more

extensive and precise surveys of these

shepherds have been conducted, the

mechanics of rings wiU probably remain,

as one planetary specialist recendy told a

meeting of the American Astronomical

Society, "hideously complicated."

Despite the discoveries of the past

two decades, Saturn does retain its

distinction as the only planet whose

rings are visible through telescopes

available to the backyard astronomer.

By the end of October, the planet wiU

be nearer to Earth than at any time

since February 1977. Coincidentally,

the planet's tilt will leave the rings

more "open" to view than they have

been in nine years. Check the eastern

sky about two hours after nightfall.

One look through even a modest

telescope and you'll see for yourself

that even though this ringed planet

may no longer be singular, it remains

no less spectacular.

Richard Panek is the author ofSeeing and

Beheving: How the Telescope Opened

Our Eyes and Minds to the Heavens

(Penguin, 1999).

THE SKY IN OCTOBER By Joe Rao

Mercury reaches its greatest elongation

east of the Sun (25.5°) on October 6,

but the acute angle made by the

ecliptic and the western horizon at

this time of year causes the planet to

be swallowed in the bright evening

twilight for most of the month. You

may get a ghmpse of it during the first

week of October as a zero-magnitude

"star" sitting about 6° below and to

the right of Venus. It arrives at

inferior conjunction with the Sun on

October 29.

Venus sets from one and a haff to two

hours after sunset this month and

hence will finally be visible against a

completely dark sky On the evening

of October 27, Venus passes 3° north

of the first-magnitude red star Antares.

At magnitude -4.0, the planet appears

over 100 times more dazzUng than the

star. The two-day-old waxing crescent

Moon approaches Venus on the

evening of October 29.

Mars is now rising two and a half to

three hours before the Sun. By

month's end it Ues 213 million miles

from Earth and thus remains unusually

dim—at a magnitude of 1.8

throughout the month. On the

morning of the 24th, you'U find the

waning crescent Moon sitting just

below and to the left of Mars.

Jupiter is visible as a brilliant starhke

object (magnitude -2.7), rising on

October 1 in the east-northeast about

three hours after sunset. By month's

end, it can be seen high in the

southern sky between midnight and

dawn. On the night of October

16-17, the waning gibbous Moon
forms a triangle with the planet and

the reddish first-magnitude star

Aldebaran. On October 21, Jupiter

passes 5° north of the star, completing

the second in a series of three

conjunctions.

Saturn rises a couple of hours after

sundown on the 1st, but by the 31st, it

emerges fi"om the horizon shortly after

sunset. Through most of this month,

you'll see it as a very bright, -0.1

magnitude, yellowish-white "star"

high in the southern sky between

midnight and dawn. Telescopes trained

on Saturn reveal its great, glimmering

icy ring system. A waning gibbous

Moon passes close to this ringed planet

on the night of October 15-16.

The Moon is at first quarter on

October 5 at 6:59 A.M. The fiill Moon
appears on October 13 at 4:53 A.M.

Last quarter is on October 20 at 3:59

A.M., and new Moon is on October 27

at 3:58 A.M.

Comet LINEAR—in case you were

looking for it—broke into several

smaller pieces at the end ofJuly and

disintegrated throughout the month

of August.

Daylight Saving Time officially ends

on October 29 at 2:00 A.M. local time,

when clocks should be set back one

hour to 1:00 A.M.

Unless otherwise noted, all times are given

in Eastern Daylight Time.
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BIOMECHANICS

High and Dry
If a tree grows too tall, it may end up with broken water pipes.

Story by Carl Zimmer ~ Illustration by Sally J. Bensusen

Trees are wooden giants, tow-

ering over us puny animals.

For a tree, height is often the

secret to success, allowing it to get out

of the shade of neighboring trees and

soak up sunlight. Yet after a few

decades, most trees stop ascending.

Why, ecologists and botanists would

like to know, are trees as taU as they are

and no taller?

The question of tree size isn't purely

academic. As we pump billions of tons

of carbon dioxide into the atmosphere.

Earth's cUmate and organisms wUl re-

spond in ways we're unable to predict

with certainty. One of the unknowns is

how the extra COt (a crucial ingredi-

ent in photosynthesis) wiU affect plant

growth. Will it stimulate growth and

thus cause plants to draw in even more

of the gas—perhaps enough to help re-

duce global warming? A crucial part of

the equation may be just how tall trees

can grow.

During photosynthesis, a tree uses

the energy of the sunlight hitting its

leaves to combine water, carbon diox-

ide, and assorted minerals in the pro-

duction of carbohydrates. Water is also

needed to transport nutrients, control

temperature, and maintain healthy tis-

sues. This precious Hquid has to be ab-

sorbed through the tree's roots and then

carried up the trunk and branches

through a system of narrow tubes

known as the xylem.

Each leaf is covered with stomata,

tiny pores through which CO2 enters

and water evaporates. Molecules ofUq-

uid water tend to stick together, and as

water evaporates from a leaf, the re-

maining water "pulls" on the water

below it, creating an upward move-

ment that extends all the way down

through the tree to the soil. As water

moves into the leaf and out into the air,

tension develops in the xylem, pulling

in more water from the roots.

Although a single stoma can create

only a minuscule tug on the water in-

side a tree, all of the stomata on aU of a

tree's leaves can create a huge force ca-

pable of hauling about a hundred gal-

lons of water a day up a large tree. And
the most elegant feature of this design

is that the tree doesn't have to put any

effort into its hydrauHc delivery sys-

tem; evaporation (prompted by solar

energy) does the work instead.

But this tremendous feat of natural

engineering is not risk free. Drier air

sucks the water out of a tree with

greater force. As evaporation pulls a

column of water upward, the Hquid's

molecular cohesion puts up some resis-

tance, causing the water to stretch hke a

rubber band. If the force puUing up the

water column is considerable, the col-

umn may snap like a rubber band as

well. The result is a gap in the column,

taking the form of a bubble.

Although botanists know little

about this kind of bubble (it's hard to

study what goes on inside a tree trunk),

they're pretty sure it's a problem for a

tree. Unless the break is repaired, the

tree wiU no longer be able to draw

water up from the roots. Scientists are

investigating this process but don't yet

understand it fuUy.

Having studied the sucking action

of trees, biologists Barbara Bond, of

Oregon State University, and Michael

Ryan, with the U.S. Forest Service, be-

lieve (as do many other scientists) that

prevention is part of the tree's solution.

Trees, they suggest, have developed

adaptations that keep water columns

from snapping. When the tension that

develops as water escapes stomata ex-

ceeds a certain level, some of the leaves'

pores wiU simply close up, decreasing

the puU of evaporation.

The risk of rupture is greater for big

trees than for small ones, according to

Bond and Ryan, because the columns

in the big trees are longer and thus offer

greater "hydraulic resistance." (In

physics, the resistance of an object in-

creases as its length increases.) This re-

sistance, added to the extra gravita-

tional force acting on the water

contained in taU trees, means that these

taller trees require more pulling power

to draw up water.

Bond and Ryan have found cir-

cumstantial evidence of this risk by

watching how stomata on both short

and tall trees behave. In the morning, as

the air is warmed by the rising sun, its

relative humidity drops, increasing the

force exerted by evaporation on the

leaves of trees. Eventually, trees of all

sizes will close their stomata, but tail



Water enters a tree through fine roots and root

hairs, travels upward through the xylem, and

evaporates through tiny pores, or stomata,

in the leaves (needles, in a conifer). If dry

air draws water out of a tree with too

much force, this water-delivery system

may suddenly fail. To prevent such a

disaster, trees close their stomata.

trees close theirs earlier in the day

than shorter ones.

Although tall trees may gain

some protection by shutting down
their pores, they do have to pay a

price. Closed stomata cannot draw

in air. Without CO2, photosynthesis

comes to a halt, and without photo-

synthesis, the tree stops growing. E.x-

actly where this trade-ofF occurs in

the growth of a tree depends on its

physiology and its environment.

Bond and Ryan think it's no coinci-

dence, for e.xample, that the world's

tallest living trees, the redwoods, are

bathed in fog coming off the Pacific

Ocean. In the moist air, they pro-

pose, these trees don't lose water

as quickly, so they can keep their

pores open longer and perform

more photosynthesis. But even

for fog-shrouded redwoods,

there is a limit. Sooner or

later, eveiy tree has to give

up its quest for height in

order not to die of thirst.

Science iriircr Carl Ziiuiucr's Lit-

est book, Parasite Re.x, was just

published by the Free Press.
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THIS VIEW OF LIFE

Syphilis
and the

Shepherd ofAtlantis

The most "poetic" statement

about the dreaded plague is not

an early physician's hexameter

but the modern map ofthe

pathogen's genome.

By Stephen Jay Gould

We usually manage to confine our ap-

petite for mutual recrimination to

merely petty or mildly amusing taunts.

Among English speakers, unan-

nounced departures (especially with

bills left unpaid) or military absences

without perinission go by the epithet

of "taking French leave." But a

Frenchman calls the same, presumably

universal, human tendency filer a

Vanglaise, or "taking Enghsh leave." I

learned, during an undergraduate year

in England, that the condoms I had

bought (for no reaHzed purpose, alas)

were "French letters" to my fellow

students. In France that summer, my
fellow students of another nation called

the same item a chapeau anglais, or

"EngHsh hat."

But this form of pettiness can esca-

late to danger. Names and symbols in-

flame us, and wars have been fought

over flags and soccer matches. Thus,

when syphilis first began to ravage Eu-

rope in the 1480s or 1490s (the dis-

tinction, as we shall see, becomes cru-

cial), a debate erupted about naming

rights for this novel plague—that is,

the right to name the disease for your

enemies. The first major outbreak had

occurred in Naples in the mid- 1490s,

so the plague became, for some, the

Itahan or the NeapoHtan disease. Ac-

cording to one popular theory (still

under debate, in fact), syphiHs had ar-

The Syphilitic, a 1496 woodcut by

Albrecht Diirer

rived from the New World, brought

back by Columbus's sailors, who had

pursued the usual activities in novel

places—hence "the Spanish disease."

The plague had been sufficiently acute

a bit northeast of Columbus's site of

return—hence "the German disease."

In the most popular moniker of aU, for

this nation maintained an impressive

supply of enemies, syphilis became

"the French disease" {morbus Galliats in

medical treatises, then usually pub-

lished in Latin), with blame cast upon

the troops of the young French king,

Charles VIII, who had conquered

Naples, where the disease first reached

epidemic proportions, in 1495. Sup-

porters of this theory then blamed the

spread through the rest of Europe on

the activities of Charles's large corps of

mercenary soldiers, who, upon demo-

bilization, fanned out to their homes

all over the continent.

I first encountered this debate in a

succinct summary written by Lu-

dovico Moscardo, who described po-

tential herbal remedies in the catalog of

his museum, published in 1672: "Ne

sapaido, a chi day la colpa, li spagnuoli lo

chiamorono mal Francese, U Frances! male

Napolitano, e li Tedeschi, mal Spagntiolo"

(not knowing whom to blame, the

Spaniards call it the French disease, the

French the Neapolitan disease, and the

Germans the Spanish disease). Mos-
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cardo then added that other people at-

tribute the origins of syphihs to bad

airs generated by a conjunction of the

three most distant planets—Mars,

Jupiter, and Saturn—in the night sky.

How, then, did the new plague re-

ceive its modern name of syphilis, and

what does "syphilis" mean, anyway?

The peculiar and fascinating tale of the

naming of syphilis can help us to un-

papal doctor, for example, he super-

vised the transfer of the Council ot

Trent to Bologna in 1547, both to

honor his holiness's political prefer-

ences and to avoid a threatened epi-

deiTiic). In short, a Renaissance man of

the Renaissance itself.

My inspiration for this essay flowed

from the stark contrast between Fra-

castoro's christening of syphilis in 1530

The Spaniards called syphilis the French disease,

the French called it the Neapolitan disease, and the

Germans called it the Spanish disease.

derstand two key principles of scholar-

ship that may seem contradictory at

first but that must be amalgamated into

a coherent picture ifwe hope to appre-

ciate both the theories of our forebears

and the power of science to overcome

past error: first, that the apparently

foolish concepts of early scientists

made sense in their times and can

therefore teach us to respect their

struggles, and second, that these older

beHefs were truly erroneous and that

science both progresses, in any mean-

ingful sense of the term, and holds im-

mense promise for human benefit

through correction of error and dis-

covery of genuine natural truths.

"Syphilis," the proper name of a

fictional shepherd, entered our lan-

guage in a long poem composed in

1 ,300 verses of elegant Latin hexame-

ter and pubhshed in 1530 by the great-

est physician of his generation (and my
second favorite character of the time,

after Leonardo da Vinci)—a gentleman

from Verona (also the home ofRomeo
and Juliet), Girolamo Fracastoro

(1478-1553). Fracastoro dabbled in as-

tronomy (he became friendly with

Copernicus when both studied medi-

cine at Padua), made some crucial geo-

logical observations about the nature

of fossils, wrote dense philosophical

treatises and long classical poems, and

held high status as the most celebrated

physician of his time (in his role as

and the style and substance of a 1998

paper on the genome of the bacterium

that truly causes syphilis. Fracastoro

could not resolve the origins of syphilis

and didn't even recognize its venereal

mode of transmission. So he wrote a

poem and devised a myth, naming

syphihs to honor a fictional shepherd

of his own invention. In greatest con-

trast, the sober paper published by

thirty-three coauthors in Science maga-

zine (July 17, 1998) resolves the

1,138,006 base pairs—arranged in a

sequence of 1,041 genes—in the

genome o( Treponema pallidum, the un-

doubted biological cause of syphihs.

Fracastoro's shepherd may have

ended an acrimonious debate by do-

nating his neutral name, but Fracastoro

himself, as a Veronese patriot, made his

own allegiances clear in the fuU title of

his epic poem: Syphilis sive morbus Gal-

licus (Syphihs, or the French disease).

To epitomize some horrendous

complexities of local poUtics: Verona

had long been controlled by the more

powei-ful neighboring city of Venice.

Italy did not yet exist as a nation, and

the separate kingdom of Naples main-

tained no formal ties to Venice. But

commonaHties oflanguage and interest

led the citizens of Verona to side with

Naples against the invading French

forces of Charles VIII, while general

French designs on Italian territory

prompted nearly a half century of war

and strong Italian enmity, especially

following Charles's temporary occupa-

tion of Naples.

Meanwhile, Maximilian I, the

Hapsburg Holy Roman Emperor (who

ruled an Austrian-dominated confed-

eration in western and central Europe,

despite the name), added Spain to his

extensive holdings by marrying both a

son and a daughter to Spanish rulers.

He also aUied himself with the Pope,

Venice, and Spain to drive Charles Vlll

out of Italy. A decade later, given the

shifting alHances of realpoUtik, Maxi-

milian had made peace with France

and even sought its aid to wage war on

Venice. His successfiil campaign spht

Venetian holdings, and Maximihan oc-

cupied Fracastoro's city of Verona from

1509 until 1517, when control reverted

to Venice by treaty.

Fracastoro had fled the territory to

escape Maximilian's war with Venice.

But he returned in 1509 and began to

Girolamo Fracastoro (1478-1553),

physician and poet

prosper both immediately and might-

ily, so I assume that his allegiances lay

with Maximihan. But to shorten the

tale and come to the relevant point,

Maximilian (at least most of the time)

controlled Spain and regarded France

as his major enemy. Fracastoro, as a

Veronese patriot and supporter of



M.iximili.in, also dcspisoil tin.' laMKli

presence and pretensions. Fracastoro's

interest therefore lay with absolving

Spain for the European spread ot

syphilis by denying the popular theory

that Columbus's men had inadver-

tently imported "the Spanish disease"

with their other spoils from the New
World, llence, tor Fracastoro, his

newly christened syphilis wouM be

called inorhiis Cnilliiin.

I can't boast nearly enough L.uin to

.ippreciate Fracastoro's literary nuances,

but experts then and now have heaped

praise upon his Virgilian style. Joseph

Scaliger, perhaps the greatest scholar of

the generation after Fracastoro's,

lauded the work as "a divine poem,"

and Geoffrey Etough. the major trans-

lator of our time, writes that "even

Fracastoro's rivals acclaimed him sec-

ond only to Virgil." In this essay, I wiU

use Nahum Tate's English version of

1686, the first complete translation

ever made into any other language and

a highly influential work in its own

right (despite the clunkiness ot Tate's

heroic couplets in utterly unrelieved

iambic pentameter). This version re-

mained a standard source for English

readers for more than two centuries.

Tate, one of England's least celebrated

poets laureate (or is it poet laureates, or

even poets laureates?), wrote the li-

bretto for Henry PurceU's short oper-

atic jewel Dido and Aeneas. A tew de-

vout choristers may also know his texts

for "While Shepherds Watched" or

"As Pants the Hart." We shall pass by

his once-popular adaptation of King

Lear, with its happy ending in

CordeUa's marriage to Edgar.

Syphilis sive Diodnis Galliais includes

three parts, each with its own form

and purpose. Part 1 discusses origins

and causes, while parts 2 and 3 narrate

myths in closely parallel structure, de-

vised to illustrate the two most popular

(though, in retrospect, not particularly

effective) cures. Fracastoro begins by

defending his choice of morbus Galliats

as a name for the disease:

r / *^
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To Naples first it came

From France, and justly took

from France his name

Companion from the war. . . .

He then considers the theory of New
World transmission on Spanish ships

and admits the tragic irony, if true:

If then by Traffick thence this

plague was brought

How dearly dearly was that

Traffick bought!

But Spanish shipping cannot be

blamed, Fracastoro holds, because the

disease appeared too quickly and in too

many places, including areas that never

received products from the New World,

to validate a single point of origin:

To whom all Indian Traffick

is unknown

Nor could th'infection from the

Western CHme
Seize distant nations at the

selfsame time.

Spain must therefore be absolved:

Nor can th'infection first be

charged on Spain

That sought new worlds beyond

the Western main.

Since from Pyrene's foot, to Italy

It shed Its bane on France,

while Spain was free.

From whence 'tis plain this Pest

must be assignd

To some more pow'rful cause and

hard to find.

The remainder of part 1 presents

Fracastoro 's general view of nature as

complex and puzzling but intelligible

—

thereby exemplifying Renaissance hu-

manism, an attitude that tried to break

through the strictures of Scholastic log-

ical analysis to recover the presumed

wisdom of classical times ("renaissance"

means "rebirth") but that did not yet

include the belief in the primacy ofem-

pirical documentation that would char-

acterize the rise of modern science

more than a century later. Fracastoro

tells us that we must not view syphihs as

divine retribution for human malfea-

sance (a popular theory at the time)—

a

plague that must be corrected but can-

not, as a deparaire from nature's usual

course, be comprehended.

Rather, syphUis originated by nat-

ural causes that can, in principle, be

understood. But nature is far more

complex and unattuned to human sen-

sibihties than we had been wilhng to

admit, and explanation will not come

easily—for nature works in strange

ways and at scales far from our easy

perception. For example, Fracastoro

argues, syphihs probably had no simple

point of origin followed by later spread

(thus absolving Spain once again). Its

particles of contagion (whatever they

And to each cause a true

effect assign

Must be a task both hard

and doubtful too.

[But] nature always to herself

is true.

Part 2 continues the central theme

of natural causation and potential alle-

viation, but in a very different manner.

Following the traditions of Latin epic

poetry, Fracastoro now constructs a

myth to illustrate both the dangers of

human hubris and the power of salva-

tion through knowledge. He begins by

giving the usual sage advice about alle-

viation via good Uving: lots ofvigorous

exercise, healthy and frugal diet, and

no sex. (This regimen, addressed to

males alone, proscribes sex only as a

drain upon bodily energy, not as a

source of infection—for Fracastoro did

Fracastoro proscribed sex as a drain upon bodily

energy, not as a source ofinfection, for he did not

understand the venereal transmission ofsyphilis.

may be) must be carried by air but may

remain latent for centuries before

breaking out. Thus, the plague of any

moment may emerge for reasons set

long before. Moreover, certain potent

causes—planetary conjunctions, for

example, that may send poisonous em-

anations to Earth—remain far from

our potential observation or under-

standing. In any case, and on a note of

hope, Fracastoro depicts plagues as

comprehensible phenomena of com-

plex nature. And just as they ravage us

with sudden and unanticipated fury,

the fostering conditions will change in

time, and our distress shall lift:

Since nature's then so Hable

to change

Why should we think this late

contagion strange?

The offices of nature to define

not yet understand the venereal trans-

mission of syphilis.) But cure also re-

quires pharmacological aid. Fracastoro

upheld the traditional Galenic theory

of humors and regarded all disease, in-

cluding syphilis, as an imbalance

among essential components that must

be corrected by such measures as

bleeding, sweating, and purging:

At first approach of Spring,

I would advise.

Or ev'n in Autumn months

if strength suffice,

To bleed your patient in the

regal vein.

And by degrees th'infected

current drain.

Part 2 then extols the virtues of

mercury as a cure in this context. Mer-

cury can, in fact, retard the spread of

(Please turn to page 74)
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The KnuckleAJt^alkin

Wounded
In Uganda,

chimpanzees are

sometdmes caught in

poachers' snares.

By Martin N. Muiler

Climbing a steep trail in Kibale Forest

National Park, I stopped briefly to listen

for chimpanzees. The forest was quiet,

save for the squabbling of red colobus

monkeys in the valley below. Occasion-

ally the tumult was punctuated by the

shrill cry ofEast Africa's ubiquitous red-

chested cuckoo: Wip imp weeoo, "it wiU

rain." Clear skies contradicted the bird's

gloomy forecast as I continued up the

slope toward a huge fruiting Mimusops

tree, where there was evidence the apes

had been feeding.

I discovered three of them eating

the immature fruits in the tree's spread-

ing crown. With my binoculars, I iden-

tified middle-aged Kabarole and her

twelve-year-old son, Kakama. The

third individual was harder to distin-

guish, although she was clearly a juve-

nile female. "Do we have a female that

has a wire snare on her right hand?" I

asked Christopher Katongole, one of

the Ugandan field assistants from

Kibale. "No. The snare must be new,"

repUed Christopher, "and it's wrapped

around all four of her fingers below the

knuckles." I could also see where the

thick, multistranded wire had cut her

right hand, creating an open, raw

wound. Suddenly she turned, and we

saw that her left hand was missing at

the wrist. It was Nectar.

I had come to this 300-square-mile

equatorial forest in southwestern

Uganda to conduct research for my
doctoral dissertation on the behavior of

wild chimpanzees. When I first arrived

in January 1996, Nectar was a preco-

cious and independent seven-year-old

whose elfm countenance belied a

rather sober disposition. Her mother,

Finger, had given birth days before my
arrival, so Nectar had a baby brother,

PoUen, to occupy her attention. Nectar

herself, however, was disabled. Nine

months earUer, a poacher's snare had

caught her left hand, and although she

tore free from the wooden pole to

which the snare was anchored, the loop

of wire remained firmly embedded in

her wrist. For three months, it worked

its way deeper and deeper into the

flesh, causing her hand to swell, rot,

and eventually fall off. A human sus-

Nectar, above, with part of a snare on her

remaining hand, licks the wound.

Opposite: Kabarole (left), who is also

missing a hand, with her son, Kakama.

taining such a ghastly wound would

probably have died without medical in-

tervention. Wild chimpanzees, though,

are amazingly tough, and Nectar was

tougher than most. She survived the

ordeal and learned to cope with her

handicap. Her stump couldn't bear

much weight, but she was able to limp

through the forest on three Hmbs. She

fed and groomed herself with her

unimpaired right hand. Ifher right arm

itched, she scratched it by rubbing

against a tree.

Now, two years later. Nectar had

stumbled into another snare, and the

wire had already started to cut into the

fingers of her right hand. As we headed

back to camp with the grim news, I

wondered whether she would lose this
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legs. It was harrowing to watch her ne-

gotiate the canopy while wobbling like

a drunken tightrope walker. Removing

the eiiu.iui)' and east ot'tlie Ruwenzon

Mount.uns. Few are dependent on

bushmeat to feed their families, ,ind

the\' set snares only for bushpigs, busli-

luK ks, .iiid dtiikers. Unfortunately, the

snares are just as likely to catch humans,

elephants, or chimpanzees. To hunians

wandering in the park, snares are mere

irritants (albeit alarniing ones) to be

untangled from one's boot. To ele-

the other end is bowed down to a shal-

low, camouflaged pit, where it is con-

nected to a loop of wire or nylon rope.

When an animal steps on the camou-

flage, its foot lands in the pit, triggering

the release of the bent pole, which

causes the snare to tighten around the

foot. Humans who unwittingly step

into a snare are sometimes wrenched off

their feet: most animals panic, pulling

the snare, however, would require

shooting Nectar with a tranquilizer

dart, a complicated and risky procedure.

Wild anin^als are protected through-

out Uganda—not just in the national

parks. So all hunting is, in fact, poach-

ing. Most of the poachers in Kibale are

subsistence farmers who cultivate

maize, cassava, millet, bananas, and

plantains in the fertile hiUs just north ot

phants, they are trifles to be crushed

with impunity. But to chimpanzees,

they are land mines in the forest. Strik-

ing without warning, they cause terror

and suffering, and frequently leave their

victims mutilated or dead.

The snares are exquisitely simple de-

vices that take poachers less than half an

hour to consti-uct. One end of a sttong,

flexible pole is anchored in the ground;

the wire tighter as they tiy to escape.

Poachers may wait ten days or more be-

fore checking then" ttaps; in the mean-

time some animals die.

Chimpanzees are tremendously

strong and, if ensnared, generally tear

the loop of wire from the pole or rip

the pole from the ground. In 1996 a

male chimpanzee we called Big Brown

(the tbrmer alpha male in our study
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group) carried a six-foot pole tucked

under his arm for more than fifteen

days before it separated from the wire,

which to this day binds two of his fin-

gers together. Such wires commonly

stay put for months or years, invariably

causing pain and regularly producing

amputees like Nectar.

Since Harvard University anthro-

pologist Richard W. Wrangham began

studying Kibale's chimpanzees in 1987,

he has found many of them suffering

from serious snare injuries. Easygoing

Yogi has lost all but two of his fingers;

Kabarole, lacking her right hand, uses

her stump as a club in moments of

pique; aging Stocky, another former

alpha male, now hopelessly craven,

hobbles cautiously on a mangled hand;

shy Stump is missing her right hand,

and her son, Twig, his left. Another

chimpanzee to join the ranks of the

walking wounded was the lusty young

Nile. In April 1998 1 noticed a rope

snare wrapped around the fingers of

her left hand. One month later the

snare was gone, but so were two of her

fingers, and a third dangled from a thin

strip of ragged rotted flesh.

The news of Nectar's misfortune

was a blow to aU of us involved in the

Kibale Chimpanzee Project, a study fo-

cusing on the Kanyawara community

of fifty or so chimpanzees. If we failed

to act. Nectar's hand inight wither and

fall off, making it difficult if not impos-

sible for her to walk, cHmb, and feed.

We could hope that only one or two

fingers would fall off with the snare and

some flmctioning digits would remain.

But ifwe darted her with a tranquilizer,

we risked losing her in the dense under-

growth before the tranquiHzing agent

immobilized her—or she might panic,

climb into the crown of a tree, and,

after the drug had put her to sleep,

plummet to the ground. Also, since

chimpanzees are rarely alone, the others

might attack us to protect their uncon-

scious companion. But in the end, the

decision was to try to remove the snare.

An antipoaching patrol In Kibale Forest National Park

The Snare Patrol
B]/ Richard W. Wrangham

The deliberate hunting of chimpanzees is unknown in

Uganda, but snares are set for antelope, pigs, and other

small animals. Chimpanzees, which travel in small

groups and congregate in fruiting groves, normally rec-

ognize these traps and walk around them. But some-

times, perhaps distracted by play or other social interac-

tions, a chimpanzee will be caught. Each year, some 3.7

percent of the chimps living within the group called the

Kanyawara community in Kibale Forest National Park

are ensnared. Many suffer permanent damage. Of fifty-

nine adult Kanyawara chimpanzees observed between

1988 and 1999, four had lost a hand, and another twelve

had noticeable wounds, ranging from lost knuckles to

bent wrists and crippled feet. Several others, with no

signs of aging or iUness, had disappeared.

In 1997, under the auspices of the Uganda Wildlife

Authority, researcher Samuel Mugume, of Makerere

University, conducted a study of the park. He estimated

that at least 15,000 snares had been set throughout Kibale.

In an effort to discourage hunters in the park from setting

them altogether, four rangers (funded by the Columbus

Zoo in Ohio and the Jane Goodall Institute) now patrol

Kibale, receiving a bonus of thirty-three cents for each

snare they collect. Since September 1997, they have re-

moved about 2,300 snares.We hope that these efforts lead

to similar programs in other parts ofUganda.

Richard W. Wrangham is a professor of biological anthropology

at Harvard University and since 1987 has directed the Kibale

Chimpanzee Project.

Samuel Mugume, shown here with confiscated snares, has

been leading the effort to eliminate the snares in Kibale.
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The next morning. Nectar arrived

at the Miiiiusops tree soon after we did.

With her were the adolescent male

Kakama and a small group of females

that included Nectar's mother, Finger.

A typical chimpanzee day starts at first

liaiht, when individuals leave their nests

Nectar with her brother. Pollen

(which they build anew each night)

and visit a fruiting tree to feed, groom,

and relax before moving on to feed on

other trees. Perhaps because of her

fresh wound, Nectar stayed close to

her mother. Would Finger rush to pro-

tect Nectar ifwe darted her? Or would

Finger concentrate instead on protect-

ing her baby, PoUen, from any sort of

risk? After spending several hours in

the tree's canopy, the party finally de-

scended to the ground but moved into

a dense thicket, forcing us to call oft

our attempt. The following day, the

group had disappeared.

A month later, we came upon

Nectar and two-year-old Pollen feed-

ing by themselves in a large fig tree.

Where was Finger? Pollen usually did

not stray far from his

mother, and Nectar was

hovering close by as if

anxious to keep her

brother out of danger.

Eventually the siblings

led us into a dense

thicket where Finger lay

dying. She had devel-

oped a severe respiratory

infection: her labored

breathing was clearly

audible. PoUen clung to

Finger's side and buried

his face in her arms.

She died that after-

noon. During the night

we returned, hoping to

spirit Finger away while

Pollen slept, but we
found him still clinging

to her. As our flashlights

shone across his face, he

looked up with a Ufeless,

vacant expression. Only

the next morning, when
he had joined Nectar to

feed in the fig tree, were

we able to remove his

mother's corpse.

Nectar immediately

adopted her baby brother,

allowing him to sleep in

her night nests and grooming him
earnestly, if ineffectively, by rubbing

her stump through his hair. When
possible, she carried him, but the

snare made it difficult for her to walk

on her own, let alone with an infant.

At times, she received help from other

chimpanzees. Rosa, a self-assured fe-

male of Nectar's age, and Light

Brown, a strikingly tall and good-na-

tured male, occasionally pitched in to

carry Pollen when the group traveled

long distances. For the most part,

though. Nectar had to care for her

brother alone. Pollen was at least stiU

climbing into the fig tree to feed. In-

creasingly, however, he was becoming

listless and withdrawn, refusing invita-

tions to play and grooming himself

disconsolately.

With Finger gone, a major obstacle

to darting Nectar had been removed,

and we decided to try again. But Nec-

tar, now responsible for her brother's

safety, refused to let us approach. Ifwe
moved too close, she screamed with

agitation and then melted into the un-

dergrowth with Pollen in tow. The fig

tree finally ran out of firuit, and they

disappeared. We had no idea where to

look for them. When Nectar turned

up with a group of adult males three

weeks later, PoUen was not with her. It

would have been remarkable for a

two-year-old chimpanzee to survive in

the wild without his mother, but we

couldn't help thinking that Nectar, so

tough and independent, might have

been able to save her Uttle brother if

she'd had just one good hand.

After Pollen disappeared. Nectar

formed a special friendship with the

amiable, two-fingered Yogi. The pair

could often be seen traveling, resting,

and grooming together, perhaps be-

cause their similar injuries caused

them to lag behind the other chim-

panzees. With adult males in atten-

dance, we were reluctant to organize

another darting attempt, so the snare

stayed on Nectar's hand. A few weeks

later she vanished, and she has not

been seen since. It makes me sad

thinking about her; I know that snares

rarely kiU quickly.

Martin N. Muller spent more than two

years in East Africa completing his Ph.D.

dissertation, "Endocrine Aspects ofAggres-

sion and Dominance in Wild Chim-

panzees," for the University of Southern

California's Department of Anthropology.

He has a postdoctoral position at Harvard

University.
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The turf buildings of an eighteenth-

century farmstead are preserved as

Iceland's Glaumbaer Museum.
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Westward expansion? By Thomas H. McGovern and Sophia Perdikan's
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Early
in the ninth century, adventurous Scandinavians

migrated to the northern British Isles (the Shetlands and

Orkneys), around Britain to the Hebrides and into the

Irish Sea, and still farther west to the apparently uninhab-

ited Faeroe Islands. By A.D. 874 Scandinavian settlers, no

doubt accompanied by substantial contingents of native British

Islanders, were colonizing Iceland, and in about 985, Iceland-

born Erik "the Red" Thorvaldson began the settlement of

S^SE

"Vikings: The

North Atlantic

Saga," a traveling

exhibition

organized by the

National Museum

of Natural History,

Smithsonian

Institution, will

be featured at the

American Museum

of Natural History

from October 21,

2000, to January

21, 2001. A survey

of Viking history

and artifacts is

contained in a

companion

volume. Vikings:

The North Atlantic

Saga, edited by

William W.

Fitzhugh and

Elisabeth I. Ward

(Smithsonian

Institution Press,

2000).

Greenland, recruiting mostly other Icelanders to

join him as colonists. At the turn of the millen-

nium, as recounted in Icelandic sagas first written

down 300 years later, Erik's sons explored parts of

the Canadian Arctic and the coasts of "VirJand"

—

probably Newfoundland and adjacent Labrador.

Any doubts that the Scandinavians did indeed

reach the New World were laid to rest during the

1960s, with the discovery and excavation of L'Anse

aux Meadows, a site in Newfoundland that dates to

about 1000.

This westward expansion across the North At-

lantic took nearly two centuries to complete, with

each new colony, especially in its vulnerable early

years, greatly dependent upon the preceding ones

for settlers, Hvestock, and suppUes. The enterprise

hinged on the Scandinavians' excellent ships and

their skill in navigating across large bodies ofwater,

a seafaring advantage that also enabled them to

plunder European shores (in addition to their west-

ward push, Scandinavians—including Norwegians,

Swedes, Danes, and Finns—penetrated south as far

as the Mediterranean and east as far as the Caspian

Sea). As raiders they were known as the Vikings, a

term that is now loosely applied to all Scandinavian

peoples of the Viking Age (ca. 800—1100) and also,

sometimes, of the Middle Ages (ca. 1100-1500).

The impetus for migration came from overpopula-

tion at home as well as from increased conflict be-

tween minor aristocrats, conflict that was fueled by

the new, plundered wealth.

But the chain ofcommunities connecting main-

land Scandinavia with the New World did not long

survive. Archaeologists who have examined L'Anse

aux Meadows in Newfoundland tell us that this set-

tlement lasted just a few decades, perhaps only a few

years. Subjected, after 1300, to increasingly cool

summers and greater amounts of sea ice, the Green-

land colony, numbering between 3,000 and 5,000

souls, fell on hard times and died out by about

1450. Icelandic settlements succeeded in surviving

these same hard times and still worse ones that fol-

lowed—including periodic volcanic eruptions and,

in the first half of the eighteenth century, famine

and smallpox. Still, nearly a quarter of the island's

population of 45,000 to 55,000 perished. In north-

western Europe, dismal living conditions were cre-

ated by the development of commercial fishing, a

harshly exploitative industry.

Where did these bright, ambitious, hard-work-

ing settlers go wrong? For an answer, we need to

look beyond the Icelandic sagas and other written

records—a precious but finite resource—and in-

corporate the testimony of poUen, soils, insect re-

mains, human and animal bones, charcoal firag-

ments, ice cores, and volcanic ash layers. The silent

sagas contained in this archaeological, paleo-

environmental, and climatic evidence—assembled

by many researchers during the past two decades

—

tell us that part of the problem may have been the

settlers' attempt to transplant a way of life that had

worked in Scandinavia but ultimately proved un-

suitable to the more marginal environments and

less stable climates of Iceland, Greenland, and

northern North America.

Animal bones and other materials collected

fi^om archaeological sites show that in their home-

lands, wealthy Scandinavians had large farmsteads

with dairy cattle (also a source of meat), pigs, sheep

and goats (exploited for wool or hair, as well as

milk and meat), and horses (used for transport).

The ideal farmstead had ample pastures, fields

of barley—cultivated more to make beer than

bread—and was located near seaUng beaches, bird

cliffs (providing meat, eggs, and eiderdown), and

an inshore fishery that could be exploited year-

round. Fishermen used hooks and long hand Hnes

and usually carried out their trade from rocks or on

boats that did not venture over the horizon. Ar-

chaeological finds in the Orkneys show that early



Vikings sLicccsstully exported this cointort.iblc

lifestyle, based on an abundance of local resources.

At first, the setders of southern IceLuid repli-

cated this pastoral ideal quite closely, but by the

eleventh or early twelfth century, they, along with

their pigs and goats, niiist have used up iiukh ot

the forest. This may be the main reason that pigs,

which need woodlands to thrive, drop out of the

archaeological record at this time, as do goats,

which probably were not as efficient as sheep at

turning grass into milk. The relative numbers ot

cattle also decline in favor of sheep, probably be-

cause cows require better quality pasture. The old

expectations and practices did not die so easily,

however. When Erik the Ked and his contempo-

raries settled C'.reenland. they sought to establish,

wherever possible, not only the modified eleventh-

century Icelandic tarinstead but the original Scan-

liiii.isi.in lann\teai.l, rich in pigs and cattle. I his

simply did nui work over the long term.

The veget.ttion of the North Atlantic, domi-

nated by Old World plants all the way from Norway

to western Clreenl.md, probably gave the early set-

tlers a false impression that the environment was

uniform throughout the region. Viking fanners ar-

riving in Iceianil from northern N(Ji"way or the

Shetlands would have been encouraged by the sight

of pastures with sedges and grasses and dwart wood-

lands ofbirch and willow resembling those at home.

But the colonists from Scandinavia and the British

Kles h.id crossed critical environmental thresholds

when they went from islands warmed by the North

Atlantic Drift (the northern extension ot the Cult

Stream) to Iceland and Greenland, where these

warm waters met cold currents from the north. The

colder winters and shorter growing season made the

Sheep that spent

the summer in

mountain pastures

are herded across

volcanic sands

to lowland farms

near Iceland's

northern coast.

The island's

earliest

Scandinavian

settlers also

imported cattle,

pigs, and goats in

an attempt to

replicate the

Scandinavian

farmstead.
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green fields they encountered more fragile. While

Scandinavian pastures and woods could sustain large

concentrations of cattle and pigs, these same animals

helped denude the landscapes of Iceland and

Greenland within a few generations. In addition,

the more variable chmate was in a deceptively mild

mood when the Vikings first arrived; subsequently,

it not only fluctuated but followed an overall cool-

ing trend that seems not to have reversed itself until

the early twentieth century.

The concealed environmental differences ex-

tended to the soils, which form at a far slower rate

in both Iceland and Greenland because of the

ny doubts that the Vikings reached the

New World have been laid to rest.

slower rate of plant growth and decomposition

there. In Iceland the impact of Viking farmsteads

on the land can be dated by analyzing layers of vol-

canic ash in soils, sediments, and ice caps. Rapid

erosion occurred at many elevations after the initial

settlement, probably as vegetation was consumed by

Uvestock, turf stripped for house construction, and

trees cut down for timber and fiiel. Once compro-

mised, the volcanic soil was vulnerable to wind ero-

sion. The situation stabilized for a while, but be-

tween 1450 and 1750 additional waves of erosion

started in the upland areas and moved downward.

The early Icelandic settlers apparently farmed a

great deal of the island, since Viking Age archaeo-

logical sites are found at higher elevations and far-

ther inland than any currently occupied farms. In

1998 Icelandic archaeologist Orri Vesteinsson dis-

covered one such site, Sveigakot, in northern Ice-

land near Lake Myvatn, at the edge of what today,

because of erosion, is a great desert of black sand

and rock. Volcanic ash, carbon 14, and artifacts all

date this site to the tenth century. Vesteinsson's

team has excavated substantial numbers of cattle,

goat, and sheep bones and a generous collection of

pig bones (which become very rare after 1000 in

both Iceland and Greenland). Excavation also has

turned up pieces of flattened birch bark (perhaps

roof shingles) and large amounts of wood charcoal

and iron smelting slag, aU suggestive of forest re-

sources long ago expended.

AU in all, the early settlers—^who probably an-

ticipated that the climate would remain warm and

that the grasses and trees would regrow at a rate

comparable to that in Scandinavia—appear to have

rapidly consumed what environmental historian

William Cronon has called their "natural

capital"—soils and vegetation that had built up

over millennia. By the time they realized that soils

and weather were less forgiving in the new land,

severe and often irreversible damage had been

done, and similar natural resources were lost to

The Viking farmers

who settled in

Iceland and

Greenland found

the environments

harsher than those

of northern

Europe, in part

because of the

influence of cold

Arctic currents.

The colony in

Greenland

ultimately failed,

but explorers did

reach at Least as

far west as

Newfoundland.



Liter generations. To compensate, the colonists

turned increasingly to tlic sea.

Scanclinavians had always hunted seabirds, seals,

and occasionally whales, but preserved fish, espe-

cially cod and related species, was then ni.uii

North Atl.intic ni.irine product. They used two

principal methods of preservation. Stockfish con-

sisted of tish that were beheaded, gutted, and air-

dried at temperatures just around freezing, while

for /,'/;/)/'/7.s7), the fish were beheaded, split open,

and dried, sometimes—if the air was insutFiciently

cold—with salt.

Even before the ninth century, stockfish was

produced in substantial amounts in northern Nor-

way, especially around the cod spawning grounds

otT the Lofoten and Vesteralen Islands. Since the

product had a shelf life of more than two years with

no refrigeration, it was a resource that could be

counted on even when the harvest failed or dairy

supplies ran short. During the Viking Age, stock-

fish was traded to people in the south for barley

and to the Saami reindeer herders in the north for

flirs. It could be taken dong on boat voyages as a

convenient, nutritious meal and was consumed on

land in years when the harvest was poor or the sea

uncooperative. In the hands of the Viking chief-

tains vying for royal authority, stockfish was not

only a source of wealth but a means of ensuring

status. When exchanged for barley, it permitted the

brewing of the beer that made guests and digni-

taries happy, secured alliances, and sanctified reli-

gious festivals.

Viking colonization of the North Atlantic may

have contributed to the preserved fish trade. Sites

in the Orkneys, Shedands, and northern Scodand

are particularly rich in cod and other deep-sea

fishes. In Iceland preserved saltwater fish bones

have been found on tenth-century inland sites such

as Sveigakot. In Greenland, however, the principal

marine food sources were seals and seabirds rather

than fish, while walrus ivor^- and hide seem to have

served as overseas trade goods.

By 1100, at the end of the Viking Age, Norway

had been unified under one king and the nation

had been Christianized through its contact with

Britain. Norwegian fisheries came under the direct

control of the state and local bishops, and stockfish

became a major source of royal and ecclesiastical

revenue. Traded all over Europe, stockfish was no

longer a subsistence foodstuff and item of barter,

delivered personally by a fisherman to a local

strongman, but an internationally exchanged com-

modity, a piotiuct of standardized size, value, and

i|Li,ility that could be bought and sold in disi.iiii

countinghouses by men who would never see the

fishermen or the fish. Archaeologically, this trans-

formation can be discerned in the fish bones found

at sites in Norway and Iceland: fewer fish species

are represented (because of the concentration on

cod fishing), and the estimated lengths for these

fish fall mostly in the range suitable for stockfish

(overly large fish would start to rot before they

Iceland's dwarf

woodlands, below,

did not regrow fast

enough to satisfy

the needs of the

Viking colonists

and their

descendants.

By the eighteenth

century, 90

percent of the

trees were gone.

Left: The volcanic

soils of Iceland

are highly

vulnerable to

wind erosion.

were fully preserved, while small tish would end up

hard as rocks). Headless fish turn up on inland

Norwegian and Icelandic sites dating to the Viking

Age, but the numbers of such fish increase during

the thirteenth and fourteenth centuries, especially

in the new urban setdements that provided com-

mercial markets for all sorts of commodities.

In the process of making merchants and lords

wealthy, this early globahzation spawned the north-
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west European fishing villages now looked upon as

"traditional" setdements. Unlike the earUer farm-

steads organized around a broader array of re-

sources, these villages were founded only to pro-

vide access to fishing grounds, often on barren

points or other areas with poor agricultural poten-

tial. These centers were provisioned partly by the

few local farms that were still functioning but in-

creasingly with foods imported in exchange for

ommerdal fishing brought links to the

world but also a q^cle of debt and death.

fish. (The discovery of Polish grain beedes at the

site of Langanes, in the Lofoten Islands, shows how
far Baltic grain was transported.) With commer-
ciaHzation, fishermen added more hooks to longer

lines, and several times a day, without benefit of a

reel, had to haul in as much as 300 to 500 feet of

hemp, with several cod attached per yard. Most of

the year-round and seasonal occupants of these

new settlements were desperately poor, caught up
in debt passed from one generation to the next. A
great many fishermen perished at sea, especially

during the brutal winter season.

This second, commercial wave ofEuropean ex-

pansion did not reach Greenland before the colony

met its end. Large-scale fishing seems to have de-

veloped in Iceland during the fourteenth century,

but true fishing villages did not emerge there until

fall-scale commercialization of fishing was imposed

in the eighteenth century by Denmark, which
controlled the colony. Wherever commercializa-

tion penetrated, however, its effects were similar. It

brought connections to a wider world, to manu-
factured goods, bread, beer, and brandy—but at

the price of oppressive working conditions.

By the time Columbus set sail, Greenland was

dead, Iceland was struggHng to survive climate

change and a drawn-down natural capital of soil

and vegetation, and the northern isles of Britain

had been captured by the Scottish crown. Indus-

trial fishing was sending the northern Norwegians
into debt—and into early graves—and Scandi-

navia was dominated by Danish elites, whose cul-

tural aspirations were influenced by the free towns

of northern Germany. The North Adantic had

become a very different place from the open fron-

tier fuU of possibilities that Erik the Red and his

contemporaries knew—in large part owing to the

unintended consequences of choices made by the

early Vikings themselves. D

A Viking

settlement in

northern

Newfoundland

has been

reconstructed on

the basis of

archaeological

excavations. The

present name for

the site, L'Anse

aux Meadows,

appears to be an

English corruption

of the French

I'anse aux meduses

(jellyfish bay).





.Touchy
Harvestmen
For a striped daddy longlegs, when it's

TIME TO mate, the ONLY OPTION IS A BLIND DATE.

Story by Rogelio Macias-Ordonez

Photography BY Joe Warfel

IMAGINE YOU ARE DEAF AND NEARLY BLIND

and can hardly smell anything, but you have

eight legs, each forty or fifty feet long. These

legs are what enable you to assess your envi-

ronment, detect rivals and predators, fmd mates,

and procure food. That is the tactile perspective

of most daddy longlegs, also known as harvest-

men. As the British arachnologist Theodore H.

Savory once stated, "The study of harvestmen is a

study of legs."

After mating, a

male striped

harvestman (left)

maintains contact

with the female as

she selects good

places to lay eggs.

Making up the order Opiliones (which to-

gether with spiders, scorpions, mites, and other

groups form the arthropod class Arachnida), daddy

longlegs are creatures that people commonly en-

counter, both indoors and out. About 7,000 spe-

cies of harvestmen have been described, and many

more remain to be identified. Relatively Httle is

known, however, about how they lead their lives.

During the past seven years, I have been trying to

understand the matins strategies of one ofthe most
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abundant species in the eastern United States, the

striped harvestman (Lciobiiiiiiiii fittdtitiii). This spe-

cies can easily be recognized by the characteristic

blackish stripe on its back. The females range from

yellow to light brown, while the males—which are

smaller and have more elongated bodies—usually

are tinged reddish orange (perhaps a warning to

predators that they taste bad).

Each species of daddy longlegs has its preferred

environmental conditions. Several species may

sii.ire the s.inie habitat but be active at different

limes of tlay, when the humidity and temperature

fit their p.n tu iil.ir demands. Adult striped harvest-

men, like adults of some other species, appear for

only a few weeks during the year and then die. As

is true for most species in temperate zones, they arc

active in late summer .iiid early tall—hence the

name "harvestman."

The population I study, in an old quarry on the

campus of Lehigh University in eastern Pennsylva-

nia, is most active between mid-September and

mid-October. During this period, males station

themselves on the moss-covered, football- to

beachball-size rocks on the ground, frequendy re-

maining on these territories tor days at a time. As

females wander amid the surrounding leaf litter,

they climb over the rocks and find the waiting

males. Not until they actually come into contact

Left: Two males

fight over territory.

Eacti happens to

have a small mite

attached to his

body. Below:

Grasping her head-

on, a male (left)

copulates with a

female.

do a male and a female detect each other's pres-

ence. Exactly how an indi\ddual recognizes that it

has encountered a member of the opposite sex is

not yet known. Characteristic anatomy and behav-

ior may be detected through touch. The animals

may also have taste or short-range odor receptors

on their legs that play a role.

If a male detects a female, he pounces on her. at-

tempts to grasp her fi-om the ti-ont with short ap-

pendages known as pedipalps. and tries to copulate.
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Willie Other male arachnids use their pedip;ilps to

insert sperm into the female, male daddy longlegs

have true inti-omittent genitals. In both sexes, the

genitals are located just below the mouth, so the

position for copulation is halfway between face-to-

face and beUy-to-belly. I've observed that females

usually resist the advance and wrestle with the insis-

tent male. It is hard for a female to escape a male's

grasp, but the male needs her cooperation; mating is

impossible if she does not Lift up her front end.

Larger males copulate more, perhaps because

they are better able to subdue reluctant females.

Another possibility is that females assess male size

through such wrestling matches, choosing to copu-

late only with larger males. In other animal species

in which males have mating territories, females can

generally assess and compare males before entering

their domains, but a striped "harvestwoman" can-

not know whether a male is nearby—much less

choose one—before she touches him.

After mating, the female usually remains on the

rock and lays her eggs there. She repeatedly inserts

her ovipositor under the moss cover, searching for

crevices in the rock where her eggs can safely spend

the winter. The male follows her while she does

this, keeping contact with at least one leg. He fends

off any male that approaches the female. (Similar

behavior, common among other species in which

fertilization occurs inside the female, helps the male

assure paternity.) If the male loses leg contact with

the female, he walks in circles until he locates her.

He is apparently unable to distinguish his recent

mate from other females laying eggs, however, and

will guard the first female he finds in his search.

When the female leaves the rock, the resident

male remains behind, waiting for more females to

arrive. Since soon afterward the first female may

copulate with another male on another rock, the

obvious questions are, Which male's sperm will fer-

tilize which ofthe female's eggs, and how is this reg-

ulated? Unfortunately, we don't yet know whether it

is a matter of anatomy, physiology, behavior, or even

direct competition between the sperm themselves.

Order Opiliones

A male striped

harvestman guards

his territory on a

mossy rock—an

ideal place for a

female to lay eggs.

He is missing some

legs, a common

result of encounters

with predators or

faulty molting.

Six harvestmen (one

each from Florida,

Massachusetts, and

Trinidad; three from

Peru) exemplify

their order's

diversity. The

behavior of most

species remains to

be studied.

Rocks are good mating territories not only be-

cause gravid females prefer them as places to lay

eggs but also because these sites enable males to

comfortably grasp a female and attempt to copulate.

A male that encounters a female on leaf Utter also

will try to copulate, but if females want to avoid the

advance, they typically succeed. Males can rarely

achieve the balance and support there that they

would get on the flat, hard surface of a rock.

When two males encounter (that is, touch)

each other on a rock, they generally start fighting,

but the newcomer can usually be counted on to re-

treat. Sometimes, given their lack of long-range

perception, two males occupy and patrol the same

rock without detecting each other. If two such es-

tabHshed residents finally do touch, neither is in-

clined to withdraw, and the contender possessing

more legs usually wins.

Most adults in the population I study are miss-

ing at least one leg, and some lack as many as four.

Unlike other arachnids, daddy longlegs do not

grow back missing legs. The ones they lose most

frequently are from the second pair, which are

much longer than the others and are used not for

support but for detecting obstacles, rocks, and

other harvestmen. The legs are lost mainly in

struggles to escape the grasp of predators and be-

cause of problems during molting. Fights between

males and sexual encounters (although energetic)

rarely result in lost legs.

Although copulation and egg laying take place

on the rocks, at any given time most ofmy striped

harvestman population will be occupied elsewhere.

Rocks offer scant shelter, and on rainy days, males

climb a tree or retreat under a leaf. And rocks usu-

ally harbor Uttle food, which must be searched out

in the leaf Utter. While some species may be better

at hunting than others, most harvestmen scavenge

dead plants and animals, only occasionally catching

relatively easy prey, such as smaU caterpiUars. The

females I observe have larger home ranges than

males do and are constantly wandering in search of

food required for egg development.



To striped harvestmen, ground litter is a. com- A harvestman uses

plex and unstable three-dimensional surtace, and its long, second pair

their progress over it seems difficult and slow, of legs to sense its

At their scale, the Utter is constantly changing, surroundings.

with autumn leaves falling and drifting and the oc-

casional squirrel walking through the accumula-

tion and altering the topography. Therefore, har-

vestmen probably do not have the ability to

memorize paths on the litter leading to and from a

particular rock.

Males are more abunciant than teniales at the be-

ginning of the mating season, but they start to die

sooner. The first ti-osts
—^wliich in eastern Pennsyl-

vania normally occur during early November—fin-

ish off all the adults. Laid by the thousands, the eggs

remain under the moss layers inside the rock

crevices until the next spring, when they hatch.

The offspring grow throughout the summer, and

the new generation is ready to gather on the rocks

and reproduce as auaimn again approaches. D
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The Uses of Crying

and Begging
From

a hatchling magpie's first tentative

squawk to a newborn baby's cry, the care-

soliciting signals of dependent offspring are

the first form of communication in many spe-

cies. They are also among the most ostentatious

forms of communication around. Writhing broods

of songbirds, necks outstretched and beaks agape,

confront parents at the nest. Chinstrap penguin sib-

lings chase their parents through crowded rookeries

for a meal. Robin chicks, jockeying for preferred

feeding locations in the nest, get into shoving

matches. Even before hatching, when heat and not

food is the resource chicks crave, embryonic white

pelicans vocaUze in the egg. Nor are these displays

Hmited to birds and mammals. Tadpoles of the poi-

sonous frog Dendrobates pumilio perform vigorous

swim displays when their mothers check on them,

and mother frogs often respond by leaving behind

unfertilized eggs as food. Even insect larvae try to

get adult attention; immature burying beetles ges-

ticulate at their parents to earn a helping of regurgi-

tated, rotten meat.

Indeed, most offspring displays seem much
more extravagant than one would think necessary

to ehcit attention from parents already eager to pro-

tect and feed their own. Surely natural selection de-

signed maternal brains to be responsive. The ex-

cited squeals of hungry piglets and the bleats of

insistent lambs seem better designed for pestering

reluctant mothers than for conveying a simple mes-

sage of need. Why hasn't evolution programmed

human babies to seek parental favor with pleasant

sounds and gestures—a nudge, for example, or a

hushed whimper?

Back in 1974, Harvard biologist Robert Trivers

(now at Rutgers University) suppUed part of the

answer. Trivers challenged the idea that the interests

of a caretaking parent and its helpless young are es-

sentially harmonious. He pointed out that because

the offspring ofalmost all vertebrates share only half

their genes with each parent, the stage is set for

conflict. In Darwinian terms, he reasoned, each

Food chase:

Sibling chinstrap

penguins pursue

a parent. The

race may be

not to the

hungrier but to

thi more fit.

By Bryant Furiow



Throughout the animal kingdom, helpless offspnng have

ways of demanding attention that parents can't ignore. But

all the yelling and screaming and peeping and bleating may

communicate much more than mere hunger and thirst.
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Favoritism:

American coots,

right, tend to

give more food

to the chick with

the brightest red

splotch on its

forehead.

Barn swallow individual is trying to maximize the presence of his

chicks, above, or her own genes in succeeding generations, so ex-

were found in aggerated assertions of need—each offspring trying

one study to be to secure more than its fair share of parental re-

better fed by sources—should be favored by natural selection.

parents if they Parents, on the other hand, should be evolutionar-

had more red- ily designed to favor a relatively equal partitioning

orange pigment of resources among offspring, each of which is

on the inside of equally related to the parent and thus carrying an

their beaks. equal number of parental genes into the next gen-

eration. The result of the differing interests of par-

ents and young, Trivers predicted, would be a run-

away process favoring the evolution of more and

more ostentatious demands by offspring.

Others were quick to point out, however, that at

some point it would benefit parents to cease re-

sponding altogether to begging displays. Extrava-

gant displays entail costs. Noise and activity may at-

tract a hungry rat, hawk, or snake. Indeed, birds

that nest in the open or on the ground, such as

ovenbirds and Louisiana waterthrushes, perform

relatively inconspicuous displays, whereas those that

nest in safer locales (tree nesters such as western

bluebirds and American robins, for example) tend

to produce louder, more easily located calls.

That this difference has a lot to do with preda-

tors is supported by a series of imaginative experi-

ments by ecologist David Haskell, now at the Uni-

versity of the South in Sewanee, Tennessee. HaskeU

placed clay eggs and miniature walkie-talkies in ar-

tificial nests. He then broadcast recorded begging

calls of a tree-nesting species (the black-throated

blue warbler) from ground-nesting ovenbird abodes

and vice versa. Later, he counted rodent tooth im-

prints on the clay eggs. Playing the louder calls on

the ground increased visits by predators there, he

found, but playing the relatively soft begging calls of

ovenbirds firom tree nests did not. Haskell got simi-

lar results with the begging calls of cardinals, blue-

birds, and catbirds. (Some researchers have sug-

gested that the attracting ofpredators could actually

be the point of begging. Were this the case, soHcita-

tion displays—particularly vocalizations—should be

designed to maximize the risk of attracting a preda-

tor, forcing parents to immediately feed the young

in order to quiet them. Haskell's work effectively

refutes this argument.)

Besides attracting predators, begging displays

also take a toll on an animal's store of energy. John

McCarty, at the University of Florida in Gaines-

ville, measured oxygen consumption in chicks and

found that when they begged, their metabolic

rates increased—in starlings by 8 percent over

resting rates and in tree swallows by 42 percent.

According to Dutch zoologists Simon Verhulst

and Popko Wiersma, only between a tenth and a

third of the energy a chick successfully extracts

from food is available for growth, so expending

just 10 percent of its total energy on begging dis-

plays could reduce a chick's growth budget by as

much as half.

Perhaps the energy costs associated with beg-

ging have acted, over the evolutionary long run, to

minimize offspring's exaggerations of their nutri-

tional needs, so that even the healthier ones are not

begging for more than they really need. FormaHz-

ing this idea in 1991 with the mathematical tools of

game theory, H. Charles J.
Godfray, of Imperial

College in London, found that the escalations of

the conflict between parents and offspring may be

resolved in just such a truce. So long as the costs of

increased begging mount more quickly than the

benefits of extra food, Godfiray showed, exaggerat-

ing need will not pay off, and offspring will beg

only as much as their real needs dictate. Even

though the cost of begging does not in itself always

outstrip the benefits of parental feedings, a chick is



less able to turn the extra food into usable eneri^s' as

its gut becomes full. The benefits of additional beg-

ging therefore decline, while the cost in calories

stays the same. Since his game-theor\' model pre-

dicted that offspring would increase their begging

rate only as their need increased, (lodfray assumed

that parents winild distribute food among sibhngs

according to need.

In laboratory studies ot budgerigars, or "buil-

gies" (the small Australi.m parakeets that make

such good pets), Judy Stamps, of the University

of California, Davis, found that niother budgies

with access to unlimited food supplies feed their

smallest, youngest otTspring more than they feed

the older, larger chicks. But in the natural world,

food may be sharply limited, and because in

many species of birds (including budgies) eggs

hatch on successive days, the first chicks to

emerge have an advantage over their siblings in

size. According to zoologist Alex Kacelnik and

several colleagues at the Universir\' of Oxford,

the parent birds in two asynchronously hatching

species (starlings and yellow-headed blackbirds)

favor larger chicks even when needier, younger

chicks beg more.

Experiments on three species of primates

—

vervets, macaques, and humans—also demonstrated

that parents play favorites, to the benefit of health-

ier otlspring. The more the offspring cried, the less

the mother responded. In her study of maternal in-

vestment in human twins, for example, psycholo-

Does each offspn'ng in a brood beg

for more than its fair share?

And do parents distn'bute to each

according to its need?

gist |anet Mann, of Georgetown UniversitN; found

that when one twin is healthy and the other sick,

the unhealthy r\vin has to cry longer for maternal Irrational

attention and feeding than its sibling does. Clearly, exuberance? A

the squeaky wheel does not always get the grease. white pelican

Nor does a cost-benefit analysis explain every- tries to

thing about offspring displays. Among American disengage a

coots, for example, chicks hatch already sporting a chick from its

red head splotch, and when feeding their broods, throat after

parents consistently favor offspring with the reddest feeding.
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adornment. Unlike active begging, the red spot

"costs" a chick no more when it's fiall than when

it's hungry, so what could explain the existence of

this silent soUcitation mechanism?

One neglected possibility is that such signals, as

well as ostentatious and costly displays, have evolved

not as simple expressions of need but because they

reveal an offspring's vigor or its weakness. That is,

shovi^ signals—whether the speed of a baby chin-

Conspicuous attention-getting

displays by young animals may be

advertisements ofgood health, not

expressions of need.

strap penguin, the redness of a head splotch, or the

loudness of a songbird's call—may actually an-

nounce to a parent that a particular offspring is

healthy and worth investing in. Baldly put, if food

and parental energy are Umited, it may not pay for

an animal parent to invest equally in all the young if

Vigorous crying

advertises a

healthy infant,

but abnormal

crying patterns,

including very

high-pitched

cries, may signal

underlying

physical

problems.

Opposite page:

A baby pig

voices a

complaint.

some of the brood (or Htter) have Uttle chance of

surviving to reproductive age. Therefore, many re-

searchers expect to see just the sort of discriminat-

ing parental investment reported by Mann—behav-

ior that favors more vigorous offspring over their

less healthy sibs. And one way parents could "force"

offspring to reveal how healthy they are compared

with their sibhngs would be to refuse to invest, at

least initially, until the young have performed some

costly task.

For myriad reasons, some offspring are more

likely than others to live to adulthood and pass

along their parents' genes. An offspring's reproduc-

tive value depends both on intrinsic quaUties, such

as immunological health and developmental sound-

ness, and on extrinsic factors, such as food supply.

Even the healthiest offspring is unhkely to survive

some environmental disasters, for example. And
during dangerously lean times, a parent's best strat-

egy for getting its genes into succeeding genera-

tions may be to "disinvest" in current offspring and

to use whatever food and water are available to en-

sure its own survival and own future reproduction.

Conversely, during a year ofbumper crops, mothers

and fathers may invest in even their frailest-looking

daughter or son. (This presents something of a

problem for studying parental investment in the lab,

because captive animals are typically very well fed

and do not have to partition limited food suppHes

among their young.)

When Spanish zoologist Javier Bustamante, of

Spain's Estacion Biologica de Dohana, and his fel-

low researchers studied chinstrap penguin feeding

chases on Deception Island, off Antarctica's north-

ern tip, they speculated that the chases were prob-

ably won by the hungrier sib, because it would be

more motivated than the less hungry chick to

catch up with the parents. But sibhngs do not al-

ways share equivalent good health, and as Busta-,

mante's team was quick to admit, the hungrier

chick may also be the weaker one, unable to catch

up. Any differences in overall vigor would quickly

affect the outcome of the race, with the weaker

and thus needier offspring losing chase after chase

and being favored with fewer and fewer feedings

by parents. In such cases, greater speed does not

advertise greater need.

Instead, such food chases may function primar-

ily to reveal the vigor of an offspring to its parents.

The more fleet-footed of two chinstrap penguin

sibs is the fitter; being the bolder signaler, it is rec-

ognized by the parent as being more Hkely to sur-

vive. In fact, some displays do reveal the young's

chances of growing up healthy. One weU-studied

soUcitation signal is the cry of the human infant. A
baby's vocaUzations are the product of complex, in-

tegrated processes involving the brain, heart, lungs,

and vocal tract, so the way they sound may reveal

the health of those systems.

Indeed, some pediatricians recognize that a

change in the quahty of an infant's cry can be a

powerful indicator of serious illness. In the first year

of life, the healthy human infant cries at a funda-

mental frequency (the rate at which the glottis

opens and closes, perceived by Hsteners as the pitch)

between 300 and 600 Hz—in other words, some-

where near the A that symphony orchestras tune up



to. Iiit'aiits sutrcrini; from hypoxia, lucCilioln. dis-

eases (such as diabetes), serious bacterial or vir.ii in-

fections, brain damage, malnutrition, and various

chromosomal aberrations produce cries that exceed

600 Hz—the upper limit of the normal range. The

pitch (as well .is tlie variability of tliat pitch) of a

newborn's cry also predicts subsequent ctjgnitive

development. At age five, children whose cries at

age one had siiowii linver ,ind less variable pitch

scored significantly higher on standardized intelli-

gence tests than those whose cries had been high-

pitched and variable. In one experiment, recorded

cries with fundamental frequencies exceeding 610

Hz were rated by adult listeners as "aversive," "grat-

ing," and "irritating." And m a series of field stud-

ies, developmental psychologist Ann Frodi, now of

Linkoping University in Sweden, found that un-

healthy cries are connected with parental neglect or

even abuse—behaviors that resemble other animals'

strategies of parental disinvestment.

Another offspring solicitation signal that reveals

health—specifically immunologic health—is the retH

gape of barn swallow nestlings. Earlier this year, a

team of zoologists led by Nicola Saino, of the Uni-

versity of Milan in It.iJy, reported that the carotenoid

pigments that lend chicks' mouths their bright red

color are also key immune-system stimulants. When
the team injected barn swallow chicks with foreign

antigens, the color of the chicks' gapes dulled as

their bodies drew upon all available carotenoids to

mount an immune defense. Injecting other im-

munostimulants in experimentally infected chicks

brightened their gapes. Taken together, these exper-

iments demonstrate that gape color is a reliable ad-

vertisement of immune status, so chicks unable to

mount a vigorous response to infection advertise

that fact every rime they beg. Parent barn swallows

in the ItaHan study favored nesriings with the bright-

est gapes—in other words, with superior health.

If the explanation of begging displays as adver-

tisements of health is correct, then offspring signals

are yet another example—like flamboyant courtship

behavior or escalations of aggressive displays in ter-

ritorial disputes—of signalers advertising their

health and vigor to a discerning audience. The next

time your newborn wakes you in the wee hours of

the morning, try to remember this: she's just re-

minding you she's worth the effort. D

y
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Five hundred million years ago, trilobites looke(

Huntonia, above, which lived on

the seafloor about 400 million

years ago, could gaze forward

and to the side. Crysta
Adapted from Trllobtle! Eyewitness lo Evolution, by PJchard Fortey. ©2000 by Richard Fortey. To be published by Alfred A. Knopf, Inc., November 2000.



t the world through clear calcite glasses.

Eyes

By Richard Fortey

One
of the most difficult jobs I ever at-

tempted was to count the number of

lenses in a fossil trilobite eye. I had been

fascinated by these long-extinct arthro-

pods as a child and have since spent

years studying them as a paleontologist. For the

task at hand, I took several photographs from dif-

ferent angles of the eye (which was about the size

of a grain of rice) and then made enormous prints

that allowed me to see the individual lenses (which

were microscopic). Eventually I hit upon the no-

tion of pricking each counted lens on the photo-

graph with a pin so that it wasn't counted twice.

But when I moved on to the next photo, I w-ould

be unsure of the last lens I'd counted and how the

tiny he.xagons Hnked up from one picaire to the

other. Was the last lens the one with the little

scratch, or that one a mite larger than its neighbor?

The work was undeniably suitable for an obsessive

with insomnia, but it was worth it. For triJobites

have the first really well-preserved visual systems in

the fossil record. Furthermore, their eyes are

unique in that they are made of the mineral calcite.

The trilobites have many living, it remote, arthro-

pod relatives—and trilobites have been extinct for

25U million years—but no other has chosen the

trilobite way to see the world.

Calcite is one of the most abundant minerals.

The white cUfis of Dover are calcite; so are the

bluffs along the Mississippi River. Surely one could

expect no surprises from a substance so common
and so familiar. But calcite has some unusual prop-

erties. Because of its natural impurities it has long

provided builders with colorful stone and decora-

tive slabs. The purest examples of calcite, however,

are ti-ansparent, with perfect cr\'stal form and clar-

it\'. The chemical composition, CaC03, is simple

as minerals go. As the cr^'stal grows, the constituent

atoms stack together in a lopsided way and do not

allow other, stray atoms to inn^ude to cloud the

crystal's mineral exactitude. The clearest calcite

cn,'stal, ti-ansparent as a toddler's motives, is Iceland

spar. Look into a crystal of Iceland spar and you can

see the secret of the trilobite's vision. While most

other arthropods have lenses made of relatively soft,

immineralized cuticle, similar to that of the rest of

their exoskeleton. trilobites used the transparency
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of clear calcite as a means of transmitting light. The

trilobite eye is in continuity with the rest of its

shelly armor. It sits on top of the animal's cheek, an

en suite eyeglass, tough as a clamshell.

Clear calcite is optically complex. Ifyou break a

large piece of crystalline calcite, you are left with a

regular, six-sided chunk of the mineral—

a

rhomb—which treats Ught in a pecuhar way. If a

beam ofUght is shone at the sides of the rhomb, the

beam spUts in two, a phenomenon known as dou-

ble refraction. The course of the two rays is deter-

mined, as is the shape ofthe rhomb, by the stacking

ofthe individual atoms. There is one direction, and

one direction only, in which light does not indulge

in this optical split: when a ray of light approaches

along what is termed the c axis of the crystal, it is

afforded free passage. Like a VIP at an international

airport, this privileged ray passes straight through.

If a crystal is elongated in parallel to the c axis, into

the shape of a long prism, Hght entering from most

angles wiU be split and the dual rays will in turn be

deflected to reach the edge of the prism and will

not be "seen" by a receptor cell located at the base

of the prism. But Hght shining along the prism's

long axis will stiU pass unrefracted. This is how
most trilobite eyes are constructed. We know that

the first trilobites already had a well-developed vi-

sual system. Indeed, the large eyes found in the

genus Fallotaspis, from Morocco, prove that sophis-

ticated vision goes back at least 540 million years to

the Cambrian period.

Recent laboratory work has led to the discov-

ery of the pervasive influence of genes that control

the sequence of development of the various organs

as animals grow from embryo to adult. These are

genes so deeply embedded in the body plans of or-

ganisms that the memory of their origin is lost far

back in Precambrian history. We can never, ever,

directly sample the genetic code of the trilobite,

but we can be sure that its development was under

the control of the same kinds of genes we recog-

nize in Hving animals. Development inexorably

follows a blueprint originally drawn up in the most

ancient times. It is rather wonderful to imagine this

distant manifesto at work on the growing trilobite,

directing the brain to be enclosed within the head

and, of course, issuing instructions for the growth

and development of eyes.

For eyes are part of this ancient list of instruc-

tions. It seems that the making of an eye is the

same impulse in fish or fly or man. Eyes are under

the control of a gene called Pax6. The end prod-

uct may be very different, but the instruction

"Make eyes" may be common to all animals. The

deep language of the genes is an Esperanto of bi-

ological design that can be understood by all crea-

tures that have light-sensitive organs. Trilobites

ofler visible evidence of the halfway point in opti-

The number of lenses In a tnlobite eye
varies, according to the species, from
one to several thousand.

cal history. We can feel a bond with the trilobite

that would not have been apparent when nine-

teenth-century investigators first gazed upon the

animal's stony eyes. "Look into my eyes," the

trilobite now seems to say, "and you will see the

vestiges of your own history."

Trilobites are the

only animals known

to have used the

optical properties

of pure calcite to

form clear visual

images. When light

enters a calcite

crystal from most

directions, it is

refracted and

creates a double

image, above left.

But when it enters

along a particular

axis, as it did in

the calcite eyes of

trilobites, the eye

sees a single

image, above right.



Fossilized more

than 450 million

years ago, the

asaphid trilobite

below had

thousands of

minute lenses on

its elevated eyes,

and it may have

been able to peer

above the surface

when buried in soft

mud. The facets on

the thorax allowed

the animal to move

its head.

The tuiniber of lenses in .\ trilobite eye varies,

according to tiie species, from a mere one to several

thousancl, as in the one I attempteti to count. This

eye was of the compoiiiul type and, just like a fly's

eye, was a honeycomb of hexagons. In most trilo-

bite lenses, the i a.xis is exactly at right angles to the

surface of the lens, if you can see the u iioie surface

of an individual lens, then the ch.uKes .ire that the

lens can "see" you. So you could deduce a trilo-

bite's field of view by summing up the angles of

orientation of aU the individual lenses. Thirty years

ago, Euan Clarkson, of the University of Edin-

burgh, investigated the field of view of trilobite

eyes for the first time. What he did was to mount

several species of trilobites in a w.iy that allowed

him greater accuracy in measuring the c axis ot

each of hundreds of hexagonal lenses. Then he

plotted the spread of directions of these a.xes to see

what the trilobites saw.

Clarkson found that the trilobite eyes he exam-

ined looked sideways, forward, and often a httle

b.ukw.iid. Like scarclihi^lus swooping owr the

ground and low bushes but not up to the sky. the

trilobites' eyes could be cast over the area sur-

rounding the animal, but not upward or directly

downward. Most trilobites lived on and around the

seafloor, and this was the world they wished to ap-

praise, a world on the sediment where, day or

night, most of the events affecting their lives took

place. Densely lensed eyes of trilobite t)-pe are par-

ticularly good at detecting movement. Another an-

imal approaching across the sediment surface will

trigger one lens after another as its image impinges

on different parts of the field of view. If the change

is alarming, the trilobite may be stimulated to take

evasive action: perhaps to roll up into a ball or to

swim away as fast as possible.

The trilobite eye grew in harmony with the an-

imal. As ill .ill arthropods, the eye surface had to be

molted along with the rest of the hard exoskeleton.

In trilobites, as the new skeleton hardened after

each molt, more lenses were added and new crys-

tals generated firom a zone at the top of the eye.

The animals were not able to see as we see but

rather appreciated the world in a thousand frag-

ments ot light, as if the brain were a pointillist

with a palette of prisms. The eyes may have per-

mitted comprehension of the world in the same

fashion as the similar compound eyes of living

arthropods. Apposition eyes do not form complete

images of their surroundings (some other arthro-

pod eyes have lenses arranged in such a way that

they are able to collaborate and produce a single,

complex image).

But there is another kind of trilobite eye. One
of the commonest trilobites in the Devonian rocks

of New York, Ohio, Ontario, Germany, and Mo-
rocco is the compact animal called Phacops. Its

large, crescent-shaped eyes stand prominently atop

the cheeks. Instead of lenses so minute that they re-

quire a microscope to be seen properly, Phacops's

lenses can be recognized by our unaided eyes as

tiny, perfectly formed balls, which line up quite

conspicuously in rows. These eyes seem to have

been turned out by a machine, neat as billiard balls

arranged in a box. When sectioned, the eyes reveal

their secrets. First, the lenses are indeed nearly

spherical, or perhaps sUghdy drop-shaped, with a

disquieting resemblance to glass eyes. Second, there

IS usually a little "wall" between adjacent lenses, a

kind of baffle that stopped light from one lens

overlapping that of the next. Often the lenses are

slightly sunken, and the areas bet^veen them

swollen. Clearly a very sophisticated structure

(even more so than the hexagonal-lensed trilobite

eye). PhiUvps\ crystal eye is a sports coupe in the

age of the boneshaker.

In 1972 Kenneth M. Towe, of the Smithsonian

Institution in Washington. DC demonstrated the

efficiency of the Phacops kind of trilobite eyes—by

taking photographs through them. The fat, bicon-

vex lenses of the phacopid eye were designed to
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bring bright beams to a focus. If you hold a clear

glass marble up to the hght and peer through it,

you can get some idea of the process: you will see

an upside-down world, all bent and distorted. But

in Towe's photos, the trilobite images seem to be

much clearer than that. How could this be? The

problem with hght traveling through a convex lens

to a focus is that different rays travel different dis-

tances through the lens according to their trajec-

tory. This means that the rays are bent to different

degrees. The result is a fuzzy focus. Euan Clarkson

and University of Chicago physicist Riccardo

Levi-Setti discovered that something strange had

happened to the calcite in the lower part of each

Phacops lens: magnesium atoms were present in

just the right quantity to correct the spherical

aberration. For every bend to the left, there was a

compensating bend to the right. This corrective

layer made a bowl within the lens; the trilobite

had thus manufactured what modern opticians

term a doublet. The animals with these eyes may

have seen more complete images of an object than

their hexagonal-lensed fellows. AU this 400 mil-

hon years ago.

The trilobite whose lenses I started counting

had the hexagonal lens design and was a particu-

larly goggle-eyed species, with peepers puffed up

Hke Uttle bladders. The eyes bulged out on either

side of the head in the manner of those sUghtly

grotesque ornamental goldfish that have such a

thyroidal look. I named this shrimp-sized animal

Opipeutei; having recruited the help of a classicist

friend to find out the Greek for "one who gazes."

The lenses of Opipeuters eyes were tiny, but unlike

those in the crescent-shaped eyes of most trilobites

that Hved on the seafloor, Opipeuters lenses faced in

all directions, even downward. This trilobite must

have been a free swimmer rather than a bottom

dweller. Ancient oceans could have swarmed with

trilobites, just as knll throng in modern-day seas.

These elongated trilobites were the remote ecolog-

ical equivalents of shrimp, moving through the

water column or even on the surface.

A number of different trilobites proved to have

this firee-swimming design. Fossils of one, the Cy-

clops-eyed Pricyclopyge, are common in dark Or-

dovician mudstones 400 miUion years old. These

sediments were originally deposited in relatively

deep water, to which these swimmers were appar-

ently confined. Could one somehow test the dif-

ference in Hfe habits between shallow- and deep-

dwelling trilobites by examining their eyes? Tim

McCorimck, now at the University of Glasgow,

and I, following techniques used to determine how

light intensity influences the eyes of Uving arthro-

pods, were able to insinuate ourselves into the daily

lives of our fossil trilobites by making a series of

careful measurements on eye construction. We
were able to show that Pyicydopyge had eyes con-

structed in the same fashion as crustaceans that stiU

"Look Into my eyes/' the trilobite

seems to say, '"and you will see the

vestiges of your own history/'

Hve in the deeper part of the water column in

oceans today. So it seems that trilobites were in-

deed able to swim at various depths.

Blind, totally eyeless trilobites have given us an-

other indication of the range of trilobite habits and

habitats. My colleague Bob Owens and I collected

trilobite fossils in some localities in Wales where

ten or more bUnd or nearly blind species hved to-

gether. They must have crawled about the seafloor

in a dark world. Bottom dwellers lost their eyes not

because they were degenerate but because, hke hv-

ing crustaceans that inhabit caves, these species

simply did not need eyes in their specialized envi-

ronment. Yet other trilobites in the same Welsh

rocks were huge-eyed swimmers. It did not take us

long to deduce that the swimmers had swum well

above the Ughtless seafloor on which the blind ani-

mals dwelled, and had joined their sightless fellows

only when they drifted to the seafloor in death

and, fortunately for us, were fossihzed. D

A sophisticated

variation on the

caldte eye is seen

in the 400-million-

year-oid Phacops

trilobite above,

whose large

spherical lenses

brought objects on

the seafloor into

precise focus.

Phacops, right, are

commonly found

as fossils in

Devonian rocks of

New York, Ohio,

Ontario, Germany,

and Morocco.
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(Coiitituied fwin page 42)

the syphilis spirochete, but Fracastoro

interpreted its benefits only in terms of

humoral rebalancing and the purging

ot poisons—for mercury plasters in-

duced sweating, while ingestion en-

couraged copious spitting. The treat-

ment, he admitted, may be unpleasant

in the extreme, but ever so preferable

to the dementia, paralysis, and death

imposed by syphilis in the final stages

of worst cases:

Nor let the foulness of the

course displease.

Obscene indeed, but less than

your disease.

The mass ofhumors now
dissolved within,

To purge themselves by spittle

shall begin,

TiU you with wonder at your feet

shall see,

A tide of filth, and bless

the remedy.

Finally, Fracastoro spins his myth

about human hubris, repentance, and

the discovery of mercury. A hunter

named Ilceus kills one ofDiana's sacred

deer. Apollo, Diana's twin brother, be-

comes royally infuriated and inflicts

the pox of syphilis upon poor Ilceus.

But the contrite hunter prays mightily

and sincerely for rehef, and the goddess

Callirhoe, feeling pity, carries Ilceus

underground, far from the reach of the

sun god's continuing wrath. There in

the realms of mineralogy, Ilceus dis-

covers the curative power of mercury.

Fracastoro wrote these first two

parts in the early 1510s and apparently

intended to publish them by them-

selves. But by the 1520s, a new (and

ultimately inefrective) "wonder cure"

had emerged, and Fracastoro therefore

added a third part to describe the new
remedy in the mythic form previously

applied to mercury—the same basic

plot, but this time with a shepherd

named SyphiUs in place of the hunter

Ilceus. And thus, with thanks to read-

ers for their patience, we finally come

to Fracastoro 's reason and motives for

naming syphilis. (An excellent article

by R. A. Anselment supphed these de-

tails of Fracastoro 's composition: "Fra-

castoro 's Sypliilis: Nahum Tate and the

Realms of Apollo," Bulletin of the John

Rylands University Library of Manchester

73, 1991.)

Fracastoro's

derivation of the

name has never

been fully re-

solved, but most

scholars regard

Syphilis (often

spelled Syphilus)

as a medieval form

of Sipylus, a son of

Niobe in Ovid's

Metamorphoses—
a classical source

that would have

appealed both

to Fracastoro's

Renaissance con-

cern for ancient

wisdom and to his

abiding interest in

namral change.

In part 3 of

Fracastoro's epic,

the sailors of a

noble leader (un-

named, but pre-

sumably Colum-

bus) find great

riches in a new
world but incur

the wrath of the

sun god by kil-

ling his sacred

parrots (just as Il-

ceus had angered the same personage

by slaying Diana's deer). Apollo

promises horrible retribution in the

form of a foul disease. But just as the

sailors fall to their knees to beg the sun

god's forgiveness, a group of natives ar-

rives
—

"a race with human shape, but

black as jet," in Tate's transladon. They,

too, suffer from syphihs and have come
to the parrots' grove to perform an an-

nual rite that recalls the origin of their

misfortune and also permits them to

use the curative powers of local botany.

These people, we learn, are the de-

graded descendants of the race that in-

habited the lost isle of Atlantis. They

had already suffered enough in losing

Fumigating a ward of syphilis patients with mercury vapors,

Leipzig, 1689

their ancestral lands and flocks. But a

horrendous heat wave then parched

their new island and fell with special

fury on the king's shepherd:

A shepherd once (distrust not

ancient fame)

Possessed these downs, and



Syphilus h:s n.iinc.

A ilunis,ini.l hcik'i's in thcso v.ilcs

he k-d,

A tliousand cwcs to those

fair rivers led.

This droiiglit our Syphilus behekl

with pain,

Nor could the sufferings of his

flock sustain,

But to the noonday sun with

upcast eyes,

hi rage threw these reproaching

blasphemies.

Syphilus cursed the sun, destroyed

Apollo's altars, and then decided to

start a new religion based on direct

worship of his local king, Alcithous.

The king, in turn, heartily approved

this new arrangement:

Th'aspiring prince with godlike

rites o'erjoyed.

Commands all altars else to be

destroyed,

Proclaims himself in earth's low

sphere to be

The only and sufficient deity.

Apollo becomes even angrier than be-

fore (for Ilceus alone had inspired his

wrath in part 2), and he now inflicts

the disease upon everyone—but first

upon Syphilus, who thus gains eternal

notoriety as name bearer:

Th'aU-seeing sun no longer

could sustain

These practices, but with

enraged disdain

Darts forth such pestilent

malignant beams.

As shed infection on air, earth

and streams;

From whence this malady its

birth received.

And first th'offending Syphilus

was srieved.

He first wore buboes dreadful

to the sight,
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First felt strange pains and sleepless

passed the night;

From him the malady received

its name.

The neighboring shepherds caught

the spreading flame:

At last in city and in court

'twas known,

And seized t'ambitious monarch

on his throne.

A shepherd or two could be

spared, but the suffering of kings de-

mands surcease. The high priest

therefore suggests a human sacrifice

to assuage the wrath of Apollo (now

given his Greek name of Phoebus),

and guess whom they choose? But

fortunately, the goddess Juno decides

to spare the unfortunate shepherd and

to make a substitution, in obvious

parallel to the Biblical tale of Abra-

ham and Isaac:

On Syphilus the dreadful lot

did faU,

Who now was placed before

the altar bound

His head with sacrificial garlands

crowned.

His throat laid open to the

Ufted knife,

But interceding Juno spared

his Hfe,

Commands them in his stead a

heifer slay,

For Phoebus's rage was now
removed away.

Ever since then, these natives, the

former inhabitants ofAtlantis, perform

an annual rite of sacrifice to memorial-

ize the hubris of Syphilus and the sal-

vation of the people by repentance.

The natives still suffer firom syphilis,

but their annual rites of sacrifice please

Juno, who in return allows a wondrous

cure, the guaiacum tree, to grow on

their isle alone. The Spanish sailors,

now also infected with the disease,

learn about the new cure and bring

guaiacum back to Europe.

Thus, the imprecation heaped

upon Spain by calling syphilis the

Spanish disease becomes doubly un-

fair. Not only should the Spaniards be

absolved for importation (because the

disease struck Europe all at once, and

from a latent contagion that origi-

nated well before any ships reached

the New World), but the same Span-

ish sailors, encountering a longer his-

tory of infection and treatment in the

New World, had discovered a truly

beneficent remedy.

Many people know about the for-

mer use ofmercury in treating syphihs,

for the substance had some benefit and

the remedy endured for centuries. But

the guaiacum cure has faded to a his-

torical footnote because, in a word,

this magical New World potion

flopped completely. (By 1530, the year

of Fracastoro's pubHcation, Paracelsus

himself had branded guaiacum as use-

less.) But Fracastoro devised his myth

of Syphilus during the short period of

euphoria about the power of the new
nostrum. The treatment failed, but the

name stuck.

syphihs with guaiacum. Fracastoro's al-

legiances, for reasons previously dis-

cussed, lay with Charles V and the

Spanish connection, so his tale of the

shepherd Syphilus and the discovery of

guaiacum suited his larger concerns as

well. (Guaiacum, also known as lignum

vitae or lignum sanctum ["wood of Ufe"

or "holy wood"], has some medicinal

worth, although not for treating

syphihs. As an extremely hard wood,

of the quaUty of ebony, guaiacum also

has value in building and decoration.)

Fracastoro did proceed beyond his

politically motivated poetry to learn

more about syphihs. In the later work

that secured his enduring fame (but

largely for the wrong reason)—his De

Contagione et Contagiosis Morbis et Cura-

tione (On Contagion and Contagious

Diseases and Their Cure) of 1546

—

Fracastoro finally recognized the vene-

real nature of syphilis, writing that in-

fection occurs "verum non ex omni

contactu, neque prompte, sed turn solum,

quum duo corpora contactu mutuo pluri-

mum incalvissent, quod praecipue in coitu

eveniebat" (truly not from all contact,

The syphilis organism's new genome map—1,041

genes made of 1,138,006 base pairs—is beautdfiil

in its gloriously complex factuaHty.

We should not be surprised to learn

that Fracastoro's attraction to guaiacum

owed as much to poUtics as to scien-

tific hope. The powerful Fugger fam-

ily, the great German bankers, had lent

vast sums to Maximilian's grandson

Charles V in his successfiil bid to swing

election as Holy Roman Emperor over

his (and Fracastoro's) archenemy, Fran-

cis I of France. As partial repayment for

Charles's debt, the Fuggers received a

royal monopoly for importing guai-

acum to Europe. (The Hapsburg

Charles V also controlled Spain and,

consequently, all shipping to and from

Hispaniola, where the guaiacum tree

grew.) In fact, the Fuggers built a chain

of hospitals for the treatment of

nor easily, but only when two bodies

join in most intense mutual contact, as

primarily occurs in coitus). Fracastoro

also recognized that infected mothers

can pass the disease to their children,

either at birth or through suckling.

Treating himself diplomatically and

in the third person, Fracastoro admit-

ted and excused the foUies of his previ-

ous poem, written "quum iuniores esse-

mus" (when we were younger). In this

later prose work, Fracastoro accurately

describes both the modes of transmis-

sion and the three temporal stages of

symptoms—the small, untroublesome

(and often overlooked) genital sore of

the primary stage; the secondary stage

of lesions and aches, occurring several
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stage, dcvclopiiiL; iiiDiiths to years later

,iikI leading to death by destruction of

the heart or brain (called paresis, or

paralysis accompanied by dementia) in

the worst cases.

In the hagiographical tradition still

all too common in textbook accounts

of the history of science, Fracastoro has

been called the father of the germ the-

ory of disease tor his sensitive and ac-

curate characterization, in this work,

of three styles of contagion: by direct

contact (as for syphilis), by transmis-

sion from contaminated objects, and at

a distance through transport by air.

Fracastoro discusses particles ot conta-

gion called sciiiind (seeds), but this

term, taken from ancient Greek medi-

cine, carries no connotation of an or-

ganic nature or origin. Fracastoro does

offer many speculations about the na-

ture of contagious seniiihi, but he never

mentions microorganisms, a hypothe-

sis that could scarcely be imagined

more than fitty years before the inven-

tion of the microscope.

In fact, Fracastoro continues to

argue that the infecting semina of

syphilis may arise from poisonous em-

anations sparked by planetary con-

junctions. He even mvokes a linguistic

parallel between transmission ot

syphilis by sexual contact (coitus) and

the production of bad seeds by plane-

tary overlap in the sky, for he describes

the astronomical phenomenon with

the same word, as "coitmn et cotiveiihiin

sydcnint" (the coitus and conjunction

of stars), particularly "twstni triuiii siipc-

rionim, Satunii, lovis et Martis" (our

three most distant bodies: Saturn,

Jupiter, and Mars).

Nonetheless, we seem to need he-

roes, defined as courageous icono-

clasts who discerned germs of mod-

ern truth through strictures of

ancient superstition—and Fracastoro

therefore wins false accolades under

our cultural myth of prescience

("ahead of his time"), followed by re-

jection and later rediscovery, long

.ifter death .iiid well beyond hope ot

eaiililv rewaril. For ex.unple, the /:'/(-

i)'clopacdiii Briliviiiicit entry on Iracas-

toro ends by proclaiming:

Fracastoro's theory was the first

scientific statement of the tnie nature

ofconta^;iotl, infection, disease {^ernts,

and modes oj disease transmission.

Fracastoro's theory was widely praised

during; his time, hut its influence was

soon obscured by the mysiical docnitics

of the Renaisssancc physician

Paracelsus, and itfell into (general

disrepute until it was proved by Koch

and Pasteur.

But Fracastoro deserves our

warmest praise for his brilliance and

compassion within the beliefs of his

own time. We can appreciate his ge-

nius only when we understand the fea-

tures of his work that strike us as most

odd by current reckonings—particu-

larly his choice of Latin epic poetry as

a medium for describing syphilis and

his christening of the disease for a

mythical shepherd whose suffering also

reflected Fracastoro's political needs

and behefs. In his article on Fracastoro

for the Dictionary of Scientific Bio(;raphy,

Bruno Zanobio gives a far more accu-

rate description, properly rooted in

sLxteenth-century knowledge, ot Fra-

castoro's concept of contagious seeds:

Tliey are distinct imperceptible

particles, composed of various elements.

Spontaneously generated in the course

of certain types ofputrefaction , they

present particular characteristics and

faculties, such as increasing themseh'es,

having their own motion, propagating

quickly, enduring for a long time, even

far from their focus of origin, fand]

exerting specific coinagious activity ....

A good description to be sure, but

not buttressed by any hmt that these

semina might be living microorgan-

isms. "Undoubtedly," Zanobio con-

tinues, "the semiuaria derive from
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Democritean atomism via the semina

of Lucretius and the gnostic and

Neoplatonic speculations renewed by

St. Augustine and St. Bonaventura."

Fracastoro, in short, remained true to

his Renaissance conviction that an-

swers must be sought in the wisdom

of classical antiquity.

Fracastoro surely probed the Hmits

of his time, but medicine, in general,

made very little progress in controUing

syphilis until the twentieth century.

Guaiacum failed, and mercury re-

mained both minimally effective and

maximally miserable. (We need only

recall Erasmus's sardonic quip that in

exchange for a night with Venus, one

must spend a month with Mercury.)

Moreover, since more than 50 percent

of people infected with the spirochete

never develop symptoms of the

dreaded third stage, the disease, if left

untreated, effectively "cures" itself in a

majority of cases (although spirochetes

remain in the body). Thus one can

argue that traditional medicine usually

did far more harm than good—a com-

mon situation, recalling Benjamin

Franklin's remark that although

Dr. Mesmer was surely a fraud, his

ministrations should be regarded as

benevolent because people who fol-

lowed his "cures" by inducing "animal

magnetism" didn't visit "real" physi-

cians, thereby sparing themselves such

useless and harmffil remedies as bleed-

ing and purging.

No truly effective treatment for

syphilis existed until 1909, when Paul

Ehrlich introduced preparation 606

(Salvarsan). Genuine (and gratifyingly

easy) cures only became available in

1943, with the discovery and develop-

ment ofpeniciUin. Identification in the

first stage, followed by one course of

penicLlhn, can control syphihs, but in-

fections that proceed to later stages

may stiU be intractable.

I make no apologies for science's

long record of failure in treating

syphilis—a history that includes both

persistent, straightforward error (the

poisoning and suffering of millions

with ineffective remedies based upon

false theories) and, on occasion,

morally indefensible practices as well

(most notoriously, in American his-

tory, the Tuskegee study that pur-

posely left a group of infected black

males untreated as "controls" for test-

ing the efficacy of treatments on an-

other group; in a moving ceremony.

President Clinton recently apolo-

gized for this national disgrace to the

few remaining survivors of the un-

treated group). But syphilis can now
be controlled and may even be a

good candidate for total elimination

(as we have done with smallpox), at

least in the United States, if not in

the entire world. We owe this bless-

ing, after so much pain, to knowl-

edge won by science. There is no

other way.

And so, while science must own its

shame (along with every other insti-

tution managed by that infuriating

and mercurial creature known as

Homo sapiens), science can also find

cures, or at least discover some means

of relief, for human miseries caused

by external agents that must remain

beyond our control until their factual

nature and modes of operation be-

come known. The sequential charac-

ter of this duality—failures as neces-

sary preludes to success, given the

stepwise nature of progress in scien-

tific knowledge—pleads me to contrast

Fracastoro 's Latin hexameter with the

stodgy prose of the 1998 Science arti-

cle on the genome of Treponema pal-

lidum, the syphilis spirochete.

The recent work boasts none of

Fracastoro 's grace or charm (even in

Tate's heroic couplets)—no lovely

tales about mythical shepherds who
displease sun gods and no intricate

pattern of dactyls and spondees. In

fact, I can't imagine a duller prose

ending than the last sentence of the

1998 Science article, with its imper-

sonal subject and its entirely conven-

tional plea for forging onward to fur-

ther knowledge: "A more complete

understanding of the biochemistry of

this organism derived from genome

analysis may provide a foundation for

the development of a culture medium
for T. pallidum, which opens up

the possibihty of future genetic stud-

ies." Any decent English teacher

would run a big blue pencil through

these words.

But consider the principal and ever

so much more important difference

between Fracastoro's efforts and our

own. In an article written to accom-

pany the genomic presentation, M. E.

St. Louis and J. N. Wasserheit, of the

Centers for Disease Control and Pre-

vention in Atlanta, write:

Syphilis meets all of the basic

requirementsfor a disease susceptible

to elimination. There is no animal

reservoir; humans are the only host.

Tlie incubation period is usually

several weeks, allowingfor

interruption of transmission with rapid

prophylactic treatment of contacts,

whereas infectiousness is limited to

less than twelve months even if

untreated. [Tertiary syphilis may be

both dreadful and deadly, but the

disease is not passed to others at this

stage—S. J. G.] It can be diagnosed

with inexpensive and widely available

blood tests. In its infectious stage, it is

treatable with a single dose of

antibiotics. Antimicrobial resistance

has not yet emerged.

Interestingly, Fracastoro knew that

syphihs infected only humans, but he

regarded this observation as a puzzle

under his theory ofpoisonous airborne

particles that might, in principle, harm

all hfe. He discusses this anomaly at

length in part 1 of Syphilis sive morbus

Gallicus:

Sometimes th'infected air hurts

trees alone.

To grass and tender flowers

pernicious known.
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liiMi hes, 1 1 II nil II, II I IS, liig cities, small towns.

M.iryland h,is so many things to do, so

close together. Call tor your tree Maryland

Travel Kit tod.iy! 800-984-9502.

§2. Meade Instruments^

Ir.iwl to destin.iliiiiis out of this world

with Meade's ETX-'XlEC; Telescope and

Autostar. journey to over 14,l)l)(l celesii.il

objects. Easy ami fun. Free brocluire.

Call l-8()()-62-MEAi:)E.

13. Nearctica.com, IntSJ

M.ikc iRMiciK.i smir gateway to the

Natural World of North America.

wwvv.nearctica.com.

|4. New Brunswick Tourism

New Brunswick (.Canada's Bay ot

Fundy...Experience one of the Marine
Wonders of the World! For a free Fundy
Explorer Kit call 1-800-561-0123.

35. New York State
"" ''

''W
|)isco\cr .iiitumii m New York State.

E.xperience heritage, culture and music

at one of our many festivals. Or take

to the great outdoors and enjoy New
York's brilliant red-and-gold countryside.

For a free NYS Travel Guide call

1-800-1 LOVE NY code 1093a.

wwvv.iloveny.com.

36. North Carolina Outer Banks

Pristine Be.iches. History. Fishing. For

travel information and Getaway Card
good for seasonal values at over 150
businesses, log onto www.outerbanks.org
call toU-free 800-446-6262 or

email visitorinfo@outerbanks.org.

37. Pax World Fund Family

Pax World Fund Family, a socially

responsible tund group, has otlered

investors the opportunity to achieve

"performance with principles" for over

25 years. 800-767-1729
www.paxfund.com.

38. Pennsylvania Tourism

Endless history, outdoor recreation,

cultural and shopping attractions and
destinations abound. For a tree

Pennsylvania Visitors Guide, call

1-800-VISIT-PA or visit our website

at www.experiencepa.com.

39. St. Lawrence Cruise Lines

Canadian River Cruise Vacations - 4, 5 or

6 nights aboard a classically-designed

riverboat cruising the St. Lawrence River

-www.sdavvrencecruiselines.com.

40. Swift Instruments

(^)n.ihi\ III ippucs siiu c 1926. Free

brochure displays Swift's complete line of

bin.liiig and compact biiKJCul.irs, contains

photographs and detailed descriptions

with binoculars use chart. On the web at

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

41. T. Rowe Price

1 Rowe I'nce. Science & Technology
Fund. 1-800-341-5517.

wvvw.troweprice.com.

42. HAA-CREF

1 IA/\-C_ Kl.l is a leading financial

services organization, offering high-

quality, low-cost mutual funds, annuities,

IRAs, insurance and trust services.

TIAA-CREF also manages several state-

sponsored college financing programs.

43. Toyota and the Environri

Find oLit about loNola's eii\ ironmental

breakthrouglis, including hybrid

technology, electric veliicles and fuel cells.

'44. Uniworld

Cruise around South America...

Buenos Aires toValpariso on the m.s.

Switzerland, or China and Yangtzee
River. Cruise on the only American
managed ships in China. 800-621-7107.

45. Vanguard Group I^^KM
Working to provide a unique
combination of performance, service and
value to millions of mutual fund

investors. Call 1-800-962-5081 or visit

us online at www.vanguard.com.

46. Worcester County TourisiT!,,,a«»

Maryland's onK sciside country. Visit

Assateague Island National Seashore.

Kayak, canoe, birdwatch or golt. Stay in

one of our many Bed & Breakfast Inns.

800-852-0335. skip-

jack. net/le_shore/visit:worcester.

47. World Explorer Cruises

Voyages ofAdvennu*. Learning .md

Discovers' since 1978. Visit mote ports in

Alaska and spend more time in ports,

teaturing voyages tor the heart, mind and soul.

48. Zeiss

Zeiss binoculars and monoculars are

popular with birders who value

outstanding optics. Zeiss dehvers

excellent sight pictures, true color fidehty.

contrast, clarity and rugged reUabilir\'.
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When earth yields store, yet oft

some strange disease

Shall fall and only on poor cattle

seize.

Since then by dear [in the British

sense of "costly"] experiment

we find

Diseases various in their rise

and kind

Of this contagion let us take a view

More terrible for being strange

and new.

Thus, the very phenomenon that so

puzzled Fracastoro for its anomalous

nature under his concept of disease be-

comes an important clue under the

microbial theory.

Similarly, the deciphering of a

genome guarantees no automatic or

rapid panacea, but what better source

of information could we desire for a

reservoir of factual hope? Already, sev-

eral features of this base-level knowl-

edge (base-level, that is, in both the lit-

eral and the figurative sense) indicate

potentially fruitful directions of re-

search. To cite just three items that

caught my attention as I read the tech-

nical article on the decipherment of

T. pallidum's genome:

1

.

Several genes that promote motil-

ity—and that may help us to under-

stand why these spirochetes become so

invasive in so many tissues—have been

identified and found to be virtually

identical to known genes in B. burgdor-

feri, the spirochete that causes Lyme
disease.

2. The T. pallidum genome includes

only a few genes coding for integral

membrane proteins. This fact may help

us to explain why the syphiHs spiro-

chete can be so successful in evading

the human immune response. For if

our antibodies can't detect T. pallidum

because the invader, so to speak, pre-

sents too "smooth" an outer surface,

then our natural defenses can become
crippled. But if these proteins, even

though few, can be identified and

characterized, then we may be able to

develop specific remedies or potentia-

tors for our own immunity.

3. T. pallidum's genome includes a

large family of duplicated genes for

membrane proteins that act as porins

and adhesins—in other words, as good

attachers and invaders. Again, genes

that can be located and characterized

become targets for study and candi-

dates for demobilization.

Science may have needed nearly

500 years to reach our current state of

hope, but we should look on the

bright side of the differences between

then and now. Fracastoro wrote verse

and invented shepherds because he

knew effectively nothing about the

causes of a frightening plague whose

effects could be specified and de-

scribed in moving detail well suited

for poetic treatment. The thirty-three

modern authors, in maximal contrast,

have obtained the goods for doing

good. We may judge their prose as

uninspired, but the greatest "poetry"

ever composed about syphilis lies not

in Fracastoro s hexameter of 1530 but

in the intricate and heaUng details of a

schematic map of 1,041 genes made of

1,138,006 base pairs, forming the

genome of Treponema pallidum and

pubHshed with the 1998 article—the

adamantine beauty of genuine and

gloriously complex factuality, full of

hfesaving potential. Fracastoro did his

best for his time; may he be forever

honored in the annals of human
achievement. But the modern map
embodies far more beauty, both for its

factuahty and utility and as Fracastoro 's

finest legacy in the history of increas-

ing knowledge—a truly epic tale that

we must not shy from labeling by its

right and noble name of progress.

StephenJay Gould teaches biology, geology, I

and the history of science at Harvard Uni-

versity. He is also Frederick P. Rose Hon-

orary Curator in Invertebrates at the Amer-

ican Museum of Natural History.
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orld traveler Everett

Hoffman's stories of his

adventures are filled with

curious children, roving v^^ildlife, sultry

afternoons and African dictator's

cronies. These days his adventurous

spirit has led him to the AMNH and

the research expeditions of its scien-

tists to every continent of the globe.

In fact, he is so impressed with

this facet of the Museum's mission

that he has established the Everett

Hoffman Endowed Fund for Research

Expeditions. He recently set up this

fund with a Charitable Gift Annuity

and will supplement it with a future

bequest.

A Gift Annuity is a way to support

the Museum and provide lifetime

ncome to one or two people. When

low-yield stock is used to fund the

plan, capital gains tax is avoided.

Says Mr. Hoffman, "Creating a

Gift Annuity was easy, and since I

don't travel myselfanymore, the

endowedfund is a way to send surro-

gate travelers in my place while help-

ing the Museum's research mission.

At the same time, I get a check every

three monthsfor my own use."

Here are sample rates and benefits for one person with a $io,ooo gift:
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O Bequests to the Museum in my will.
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American
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Natural
History
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Telephone Home: Office:

My (our) birth date(s) is (are):
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UNIVERSE

Doubling Time
Halfof all research papers ever published in astrophysics

have appeared in the past fifteen years.

By Neil de Grasse Tyson

Of all the sciences cultivated by mankind,

astronomy is acknowledged to be, and un-

doubtedly is, the most sublime, the most in-

teresting, and the most useful. For, by

knowledge derived from this science, not

only the bulk of the Earth is discovered . . .

but our very faculties are enlarged with the

grandeur of the ideas it conveys, our minds

exalted above the low contracted prejudices

of the vulgar

Astronomy Explained Upon Sir Isaac

Newton's Principles

—-James Ferguson, 1757

I couldn't agree more.

James Ferguson was rejoicing in the

insights to the universe that one could

derive from the Principia, Sir Isaac

Newton's seminal work published sev-

enty years earlier. This masterpiece es-

tablished a foundation for both physics

and mathematics that made possible the

birth of the Industrial Revolution and

the modern era of cosmic discovery.

By any measure, we are living in

the golden age of astronomy. The rate

at which research papers are being

published is the highest ever. The

number of astrophysicists in the world

is 50 percent greater than just a decade

ago. And the power of the world's tele-

scopes—now gathering all wavelengths

of Hght—has allowed astronomers to

see more objects at greater distances

than ever before. Not a week goes by

that a newspaper headhne doesn't re-

veal a newly discovered fact or feature

of the universe—and no greater night-

mare disturbs the sleep of a textbook

author. Decades ago, new editions of

astronomy textbooks came out more

often than necessary, just to short-

circuit the lucrative market for used

books. Now the release of new edi-

tions could be justified almost

monthly, simply to keep pace with

discoveries in the field.

But let's stop and think for a mo-

ment. How often do experts ever write

"We hardly know anything about any-

thing" or "Gee, I wish we weren't liv-

ing in such backward times"? It seems

whenever we humans talk about our

knowledge of the natural world, we

wax poetic about how far we've come

and how much we know. Apart from

Thomas Edison's famous party-poop-

ing remark "We don't know one mil-

lionth of one percent about anything,"

praise for the depth and breadth of

contemporary knowledge is the rule

rather than the exception. The preface



to (llins Inipcy .iiul Willi, iiii K. I l.irt-

m. Ill's Uiiii'crsc lict'Ctihd, .1 colk't^c tcxt-

liook piihlislicHl List year, agrees:

Astiviioiny is llic oldest science, hii! ii

is also tn'mmdoiisly active ri<^lit now.

Discoveries are beiin; made by /j)\'c

new telescoi'es on /;/(j// nionniaimops

and l>y sopliisticated new observatories

ill space.

The preface to The System of the

Stars, a treatise on the known universe

written 110 years ago by the prolific

astronomy popularizer Agnes M.
Gierke, m.ikes the same case. She was

sure that she was living in the golden

age of discovery:

Now, ill the history of the hinnaii

intellect, there is no more astonishing

chapter than that concerned with the

sidereal researches of the last quarter

of a century.

Thirry-five years earlier, in 1855,

Elias Loomis mused with similar

emotion in the preface to his highly

acclaimed Introduction to Practical

Astronomy:

Tlie rapid advance in the cultivation

of Practical Astronomy which has

recently been made in the United

States is one of the most encouraging

features of the age.

One could analyze, decade by dec-

ade, the political, social, economic,

and cultural forces that promoted cos-

mic discovery, but astronomy was not

uniquely favored. It was simply one of

many fields enjoying an explosive

growth of knowledge, as noted by the

editor David A. Wells in his preface to

the 1852 Annual of Scientific Discovery:

Tlic progress of invention and

discovery, oj improvement and

application, is so rapid, unceasing and

continuous, that it would require a

volume many times the size of the

present to recoril. even in w simmiiiiy

manner, all thai transpires oj .^cieiilijii

interest in the course of a single year

Wells was coiniiiced he knew why:

One fact must be apparent to all, that

is, that the number of persons now

engaged in contributing to the advance

of every department oj natural and

physical science is greater than at any

former period. The evidence of this is

to befound in the . . . greatly increased

publication and circulation of scientific

boohs and journals.

When a field of research grows ex-

ponentially in a generation, that gener-

ation perceives itself as hving in a spe-

cial time. A quantitative analysis reveals

this as well. Recently, while browsing

the stacks of Princeton University's as-

trophysics hbrary, I paused by the wall

ot shelves containing the Astrophysical

journal, which has been around since

the birth of modern astrophysics and is

the leading research journal in the

field. Since all the issues were on dis-

play, firom the first volume in 1895 to

the most recent publication, the

halfway point in this record of research

(at the middle of the wall) was easy to

find. Taking into account the changing

length and width of the fournal's aver-

age page over the years, the halfvvay

point fell among the journals dated fif-

teen years ago.

Yes, half of all research papers ever

published in astrophysics have been

published in the past fifteen years.

But fifteen years ago, others strolling

along the same wall could have made

this identical statement. As they

could fifteen years before that. And
fifteen years before that, and so on.

My colleagues in other sciences share

similar tales.

Are scientists today more verbose

than yesterday? Are we writing more

research papers just to obey the pro\'er-

bial imperative to pubUsh or perish? I

think not. There have alwavs been ver-

bose scientists, and there have always

lu-ei) inure papers written than sub-

stance justified. One way to calibrate

the rate at which important research

gets published is to assess how quickly

you fall behind when you don't read

the journals regularly. During my own
professional career, this interval has

dropped from years to months.

Gordon Moore, cofounder of the

Intel Corporation, recognized as early

as 1965 that the growth of the elec-

tronics industry enabled computing

power (and associated advances in

computer technology) to double every

twelve to eighteen months. This now-

famous Moore's law for the pace of

change in computing power—with its

much shorter doubhng time than for

science in general—has held remark-

ably true for the past thirtv'-five years

and shows no sign of losing its rele-

vance to the information revolution.

My first electronic mail account was

up and running in 1982, back when

only a few thousand scientists and en-

gineers used this newfangled technol-

ogy. Moore's law made it inevitable

that today, at least twelve doublings

later, my firiends and family would all

be online with fresh e-mail accounts.

Our minds seem poorly equipped

to grasp the consequences ofexponen-

tial growth. Consider the following

example. Ifyou came upon a small lake

in which a particularly fecund species

of algae was doubhng its population

every day and you then returned after

one month to find the algae covering

half the lake, how much longer would

you have to wait before the entire lake

was carpeted with algae? Answer: one

day. Exponential arithmetic such as

this enables half of all the algae (at all

times) to declare that they were "born

yesterday" and that the population

growth of their era was like none pre-

ceding it. My favorite doubling exper-

iment is the one in w'hich somebody

gives you a penny a day, doubled, for

every day of a 31 -day month. That is,

one cent the first day, two cents the
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second day, four cents the third day,

eight cents the fourth day, and so on.

How much money is your friend

handing you on the last day of the

month? Answer; $10,737,418.24.

To sustain exponential growth,

modern science requires, at the very

least, the free exchange of ideas. With-

out it, science flounders. We saw this

happen in the seventeenth century,

when Galileo was tried and his writ-

ings were censored by the Inquisition,

but it has also happened more recently.

The idea that characteristics acquired

during hfe are transferable to your off-

spring is traceable to one of the "laws

of evolution" put forth by the

eighteenth-century French biologist

Lamarck. Soviet biologist T. D. Ly-

senko carried Lamarckian ideas into

the twentieth century with the power

of poHtical authority. In 1938 Lysenko

was appointed president of the Lenin

AU-Union Academy of Agricultural

Sciences and in 1940, director of the

Institute of Genetics of the Academy

of Sciences of the USSR.
Big mistake.

For three decades, right up till the

death of Khrushchev in 1971, Soviet

biology moved backward just by stand-

ing still. Lysenkoism resonated with

the political agenda of the Central

Committee of the Communist Party,

which officially endorsed Lysenko 's

view and repressed mainstream Men-
delian genetics. A resolution from the

USSR's Academy of Sciences soon fol-

lowed, outlawing the study and teach-

ing of Mendelian genetics altogether.

Soviet agriculture suffered the most

from not applying the latest techniques

garnered from the world's ongoing ge-

netic research. While Lysenkoism in

Russia was being praised, first by Stalin

and then by Khrushchev, biology in

the rest of the world enjoyed two dou-

blings in research and productivity, in-

cluding the Nobel prize-winning dis-

covery of the DNA molecule.

There's no crime in being wrong.

Most scientists are wrong most of the

time. In this case, however, the unholy

mix of science and pohtics perverted

the process of self-correction, which is

so crucial to the discovery of scientific

truth. Science advances quickest wher-

ever and whenever it can stay clear of

prejudice, religious dogma, and poHti-

cal agendas (unless, of course, the po-

Htical agenda itself is the advancement

of science). In Europe and the United

States, these conditions have largely

been met—especially in the physical

sciences—since the Industrial Revolu-

tion. It's therefore no accident that

both regions have become such pow-

erful economic and industrial forces.

But not aU inteUectual or creative

enterprises are having a golden age.

While I'm no expert in the arts, and

can claim no knowledge beyond what

than today? Not reaUy. We are now
building a space station with reusable

space vehicles that we launch multiple
i

times per year. We have launched

space probes that at this moment are 1

orbiting Mars, Jupiter, and the aster-

oid Eros and another that is on its way

to Saturn. Three of our space probes

have left the solar system altogether

and are now adrift in interstellar

space, carrying earthlings' assorted

greetings to whoever stumbles upon

them. We also maintain hundreds of

communications satellites (in both

low and high Earth orbit) as well as a

dozen space-based telescopes. Not

having Moon bases and other unreal-

ized dreamscapes doesn't mean that

our presence in space has not grown

exponentiaUy.

Moore's law that computer powder and speed

double every twelve to eighteen months has

held remarkably true.

I glean from conversations at cocktail

parties, I have never heard anyone

claim that we Hve in the golden age of

painting or sculpture or music or film

or poetry or novel writing. For many,

the golden age was far away and long

ago. This rearward-looking posture

inay simply be the consequence of

one's inability to know for sure

whether new art (in any medium) will

survive the ever shifting breezes of

fashion, taste, and commerce. In the

sciences, however, if an idea is demon-

strably wrong, it wiU not one day be

proved correct, which enables us to

discard such ideas in the spirit of sim-

ply tidying up around the house.

Sometimes people look longingly

rearward even when doing so is un-

warranted. Consider what is widely

described as the golden age of space

exploration: the Mercury, Gemini,

and Apollo programs of the 1960s

that led to the first Moon landing in

1969. No doubt those were special

times, but were they more special

One can rightly ask, though, how
science and scientists continue to sus-

tain an exponential pace of discovery.

Back in the 1960s—the Jurassic days of

computing—^you wrote your scientific

paper by hand. Background research

required a trip to the Hbrary, where

you would read anything you needed

to know. You would also take copious

notes, for photocopiers were not yet a

common feature of the oSice environ-

ment. You gave the finished text to a

typist, who typed it on a manual type-

writer—complete with added typos.

AU the special mathematical characters

were hand-drawn in place. Figures and

diagrams were plotted by hand on

graph paper and then farmed out to a

graphic artist. The research paper was

then mailed to the journal, with car-

bon copies kept for your records.

Nowadays, using the Internet, you

choose keywords to search every pub-

lished paper in nearly every astro-

physics journal for material related to

your own research. And it's done in a



iiiiiiiitc or two. You dow iiIo.kI .in\' or

.ill ol iIk-sl- papers to your laptop coni-

puter (without its getting heavier for

having done so) and read them at your

leisure. You observe the universe from

telescopes that are controlled in real

time by a user-triendly interface on

your PC. Your data are plotted and

formatted within seconds while you

"typeset" your manuscript using sim-

ple software tools provided by the

journal that is publishing your work.

And you submit the paper to an online

service so that your colleagues around

the world can read the hnal draft be-

fore the next day's morning coffee.

All exponential growth must end

somewhere. It ends when our fecund

algae have no lake left to take over. It

ends when we reach the quantum limit

to computing speeds. And of course,

there cannot be more scientists than

people on Earth. All true. But the end

is not otherwise in sight. I cannot

imagine what another halt centur)' will

bring—three scientific doubling times

and thirty Moore's law doublings of

computing power. If exponential

growth continues to hold, the early

twentv'-first century will look like a

primitive era in which research moved

like molasses and the real potential of

the inhmt Internet had not yet been

realized.

Modern science's golden age ot dis-

covery flows not from a particularly

prodigious rate of research but from the

consistency with w^hich we have main-

tained the exponential growth ot this

research. By that measure, our golden

age began with the Industrial Revolu-

tion and shows no sign of letting up.

And there will be no rest for the weary

textbook writers, who must continu-

ally rewrite new editions as they chase

the cosmic frontier, just as they did a

hundred years ago.

Neil de Grasse Tyson, an astiopliysicist, is

the Frederick P. Rose Director ofNew York

City's Hayden Planetarium and a visiting

research scientist at Princeton University.
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REVIEWS

Pushing the Envelope
Scientists who study environmental extremes are looking at how
organisms—^including humans—^adapt to such conditions.

By Steven N. Austad

People tell me that after my first (and

definitely last) bungee jump into the

gorge just below Victoria Falls, I ap-

peared to be intoxicated by the experi-

ence. Not only was I giddier than usual

(with relief), but for days my eyes were

as bloodshot as if I had just survived the

mother of all New Year's

Eve parties. Thanks to

Oxford University phys-

iologist Frances Ash-

croft's fascinating new
book. Life at the Ex-

tremes, I now know that

the small hemorrhages

commonly precipitated

in the eyes of bungee

jumpers are caused by

the great g- (for "gravitational") forces

exerted on the head as the bungee cord

snaps taut during fi"ee fall. What's more,

sky divers, who are relatively more sen-

sible than bungee jumpers, do not suf-

fer such injuries: parachutes cause

falling bodies to decelerate less

abruptly, and sky divers don't open

their parachutes when their heads are

below their feet.

Ashcroft describes the physiological

effects of positive (toward the feet) and

negative (toward the head) g-forces by

outUning the complex and destructive

bodily impact of orbiting Earth: after a

few weeks in a space capsule, most as-

tronauts are incapable of standing up

without fainting when they first return

to terra firma. The experience also in-

duces muscle loss, aneniia, cardiac ir-

regularities, and bone thinning. After

reading Ashcroft 's book, I now have lit-

Life at the Extremes: The

Science of Survival, by

Frances Ashcroft (University of

California Press; $27.50)

Science at the Extreme:

Scientists on the Cutting

Edge of Discovery, by Peter

Lane Taylor (McGraw-Hill;

$29.95)

tie doubt that the White House had a

backup speech ready in case John

Glenn's inspiring space flight at the age

of seventy-seven ended less happily

than it did.

Besides detailing the rigors of ath-

letic feats and space flight, the book

explores the physiologi-

cal impact—on whales,

birds, and bacteria as

well as on us—of such

extremes as plunging

into oceanic depths and

experiencing very high

and very low tempera-

tures. In so doing, Ash-

croft explains a lot

about how the human
body operates under normal condi-

tions. She also points out the engineer-

ing logic of the artificial environments

we have created to preserve us as we
journey to places our bodies are nor-

mally unequipped to handle.

She discusses at length, for example,

the mechanics of what happens to

people at high elevations, especially to

mountaineers and Ufelong residents of

the high Andes and the Himalaya, and

describes reactions that can lead to the

lungs fatally filling with fluid. Equally

interesting are the specific physiological

changes—chiefly a fivefold to sevenfold

increase in breathing rate—that allow

the body to gradually acclimatize to

high altitudes, thus enabling particu-

larly hardy mountaineers to ascend

Mount Everest without supplemental

oxygen. She also imparts potentially

useful, if not exactly reassuring, tips on

what to do when your plane depressur-

izes: you have slightly less than thirty

seconds to put on that dangUng oxygen

mask before you lose consciousness. In

the Concorde, however, it's probably

not worth bothering with, because at

the cruising altitude of that aircraft, you

couldn't survive even breathing pure

oxygen. "The low barometric pressure

at these altitudes," writes Ashcroft,

"means there is simply not enough

room in the lungs for the necessary

amount of oxygen."

Having amassed a wealth of histori-

cal information on each topic, Ashcroft

provides an endless resource for cock-

tail party conversationalists—and for

teachers of biology such as myself. For

instance, John and Charles Deane res-

cued some horses from a burning barn

in the early nineteenth century by im-

provising a breathing device out of the

helmet on a suit of armor "suppHed

with air via a hose and a hand pump."

They later patented the device for fire

fighting. In 1828 the brothers came up

with a diving suit, an apparatus that al-

lowed them to open the first marine

salvage business in England. Equally in-

triguing, the physiologist father of the

great EngUsh biologist J. B. S. Haldane

invented the method of staged ascent,

which allows today's scuba divers to

avoid the bends. Ashcroft cites 236 feet

as the world record free dive (on a sin-

gle breath and without a diving suit)

and 436 feet with a rock and a rocket

(for rapid descent and ascent).

Of course, human physical feats

achieved in extreme environments pale
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In a 2,000-year-old tradition, Japanese women divers known as the Ama collect

marine life from the ocean floor at depths of up to sixty feet.

in comparison with the achievements

of animals specialized for living there.

Elephant seals can dive to depths of al-

most a mile without getting the bends.

The bar-headed goose does not need to

acclimatize to flying over the Himalaya,

even though it may have taken ofl^from

sea level earlier the same day. What dif-

ferences in body design allow seals and

birds to do what no unaided human can

do? This book provides the answers.

But one topic it doesn't discuss is

what drives people to purposely seek

out these extreme environments in the

first place. In 1911, in an age when ex-

ploration was the road to fame and for-

tune, Roald Amundsen wanted to be

(and succeeded in becoming) the first

person to reach the South Pole. Yet

even he concocted some scientific

cover for his quest, declaring that "the

main object is a scientific study of the

Polar Sea itself."

The scientist-adventurers or adven-

turer-scientists profiled in Peter Lane

Taylor's Science at the Extreme are

modern-day Amundsens—ostensibly

collecting scientific data but in reality

more interested in being the big kahu-

nas of their particular field ofneck risk-

ing. Suckers for these semi-suicidal

tales, we get most of the thrills but

none of the pain, risk, or tedium.

Among the picaresque crew Taylor

trailed after with his camera and pen is

the blunt but swashbuckling George

Irvine, director of the thirteen-year-old

WoodviUe Karst Plain Project, whose

mission is to model the subsurface hy-

drology of northern Florida's underwa-

ter caves. Irvine has penetrated more

than three miles into a cave 300 feet

underwater on a single dive. Taylor also

profiles such fellows as Giovanni

Badino, a physicist who explores caves,

rivers, and lakes inside and beneath

some of Europe's largest glaciers, and

Craig Ferreira, a shark speciaUst who
occasionally free swims among great

whites for some (I'm sure it must be

scientific) reason.

Mixing eloquent prose with breath-

taking photographs of his subjects in

their chosen environments, photogra-

pher and naturalist Taylor produces a

book you won't soon forget. But what

happened to the cardinal rule of dare-

deviltry, whereby you mention your

close calls only to your best friends after

a few drinks late at night? This new
breed of adventurer never seems to tire

of reiterating how dangerous the work

is, how many people have died doing

it, or how good he himself is compared

with the competition. No one actually

beats his chest on the page, but you feel

that the chest-beating happened just

around the corner.

Dangers do, ofcourse, present them-

selves during the pursuit of science.

Ecologist Ronis Da SUveira (see "Secrets

of the Flooded Forest," Natural History,

3/00) puts radios on some of the largest

and most dangerous crocodilians in

South America in order to learn about

their habitat requirements, and botanist

Steve Sillett clambers in the crowns of

redwoods so that he can study the epi-

phytic plants that thrive several hundred

feet off the ground. There is no other

way to learn these things, but the scien-

tific discoveries that emerge from all this

risk taking are barely mentioned in Tay-

lor's book. His emphasis is clearly on ad-

venture. That's enough, however, to

keep this reader happy.

Steven N. Austad is a professor ofzoology at

the University of Idaho and the author of

Why We Age: What Science Is Discov-

ering About the Body's Journey

Through Life Qohn Wiley & Sons, 1997).
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All Eye on the

Seafloor

By Rohcil ,l//(/c(>(>//

Few of us will over have a clumce to

visit a deep-sea ridge to witness a vol-

canic eruption as new oceanic crust is

being formed. And since I'm slightly

claustrophobic myself, the thought

of descendnig a mile or more in a

cramped submersible with tons of

water pressing in all around me is not

particularly inviting. But now, via the

Internet, from my desk well above sea

level, 1 can watch black chimneys spew

scalding hot, mineral-laden seawater

and observe tube worms and other ex-

otic organisms colonize a submarine

lava flow only a few years old.

The researchers at the Pacific Ma-

rine Environmental Laboratory ot the

National Oceanic and Atmospheric

Administration (NOAA) (ww\v.pmel

.noaa.gov/vents) have focused on the

Juan de Fuca and Gorda Ridges be-

cause of their proximity to the north-

west coast of the United States. At the

ridges, where two tectonic plates are

moving slowly apart and molten rock

erupts to fill the void, NOAA is moni-

toring some of the most active spots,

including a feature called the Axial Vol-

cano. This submarine mountain was

the site of a large eruption in January

1998. In July of this year, as part of the

New Millennium Observatory (NeMo)

Project (newport.pmel.noaa.gov/nemo),

a camera was set up in the volcano's

caldera to observe the growth of organ-

isms taking advantage ot the mineral-

rich hydrothermal vents. WhUe the re-

search is rather technical, the site allows

you to observe an ecosystem so remote

it was not discovered until 1979, a dec-

ade after the moon landing.

Robert Anderson is d freelance science writer

in Los Angeles. g^''-"v
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Robo sapiens: Evolution of a New

Species, hy I'fici Mcuul ,iiul Idtlh

D'Altiisio (MIT Press, 2000; $29.95)

A photojournalist and a television news

producer have compiled a field guide to

more than a hundred intelligent robots.

In Her Hands: Craftswomen Chang-

ing the World, hy l\ioLi (.humtno and

Toby Tnttle (Mormcelli Press, 2000; $60)

Women artisans speak for themselves

about their lives and skills.

Encyclopedia of the Sea, by Ridumi

HIbs (Alfred A. Knopf 2000; S3 5)

Marine expert and artist EUis reports on

nearly everything about ocean life, from

the argonaut (an octopus) to zooxan-

theUae (symbiotic dinoflagellates).

Food's Frontier: The Next Green Rev-

olution, /)]' Riilhird Manning (i\'orlli Point

Press /Fmrar, Straus & Gironx. 2000; $24)

Local solutions for relieving world

hunger are discussed by environmental

writer Manning.

Rosetta stone of biological functions,

c,unions Mil' Instori.in of science Keller

m iier chn)nicle of the twentieth cen-

tury's achievements in molecular biology.

A Living Bay: The Underwater World

of Monterey Bay, by Uvdl Un^Modi and

l.ibby Lani;slroih (University of California

Press, 2000; $60, doth; $29.99, paper).

The array of organisms and habitats of

(California's Monterey Bay is stunningly

documented.

Songs, Roars, and Rituals: Communi-

cation in Birds, Mammals, and Other

Animals, by Lesley]. Rogers and Gisela Kap-

lan (Harvard University Press, 2000; $29.95)

Two Australian scientists investigate the

spectrum of animals' sensory systems.

Stinging Trees and Wait-a-Whiles:

Confessions of a Rainforest Biolo-

gist, /))' William Laurance (University of

Clncago Press, 2000; $25)

In what's left of Australia's tropical

rainforest, American ecologist Lau-

rance pursues fieldwork and conserva-

tion interests.

The Century of the Gene, by Evelyn Fox The books mentioned are available in

Keller (Harvard University Press, 2000; $22.95) the Museum Shop or through the Mu-
"Sequence inlbrmation" may not be the seum's Web site, www.amnh.org.

PHOTOGRAPHY

Jungles, by Fnms Lantin

(Tasdicn. 2000; ^39.99)
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EVENTS

OCTOBER 3

7:00 P.M. Population expert Paul R.

Ehrlich discusses themes from his new

book, Human Natures: Genes, Cultures,

and the Human Prospect.

OCTOBER 4

7:30 P.M. The Hayden Planetarium,

in collaboration with the Planetary

Society, inaugurates the first Interna-

tional Spaceweek with a panel discus-

sion of NASA's agenda for space ex-

ploration and the extent to which it

should include the search for life in

the universe. For details, go to www
.amnh.org/rose.

OCTOBER 5, 19, AND 26

7:00 P.M. Botanist WiUiam Schiller, of

the Museum's Department of Educa-

tion, lectures on the spectacle of wild-

flower displays in some of the world's

harshest environments, in a four-part

series, concluding November 2, enti-

tled "Biodiversity and Mountain Wild-

flowers." The same series will be given

at 2:30 P.M. on October 16, 23, and 30

and November 6.

OCTOBER 7

"The Butterfly Conservatory: Tropical

Butterflies Alive in Winter" opens for

the third year in the Hall of Oceanic

Birds and runs through May 28, 2001.

OCTOBER 10

7:00 P.M. Parasites, among the world's

most successfril, sophisticated, and nu-

merous organisms, are the subject of a

talk by Natural History columnist Carl

Zimmer, author of a new book. Parasite

Rex: Inside the Bizarre World of Nature's

Most Dangerous Creatures.

OCTOBER 11

7:30 P.M. In the first of four lectures

sponsored by the China Institute, an-

thropologist Myron Cohen, of Colum-

bia University, discusses "China: The

Land and People."

OCTOBER 12

7:00 P.M. NaturaHst and veteran birder

Kenn Kaufman extols the liberating

effects of bird-watching, in his talk

"Birds and the Undiscovered World."

OCTOBER 16

7:30 P.M. As part of the "Distinguished

Authors in Astronomy" series, Donald

W. Goldsmith, author of Tlie Runaway

Universe: Tlie Race to Discover the Future

of the Cosmos, gives a talk about our ex-

panding universe.

OCTOBER 17 AND 24

7:00 P.M. Anthropologist Peter Gold,

author of Navajo and Tibetan Sacred

Wisdom: The Circle of the Spirit, dis-

cusses indigenous concepts of the sa-

cred and their influence on daily Ufe.

OCTOBER 20

7:00 P.M. Zorka MiHch, author of A
Stranger's Supper: An Oral History of

Centenarian Women in Montenegro, talks

about Montenegro and presents ex-

cerpts from a documentary about the

country fdmed by her son Mark Wal-

lace Milich.

The Lindisfarne Stone is believed to

commemorate the victims of the first

Viking raid, in a.d. 793 on the

northeastern Engh'sh coast.

OCTOBER 21

"Vikings: The North Atlantic Saga," a

new exhibition, opens in Gallery 4. On
Saturday and Sunday, October 21 and

22, Museum goers can observe crafts-

people at work in a repHca of a "Viking

village outside the 77th Street entrance,

from 1 1 :00 A.M. to 4:00 P.M. There will

also be storytelling, music, and other

varied activities.

1:30 P.M. "Water in the Biosphere:
'

A Solvent for Life," by biologist Todd

Dawson, of the University of CaHfor-

nia, Berkeley, is the first of five talks in

a monthly series on the fundamental

role of water in Earth's processes.

OCTOBER 23

7:30 P.M. As part of the "Frontiers in

Astrophysics" series, astrophysicist Dara

Norman, of the State University of

New York, Stony Brook, gives a talk

entitled "Tales of the Dark Matter:

Finding the Unseen."

OCTOBER 26

7:00 P.M. Anthropologist Roy Richard

Grinker speaks about the subject of his

new biography, the late Colin M.
TurnbuU, the Museum curator and

British anthropologist who studied

African peoples.

DURING OCTOBER

The Museum's Department of Educa-

tion presents free weekend multicultural

programs, featuring Greek, Burmese,

and Taino cultures, on the theme "Pup-

pets and Drums: Arts Revived." For a

schedule, call (212) 769-5315.

Students in grades seven through

twelve are invited to compete for the

Young Naturalist Awards 2001 on the

topic "Go on an Expedition: Find Your

Own Place in the Natural World!"

Entry forms are available at www.amnh
. org/youngnaturalistawards.The dead-

Hne is January 2, 2001. i

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 w^ww.amnh.org.

Space Show tickets, retail products, and

Museum memberships are now also

available online.
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Bone Appetit
In the popular imagination, drawing the attention, much less the fixed stare, of a

vulture is disconcerting. While the sight of an eagle swooping down for a kill

evokes a kind of predatory majesty, a circling scavenger signals imminent rot.

Vultures, however, are a varied tribe and have developed specialties in their role as

carcass feeders. The bearded vulture (so called for the bristles sprouting from its "chin"), also

known as the lammergeier (or lamb vulture, though it does not kill newborn livestock), is a

large bird of eagle-elegance that soars above Eurasian mountain ranges. Its apt Spanish

name—quebrantahuesos, or "bone breaker"— refers to its habit of carrying Large bones aloft,

dropping them on flat rocks, and then extracting the marrow and devouring the shards.

Uneaten remnants pile up in extensive bone beds. Bearded vultures pick at dry carcasses

and often wait until time and other vultures have exposed a dead animal's skeleton before

beginning their feast of bones. Photographer John Cancalosi waited for days in a blind in

the Spanish Pyrenees until this bearded vulture, displaying a ruddy head and ruff,

landed at the remains of a domestic sheep. The natural color of the plumage on a

mature bearded vulture's head and belly is pale, but these birds have an

innate propensity to seek out and deliberately apply orange hue to

themselves by rubbing in iron-oxide-rich dust and mud. Vulture

researcher Antonio Margalida and colleagues speculate that the

coloring, which intensifies the birds' red eye rings, is a

cosmetic symbol of status. In a stare-down between
:— bearded vultures, the bird with the

best rouge wins.

—

Judy Rice

Photograph by John Cancalosi
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ENDPAPER

It
was when my young teenage son and his friends started

choosing horror films as a treat that I began to explore

ideas about the pleasures and uses of fear. They'd Ue down

in a huddle in front of the video player, shrieking and squeal-

ing bhssfrilly as they covered their eyes. Reaching out to em-

brace the objects of terror—and thus tame them—they were

adopting a widespread human defense that can be seen in fuU

force at Halloween.

I once arrived at the San Francisco airport on October 31

to find one ticket clerk wearing an ax through his bleeding

head, while another, in frill ghoul makeup, began asking me
the usual security questions. Halloween

guising involves conjuring objects of horror

and dread, the more terrible the better.

Children won't be dressing up for Hal-

loween this year as good, poHte graduates of

Hogwarts, the school ofmagic in the popu-

lar children's books about apprentice wizard

Harry Potter. Rather, they'll be playacting

monsters, vampires, witches, and war-

locks—creatures on the side of Harry's im-

placable enemy, the evil Lord Voldemort.

The ancient, seemingly instinctive

game of peekaboo brings many infants

their first experience of scary pleasures: the

sudden appearance of a mother's eyes from

behind her fmgers wiH make a small baby

gurgle with surprise. From this gentle ex-

change, it's a short step to the much
rougher game ofBoo!, which children love

to play, jumping out of a hiding place to

give someone a fright. (Startling a predator

by springing out unexpectedly is also one

of the most effective protective devices in

nature; a butterfly's suddenly opening its

wings to flash a pair of boggling painted

eyes exemplifies nature's use in earnest of the Boo! effect.)

Use of this bilabial plosive, as the abrupt Boo! sound is

known in phonetics, goes back to at least 1420 in EngUsh and

has been heard in children's games in places as different as the

Middle East and North America. The sound may be related

etymologicaUy to the Sanskrit bliii, the divine command of

being and generation. As the Unguist J. R. Firth wittily put it,

"God created the world by saying 6/n(."

Many words for Halloween-type specters are based on

this sound: boogie, bogy, boggle-bo, bogeyman; in north-

ern England, boggart; in Scoriand, booman; bugaboo in the

Isle of Man; a bucca in Cornwall, a buggane in Wales; sim-

ilarly in Russia, buca; boogerman in the southern United

Boo!

By Marina Warner

States; in Newfoundland, boo-bagger and bully-boo.

Reptiles—both real (lizards and snakes) and fictional

(dragons)—used to dominate the imagery of bogeys, but in-

sects and other arthropods are now taking over. Scales, pro-

boscises, pincers, gleaming carapaces, elaborate mouthparts,

and bristUng antennae from the hidden, subterranean terri-

tory of creepy-crawlies characterize the scary cast of current

fantasy. In the latest Harry Potter book, the young wizard

and his friends have to learn to handle vicious, scorpionlike

"skrewts," while in real-life supermarkets, parents hoping to

add thriUs to their children's bath time can buy giant bugs en-

cased in translucent bars of soap.

The more fragmented and incoherent

it feels to inhabit the technological world

(and the more sophisticated the special ef-

fects that same technology makes possible),

the more terrifying are the images pro-

duced by today's monster makers. It is re-

vealing that they often mix and shuffle ele-

ments from various species, combining the

antlers of a stag beetle and the feelers of a

fly, or a butterfly's proboscis and an ant's

thorax, to create fantastic new hybrids.

Predatory space aliens are imagined vwth

the hugely magnified eyes of flies and

wasps; the film Alien pictured the invaders

as reptilian bugs hatched from a mon-
strous, maggoty queen ant; Men in Black

imagined an apocalyptic takeover by a

colossal cockroach.

With these insect connections in mind,

I was intrigued recently to discover that

the word "bugs" originally meant demons.

The Coverdale translation of the Bible,

made for Henry VIII and published in

1535, is known as the Bug Bible on ac-

count of its translation ofHne 5 of Psalm 91: "Thou shalt not

nede to be afrayed of eny bugges by night"—and the Une

doesn't refer to mosquitoes. These perils include Beelzebub,

the devil who is "Lord of the FHes" (2 Kings 1:2). Children's

stories, horror fikns, and Halloween parties, carrying on the

traditional ritual combat against monsters, are once again

closing the gap between "bug" meaning insect and "bug"

meaning devU.

Marina Warner is a novelist and historian who mites about myths

andfairytales. Tliis essay is adaptedfrom her most recent book, No
Go the Bogeyman: Scaring, Lulling and Making Mock, pub-

lished by Farrar, Straus & Giroux in 1999.
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LETTERS

Who's Really on First?

As the principal investigator

of the Meadowcroft/Cross

Creek Project since 1973

and as collaborator on the

Monte Verde investigations

for nearly a decade, I feel

compelled to correct some

of the misinformation

presented in Anna

Curtenius Roosevelt's

recent review, "Who's on

First?" (7/00-8/00), in

which she questions the

validity of virtually all sites

that place humans in the

Americas before about

12,000 years ago. Among
other things, she confidently

cites an article by Stuart

Fiedel that questioned some

of the artifact sources and

documentation at Monte

Verde. AH of Fiedel's

misapprehensions have been

thoroughly refuted by

Thomas D. DiUehay and his

colleagues on their Web site

(www.uky.edu/Projects

/MonteVerde)

.

An informed visitor to

Monte Verde and/or a

careful reader of the final

reports would know that the

stratigraphy at that site is not

discontinuous; that there are

many objects of indisputable

human manufacture,

including such items as

cordage and worked wood,

some ofwhich have been

directly dated; and that the

radiocarbon (carbon 14)

dates cluster convincingly at

ca. 12,750 B.P. (before the

present). The dates are not

inconsistent with the age of

the associated projectile

points, as documented at

other South American sites,

and there is no evidence

that the site is contaminated

by bitumen or other

substances that would distort

the radiocarbon dates.

Roosevelt also charges

that Meadowcroft

Rockshelter has

questionable dates as a result

of contamination. Previous

research by four different

radiocarbon laboratories, as

well as a recent

micromorphological study,

conclusively found no

evidence of particulate or

dissolved contaminants or

even of a possible source of

such contamination (see the

Journal of Field Archaeology

26, FaU"l999).

Contrary to its listing on

Roosevelt's map, the date

cited for Meadowcroft

(19,100 ±810 B.P.) is not

associated with the

lanceolate point that was

discovered there. This item

and dozens of others at the

site (notably prismatic blade

flakes) fall within layers

bounded by radiocarbon

dates of 11,300 ±700 and

12,800 ±870 B.P. There are

seven additional earlier

dates, consistently ordered

within the stratigraphy, aU

of which are directly

associated with objects

of indisputable human
manufacture and some of

which have a margin of

error (standard deviation)

of as httle as 165

radiocarbon years. Even if

the two earliest dates are

discounted, the remaining

five indicate that humans

were present at this site

sometime between 14,555

and 13,955 b.r

The essential facts are

that the Clovis hunting

culture is no longer first

and that the majority

consensus in the profession

is very different from the

reviewer's.

J. M. Adovasio

Director

Mercyhurst Archaeological

Institute

Erie, Pennsylvania

Anna Curtenius

Roosevelt replies:

Contrary to what J.
M.

Adovasio impUes, by the

time Monte Verde was

visited by an independent

team of archaeologists,

the crucial early deposits no

longer could be inspected.

The complex, discontinuous

stratigraphy is documented

in the final, two-volume

site report, which also

expHcitly records, as possible

contaminants, numerous

occurrences ofbitumen and

volcanic ash, as well as

modern pollutants

(detergents, pesticides, and

other chemicals derived

from geological carbon).

The researchers avoided

dating objects with hkely

contaminants. The possible

cordage and food plants and

the indisputable artifacts

were not directly dated. And
there is no clear connection

between the two bipoints

and their reputed dates,

which are 2,000 to 7,000

years older than dates for

similar bipoints elsewhere.

My pubhshed comments

about the dating problems at

the site preceded Fiedel's

critique. (Incidentally, the

response to Fiedel—and

Adovasio is one of the

coauthors of the response

—

mentions bitumen.)

Regarding Meadowcroft,

as a visitor to the site, I've

observed that coal is present

and thus—in the form of

particles or solutes from

hearth ash or groundwater

—

is a potential contaminant.

The soil micromorphology

study found weak evidence

for groundwater influence

but did not test for coal

chemistry or contamination

of samples. One test for

contamination is to date

soHds and solutes separately;

a study by Vance Haynes,

which Adovasio does not

acknowledge, found that

Meadowcroft carbon solutes

were earlier than the soHds,

so contamination was likely.

As for the date of 19, 100

±810 B.R Hsted on my map

(which included just the

earliest possible dates for

each site), according to

Adovasio 's site reports, it

is from the deepest

occupational levels, in

which biface fragments and

possible blades were found.

While some scholars do

accept Monte Verde and

Meadowcroft, my point is

that our reconstructions of

the past should rely on sites

that satisfy the standard

criteria of validity.

Natural Historyi e-mail

address is nhmag@amnh.org.



Spirit of enterprise by Elizabeth Nicholls

Find a giant in the depths of the forest

- i^x^^^^J^^i^^:

In 1991 a gigantic marine reptile, an ichthyosaur, was discovered in

the wilderness of British Columbia. Canadian-American paleontologist

Elizabeth Nicholls visited the site and quickly realized that the

23-meter-long fossil skeleton was by far the largest marine reptile

ever found. Nicholls has spent the last three years painstakingly

excavating and studying the ichthyosaur, overcoming countless

obstacles to extract the fossil from its limestone bed on a remote

riverbank flooded for part of the year. This exceptional specimen,

which is over 200 million years old, could open up whole new areas

of knowledge of the earth's prehistory For this initiative, Elizabeth

Nicholls was selected out of more than 2.000 applicants as one

of the Laureates of the Ninth Rolex Awards for Enterprise.

.Ill,

#
The RolexAwards

j?>rEnterprise

Details of all the winners and application fornns for the Rolex Awards 2002
can be found at www.rolexawards.com
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CONTRIBUTORS

Biologist Craig Packer ("When Lions Ruled France," page 52), who teaches in the Department of Ecology, Evolution,

and Behavior at the University of Minnesota, has been coordinating field studies of hons in six different reserves in

South M-ica for more than two decades. Since 1978 he has headed the Serengeti Lion Project, which began in 1966

and is one of the longest continuous field studies of animals. His book Into Africa (University of Chicago Press, 1994)

includes an account of his work with Uons. Jean Clottes, archaeologist and expert on prehistoric art, officially retired

last year after a distinguished career as a conservator of France's decorated caves. He has served as chairman of the

International Committee for Rock Art and now heads the team that is conducting scientific and conservation work at

Chauvet Cave in southern France. Clottes is a contributing author of Dawn ofArt: The Chatwet Cave (Abrams, 1996)

and wrote Le Musee des Roches: L'art rupestre dans le monde (Seuil, 2000).

Based in Kunming, the capital of China's Yunnan province, Beijing-born Lu Yuan and her

Virginia-born husband, Sam Mitchell ("Land of the Walking Marriage," page 58), direct the

China-Yunnan Study Abroad program of the School for International Training in Brattleboro,

Vermont. They became interested in the Mosuo, a matrilineal people who live near Lugu Lake,

while working with their students in the area. Lu, formerly a Xinhua News Agency journalist

and editor of the magazine ChineseJoinyiahst, has pubhshed numerous articles on Chinese

history and culture. Mitchell, who recently received a doctorate in Asian history from the

University of Hawaii, worked in India and Nepal before moving to China. Both are honorary

professors at Yunnan Normal University, the base for their foreign study program.

In his new book, Promiscuity: An Ei'ohitionary History of Sperm Competition and Sexual Cotflict (Harvard

University Press, 2000), Tim Birkhead ("Hidden Choices of Females," page 66) explores the

sophisticated ways in which creatures maximize their reproductive success. He became interested in

the subject in the 1970s while studying the mating strategies ofcommon murres on the Welsh island

of Skomer for his doctoral dissertation. A professor of behavioral ecology at the University of

Sheffield, Birkhead focuses his research on birds, from buffalo weavers in Namibia to seabirds in the

Canadian Arctic, zebra finches in AustraHa, and feral chickens in Sweden. Magpies were the subject of

his previous article in Natural History, "Britain's Magpie ParHament" (3/94).

Louise Emmons ("Stealth Moms," page 72), a freelance researcher with a doctorate in

neurobiology and behavior, has studied and written about bats, brush-tailed porcupines, mice,

ocelots, jaguars, and squirrels. With the support of the National Geographic Society, the

DouroucouU Foundation, and the Chicago Zoological Society, she spent two years in the

forests of Borneo, making the first detailed study (by radio tracking) of treeshrews. These

enigmatic creatures are the subject of her article in this month's Natural History. Her latest

book, Tupai: A Field Study ofBornean Treeshrews, from which her article was adapted, will be

published this month by the University of California Press. As this issue goes to press,

Enmions is in Noel KempfFMercado National Park in Bolivia, where she is studying the

effect of chmate change on mammals that inhabit the edges of rainforests and savannas.

Martin Harvey ("The Natural Moment," page 94) worked as a guide for South African

National Parks m Zimbabwe and South Africa's Natal Parks Board before becoming a

professional wUdUfe photographer in 1993. Traveling the world from the Arctic to Australia's

deserts, he has captured images of wildHfe that have been published in National Geographic

World, BBC Wildlife, and Natural History. Among his projects have been photoessays on Indian

tigers and central African gorillas, commissioned by the World Wide Fund for Nature.

Harvey spends six months a year in wilderness areas. Many of his photographs are available on

a compact disc, African Wildlife Collection (volume 1), and others can be viewed on his Web

site, www.wildUfepics.co.za/mharvey.



Spirit of enterprise by Maria Eliza Manteca Onate

Give breathing space to six billion human beings

Destructive farming practices and the overexploitation of timber

have destroyed 90 percent of Ecuador's native forest, causing

severe erosion and soil degradation. Determined to protect the

remnants of indigenous forests, while at the same time improving

living standards for rural people. Maria Eliza Manteca Onate has

established a nature reserve near her home village in the north of

the country. She has also launched a successful education

program, whereby adults and children learn sustainable farming

techniques at a model farm. For this initiative. Maria Eliza Manteca

Ofiate was selected out of more than 2.000 applicants as one

of the Laureates of the Ninth Rolex Awards for Enterprise.

t
The RolexAwards
^rEnterprise

Details of all the winners and application forms for the Rolex Awards 2002
can be found at www.rolexawards.com
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AT THE MUSEUM

The Road to Ancient Helike
A Museum astronomer's scientific journey started with earthquakes and led to a

significant archaeological discovery in Greece. By Henry S. F. Cooper Jr.

Science moves in curious ways,

particularly in this niultidisci-

plinary age. Consider the part

played by Museum astronomer Steven

Soter in the recent discovery of what

may be classical Hehke, on the south-

ern shores of Greece's Gulf of Corinth.

Helike, a city mentioned by Homer
in the Uiad, has been one of the last

major puzzles of classical archaeology

in Greece. In 1968 Spyridon Mari-

natos, director-general of antiquities for

the Greek ministry of culture who had

searched unsuccessfully for the city,

called attention to what were then

three important problems in Greek ar-

chaeology: the sites of ancient Thera,

ancient Thebes, and ancient Helike.

He had just found Thera, and ancient

Thebes turned up beneath modern

Thebes. Only HeHke remained.

Soter, who also works as a geoar-

chaeologist (a scientist who uses geol-

ogy to investigate archaeological sites) is

codirector, with Greek archaeologist

Dora Katsonopoulou, of the Helike

Project, which sent a dozen scientists

and students into the field this past Au-

gust and September. On a coastal plain

of the northern Peloponnese, near

modern Eliki, the team unearthed what

is almost certain evidence of ancient

Helike, which sank beneath the gulf

during a major earthquake in 373 B.C.

(the discovery is to be announced near

the site on October 7, as we go to

press). In the course of digging four

trenches, the team turned up, in addi-

tion to earlier Archaic material and later

Hellenistic material, a layer containing

classical pottery shards together with

marine shells and what may be the re-

mains of seaweed—possible evidence

that Helike 's ruins were once beneath

the sea. AH this is awaiting further

analysis, as is a corroded bronze coin

discovered on September 12, the last

day of this year's excavations.

This past summer, the Helike Project

unearthed what may be one of the

ancient city's roads.

How did a Museum astronomer get

mixed up with such subterranean do-

ings? He was studying methods of pre-

dicting earthquakes. And how did he

get inixed up with earthquake predic-

tion, normally the domain of geologists

with seismometers and strain gauges?

Soter, a soft-spoken staff scientist in

the Museum's Division of Physical Sci-

ences-Astrophysics, got his doctorate

in astronomy from Cornell University

in 1971 and for fifteen years was on the

staff of Cornell's Center for Radio-

physics and Space Research. He
worked as a research associate at the

center with Thomas Gold, an astro-

physicist who thinks that earthquakes

are triggered by the release of gases that

were incorporated into Earth during

its formation and are now under enor-

mous pressure from the overlying rock.

Forcing their way up through cracks in

the upper mantle, these gases can

counteract the pressure that clamps

Earth's tectonic plates together. The

high-pressure gas reduces the firiction

across a fault, allowing the shearing

forces in the rock to shift the plates

sideways, sometimes catastrophically.

From Gold's standpoint, it is a sudden

decrease in fault strength, not a gradual

increase in rock stress, that triggers an

earthquake.

In the late 1970s, Gold asked Soter

to study earthquake literature, with a

particular eye out for precursor events

that might confirm his maverick ideas.

Soter found many phenomena of this

kind that might be related to "out-

gassing," including, for example, nu-

merous anecdotal reports of odd ani-

mal behavior before earthquakes.

Many animals are far more sensitive to

smell and other physical changes than

are humans, and some of their strange

behavior might be a reaction to the ef-

fects of venting gas as it permeates the

soU. The earliest account of such odd

animal behavior comes firom the Greek

rhetorician Claudius Aelianius, or

AeHan, writing in the second century

A.D. and drawing on sources now lost.

He noted that for five days before the

earthquake in 373 B.C. at Hehke, "all



Spirit of enterprise by Laurent Pordie

Teach medicine above the clouds

The Tibetan system of medicine was once practiced throughout the

Himalayas and beyond. Today, Ladakh in northern India is one of the

few places where it remains central to community life. In the past,

Amchis, or traditional doctors, provided their skills free of charge,

with villagers shouldering their farming chores in return. But the

introduction of conventional modern medicine and a growth in social

mobility have seen that barter system fall from favor. With it, Amchi

skills themselves have begun to disappear, Laurent Pordie, a young

French anthropologist and ethno-pharmacologist, wants to re-establish

these skills and improve health care in the region. For this initiative,

Laurent Pordie was selected out of more than 2,000 applicants

as one of the Laureates of the Ninth Rolex Awards for Enterprise.

.III.

/ #
The RolexAwards

j?>r Enterprise

Details of all the winners and application forms for the Rolex Awards 2002
can be found at www.rolexawards.com
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the mice and martens and snakes and

centipedes and beetles and every other

creature of that kind in the town left in

a body by the road that leads [south] to

Keryneia." According to Aelian, the

people were amazed and did not know

what this meant. Then the earthquake

struck, and the city was submerged

by the sea. Spartan warships anchored

in the harbor disappeared. All that

showed of HeHke above water, accord-

ing to Pausanias, a Greek geographer

and traveler writing in the same cen-

tury as Aelian, were the tops of trees

from a sacred grove dedicated to Posei-

don. For centuries, fishermen snagged

their nets on the ruins.

In the course of his research, Soter

became fascinated with the possibihty

of finding Helike. The coast of the

Gulf of Corinth and the alluvial plain,

where HeUke once stood, are located

in one of the most seismically active

areas of Greece, at the foot of the

mountains of Achaea in the northwest

Peloponnese. While the mountains

here are moving upward, the coastal

plain is sHpping downward along the

roughly parallel Helike and Aigion

fault Hnes, which sUce the area as if it

were a loaf of bread. Quakes occurred

along these faults in 1748, 1817, 1861,

1888, and 1995. All in all, it is a good

place to look for precursors.

Because of its sudden plunge, the

ancient city could have been as well

preserved as a shipwreck, but re-

searchers' efforts to locate Helike had

until now proved elusive. At the urg-

ing of Spyridon Marinatos, Harold

Edgerton, inventor ot sonar that is

capable of subbottom penetration,

looked for the city in the 1960s and

did not find it. Suspecting that He-

hke, after centuries of sedimentation

and uplift, might lie buried beneath

the inland alluvium, Soter and Dora

Katsonopoulou, whom Soter had

met at Cornell, began in 1991 to sink

boreholes into the coastal plain. They

found what appear to be buildings

from the Roman period overlying

material from the classical period as

well as the Bronze Age and the Neo-

lithic period.

In June of 1995, while Soter and

Katsonopoulou were digging up bits of

ancient pottery and brick, another

earthquake—of magnitude 6.2

—

struck the area. Soter collected a dozen

accounts of strange events preceding

this temblor. Minutes before the earth-

quake struck at 3:15 A.M., a geophysi-

cist from the Hehke Project, working

in a hotel room near the site, heard the

sound of wind growing louder than

Steven Soter and Dora Katsonopoulou by

a Hellenistic wall excavated at Helike

any storm. But when he went outside

to investigate, the trees and air were

completely still. Some people told of

subterranean boomings before the

quake; others of strange Hghts in the

sky, red glows, and fireballs. Local fish-

ermen reported the appearance of

large numbers of octopuses. A man
driving his car near EUki the night be-

fore the quake found dozens of dead

mice on the road, aU run over by cars

while apparently heading south toward

the mountains. A dog chained outside

a house howled unaccountably every

night for a week until the quake

struck, then broke his chain and was

not seen again after the ground nearby

erupted, spewing sand and warm water

high into the air. (In the same area

during the 1861 earthquake, a man
was killed by a similar explosive vent-

ing. A painting made afterward shows

sand volcanos: mounds of sand topped

with vents.)

To Soter, these accounts may be

evidence of the release of gas before

and during earthquakes. On windless

days gas can vent with the sound of a

gale; if the gas is flammable, it can ig-

nite into fireballs from the friction of

dust particles entrained with it; or it

can insinuate itself into the porous

soil, driving ground-dweUers out of

their burrows.

Luckily, Soter was able to add to

these anecdotal data actual instrumen-

tal observation of a precursor event.

By chance, a few days before a 1993

quake in the nearby Bay of Patras,

oceanographers at the University of

Patras had been using a thermal probe

to record the water temperature near

the bottom, some sixty-five feet below

I he surface. When they looked at their

(.lata after the quake, they found that

the temperature, which normally hov-

ered at about 63°F, had shot up to 73°

in the hours before the quake. After-

ward, the temperature had returned to

normal. Ten days later, using side-scan

sonar, the oceanographers discovered

a field of craters in the seafloor sur-

rounding the thermal probe, some

hundreds of feet across and stiU vent-

ing gas bubbles. Such pits could be the

undersea counterparts of sand vol-

canos on land.

Maybe people wiU learn to pay at-

tention to the sound of wind on

a cakn day, the howHng of dogs, and

the appearance of octopuses and wiU

head for the hiUs—-just as the mice

did at modern Eliki and ancient

Helike aUke.

Henry S. E Cooper Jr. , a former staff

writerfor the New Yorker, has been visit-

ing the Museum since lie was four years

old, when his father sat him in a cavity of

the Willamette Meteorite.
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EVENTS

NOVEMBER 1, 8, 15, 22, AND 29

7:00 P.M. In conjunction with the Mu-
sum's current hve butterfly exhibition,

Eric L. Quinter, senior scientific assis-

tant in the Division of Invertebrate Zo-

ology, presents six seminars (the last on

December 12) covering many aspects

of lepidopterology.

NOVEMBER 1, 15, AND 29

7:00 P.M. The concluding lectures in

the "China Survey" series, cosponsored

by the China Institute, are "Themes in

Imperial China," by Madeleine ZeHn,

director of Columbia University's East

Asian Institute; "The Arts of China,"

by Maxwell K. Hearn, curator ofAsian

art at the MetropoHtan Museum ofArt;

and "China in the Twentieth Century,"

by Renqiu Yu, associate professor of

history at SUNY Purchase.

NOVEMBER 2

7:00 P.M. William W. Fitzhugh, direc-

tor of the Smithsonian Institution's

Arctic Studies Center and coeditor of

the exhibition catalog Vikings: The

North Atlantic Saga, discusses the his-

tory of the Norse people who made

their way across the North Atlantic to

America.

THE 2000 MARGARET MEAD FESTIVAL:

NOVEMBER 3-11

The twenty-fourth annual Margaret

Mead Film and Video Festival features

a retrospective of the work of Mira

Nair (director of Salaam Bombay!). Also

From the 1988 film Salaam Bombay!

highlighted are the surreahst documen-

taries of naturalist-filmmaker Jean

Painleve (1902-1989). The closing

night film, On and Off tlie Res' w/

Charhe Hill, is a portrait of the Native

American stand-up comic. For a pro-

gram guide, caU (212) 769-5305.

NOVEMBER 13

7:30 P.M. In the Space Theater, as part

of the "Distinguished Authors in As-

tronomy" series, science writer Marcia

Bartusiak gives a talk entitled "Ein-

stein's Unfinished Symphony: The

Search for Gravity Waves." After the

lecture, Neil de Grasse Tyson, director

of the Hayden Planetarium, will pre-

sent a brief sky show using the Zeiss

Mark IX star projector.

NOVEMBER 16

7:00 P.M. Drawing on his latest book.

The Triumph of Evolution, Niles El-

dredge, curator of invertebrates in the

Division of Paleontology, discusses the

role of organic and inorganic nature in

the evolutionary process.

NOVEMBER 16 AND 30

7:00 P.M. The basic principles of geol-

ogy are discussed in three sessions (the

last on December 7) by geologist Sidney

S. Horenstein, coordinator of environ-

mental pubKc programs at the Museum.

NOVEMBER 17, 20, AND 28

7:00 P.M. Scholars offer a series of lec-

tures in conjunction with the exhibi-

tion "Vikings: The North Atlantic

Saga." The first evening's talk, "Art and

Culture of the Viking Age," is followed

on subsequent evenings by "Viking

Sagas and Social History" and "Green-

land Vikings."

NOVEMBER 18

1:30 P.M. "The Global Water Cycle:

Past, Present, and Future," a lecture by

botanist William Schlesinger, of Duke

University, is the second of five talks in

a monthly series on the fundamental

role of water in Earth's processes.

1:30 P.M. For children of all ages,

folklorist Rolf Kristian Stang tells sto-

ries from the Norse saga tradition

about the life of Viking leader Leif

Eriksson.

NOVEMBER 19

12:30 P.M. Drawing from his book A
Viking Voyage, author W. Hodding

Carter describes his attempt to sail from

Greenland to Newfoundland in the

Snorri, a repUca of a Viking ship.

NOVEMBER 21

7:00 P.M. Marine artist and writer

Richard Ellis talks about the creation of

his latest book, Encyclopedia of the Sea.

NOVEMBER 27

7:30 P.M. As part of the "Frontiers in

Astrophysics" series, Evalyn Gates,

chair of the Department of Astronomy

at Chicago's Adler Planetarium, dis-

cusses the exotic kinds of dark matter

in and around our Milky Way galaxy, in

a talk entitled "WIMPs, MACHOs,
and Little White Dwarfs."

NOVEMBER 30

7:00 P.M. George Plimpton and Dmitri

Nabokov give a dramatic reading of

correspondence between Edmund Wil-

son and Vladimir Nabokov, in Terry

Quinn's play Dear Bunny, Dear Volodya.

DURING NOVEMBER

The Department of Education presents

free weekend multicultural programs

featuring the Gullah traditions of the

Sea Islands, on the theme "Puppets and

Drums: Arts Revived." For a complete

schedule, caU (212) 769-5315.

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, caU (212) 769-5100. Visit the

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

Space Show tickets, retail products, and

Museum memberships are now also

available ordine.
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IN THE FIELD

'\ "Gonstant coixigetition anion ij^ Biill elks ensiSVes that

1^ only the best traits are passed on to the next

generation-*—but the system exacts an unseen toll

Aiiiimn Rut
The sounds came faintly at

first—ethereal chords that

seemed to rise on the wind and

then fall off into the valley far below.

As I continued along the high trail, the

strange, sporadic notes gradually

resolved into a chorus of bellows,

squeals, and honks. Finally, over the

next ridge, the source revealed itself

On a treeless mountainside a half mile

distant, forty or more eUcs were miUing

about like so many performers waiting

for curtain time, and a few would-be

stars were exercising their vocal chords

now and again to stay warmed up. It

was late September in the San Juan

Mountains of Colorado, and the rut

was about to begin.

Through binoculars I watched an

old patriarch with regal antlers standing

passively by while three younger buUs

engaged in intermittent jostling and

tentative, experimental trumpeting (the

word "rut" is derived from the Latin

nigittis, "a roaring," but "bugling" more

aptly describes elk vocalizations). The

rest of the group—cows of various

ages—also seemed indifferent to the

ruckus raised by the restless buUs. This

indifference would be short hved.



By Peter J. Marchand

however. By early October, the older

male would become intolerant of the

younger ones' antics and would drive

them away from the cows, holding

them at bay with body language that

communicated hard-earned authority.

The cows, too, would become

attentive to the bugUng males and

begin to vie for a dominant position in

the breeding queue.

Ail doer are polygamous, with

males competing for females, but tlie

manner in whicii eacii species

approaciies courtship has mucli to do

with the nature of its environment.

Deer that live in the dense deciduous

forests of the East and coniferous

tbrests of the North range over large

areas. As tlic males wander, they search

out females one at a time and follow

ihem Lintil they are receptive. The

tcni.ilc, m essence, becomes the center

of a moving territory, with the male

.ittempting to limit her wandering and

win the right to mate with her by

warding off rival males. (It is to the

female s advantage to incite as much

competition as possible through her

widespread roaming and conspicuous

cstrus, so that by the time she is

receptive, the males wiU have sorted

themselves out and she will breed with

the most fit.)

For elks, however, the parklike

forest habitat of the western United

States and Canada dictates a different

tactic. Females normally congregate in

open areas, where group vigilance

facilitates protection of the young from

predators. In this situation, bulls not

only have an easier time finding

females but can try to monopolize

several cows at once during the rut.

Such harem tending is physically

taxing, however, since the open terrain

that makes this strategy possible also

puts dominant bulls in full sight of

challengers. In addition, cows may be

more easily lured away by competing

males and thus require the constant

attention of the harem master.

Attempts by bull elks to manipulate

a harem often involve clamorous

activity, including the bullying of

straying cows back into the group. But

what appears to be a mating system

based on male dominance is actually a

ritual dictated by female choice, with

very high stakes for the cow. A male in

a polygamous system can breed

somewhat indiscriminately. If he mates

at aO (which is not a certainty, because

Opposite: Two elk bulls wrestle for dominance. The victor will have a better chance of

mating during the rutting season. Above: Attempting to herd her back to the group, a

bull pursues a cow that has wandered away from the harem.



24 NATURAL HISTORY 11/00

he must first win the right to do so by

outcompeting other males), he will

usually mate more than once. Sh-ing

only one fit offspring is sufficient to

perpetuate his genes. For the female,

however, the wrong choice may be

disastrous. Because she invests her

yearly reproductive effort in a single

pregnancy, she must be discriminating

in her selection of a male. So cows in a

harem are not above switching

allegiance the moment a more fit buU

appears on the scene.

A bull with his harem, above. Nearing

the end of the rut, an exhausted male,

below, watchfully protects the last

receptive female in his harem.

A buU elk, then, has to continually

advertise—through bugHng and antler

display—his own fitness in order to

counter the claims of others and to

attract and hold his harem. And in the

rankings of elks, voice says it all. A
deeper, lower pitch is indicative of

larger size, which in turn means

proven ability to obtain sufficient food,

to successfully avoid or fend off

predators, and to survive the rigors of

winter. So when an elk bugles,

everyone listens, males and females

aHke: females to assess

the fitness of the buU,

males to judge whether

to challenge him for

the right to mate. This

constant testing ensures

that only the best traits

in the population are

passed on, but the

system also exacts an

unseen toU.

One late October

day, after observing

rutting behavior in

another large group of elks, I

encountered a lone pair of buUs, stOl

relatively young, with stately antlers

yet obviously excluded from the local

breeding activities. With no cows in

sight, they were nonetheless testing

their strength, head to head, in what

looked much Hke a playflil shoving

match. But this apparent casualness

masked the importance of the ritual.

When these buUs mature, bugling and

brief pushing will usually suffice to

establish dominance, especially among
unequal-sized contestants (mortal

combat is relatively rare and generally

involves the accidental locking of

horns, from which the combatants

cannot free themselves). To the victors

go the genetic spoils, but several weeks

of constant attention to philandering

cows and rival bulls means Httle time

to eat and often leads to caloric

bankruptcy by the end of the rut. The

early arrival of deep snow and cold

weather may then spell disaster. High

winter mortality, particularly among

young bulls, takes its toU, leaving a

strongly skewed sex ratio in elk herds.

In this contest, the winner, as in the

prophetic lyrics of the Grateful Dead,

sometimes loses all.

PeterJ. Marchand is the author ofLife in

the Cold (University Press ofNew
England, 1996), now in its third edition.
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Dominating the western

third of Virginia, the

Allegheny and the Blue

Ridge Mountains run

northeast to southwest. These ranges,

as well as the eight- to twenty-mile-

wide valley that separates them, are

part of the Appalachian Mountains. To

the east lie two other geological zones:

a broad plateau, known as the

Piedmont, and the coastal plain. The

line of demarcation between these last

two zones is rather subtle. It is called

the Fall Line because as streams flow

across it they sometimes form

waterfalls or rapids. A number of

important Virginia cities—such as

Arlington, Fredericksburg, Pdchmond,

and Emporia—originally sprouted as

settlements just downstream from

rapids on navigable riverways. Today

Interstate Highway 95, which

connects these cities, roughly traces

the Fall Line.

On the Piedmont side of the Fall

Line and about ten miles south of

downtown Richmond is Pocahontas

State Park. This heavily forested,

twelve-square-mile park is traversed by

Swift Creek, which has been dammed
to form the sinuous Swift Creek Lake.

Nearby, a smaller lake was created by

damming a tributary creek. It is called

Beaver Lake, even though the animals

were not responsible for making it.

Some of the fmest natural areas in the

park are not easily accessible except by

boat, but others are crisscrossed by

hiking trails.

Several wetland habitats he along

Beaver Lake, particularly in some of

the lake's shallow necks. Dense stands

of the ten-foot-tall soft-stem bulrush

grow in a few places. Its name

notwithstanding, this species is not a

rush but a type of sedge. While most

sedges possess triangular stems, its stem

is round in cross section. Air spaces

inside the stem cause it to crush easily

when gently pinched.

Low areas bordering Swift Creek,

its tributaries, and Svdft Creek Lake

support bottomland forests w^ith

broad-leaved trees and abundant

wildflowers. Somewhat of a surprise

here is the occasional winged elm, a

tree usually found in very dry habitats.

In dry, barren soil the elms are stunted,

but in this bottomland they may top

off at a good fifty feet. Upslope, the

bottomland forests gradually merge

into mesic, or moist, forest, and on the

ridgetops, where exposure to the sun



is greatest, is a dry forest with a

prcpdiiderancc of loblolly pines. A
toiiiMioii grass on the ridges is curly

grass, whose prc\u)us year's leaves curl

up .It the plant's base.

HABITATS

In some spots the loblolly pines,

towering up to eighty-five feet tall,

grow in stands so dense that little other

vegetation can survive in the acidic soil

beneath them (the accumulation ot

pine needles causes the acidity). One
exception is ground pine, which often

carpets areas of several square feet.

Despite its name, this evergreen is not

a pine but a spore-bearing plant related

to ferns.

Robert H. Mobletibrock, professor emeritus

ofphvit biology at Sotithcrti Illinois

University, Carbondale, explores the

biological and geological liigliliglits of U.S.

nationalforests and other parklaiids.

For visitor information, contact:

Pocahontas State Park

10301 State Park Road

Chesterfield, VA 23838

(804) 796-4255

www.state.va.us/~dcr/parks

/pocahont.htm

Wetland communities include, m
addition to st.iiKls ot soft-stem Inilnish.

very ni.irsliy .ire.is with water pLiiit.iin

and broad-leaved arrowhead, two

closely related species whose flowers

have three white petals. In summer,

two kinds ofjewelweeds, or touch-

me-nots, bloom in the marshes, one

with orange flowers and the other

with pale yellow ones. When the fruit

is ripe, it explodes at the lightest

touch, catapulting the seeds several

feet away from the parent plant. The

clear, sticky sap in jewelweed stems

often brings soothing relief to the itch

of poison ivy and the burning

sensadon of stinging netde.

Bottomland forest contains swamp

chestnut oak, a massive tree that may

grow seventy-five feet tall and attain a

girth of more than three feet. The

most common tree, however, is sweet

gum. Willow oak, with its narrow

toothless leaves, and winged elm also

grow here.

MesiC forest has American beech,

white ash, bitternut hickory,

basswood, and red mulberry. Shorter

trees are eastern redbud, flowering

dogwood, American hornbeam, and

eastern hop hornbeam. Common

beneath the canopy are pawpaw, with

its fleshy yellow fruit (which wild

animals are hkely to get to first);

strawberry bush, whose bright red

fi-uit resembles that of the strawberry-

plant, though it is inedible and the

two species .lie iivH at all related; and

bladdernut, which produces inflated,

also inedible fruit.

A dazzling display of wildflowers

appears in May. Dutchmans-breeches

has fernhke foliage and pairs of pointed

white petals that resemble the legs of

trousers. Squirrel corn has identical

foliage but pairs ofrounded white

petals (its common name refers to its

underground corms, or stem bases,

which look like yeOow kernels of

corn). Other wildflowers are common
Solomons-seal, false Solomon's-seal,

two kinds of golden bellworts,

hepatica, wild columbine, monkshood,

bloodroot, toothwort, and wild ginger.

Dry forest, dominated by loblolly

pine, usually contains at least ground

pine and may include various broad-

leaved trees—black oak, northern red

oak, southern red oak, white oak,

black walnut, and pignut hickory—as

well as an array of wildflowers. The

first wUdflower to bloom each year is

field pussytoes, whose small, white, soft

flower heads appear in late March at

the tips of four-inch-long stenrs.

Scattered across the forest floor during

May are two types of blue-flowered

violets. In summer, goat's rue, with its

two-tone flowers of creamy yellow and

pink, and pencilflower, with its riny,

yellow-orange, sweet-pea-shaped

flowers, are found beneath more robust

plants—woodland sunflower, feverfew,

and Indian-physic. A member of the

rose family, Indian-physic is a potent

diuretic. An assortment of goldertrods

and blue-headed asters close out the

flowerins; season in autumn.
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CELESTIAL EVENTS

What's in

a Name
Deciding what to call our heavenly

neighbors proves no simple task.

By Richard Panek

It's
probably impossible to grasp

what it was like to be alive at the

time of GaUleo and to hear about

the discovery ofJupiter's four moons.

For as long as people had been

studying the heavens, the number of

objects up there had remained the

The Sagan crater near the equator of Mars

same—roughly 6,000. The very

occasional comet or nova might

suddenly appear, disrupting the seeixiing

sameness ofthe night sky to deliver a

portent from the gods, but it would

disappear just as suddenly, and the

number of celestial objects would be

right back to what it had always been.

Then, in 1610, that number

changed. Overnight (Hterally) it grew

by four. Galileo's discovery of the

Jovian sateUites (made possible by the

invention of the telescope) didn't so

much overturn an ancient assumption

ASHION PLAT WORRYWART

EORGE WASHINGTON



as iwlmI that mic liad been there .ill I'very advaiiee iii .istrDiiomie.il discovered within the past three

aloni;. Ii duln'i so nuuh expose a technology brings the discovery years—officially joined such Tempest

wrong answer regarding the luiniber of of more celestial objects—satellites of castmates as Ariel and Miranda. In

celestial objects as raise a questitm that planets, planets themselves, asteroids, contrast, large Martian craters arc

nobody had thought to ask before: satellites of asteroids. And each of these named after scientists who have

Is there more to the night sky than objects needs to be named. contributed to the study of Mars, as

meets the eye? Not really, suggested Since 191 "J the International in the case of a sixty-mile-wide crater

Galileo himself with characteristic Astronomical Union (lAU), based in honoring Carl Sagan that is located

immodesty: "It was granted to me Paris, has been in charge of reviewing near the planet's equator,

alone to disco\er all the new and approving names for most solar In recent years, the lAU has also

phenomena in the sky and nothing to system objects as well as the surface approved a couple of other themes,

anybody else. This is the truth which features—such as craters, valleys, Craters on the asteroid Eros are to be

neither envy nor malice can suppress." mountains, and "seas"—that may be named, appropriately enough, after

So strong was his authority (or so found on them. Every three years, the legendary lovers or romantic figures, a

appealing was the age-old conviction lAU's General Assembly formally list that nov^^ includes Cupid, Lolita,

concerning a fixed number of adopts the names that scientists and and Don Quixote. And craters on the

heavenly objects) that even fifteen laypersons have submitted in asteroid Mathilde, an especially dark

years after Galileo's death, Christopher accordance with certain conventions. object, are to be named after Earth's

Wren could still write, "All celestial Satellites of Uranus, for instance, coal basins, from Aachen to ZuUa.

mysteries were at once disclosed to generally follow a Shakespearean Nomenclature for asteroids

him. His successors are envious theme (although two are named after themselves no longer follows a theme,

because they believe that there can characters from Alexander Pope's The practice in the nineteenth

scarcely be any new worlds left." Rape of the Lock) . This past August, century was to give them female

As it turned out, new worlds are four of the planet's moons—Caliban, names (often those of deities), but

one thing the universe doesn't lack. Sycorax, Prospero, and Stephano, aU now the discoverer gets to pick any
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name, which the lAU then reviews to

avoid duplication or impropriety. This

year's crop of new asteroid names

includes Leviathan and Rosseven,

inspired by the telescope at Birr

Castle, Ireland—nicknamed "the

Leviathan"—which was for seventy-

five years the largest telescope in the

world and was recently restored by the

seventh earl of Rosse. Also receiving

celestial immortality are three former

presidents of the London-based Royal

Astronomical Society: Bernard Lovell,

Carole Jordan, and Fred Hoyle

THE SKY IN NOVEMBER

(asteroids Bernardlovell, Carolejordan,

and Hoyle).

And this list only hints at the array

ofnames approved by the lAU. Make

what you will of the nomenclature; for

astronomers the salient concern is what

to make of the numbers. How, for

instance, should they categorize the

dozens ofnewly discovered planets that

are orbiting stars other than the Sun?

The lAU deferred a decision on this

until its next meeting, in 2003, but

there's no escaping the implication. The

advent of the space age, together with

Mercury puts in its best appearance of

the year beginning on November 8,

when it rises soon after 5:00 A.M. and

becomes easily visible an hour later in

the eastern sky as an ochre-hued "star"

shining brighter than zero magnitude.

Between the 8th and the 20th, a

slowly brightening Mercury rises just

before dawn and hence is visible, albeit

briefly, in a dark sky. It attains its

greatest elongation (19.3°) west of the

Sun on November 15. Although it

swings back toward the Sun after the

15th, it remains visible until nearly the

end of the month as it brightens to

magnitude -0.7. A thin sUver of

Moon, one day from new phase, can

be seen just above Mercury on the

morning of the 24th.

Venus puts in a spectacular appearance

in the southwestern evening sky, setting

at about 6:45 P.M. on November 1 and

at 7:30 P.M. by the 30th. A crescent

Moon Hes cloS'e to Venus on the

evening of November 29.

Mars rises between 2:30 and 3:00 a.m.

throughout the month. Continuing

its slow approach toward Earth, it

brightens ever so shghtly to magnitude

1.7. By month's end, its distance from

us will be down to 192 million miles.

Jupiter and Saturn both arrive at

opposition to the Sun; they rise as

the Sun sets, reach their highest point

in the southern sky at midnight, and

set at sunrise. Saturn reaches

opposition first, on the 19th,

followed by Jupiter on the 27th.

Jupiter peaks at a dazzling -2.9

magnitude, while Saturn glows at

magnitude -0.4, the brightest it has

appeared to us in more than a quarter

century. Separated by about 10°, the

two planets are also in the general

vicinity of the beautiful Hyades and

Pleiades star clusters; the planets and

stars together create a very eye-

catching scene in the late autumn

sky. The combination ofJupiter's

cloud bands and four bright satellites

and Saturn's spectacular rings (now

tilted 23.6° toward Earth, making

them more visible than usual)

provides a veritable banquet for

telescope users aU month. Saturn

appears below and to the left of the

full Moon on the night of November

1 1 . On the following night the

Moon appears near Jupiter and the

ruddy first-magnitude star Aldebaran.

The Moon is at first quarter on

November 4 at 2:27 A.M. Eastern

Standard Time (EST). The full Moon



.idv.uK'cs ill lonipLitcrized telescope

technology, have not only accelerated

the rate of astronomical discovery bul

also underscored J
list how crowded tiie

night sky is. What the ongoing need to

name new celestial objects reveals about

our space-exploring culture isn't so

much how far we've come but how far

we've yet to go.

Rhluird Paitch is the author ofSeeing and

Beheving: How the Telescope Opened

Our Eyes and Minds to the Heaxens

(/V»i(,'HH(, 1999).

By Joe Rao

occurs on November 11 at 4:15 km.

EST. Last c]uarter is on November 1

8

at 10:24 A.M. EST, and new Moon is

on November 25 at 6:11 P.M. EST.

The Leonid meteor shower is

predicted to reach its peak this year

during the night of November 17—18.

Last year it produced a brief surge of

more than sixty meteors per minute

for favorably placed sky watchers in

Europe. Optimal viewing will be from

a dark spot, tar from cit\' hghts.
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much of the sky as possible. Don't

stare at any one place; instead, keep
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The meteors will radiate from the

Sickle of Leo, which rises in the east-

northeast. Stay alert for brilliant

fireballs or bolides (exploding

meteors). The outlook remains

favorable for a spectacular display, even

though the last-quarter Moon will be

brightening the sky. The best available

predictions suggest that this year's

maximum activity will be attained at

2:51 A.M. on November 18.

Unless otheni'ise noted, nil times are giren

ill local standard time.
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THIS VIEW OF LIFE

Tales o
I

Soon after birds branched

offfrom dinosaurs and

gained the power of flight,

some may have branched

offagain as land-bound

runners. Why do some

people have a problem

with that?

By Stephen Jay Gould

One fine day, or so the leg-

end proclaims, Joseph

Stalin received a telegram

from his exiled archrival,

Leon Trotsky. Overjoyed by the appar-

ent content, Stalin rounded up the citi-

zenry of Moscow for an impromptu

rally in Red Square. He then addressed

the crowd below: "I have received the

following message of contrition from

Comrade Trotsky, who has obviously

been using his Mexican retreat for

beneficial reflection: 'Comrade Stalin:

You are right! I was wrong! You are

the leader of the Russian people!'"

But as waves of involuntary ap-

plause rolled through the square, a

Jewish tailor in the front row—Trot-

sky's old school chum from yeshiva

days—bravely mounted the platform,

tapped Stalin on the shoulder, and

took the microphone to address the

crowd. "Excuse me, Comrade StaHn,"

he said. "The words, you got them

right; but the meaning, I'm not so

sure." Then the tailor read the

telegram again, this time with the in-

tended intonation of disgust and the

rising inflection of inquiry: '"Com-

rade Stalin: You are right?? I was

wrong?? Yoii are the leader of the Rus-

sian people??'

"

I have never been able to regard this

joke with equanimity, because I can't

help wondering what happened to the

poor tailor, who probably suffered

more than Trotsky, albeit anonymously.

But I value the tale as a lesson about

the importance of context. We may

get every word right but, in a pungent

miUtary acronym (the superlative de-

gree of SNAFU, I have been assured

by army grammarians), still get the

meaning FUBAR (defined by the dic-

tionary, in genteel terms, as "fouled

[euphemism] up beyond all recogni-

tion"). As I write this penultimate

essay of 300 and look back upon a few

successes in a sea of persisting ambiva-

lence, I can only conclude that my
central subject for "This View of

Life"—evolution itself—must surpass

all other disciplines in featuring

straightforward facts enshrouded in

difficult or ambiguous meanings.

The popular understanding of evo-

lution includes at least two false as-

sumptions, so widely shared and so
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deeply (if unconsciously) embedded in

the context of conventional explana-

tions that many plain facts, easily

grasped at a superficial level of overt

recitation, almost always enter the pub-

lic discourse of newspapers, fLkns, and

magazines in a highly conflised form

that "science writers" either mistake for

the actual opinions ofscientists or, more

cynically, choose to present as the liter-

ary equivalent of "easy listening" for

succor in drive-time traffic jams.

In the picture conveyed by these

two related fallacies, evolution be-

comes, first of all, the transformation

of one kind of entity into another,

body and soul. So fish evolve into am-
phibians in a "conquest" of the land,

and apes leave the safety of trees, even-

tually to become human by facing the

dangers of terra firma with a weapon

in a liberated hand and a firesh twinkle

Birds did not evolve

from tyrannosaurs but

rather from small, two-

legged, meat-eating

running dinosaurs.

of insight behind the eye. In the sec-

ond component of this transforma-

tional view, descendants win victory

from the heart of their valor in the face

of natural selection—for "later" must

mean "better," as the land yields to ex-

plorational metaphors of conquest or

colonization while the African savan-

nas, for the first time in planetary his-

tory, hear sounds of progress in the

voice of real language.

But evolution proceeds by the

branching of bushes, not by the mor-

phing of one form into another, with

the old disappearing into the triumph

of the new. Novelties begin as little

branches on old trees, not as buttei-flies

of Michael Jordan refashioned from the

caterpillar components of Joe AirbaU.

Moreover, most novelties, at least at

their origin, grow as tiny twigs of addi-
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tion to persisting and vigorous bushes,

not as higher realizations of ancestors

that literally gave their all to a transcen-

dence o( their former grubln' selves.

Amphibians and .ill ilieir descen-

dants have done well enough on land,

but fins beat feet on the vertebrate

bush, where the majority of twigs (spe-

cies) sprout among fishes. I do not deny

the transient success, and interesting

novelties, of humans. But Homo Stiiuciis

occupies only one rwig on .1 modest

primate bush of some 200 species, and

even our most distantly related sub-

groups, in both evolutionary and geo-

graphic terms (say, the San of southern

Africa and the Sami of northern Fin-

land), show very litde genetic diver-

gence, whereas two populations of the

same species of chimpanzee, separated

by only a few hundred miles of African

real estate, have evolved many more

genetic differences, one from the other.

(This initially surprising fact makes

evident sense once we recast our con-

ceptions in properly bushy terms. All

living humans descended from com-

mon ancestors who Uved in Africa less

than 200,000 years ago—despite our

subsequent spread throughout the

world. The two chimpanzee popula-

tions may have remained in geographi-

cal proximity, but they split from a

common ancestor tar longer ago, thus

providing much more time for the evo-

lution of genetic differences in the sep-

arated groups.)

FiuiJly, and at the broadest scale, we

wiU grasp the principle that novelty

arises by branching and not by the

wholesale transformation of all ancestors

into better descendants only when we

recognize that bacteria still constitute

most ot life's tree—including the entire

basal trunk that they built by themselves

at life s cellular origin—and that all nuU-

ticeUidar kingdoms occupy just a few, if

admittedly quite healthy, branches at the

terminus of a single bough.

During the quarter century that I

have been writing these columns, 1

have continually returned to this

theme of menc.illy liberating bushes

versus constraining ladders because I

believe th.it no other misconception st)

skews public understanding of evolu-

tion. 1 have treated a variety of topics

under this rubric: why the air bladders

of fishes evolved from lungs and not

vice versa, as nearly everyone assumes

(including Darwin himself in this

case); why the cramming of primates

into a halfway corner, and not at a tri-

umphant terminus, ot a linear walk

through this Museum's hall of fossil

mammals makes such revolutionary

sense; and why the "out of Africa"

theory (on the origin of all modern

humans from a recent population of

African ancestors) and not the mul-

tiregional theory (of our threefold

parallel origin from ancestral Homo
ercclus populations in Europe, Africa,

and Asia) represents conventional

evolutionary thought based on ori-

gin by branching and not the icono-

clastic shock featured in most press

reports, which have also miscon-

strued the truly peculiar and theo-

retically unlikely multiregional the-
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ory as transtormational orthodoxy.

May I therefore venture one last

time into this particular breach (before

writing my Agincourt of next month's

true fmale)? I have desisted in applying

this favorite theme to serious pubhc

misunderstandings of the apparently

accurate claim that birds descended

from dinosaurs—probably because I

don't like to attack generahties head-

on but prefer the path of insinuation

by small but fascinating tidbits and also

because dinosaurs really are just a tad

overexposed and scarcely need more

publicity from this student of snails.

But my tidbit arrived just in time in

the professional literature, thus per-

mittmg a swan song about the bushy

reform of avian origins at two levels:

first the dreaded generaHty and then

the tidbit.

1 . Tlie basic relationship of birds and

dinosaurs. I don't mean to toss any cold

water upon the almost surely valid

claim, and one of the most interesting

conclusions ot late-twentieth-century

paleontology, that birds descended

from a lineage of smaU-bodied, bipedal

dinosaurs. But the conventional inter-

pretive "take" on this accurately stated

fact could benefit from a flat-out dous-

ing, if only because the gain in general

understanding of evolution might

more than compensate the loss of a

charming but truly misleading charac-

terization of a fact.

I should point out, first of aU, that

the basic claim does not justify the

feelings of surprise or weirdness con-

veyed by most popular accounts. Birds

did not evolve from massive sauropods

or antediluvian, tanklike ankylosaurs

or even from the large tyrannosaurs

(which do, in tact, branch fairly close

to birds on the dinosaur bush). Rather,

birds branched off from a lineage of

small, two-legged, meat-eating run-

ning dinosaurs—full members of the

group by proper criteria of descent

(hence the validity of the one-liner

/ '^^^k 'rloi-^l liob^'
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that "birds evolved from dinosaurs")

but scarcely a version calculated to

evoke either the fear or the power as- |

sociated with our usual icon of di-

nosaurian immensity.

Moreover, the assertion of this evo-

lutionary linkage during the past

twenty years does not mark a stun-

ningly new and utterly surprising dis-

covery but rather reaffirms an old idea

that seemed patently obvious to many
paleontologists in Darwin's day (no-

tably to T. H. Huxley, who defended

It is the foolish claim

ofmany popular

articles that dinosaurs

didn't die out after all

but remain among us,

twittering in the trees.

the argument in several publications)

but then fell from popularity for a

good reason based on an honest error.

The detailed anatomical corre-

spondence between Archaeopteryx, the

earliest toothed bird of Late Jurassic

times, and the small running dinosaurs

now known as maniraptors (and in-

cluding such popularized forms as

Deinonychus and Troodon) can hardly

fail to suggest a close genealogical re-

lationship. But following Huxley's ini-

tial assertion of an evolutionary link,

paleontologists reached the false con-

clusion that all dinosaurs had lost their

clavicles, or collarbones—a prominent

component of bird skeletons, where

the clavicles enlarge and fuse to form

the furcula, or wishbone. Since com-

plex anatomical structures, coded by

numerous genes working through in-

tricate pathways of development, can-

not reevolve after a complete loss, the

apparent absence of clavicles in dino-

saurs seemed to preclude a directly an-

cestral status to birds, though most pa-

leontologists continued to assert a

relationship of close cousinhood.



Tlio a'fcnt discovery of chiviclc-s in

scvci.il (.liiios.iurs—including tlic forms

closest to birds—inunediately rein-

stated Huxley's old liypothesis of direct

evolutionary descent. I don't mean to

downplay the significance of a funi

resolution for the evolutionary rela-

tionship between birds and dinosaurs,

hut for sheer psychological punch, the

revivification of an old and eininently

sensible idea cannot match the impact

of discovering a truly pristine and al-

most shockingly unexpected item in

nature's fictual arsenal.

Hut 1 dirow my iciest pitcher ot

water (a device to open eyes wide shut,

not an intended punishment) into the

fice of a foolish claim almost invariably

featured—usually as a headline—in

any popular article on the origin ot

birds: "Dinosaurs didn't die out after

all; they remain among us still, more

numerous than ever, but now twitter-

ing in trees rather than eating lamers

oft"John seats."

I Ins knee-jerk torniul.uion sounds

right m the supcrtici.il sense tli.it but-

tresses most misunderstandings m sci-

ence, for the majority' of our errors

reflect false conventionalities of hide-

bound thinking (conceptual locks)

rather than failures to find the infor-

niatit)ii (factual lacks) that could re-

solve an issue in purely observational

terms. After all, if birds evolved from

dinosaurs (as they did) and if all re-

maining dinosaurs perished in a mass

extinction triggered by an impacting

comet or asteroid 65 million years

ago—well, then, we must have been

wrong about dinosaurian death and in-

competence, for our latter-day t\'ran-

nosaurs in the trees continuaDy chirp

the New Age message ofJurassic Park:

life finds a way. (In fact, as I write this

paragraph, a mourning dove mocks

my mammalian pretensions in a minor

key, from a nest beneath my air condi-

tioner. Sic lion transit gloria iinindi!)

Only our largely unconscious bias

for conceiving evolution as a total

transformation of one entity into a

new and impnjved model could but-

tress the common belief that can(jnical

dinosaurs—the really big guys, in all

their brontosaurian bulk or tyran-

nosaurian terror—live on as hawks and

hummingbirds. For we do understand

that most species of dinosaurs just died,

plain and simple, without leaving di-

rect descendants. Under a transforma-

tional model, however, any ancestral

bird carries the legacy of all dinosaurs

at the heart of its courageous persis-

tence, just as the baton in a relay race

embodies all the efforts of those who

ran before.

However, under a corrected branch-

ing model of evolution, birds didn't de-

scend from a mystical totalit\,' but only

from the particular little bough that

generated an actual avian branch. The

dinosaurian ancestors of birds lie

among the smaOest bipedal carnivores

(think of httle Conipsognathus, tragi-
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cally mistaken for a cute pet in the se-

quel to Jurassic Park)—creatures that

may be "all dinosaur" by genealogy

but that do not seem incongruous as

progenitors of birds. Ducks as direct

descendants of Diplodoais (a sauropod

dinosaur of maximal length) would

strain my credulity, but ostriches as

later offshoots from a dinosaurian line

that began with little Oviraptor (a small,

lithe carnivore of less than human, and

much less than ostrich, height) hardly

strains my limited imagination.

As a second clarification offered by

the branching model of evolution, we

must distinguish similarity of form

from continuity in descent: two im-

portant concepts of very different

meaning and far too frequent confu-

sion. The fact of avian descent from

dinosaurs (continuity) does not imply

the persistence of dinosaurs (similarity

in form and function). Evolution does

mean change, after all, and our linguis-

tic conventions honor the results of

sufficiently extensive changes with

new names. I don't call my dainty

poodle a wolf or my car a horse-drawn

carriage, despite the undoubted ties of

genealogical continuity.

To draw a more complex but pre-

cise analogy in evolutionary terms:

Mammals evolved from pelycosaurs,

the "popular" group of sail-backed

reptiles often mistaken for dinosaurs

in series of stamps or sets of plastic

monsters from the past. But I would

never make the mistake of claiming

that Dimetrodon (the most familiar

and carnivorous of pelycosaurian rep-

tiles) still exists because I am now
typing its name, while whales swim

in the sea and mice munch in my
kitchen. In their descent from pely-

cosaurs, mammals evolved into such

different creatures that the ancestral

name, defined for a particular set of

anatomical forms and functions, no

longer describes the altered descen-

dants. Moreover, and to reemphasize

the theme of branching, pelycosaurs

included three major subgroups, only
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two luMiiiii; s.nis on ilicii li.u'ks.

M.iiiiiimIs pmh.ililv evolved ,is a

lir.incli ot tlic third, s.iillcss gn)up. So

even if we erroneously stated tli.it pe-

K'cosauis still lived bec.uise in.mini,iK

now exist, we could not grant this

status to a canonical sail-backed form,

any more than we could argue for

brontosaurian persistence because

birds descended from an entirely un-

related lineage of dinosaurs.

2. A tiilhii iriili fcdilicry If birds

evolved troin small running dinosaurs,

,iiid if fe.ithers could provide no aero-

dyn.imic benefit in an initial state of

rudimentary size and limited distribu-

tion over the body, then feathers

(which, by long-standing professional

consensus and clear tactual documen-

tation, evolved tVom reptilian scales)

must have performed some other

tiinction at their first appearance. A
thermodynamic role has long been fa-

vored tor the first feathers on the

I don't call my dainty

poodle a wolf or

my car a horse-drawn

carriage, despite the

undoubted ties of

genealogical continuity.

small-bodied and highly active ances-

tors of birds. Therefore, despite some

initial skepticism, abetted by a tew

outlandish and speculative reconstruc-

tions in popular films and fiction, the

hypothesis of feathered dinosaurs as

avian ancestors gained considerable

favor. Then, in June 1998, Ji Qiang

and three North American and Chi-

nese coUeagues reported the discovery

of two feathered dinosaurs from Late

Jurassic or Early Cretaceous rocks in

China ("Two Feathered Dinosaurs

from Northeastern China," Nature

393, June 25, 1998).

The subject has since exploded in

both discovery and controversy, unfoi-

tuii.itely intensified by the iv.ility ot

potenti.il profits previously beyond the

contempl.ition of impoverished C'hi-

nese hirmers— ,i touchy situ.ition com-

[louiided bs' the letli.il combin.ition ot

arttuUy contected hoaxes and enthusi-

astically wealthy, but scientitically

naive, collectors (see Nature 406, Au-

gust 31, 2()()()). At least one fake (the

so-called Archaemaplor) has been ex-

posed, to the embarrassment of Na-

tioital Geo^rapltic, and many wonderful

specimens languish in the vaults of

protiteers.

lim standards have begun to coagu-

late, and at least one genus

—

Caudip-

teryx ("feather-tailed," by ctv'mology

and actuality)—holds undoubted status

as a feathered runner that could not fly.

And so at least until the initiating tidbit

for this essay appeared in the August

17, 2000, issue of Nature, one running

dinosaur with utterly unambiguous

feathers on its tail and forearms seemed

to stand forth as an ensign of Hu.xley's

intellectual triumph and the branching

of birds within the evolutionarv' tree of

ground-dwelling dinosaurs. But the
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new article makes a strong, if un-

proven, case for an inverted evolution-

ary sequence, with Caiidipteryx inter-

preted as a descendant of frying birds,

secondarily readapted to a running

lifestyle on terra firma, and not as a di-

nosaur in a lineage of exclusively

ground-dwelling forms (T. D. Jones, J.

O. Farlow,
J.

A. Ruben, D. M. Hen-

derson, and W. J.
Hillenius, "Cursori-

ality in Bipedal Archosaurs," Nature

406, August 17, 2000).

The case for secondary loss of flight

rests upon a set of anatomical features

that Caiidipteryx shares with modern

ground birds that evolved from flying

ancestors—a common trend in several

independent lineages, including os-

triches, rheas, cassowaries, kiwis, moas,

and others. By contrast, hneages of ex-

clusively ground-dwelling forms, in-

Above: The flightless Cretaceous bird

Caudipteryx (top) was closer in

proportions to a modern emu or ostrich

than to a bipedal dinosaur (bottom).

The plus signs mark the torsos' centers of

gravity, and hip joints are indicated

by dots.

eluding all groups of dinosaurs sug-

gested as potential ancestors of birds,

evolved different shapes and propor-

tions for the same features. In particu-

lar, as the accompanying illustration

shows, ground-running and secondar-

ily flightless birds—in comparison

with small dinosaurs of fully terrestrial

lineages—tend to have relatively

shorter tails, relatively longer legs, and

a center of gravity located in a more

forward (headward) position. By all

three criteria, the skeleton of Caudi-

pteryx falls into the domain of flightless

birds rather than the space of cursorial

(running) dinosaurs.

Jones and colleagues have presented

an interesting hypothesis demanding

fiarther testing and consideration, but

scarcely (by their own acknowledg-

ment) a firm proof or even a com-

pelling probability. Paleontologists have

unearthed only a few specimens of

Caudipteryx, none complete. Moreover,

we do not know the fiill potential for

ranges of anatomical variation in the

two relevant lifestyles. Perhaps Caudi-

pteryx belonged to a fully terrestrial

hneage of dinosaurs that developed

birdlike proportions for reasons unre-

I



Lircd to .my iicods or .KtLi.ilitics ot riit;lit.

1 do not raise this issue here to vein

inv preference (for I remain neutral in

.1 debate well beyond my own exper-

iisc). Nor do 1 regard the status ot

('.iiiJipiiiyx as eriKial to the largely

though C'i/i(i/i/if(T)'.v itself loses its po-

tential role as an avian ancestor (while

gaining an ec]ually interesting status as

the first known bird to renounce

riight).

Rather, I mention this tidbit to

Once thought to be a feathered

dinosaur, Caudipteryx (left) is now

considered a secondarily flightless

bird. Oviraptor (below) was named

"egg thief" because its skeleton

was found atop fossilized eggs.

Later studies showed it was

probably protecting Its own nest.

settled question about the dinosaurian

ancestry of birds. If Caudipteryx be-

longs to a tiilly terrestrial lineage of

dinosaurs, then its feathers provide

striking confirmation for the hypothe-

sis, well supported by several other ar-

guments, that this defining feature of

birds originated in a running ancestor

for reasons unrelated to flight. But if

Caudipteryx is a secondarily flightless

bird, the general hypothesis of di-

nosaurian ancestrv sutlers no blow.

close my essay because the large vol-

ume of press commentary unleashed

by the hypothesis ofJones and his col-

leagues showed me yet again—this

time for the microcosm of Caudipteryx

rather than for the macrocosm of avian

origins in general—just how strongly

our transformational biases and our

failure to grasp the reality of evolution

as a branching bush distort our inter-

pretations of factual claims easily un-

derstood bv all. In short, I was aston-
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ished to note that virtually all these

commentaries reported the claim for

secondary loss of flight in Catidipteryx

as deeply paradoxical and stunningly

surprising (even while they noted the

factual arguments supporting the claim

with accuracy and understanding).

In utter contrast, the hypothesis of

secondary loss of flight in Caudipteryx

struck me as interesting and eminently

worthy of further consideration but

also as entirely plausible. After all, nu-

merous Uneages of modern birds have

lost their ability to fly and have evolved

excellent adaptations for running in a

rapid and sustained manner on the

ground. If flightlessness has evolved in

so many independent Hneages ofmod-

ern birds, why should a similar event

surprise us merely because it occurred

soon after the origin of birds? (I might

even speculate that Cretaceous birds

exceeded modern birds in potential for

evolutionary loss of flight, for birds in

the time of Caudipteryx had only re-

cently evolved as flying forms from

running ancestors. Perhaps these early

birds still retained enough features of

their terrestrial ancestry to facilitate a

readaptation to ground hfe in appro-

priate ecological circumstances.)

Moreover, on the question of timing

in our admittedly spotty fossil record,

Archaeopteryx (the first known bird)

lived in Late Jurassic times, while

Caudipteryx probably arose at the be-

ginning of the subsequent Cretaceous

period—plenty of time for a flying lin-

eage to redeploy one of its species as a

ground-dweUing branch.

After considerable puzzlement, I

think that I fmally understand the rea-

son for such a stark contrast between

my lack of surprise and the sense of

deep paradox conveyed by most press

reports. As an impUcation of my view

(expressing a professional consensus)

that evolutionary novelty arises by a

process of branching, the discovery of

an earher "first time" for a common
and repeated event—loss of flight and

secondary adaptation to effective

ground running—surely attracts inter-

est as a lovely nugget of discovery but

scarcely evokes any theoretical surprise.

But in the usual public misconcep-

tion of evolution as a story of whole-

sale transformation into something

better, such an early "falling oS" from

"the program" seems almost perverse.

After all, birds had just taken to the air

a few tens of millions of years (at most)

before the appearance of Caudipteryx.

Why would a lineage fall out of step so

At least one genus of

fossil, newly discovered

in China, holds

undoubted status as a

feathered runner that

could not fly.

early in the game? Sure, once the pro-

gram rolls to a full and triumphant

completion, then evolution might per-

mit an ostrich or two to sHp off the

main line and pursue its own bo-

hemian path in a now strange but once

ancestral land. But such events surely

cannot occur in the vigorous youth of

a Uneage that has just snatched winged

victory from the jaws of terrestrial di-

nosaurian death.

Perhaps I have treated a garden-

variety error with unfair disdain in the

sarcasm of the last paragraph. But the

fallacy behind this common feehng of

surprise, evoked by the eminently

plausible hypothesis of Caudipteryx as a

flightless bird, originates in a pervasive

bias that renders much of the fascina-

tion of evolution inaccessible to mil-

lions of genuinely interested students

and lovers of science.

The vigorous branching of life's

tree, and not the accumulating valor of

mythical marches to progress, lies be-

hind the persistence and expansion of

organic diversity in our tough and

constantly stressful world. And if we

do not grasp the fundamental nature of

branching as the key to Hfe's passage

across the geological stage, we will

never understand evolution aright. Ten-

nyson caught the essence of life's chal-

lenge when he personified nature's un-

forgiving geological ways, as expressed

in the fossil record of extinction:

From scarped cUff and quarried

stone

She cries, "A thousand types are

gone:

I care for nothing, all shall go."

Yes, all shall eventually go, but some

shall branch, thus permitting life to per-

sist. To cite a sardonic song of self-

mockery in leftist circles: "Trotsky got

the ice pick . . . and so say all of us."

And I do shudder even to contemplate

the fate ofthe poor tailor. But Hfe feints,

dodges, and branches—and therefore,

above all, hangs on in beauty and fasci-

nation. Psakn 1 invokes the right pic-

ture for a different purpose: "And he

shall be like a tree planted by the rivers

ofwater ... its leaf also shall not wither;

and whatsoever he doeth shall prosper."

And Darwin employed the same image,

both as metaphor and as literal topology

this time, in the final words of the focal

chapter in the Origin of Species—chapter

4, entitled "Natural Selection," with its

closing literary flourish on extinction

and branching as the motors of evolu-

tion's tree and life's glory:

As buds give rise by growth to fresh

buds and these, if vigorous, branch out

and overtop on all sides many afee-

bler branch, so by generation I believe

it has been with the great Tree of Life,

which fills with its dead and broken

branches the crust of the earth, and

covers the surface with its ever branch-

ing and beautifid ramifications.

Stephen Jay Gould teaches biology, geology,

and the history of science at Harvard Uni-

versity. He is also Frederick P. Rose Hon-

orary Curator in Invertebrates at the Amer-

ican Museum of Natural History.
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MiXIC

EACH YEAR, CENTRAL MEXICO WELCOMES A UNIQUE

group of tourists — some 250 million monarch butterflies. Butterfly

enthusiasts from all over the world travel to Michoacan, Mexico, each

year to see this beautiful phenomenon.

The monarchs migrate each September from Canada and east of the

Rockies. In mid November they arrive at their winter home — the deep

and shady oyamel fir forests at some 10,000 feet above sea level in the

mountains of Central Mexico's Michoacan. From December to winter's

end, an estimated 100,000,000 butterflies cover every tree. The monarchs

congregate with such intensity that the tree's canopy takes on a flaming

orange. Fluttering from tree to tree, they fill the air with the noise of their

beating wings, fuming this usually green area into a bright orange landscape.

In March, they head northeast in search of milkweed plants on which to

lay their eggs. The monarchs mate just before leaving Mexico in the

second week in March. Then, they begin their trek north back to the US

and Canada. Each monarch butterfly makes this journey twice in its short

life span of two years. Scientists estimate the migration has been taking

place for 40,000 years.

The Mexican government protects most of the monarch's wintering

areas. The Transvolcanic Mountains in Mexico have eleven to fourteen

known monarch butterfly sites each year. Of these areas, the Mexican

government has created eight sanctuaries, and three of these are open

year-round to visitors.

CHICHEN-ITZA
Twice a year, people wortdwide come to Chichen Itza, in Mexico's

Yucatan Peninsula, where the serpent god Kukulcan — or QuetzalcoatI —

Colorful grafitti murals, Oahaca's sculptural figures

and the lovely beaches of Cancun all beckon visitors.

"reappears," slithering

down the pyramid of El

Castillo's long stairway.

In fact, it's Kukulcan's

shadow, thanks to Maya

astrology and pyramid

engineering.

During the fall and spring

equinoxes, in March and

September, the sun creates a shadow on each of the pyramid's four

sides when directly overhead. The shadow of QuetzalcoatI, the Maya

feathered serpent god, emerges, descending the building to its base,

where it melds with a carved serpent head. This phenomenon has

become one of the most spiritual festivals in Mexico.

Chichen Itza — known as one of the most spiritual spots on earth —

is filled with cosmological symbolism. The pyramid's four sides have

365 steps symbolizing the solar year. Its 52 panels stand

for each year in the Maya century and its 18 terraces for the number of

months in the religious year. Other highlights include an astronomical

observatory, a deep and circular cenote, or sacred well, and the Temple

of the Warriors and the group of the 1,000 columns.

Primarily a ceremonial center, Chichen Itza is actually a mixture of two

cities; a sixteenth-century Maya city and a Toltec-Maya city that emerged

around 1000. El Castillo, also known as the pyramid of Kukulcan,

displays a mixture of these two influences, which spanned several

hundreds of years of intermittent inhabitation. •



I became a part of this world over

«

3,000 years ago, and they rtamed

me Niicva Espana. Today I am

affectionately called Mexico, and

I am full of intrigue and wonder.

Im^ dHMH^,
I am outwardly beautiful and quite

cultured, yet part of tny being remains

a mystery. I am remarkably \'ersed in

the arts, and I ha\'e many stories to tell.

I liave many states ofmind. My adventurous side leads to Uisli rain Ibi-ests. Spectacular beaches beckon my playtiil

otrititde, ultli crystalline vvatei-s that are dearly invigorating. I am also sophisticated, presenting the ballet, the opera, and hundreds ofnniseums filled with exquisite

treasures. 1 will entice you \vith tantalizing cuisine, and when e.\citeincnt stirs, my nights dunce imtil davwi. ( am Wxko. For ntore infonnation, call 800-44-MEXICO.
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WORLD EXPLORER CR
IF YOU'RE LOOKING FOR CASINOS, ROULETTE WHEELS AND
black tie soirees, World Explorer Cruises may not be for you. World

Explorer Cruises offers adventurous educational cruises in Seward's

Folly— the majestic state of Alaska. Hear about Alaska from noted lecturers.

Taste fresh, local delicacies. Get to touch the actual face of a glacier.

See wildlife. Photograph and take home handmade local crafts.

Advanced programs of on-board lectures, study sessions and shoreside

field trips create the perfect environment for the traveler looking for a

more focused educational experience.

Now in its 24th year. World Explorer Cruises, is embarking on its 2001

season — May through August. A new, 26-page full-color brochure details

eight, full two-week cruises aboard the SS Universe Explorer—a 731 -

passenger American-built cruising vessel. All of the 14-night cruises begin

and end in Western Canada's largest city, Vancouver. World Explorer

Cruises offer Alaska's most extensive itineraries with an average of 1

1

hours in each port— more time ashore than any other Alaska cruise operator.

"We are confident that with our widely known

imaginative itineraries and educational programs

aboard and ashore, as well as our sensible pricing

structure, we represent the best value-for-money cruising

in Alaska," says World Explorer Cruises Dennis Myrick,

Vice President Marketing and Sales. "Our guests are able

to experience Alaska, not just participate in passive

sightseeing. We believe our new Alaska 2001 brochure

presents this philosophy in a new, exciting style."

Highlights of the World Explorer's new "Land of the Ancestors" itinerary

includes Metlakala, Alaska's only Tsimshian Indian reservation; Kodiak,

founded by the Russians and now a busy fishing port and gateway to the

Aleutian Islands; Glacier Bay, the gem of Alaska's natural heritage;

Seward, a quiet seaport village; Juneau, Alaska's colorful capital city;

Skagway, historic Alaskan gold-rush era town, Sitka, capital of Czarist

Russia's Alaska; Ketchikan, Gold Rush-era supply depot and now center

for Tlingit, Haida and Tsimshian cultures; and Victoria, British-flavored,

flower-bedecked British Columbia's capital city.

"Route of the Pioneers" tours include Wrangell, a fishing and timber

community with an impressive collection of totem poles; Valdez, known

as the Switzerland of Alaska; as well as Juneau, Skagway, Glacier

Bay, Seward, Sitka, Ketchikan and Victoria, B.C.

The Explorer features the largest library afloat (16,000 volumes), a

computer center, art workshops, classical entertainment and a hands-on

shipboard museum exhibit.

Since 1978, San Francisco-based World Explorer

Cruises has provided meaningful educational travel

experiences that focus on culture, history, wildlife and

natural wonders. They have a strong commitment to

quality, value and responsible, environmentally sound

tourism and are noted for their imaginative itineraries and

casual shipboard ambience. •
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Casual, educational 14-night Alaska cruises from $1995, 2nd person HALF OFF, port fees included, no single surcharge.

Contact your travel agent or World Explorer Cruises for a free brochure 800-325-2752 www.wecruise.com
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For your free Travel Guide and Outer Banks

Getaway Card good for seasonal values, log on to

www.outerbanks.org

o,» 1-800-446-6262

The OuterBanks i^^
NORTH CAROLINA

Outer Banks Visitors Bureau

Louisiana Tour Guide

Like our music, your vacation will

have twists and turns you never

saw coming. For your FREE

Louisiana Tour Guide, call us today

at 1-800-926-7391. Or visit our

Web site: www.LouisianaTraveLcom.
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Come As You Are. Leave Different.'
©2000 Louisiana Office of Tourism
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distinctive

DESTINATIONS

f;wAN Hn I FNir
LET SWAN HELLENIC CRUISES TAKE YOU ON A CRUISE WITH A DIFFERENCE.

You'll discover arts and culture, people and history. Or maybe you'll prefer to explore gardens,

forests, jungles and mountains. Eitfier way, all voyages feature guest speakers — renowned

and respected wildlife experts and botanists, historians, social commentators, diplomats,

anthropologists and archaeologists.

Swan Hellenic introduces its winter program — from November 2000 to March 2001. Explore

exotic ports of call in the Arabian Gulf, India and the Far East. Eleven cruises are offered, including:

Arabian Contrasts (Syria, Jordan, Egypt, Yemen, Oman and UAE); Aspects of Indochina (Thailand,

Laos, Cambodia, Vietnam and Hong Kong); and Legends of the Far East (Borneo, China and Hong

Kong, Philippines, Malaysia and Indonesia). The Minerva, Swan Hellenic's flagship, is a 300-

passenger country house hotel. Fresh flowers, polished brass and wood finishings, original

artwork and beautiful carpets create a refined, luxurious and relaxed setting for travelers.

Non-winter cruises include Britain, the Mediterranean and Aegean, Baltic and Black seas. •

A
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You Discover More Of The World
Adventure beyond the ordinary. Our cruises blend exploration and relaxation,

visiting a wealth of exciting and exotic destinations - some of which will be on

your dream list of places to see and others, hidden gems off the beaten tourist

track. Travel in style on Minerva, our 300 passenger

floating country house hotel, while a team of guest

speakers introduce you to each destination. Another

great discovery is our inclusive fares - no wonder we're

the leader in discovery cruises.

For a brochure call your travel agent or 1-877-219-4239.

SWANEJ
HELLENIC

P&OV-V CRUISES
wvmf.swanhetlenic.com
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BELIZE IS A COUNTRY WHERE A PRISTINE ENVIRONMENT

greets visitors from around the globe, where living coral gardens and

exotic marine life highlight the Western Hemisphere's largest barrier

reef. Onshore and off, Belize has more than its share of natural beauty.

To the East, Belize is graced with the Caribbean and 174 miles of

an unbroken barrier reef. Coral structures, caves and marine life

provide beautiful underwater expanse for snorkeling and scuba diving.

Tisliing, waterskiing, windsurfing, boat races and swimming are also favorite activities. Miles of

white beaches and secluded island retreats complete the water enthusiast's affair with the sea.

On the mainland are ancient Maya temples and monuments dating back thousands of years. In

the interior's tropical rain forests, you will find intriguing and diverse animal and plant populations,

limestone caves, scenic rivers and Maya temples.

Since the eariy 1 980s, sustained development has become a watchword for Caribbean tourism.

Belize is well known for the preservation and conservation of its natural and cultural resources.

Currently 40 percent of its land is protected. Some newer additions to Belize's growing list of

eco-tourism sites and ecological preservation efforts include:

Programme for Belize: 260,000 acres of tropical forest in the northwest are used for research and

visited annually by hundreds of U.S. students, who are given week-long courses in rainforest ecology and

marine biology. The program also involves bird conservation and is visited by numerous bird enthusiasts.

Chaa Creek Blue Morpho Butterfly Breeding Centre: a resort and compound where visitors

enjoy an education about the butterfly's metamorphosis from caterpillar to striking blue butterfly.

About 45 percent of the 200 butterflies breeded each day are released.

San Ignacio Resort Hotel — Green Iguana

Conservation Project: Once plentiful, but in

decline in recent years due to habitat loss and

hunting, the green iguana is protected through

the project's efforts. Visitors are encouraged to

tour the project to understand the importance

of the species. •
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^or* INFORMATION

World Explorer Cruises

1-800-854-3835

1-800-325-2752 (Alaska 2001 Brochure)

www.wecruise.com

Swan Hellenic Cruises

1-877-219-4239 (toll-free) or 1-631-858-1270

Fax:1-631-858-1279

www.swan-hellenic.co.uk

Belize Tourist Board

1-800-624-0686

Fax:011-501-2-31943

www.travelbelize.org or www.belize.com

Mexico

1-800-44-MEXICO

www.mexico-travel.com
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FOR Discriminating

Travelers

The Lodge on Little St Simons Island

Exclusive 10,000-acre Georgia island

paradise, seven-mile pristine beach, rec-

reational activities, gourmet regional

cuisine and gracious accommodations
await just thirty guests.

All-inclusive rates begin at -v s> -^

$325 per nigtit ^ JL^ ^

888-733-5774 • 9 1 2-638-7472 t^^S^
www.LittleStSimonslsland.com L I I 1 L h

Qll about our

"Summer Fun for Families"

ST. SIMONS

ISLAND

Discover the mystery of the Maya world.

to- In a single day you can

go from majestic S.G'TS

foot mountains and tropical

forests to our 185 mile

barrier reef. An adventurer's

paradise. Belize is your

peaceful, English-speaking

neighbor on the Caribbean

coast in Central America

only 2 hours from the U.S.

Where the people are as

warm and friendly as

the climate.

Discover Belize... and let

the adventures begin.

Contact the Belize Tourism Board , '!^^;rr

at 1-800-624-0686 or visit (^^tT
us at: www.travel belize.oro/inland se^^^^^
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BIOMECHANICS

For some snakes, being

flexible is a matter of life

and death, and swallowing.

Imagine that you knew nothing

about snakes. You'd most Ukely be

skeptical of a friend trying to

convince you that a vertebrate could

move vidthout legs or wings. You

might scoff at descriptions of a snake

catching animals far bigger than its

head and swallowing them whole. And
yet, though God's punishment for the

snake in the Garden of Eden was an

apparently absurd body plan, snakes

have thrived for more than 90 million

years, ever since their UzarcUike

ancestors lost their legs. At the

University of Washington, zoologist

Brad Moon is exploring one secret of

their success: the way they have

elevated bending to a high art.

The skeleton of a snake is

essentially a skull connected to a very

long spinal column and rib cage.

JVIost of the muscles in a snake's body

run longitudinally between vertebrae

or ribs; some are short, connecting

one rib to the next, while others may

span forty vertebrae, connecting with

other muscles and anchored to the

vertebrae and ribs at several points

along the way. When a muscle

contracts, it puUs its anchors closer

together, forcing the skeleton to bend

to one side in the process. To study

the bending process. Moon implants

electrodes in the long muscles so that

their activity can be sensed. He then

films the snakes (mostly gopher and

king snakes) as they crawl and teed.

What Moon has found is that a

snake sHthers by bending its body into

a series of S-shaped curves produced

by alternating waves of muscle

contraction that start at the reptile's

head and move back toward its tail.

The snake contracts small blocks of

muscle, repeatedly switching from one

side to the other and thus causing the

bends created by the contractions to

move from side to side also. As the

contractions move back through the

snake, so do the bends. And as the

bends move back, they push against

the ground, propelling the snake

forward. Since the arrangement of

muscles in a snake's body is far more

complex than that in our own rib

cage, these animals can adapt their

bending to practically any landscape,

from a rocky path to a rodent burrow.

Many snakes also use their bending

skills to kill their prey by coiling tightly

around them. Using sensors implanted

inside mice, Moon measures the

pressure that snake muscles exert on

the animals. To constrict a mouse, a

snake quickly and simultaneously

contracts many muscles on one side of

its body. In this case, rather than

forming an S, its body forms one or

more loops that enclose the prey.

Surprisingly, Moon has found that

snakes don't remain rigid while

constricting; instead, they periodically

relax their muscles when the mice are

motionless and tighten them again only

when they feel twitching muscles, a

beating heart, or a pumping lung.

Suffocation is one common
explanation for how coihng kills. But

it takes about four minutes for a rat to

die of asphyxiation, whereas a snake

can constrict a rodent to death in just

one. Moon's research suggests that the

reason Hes in the way the snake

interferes with the circulation and

heartbeat of its prey. His measurements

show that constriction can cause the

pressure inside a mouse to rise to twice

the animal's normal blood pressure. As

a result, the heart cannot keep

pumping blood to the brain, lungs,

and other tissues, and the mouse may

die of a stroke or heart attack long

before it would suffocate.

Once the mouse is dead, the snake

begins to maneuver the carcass into its

stomach. Unable to tear its prey into

little chunks, the reptile loosens its jaws

and alternately "walks" the left and

right sides of the jaws over the prey.

erous

Curves
Story by Cart Zimmer ~ Illustration by Sally J. Bensusen



But getting soiiK'thing into your

throat is just the beginning. You h.iw

to finish swallowing it. hi huin.ins,

thro.it iiuislIcs gi\c tiic tood a little

push, .iiui the esophagus, u 1ik h has its

own enibeLided nuisele fibers, handles

the job from there. A snake's thin

esophagus, however, cannot generate

the force necessary to push the entire

body of a large animal down into its

stomach. Without some sort of extra

push, a snake could starve with a

throat full of food.

In order to swallow. Moon has

found, snakes sometimes crawl over

their food. A feeding snake contracts

the muscles on either side of its body

in alternating waves, similar to those

used for locomotion. But now muscles

in part of the snake's body are pushing

inward against the food. If the prey is

sm.ill enough, the contracting,

bending muscles will force it through

the esophagus; all the snake has to do

is sit still and squeeze the food down
to its stomach. If the prey in the throat

is large and heavy, however, it stays in

place as the snake crawls forward,

swallowing as it moves. In such a case,

the forward propulsion comes from

the snake's pushing both against the

ground ,iiid inward against the heavy

meal. Snakes' ability to handle large

prey can be truly impressive: research

by Harry Greene, of Cornell

University, has shown that some snakes

can swallow prey with a body mass up

to one and a half times their own.

Moon's research is a splendid

example of a general rule in

biomechanics: often, with a little

adjustment, the same set of bones,

muscles, and nerves can do many

ditTerent jobs. Snakes cannot walk,

sink their claws into prey, or even

chew their food. But by bending

they can move, kill, and eat. If you

can do only one thing, these master

benders are telling us, just do it well

and you will be able to accomplish

many things.

Carl Zimmer is the atitlwr ofAt the

'Water's Edge and Parasite Rex.

After squeezing a

mouse hard enough

to kill it—by closing the

mouse's blood vessels and thus perhaps

indudng stroke or cardiac arrest—a king snake loosens

both its bite and its constricting coil. Stretching its jaws to

engulf the mouse, the snake will then push the meal toward its

stomach by causing undulations of its neck and body, employing

some of the same muscles it uses to move and to constrict prey.
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At Chauvet Cave, 32,000-year-

old paintings tell of extinct big

cats and the artists with whom
they shared their domain.

By Craig Packer and Jean Clottes

When
Lions
Ruled
France

r -«

It
is a rainy October morning in the south of

France. The two of us, a field biologist and an

archaeologist, are preparing to enter Chauvet

Cave, above the Ardeche River. The purpose

of our visit is to share thoughts and observations on

both the Paleolithic paintings in the caves and their

subjects—great cats that have been extinct for
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African lions stare at Cape buffalo on the Serengeti

Plain, above. A painting in Chauvet Cave records their

andent counterparts, right, watching a herd of

European bison with similar concentration.
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more th.iii 12,(10(1 years. As wc .ipprn.Kli ( iliaiivct,

wc admire tlie t;ill gray limestone clitl's that Hank

the wiiidiiii; river as it twists its way down to t!ie

broad valley of' the Khone. The landscape is lush

with low trees and shrubs, .uid the e.myon w.ills are

honeycombed v\ith shallow caves and deep cav-

l.ist j^Liciation IS well kno\\n, but the vivid and

abundant evidence ot their early presence in this

rei^ion is still startling. Artwork and human re-

mams mdicatc that some 40, ()()() years ago, our an-

cestors shared this landscape with rhinoceroses,

bison, mammoths, aurochs, wild horses, and giant

erns. That humans lived in Europe long before the elks. In those days, the Ardeche region had a cli-
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mate like that of southern Sweden today, and the

low-lying flatlands around the river were covered

with grass. People lived in small communities of

perhaps twenty to thirty individuals, scattered

thirty to forty miles apart. Using spearheads made

from reindeer antlers, they hunted large ungulates,

mostly reindeer and bison.

But people were not the only hunters of these

Bears (Oh, My!)," Natural History, May 1995.]

Perhaps the most famous landmark in the

Ardeche is the Pont d'Arc, a natural arch formed by

a sharp meander in the river that eventually cut

through a narrow Umestone wall hundreds of thou-

sands of years ago. The river now passes under the

resultant rock bridge, which is a half rrdle from the

cave. A wide loop of its former course filled in and

A large male

depicted in

Chauvet Cave,

above, hunkers

down to the

female's height

—

courtship

behavior still

practiced by

modern lions,

above right.

large, hoofed mammals. Wolves, leopards, hyenas,

and cave hons also preyed upon them. Cave lions

(Panthera atrox) were a difierent species from the

Hon we know today in Africa and India. Larger

than Siberian tigers, cave lions once ranged

throughout the Northern Hemisphere. Their

bones are common in the La Brea tar pits of Los

Angeles, and mummified remains have been found

in Alaska and Siberia. Chauvet Cave contains an ex-

tensive record of cave lions' behavior—thanks to the

talented artists who setded there 32,000 years ago.

Before its discovery in 1994, only a few images of

Uons were known from European caves. Chauvet is

one of the most profusely decorated Paleolithic

caves in the world and is unique in its large gallery of

lion portraits. [See "Rhinos and Lions and

became a fertile pasture near the water's edge, at-

tracting large numbers of herbivores during drier

months. Drawn to the area by the abundant game,

local hunting tribes were probably impressed by the

spectacular rock formations; unusual geological fea-

tures stiU inspire stories and origin myths among

the world's tribal peoples. We know from their en-

gravings that ancient hunters saw resemblances be-

tween unusually shaped rocks and the figures of

mammoths and bison. Perhaps they perceived some

of the giant rock formations here as animals turned

to stone. At any rate, the significance of the cave as

a major sanctuary may well have been related to its

proximity to the Pont d'Arc.

The opening of the cave is situated about two

hundred feet above the riverbed, and the cUff"be-



iKMtli the cntr.uii c is steep. Anyone sitting in tins

opening would have liad a clear view of the valley

without the risk of being surprised by an approach-

ing animal or human. Perhaps its inaccessibility is

also the reason the cave remained so long umliscov-

ered by moderns.

C^ave bears (the size ot modern-tlay Kodiak

bears) hibernated in Cdiauwt, and their bones siill

litter the Hoor, but humans left behuid few signs

A.>|

J
other than the spectacular animals they drew on the

walls in ocher or charcoal or by scratching into the

sott wall surfaces. Chauvet Cave contains hundreds

ot paintings—some rudimentary, some astonish-

ingly vivid. Those made in charcoal have been

dated to 32,000 years ago.

But today we are putting aside our scientific

concerns of dating and preservation and are at-

tempting to let the paintings reveal their stories to

us. What can they tell us about the extinct lions and

the humans who observed them? We switch on the

lights of our miners' helmets and begin to make our

way inside.

The drawings near the entrance are rendered in

ocher and are sketchy and crude. Some seem

schematic rather than representative of living,

breathing animals. Some might even be impromptu

flights of fantasy. Passing deeper into the cave, we
can see occasional smudges of charcoal on the walls

where someone rubbed a pine-branch torch

27,000 years ago while headiiig for the cavern's

older paintings—artistic masterpieces created thou-

sands of years earher. Sidestepping the ancient bear

skulls on the floor, we carefully make our way

along the thin strip of black plastic that constitutes

the scientists' and conservators' only approved

path. (Although the cave is in a remarkable state of

preservation, like all P.ileoliilik sites it is fragile and

easily damaged if someone steps on a delicate im-

pression or rubs against a drawing. Chauvet Cave is

closed to the public, since even the breath of too

many visitors could alter the cave's climate and fos-

ter molds that would destroy the ancient artwork.)

Soon we arrive at a series ot charcoal renderings

m the nikldle gallery. Ne.xt to a striking set of four

horse heads, plus various aurochs, bison, and rhi-

noceroses, we can see two cave hons, one of which

is snarling while in a pose of submission. With a

tew simple lines, the drawing captures the expres-

sion and movement of the two lions and the way

they place their bodies in relation to each other.

The artists accurately recorded the way the big cats

point their ears and hold their heads.

These postures can occur in two different situa-

tions. When a male Uon stands close to a female

that is not ready to mate, the female will resist con-

tact by growling, snarling, and keeping her suitor at

bay. Alternatively, following an aggressive en-

counter, a victorious animal of either sex will

sometimes strut past the submissive loser, which

snarls in defeat, edging nervously away from its

rival. Whichever situation is represented here, the

painting seems like a snapshot of lion behavior, a re-

alistic representation of a true-life event the painter

witnessed firsthand. And the artist must have been

fairly close to record the nuances of the lions" facial

Anyone who has spent time studying

African lions will be stunned by the

cave artists' skiU at observing and

recording animal behavior.

expressions. This lifeUke portrait adorns one wall of

a small alcove, while a more styHzed Uon has been

sketched on the opposite side of the nook. The lat-

ter image is unnaturally stiff, but the viewer senses

that the artist did not intend to create a realistic rep-

resentation in this case. Although the lion is for the

most part anatomically correct, its paws have been

drawn as hooves. Many scholars believe that such

distortions are deUberate and indicate a beUef that

various animals, and sometimes even humans, can

take on the characteristics of other species. Such

beliefs are particularly common in societies that

have shamanistic religions. Even today, in some

parts of the world, shamans are thought to take

spirit journeys to undervvorlds, where they gain the

powers of animal spirits.
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Backtracking slightly, we enter a narrow pas-

sageway. There is no room to spare on either side,

and we must be very careful not to graze the walls,

which are adorned with yet more ancient drawings.

The passage broadens, and in the widened chamber

we see another pair of Hons, nine feet across and

breathtaking in their naturalness. Conveying a fluid

sense ot motion, simple outHnes portray two lions

walking abreast. The inale is in the background and

is much larger than the female at his side. His scro-

tum is conspicuous beneath his tail, and he has low-

The paintings' creators may have

considered these caves to be a

supernatural underworld

that humans could physically

enter on certain occasions.

ered his shoulders to be level with hers. Male

African lions perform this maneuver when they

consort with a receptive female, herding her in the

desired direction. But while the cave Hon may have

courted his females in a manner similar to that of

his modern African cousins, the painting reveals a

conspicuous difference between the two species:

the European lion had no mane.

Anyone who has spent time studying and pho-

tographing African Hons wiU be stunned by the

cave artists' accomplishments in observing and

recording the behavior of the big cats. For the an-

cient artists to have made these observations, the

Hons must have been very relaxed in their presence.

Modern-day African lions almost always flee from

Masai pedestrians; tourists can approach within

several yards only if they remain in their vehicles.

Farther along, the chamber opens out into the

most spectacular gallery in Chauvet. Here the paint-

ings extend high up the wall, and a series of Hons

faces a PaleoHthic menagerie of rhinoceroses, bison,

and mammoths. The outHnes and shading of many

of the Hons are exquisite. And beneath these aston-

ishing images, on the floor of the cave, we see a heap

of charcoal. Probably used for making the drawings,

it is as freshly preserved as it the burnt wood had

been doused yesterday.

The first notable point about this great portrait

gaUery is that the sheer number and postures of the

Hons imply group Hving. Several pairs sit parallel,

gazing at the same distant object—behavior often

observed in Africa. In the best paintings in the

gallery's upper regions, the postures are accurate and

the facial expressions precise. One Hon, with its

front legs extended, appears to be crouching. Several

of these portraits are so detailed that they depict the

varied patterns of whisker spots, which biologists

today use to identify individual Hons in the field.

But a closer look reveals some peculiarities

about this group of Hon images. In some cases, we
see a sophisticated, reaHstic painting next to a rather

crude sketch, perhaps a copy of the original by an

apprentice. In other cases, the Hon is drawn as a

grotesque caricature: one of these was nicknamed

"the hippo" by cave researchers. A few meters to

the right of the grand panorama is a strange group

of four lions, all standing right next to each other

and depicted in profile. While one member of this

quartet is a reasonable approximation of an actual

Hon, the others are somewhat distorted. One has an

odd, dome-shaped head; another has a bizarre body

shaped more Hke a bison's; and still another is Httle

more than a medaUion, a shield-shaped form with

ears. While the main panel was at least partly in-

spired by individual Hons, this group seems to re-

flect a deHberate transmutation of the animals' nat-

ural appearance; perhaps it is an illustration of a

legend or of shamanic shape-shifting.

Midway between the panorama and the four

bizarre leonine images is a third panel, showing two

Hons below a bison that looks directly at them, just

as modern-day wildebeests warily eye African Hons

on the Serengeti Plain. Hanging from the ceiling in

the midst of the three panels is a jagged rock forma-

tion containing a painting known to the cave's re-

search team as "the Sorcerer." It appears to depict a

bison's head and forequarters attached to a human-
Hke body.



The artists who crcitcd this vvc.iitli ot iiihigcrv

iiuiy liavo coiisiiicictl the hu!j;c, deep civc to bv a

gciHiiiK'ly SLipernaturai underworld that iuimans

could physically enter on certain occasions. One
can easily iinagiiie that this final, deepest chamber

may have been used by the early inhabitants of the

Ardeche as a sort of grand chapel. Blocked by walls

festooned with a glorious array of stalactites and sta-

lagmites, the passage ends here.

(Clearly, those who lived in the region saw

something very special in the lion. The seventy-

three representations of this animal here in Chauvet

Cave exceed the total from all the other caves in

Europe, and compared with these, all the previously

discovered lion drawings are crude sketches. Yet

these are so much more ancient: 32,000 years old

compared, for example, with Lascaux's 17,()()().

Why were these remarkable artworks produced

at Chauvet? Wc can only speculate. Perhaps an ex-

ceptional set ot circumstances came together at that

time and place. Certainly, one or more artists of ex-

traordinary talent—not only gifted draftsmen but

also keen observers of wildlife—hved in the vicin-

ity. IVrh.ips they s.it on the clitf above the Ardeche

Kner, sLirveying the p.isture beside the I'oiit il'Arc,

watching a pride of lions take down a large mam-
mal. Possibly the artists and their families had

learned to let the lions bring down the bison for

them. The people could then steal the meat rather

than having to spear it on the hoof A good pasture

next to a permanent supply of water would have

been a highly desirable stretch of real estate for both

lions and humans. Perhaps the local pride had be- Ancient artists

come relatively habituated to humans by the time observed how

our artists picked up their charcoal. lions often sit

The Paleolithic ini:abitants of the Ardeche rep- next to each

resented the terrifying but useful cave lion as a po- other and

tent, magical creature, sometimes giving it hooves, collectively gaze

sometimes transforming a lifelike image into a car- at potential

icature or a symbol. We will never know why threats or prey.

these talented artists chose to portray these partic- The drawing at

ular scenes or how they got so close to the mane- Chauvet, below,

less, pride-dwelling lions. But we can be sure they is recreated in

had courage and patience as well as a degree of living tableau by

curiosity that rivals that of the best naturalists of modern African

our own era. D lions, left.

I
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Land of the Walking

Liji Peninsula on

Lugu Lake: The

cairn (right) is

a place where

people burn

incense and

other offerings

on behalf of

their ancestors.

For the Mosuo of
China, its a

woman's world.

By Lu Yuan and
Sam Mitchell

Tliere are so many skillful people,

but none can compare with my mother

There are so many knowledgeable people,

but none can equal my mother

There are so many people skilled at song and dance,

but none can compete with my mother

w\
yt first heard this folk song around a blaz-

fire in southwestern China in the

spring of 1995. It was sung enthusiasti-

cally by women of Luoshui village

—

members of the Nari, an ethnic group more com-

monly known to outsiders as the Mosuo. During

the past few years, we have returned several times to

visit these people, who celebrate women in more

than song. Although the majority of China's ethnic

groups follow a strong patrilineal tradition, the

Mosuo emphasize matrUineal ties, with matrihn-

eally related kin assisting one another to farm, fish,

and raise children. Women also head most house-

holds and control most family property.

Marriage as other cultures know it is uncom-

mon among the Mosuo; they prefer a visiting rela-

tionship between lovers—an arrangement they

sometimes refer to in their language as sisi (walking

back and forth). At about the age of twelve, a

Mosuo girl is given a coming-of-age ceremony, and

after puberty, she is free to receive male visitors. A
lover may remain overnight in her room but wiU

return in the morning to his own mother's home
and his primary responsibilities. Children born

from such a relationship live with their mother, and
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the male relatives responsible for helping to look

after them are her brothers. Many children know

who their fathers are, of course, but even if the re-

lationship between father and child is quite close, it

involves no social or econoinic obligation. And
lovers can end their relationship at any time; a

woman may signal her change ofheart by simply no

longer opening the door. When speaking Chinese,

the Mosuo will call the 5/5/ arrangement zou hun

(walking marriage) or azhu hunyin (friend marriage,

azhu being the Mosuo word for friend); neverthe-

less, the relationship is not a formal union.

Chuan-kang Shih, an anthropologist at the Uni-

versity of Illinois at Urbana-Champaign and an au-

thority on the Mosuo, points out that many aspects

of their family system have parallels elsewhere in the

world. For example, although in most societies a

husband and wife Hve together (usually near his rel-

atives or hers), in others they continue to live in sep-

arate households, and one spouse must make

overnight nuptial visits. Matrilineal kinship systems,

in which a man looks after the interests of his sisters'

children, are also well known. And although men
commonly vvdeld the power, even in matrilineal so-

cieties, women may play important political and

economic roles. But the absence of a formal marital

union may quite possibly be unique to the Mosuo.

In this respect, only the precolonial practices of the

matrilineal Nayar of southern India come close. As

Shih explains, among some Nayar groups, a woman
would take lovers (with due regard for social class),

who would establish and maintain their relationships

to her through a pattern of gift giving. Despite

being expected to acknowledge paternity, the lovers

incurred no obligations to their ofispring. Still, the

Nayar had a vestigial form of marriage: shortly be-

fore puberty, a girl would be wed to a young man;

although this marriage lasted only three days and

was often purely ceremonial in nature, the union

marked the girl's transition to adult life and legit-

imized the birth of her children.

In Luoshui we stayed with thirty-year-old

A Long, who runs a small guesthouse. His family

consisted of his mother, grandmother, younger

brother and sister, and sister's two-year-old son.

Each evening A Long departed with his small

overnight bag; each morning he returned to help

his mother and sister. After several days of eating

with the family and becoming friendly with them,

we asked A Long what he thought about the sisi

system. " 'Friend marriage' is very good," he

replied. "First, we are all our mother's children.

making money for her; therefore there is no con-

flict between the brothers and sisters. Second, the

relationship is based on love, and no money or

dowry is involved in it. If a couple feels contented,

they stay together. If they feel unhappy, they can go

their separate ways. As a result, there is Uttle fight-

ing." A Long told us that he used to have several

lovers but started to have a stable relationship with

one when she had her first child.

"Are you taking care of your children?" we
asked.

"I sometimes buy candy for them. My responsi-

bility is to help raise my sister's children. In the fu-

ture, they wiU take care ofme when I get old."

A Long's twenty-six-year-old sister, Qima, told

us that the Mosuo system "is good because my
friend and I help our own families during the day-

time and only come together at night, and therefore

there are few quarrels between us. When we are

about fifty years old, we will not have 'friend mar-

riage' anymore."

Ge Ze A Che is the leader of Luoshui, which

has a population of more than 200 people, the ma-

jority ofthem Mosuo, with a few Han (China's ma-

jority ethnic group) and Punii as well. He spoke

proudly of this small settlement: "I have been the

leader of the village for five years. There has been

Uttle theft, rape, or even argument here. 'Friend

marriage' is better than the husband-wife system,

because in large extended families everyone helps

each other, so we are not afraid of anything. It is too

hard to do so much work in the field and at home
just as a couple, the way the Han do."

Mosuo

households vary:

In one, top,

a widower

(seated) is the

patriarch, while

another family,

above, is headed

by a woman.



TIk- Mosuo liw 111 x'ill.igcs aroLiikl liij^ii l.ikc,

vvliicli str.kkik's (Ik- boidci' between Yiniiian .iikI

Sicluuii) proviiues, and in tlie nearby town ot Yoiigii-

ing. Tliey are believed to be descendants ot the an-

cient Qiang, an early people of the Tibetan plateau

from whom many neighboring minority groups, in-

cluding the Tibetans themselves, claim descent. As a

result ot Han expansion during the Qin dynasty

(221-206 B.C.), some Qiang from an area near the

Huang (Yellow) River migrated south and west into

Yunnan. The two earliest mentions otthe Mosuo ap-

pear during the Han dynasty (a.D. 206-222) and the

Ting dynasrs' (618-907). in records concerning what

is now southwestern China.

The Mosuo do not surface again in historical

accounts until after Mongol soldiers under Kublai

Khan subjugated the area in 1253. During the Yuan

dynasty (127'>-I3()S), a period of minorif\- rule bv

the Mongc^ls. the proxince ot Yunnan was incorpo-

rated into the Chinese empire, and many Mongol

soldiers settled in the Mosuo region. In fact, during

the 1950s, when the government set out to classify

the country's minority nationalities, several Mosuo
villages surrounding Lugu Lake identified them-

selves as Mongol, and some continue to do so

today. When we walked around the lake, as the

Mosuo do each year in the seventh lunar month—

a

ritual beheved to ensure good fortune during the

coming year—we passed through villages that iden-

tified themselves variously as Mosuo, Mongol,

TIBET

(XIZANG
5 --r

ZIZHIQU) .. o

? SICHUAN

<3;_

r-*

Lugu
t3 *1

'Lake

Miles 10

N.i.xi. I'umi. and i l.in. The "Mongol" people we

encountered dressed the same as the Mosuo and

spoke the same language. Their dances and songs,

too, were the same, and they sometimes even re-

ferred to themselves as Mosuo.

Tibetan Buddhism first entered the region in

the late thirteenth century and has greatly influ-

enced the lives and customs of the Mosuo. Before

the area came under the control of the Communist

government, at least one male from almost every

family joined the monastic community. The local

practice of Buddhism even incorporated aspects of

the sisi system, although the women did the "com- i

muting." On the eighth day of the fifth lunar j

month, monks travehng to Tibet for religious study ^

would camp in front of Kaiji village. That night, ^

each monk would be joined by his accustomed

lover—a ceremonial practice believed to enable the

monks to reach Lhasa safely and to succeed in com-

pleting their studies. And the local Mosuo monks,

each of whom lived with his own mother's family, s
panzhihuf

could also receive lovers, buch arrangements seem §

to defy the injunctions of many schools of Tibetan s
yunn^n

Buddhism, but by allowing the monks to live and

work at home, outside the strict confines ofmonas-

Instead ofmam'age, Mosuo lovers prefer a

visiting retationship. Children live with their

mother, whose brothers help look after them.

tic lite, they helped the Mosuo maintain a stable s

population and ensure an adequate labor force to §

sustain local agriculture. i

The area around Lugu Lake did not come |

under the fiill control of China's central govern- |

ment until 1956, seven years after the founding of"

the People's Republic. In 1958 and 1959, during

the Great Leap Forward, the nearby monasteries,

notably the one at Yongning, were badly damaged. I

Now, however, with a combination of government The Mosuo, who

funds and donations fr-om local people, they are live near Lugu

slowly being rebuilt. One element of recent reli- Lake, shown

gious revival is the Bon tradition, which is ac- in the map

cepted by the Dalai Lama as a school of Tibetan at top, are

Buddhism but believed by many scholars to be de- believed to have

rived from an earlier, animist tradition. During our ancestral roots

walk around Lugu Lake, we witnessed a Bon ere- in Tibet. Above:

mation ceremony and visited the Bon temple on A Mosuo girl.

the eastern shore of the lake. The Mosuo also re-

tain a shamanic and animist tradition of their own,

known as Daba.
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In the twentieth century, the West became ac-

quainted with the Mosuo through the work of

Tilling the field: French ethnographers Edouard Chavannes and

The fertile Jacques Bacot and through the contributions of

farmland Joseph Rock, a Vienna-born American who first

bordering Lugu journeyed to Yunnan in 1922 while on a botanical

Lake is the envy expedition. A flamboyant character. Rock traveled

of people who through remote Tibetan borderlands accompanied

dwell in the by trains of servants and bodyguards and equipped

nearby with such dubious necessities as a collapsible bath-

mountains, tub and a sUver EngHsh tea set. He made the Naxi

town of Lijiang his home for more than twenty

years, until the victory of the Chinese Communist

Party in 1949 spelled an end to foreign-funded re-

search and missionary activity in the area.

Besides conducting botanical surveys and col-

lecting plant and animal specimens, Rock took

many photographs and became the West's foremost

expert on the region's peoples and their shamanic

practices. He identified the Mosuo as a subgroup of

the Naxi, who, although their kinship system is pat-

rilineal, speak a language closely related to that of



the Mt)suo. The Mosiu) strongly coiiti-'st tliis classi-

ficaticiii, but it has lu'cii retained by the present

gtwernnient, wiiieh has been reluctant ti) assign tlie

Mosiio tlie status of a distinct minority. Tiie C!oni-

niunists claim that the Mosuo do not fit the criteria

for nationahty status as defined for the Soviet

Union by Joseph Stalin. According to Stalin, as lie

phrased it m a i'-'2'> letter, "A nation is a historically

constituted, stable ci>mmunir\- of people, formed

on the basis ot the common possession ot tour prin-

cipal characteristics, namely: a common language, a

The lake, left, is

a source of small

fish. Below:

Local farmers

grow rice, corn,

potatoes, and

other vegetables.

r

''A smattfamily is not goodfor work, " says

Lama Luo Sang Yi Shi. "Also, mothers and their

daughters-in-law cannot get along well.

"

common territory, a common economic life, and a

common psychological make-up manifested in

common specific features of national culture."

In keeping with Marxist interpretations of his- ^

torical development, Chinese ethnologists have also s

regarded Mosuo society as a "living fossil," charac- Ij

terized by ancient marriage and family structures. |

This view draws on theories of social evolution for- i

merly embraced by Western anthropologists, no-

tably the American ethnologist Lewis Henry Mor-

gan (1818-81). Morgan proposed that societies pass

through successive natural stages of "savager\-" and

"barbarism" before attaining "civiHzation." He also

proposed a sequence of marriage forms, from a hy-

pothetical "group marriage" of brothers and sisters

to monogamy. Chinese scholars have argued that a

nunority such as the Mosuo, with its unusual kin-
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7776 government, which adheres to Statin's

definition of nationality, has been reluctant to

assign the Mosuo status as a distinct minon'ty.

"Wearing the

dress," top, is a

girl's rite of

passage. Above

and right: The

local buildings

are of timber.

Opposite page:

Mosuo women

give a Chinese

tourist a ride.

ship system, fits into this scheme and thus vaHdates

Mai"xist views. Of course, the application of Mor-
gan's theories to minority cultures in China has also

enabled the Han majority to see itself as more ad-

vanced in the chain of human societal evolution.

This kind of thinking, long discredited in the West,

is only now beginning to be reexamined in China.

With the coming of the Cultural Revolution

(1966—76), the Mosuo were pressured to change

their way of life. According to Lama Luo Sang Yi

Shi (a Mosuo who holds a county-government title

but is primarily a spiritual leader), "during the Cul-

tural Revolution, the governor of Yunnan came to

Yongning. He went into Mosuo homes and cursed

us, saying that we were like animals, born in a mess

without fathers. At that time, all of the Mosuo were

forced to marry and to adopt the Han practice of

monogamy; otherwise, they would be punished by

being deprived of food." During this period Mosuo
couples lived with the woman's family, and divorce

was not perinitted. But even though they held mar-

riage certificates and lived with their wives, the

men kept returning to their maternal homes each

morning to work.

Luo Sang Yi Shi criticized this attempt to

change the Mosuo and explained that "at the end

of the Cultural Revolution, the Mosuo soon re-

turned to their former system of 'friend marriage.'

A small fainily is not good for work. Also, mothers

and their daughters-in-law cannot get along well."

Today the Mosuo maintain their matrilineal sys-

tem and pursue sisi relationships. Yet how long will

this remain the case? The government of Yunnan

recently opened Lugu Lake to tourism, and vans fuU

ot visitors, both Chinese and foreign, are beginning

to arrive. To some degree, this added exposure

threatens to envelop the Mosuo in a society that is

becoming increasingly homogeneous. Yet the

tourists are drawn not only by the beauty of the lake

but by the exotic qualities of the Mosuo people.

Ironically, their unique qualities may well enable the

Mosuo to endure and prosper.

We asked Ge Ze A Che, the Luoshui village

leader, if tourism would change the lives of the

Mosuo. "It has already changed their lives to some

extent," he observed. "Our young people now Hke

to wear Han clothes, speak Chinese, and sing Chi-

nese songs. In the future they will lose our people's

traditions and customs."

And what would happen to "friend marriage"?

we wondered.

"It will also change—but very, very slowly!" D
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^erry Roberts is a builder in Cambridge,

England, whose hobby is breeding birds.

Not just any old birds. His aim is to breed a

hybrid between a chaffinch and a canary.

Ever since the 1500s, when canaries were

first kept in captivity', enthusiasts have been

fascinated by the possibility of hybridizing them

witii other finches. In the nineteenth century, coal

miners used canaries to warn them ofpoisonous gas

underground. If the canary fell off its perch, it was

time to get out. Miners became fond of their birds,

and as weU as breeding the canaries with one an-

other, they started to produce crosses—or mules, as

they called them—with British finches such as

goldfinches and greenfinches. Finch mules have al-

ways been more difficult to breed than the canaries

or finches themselves, but some were less difficult

Females may have a chance

to be picky about their mates

even after the sperm are on

their way to meet the egg,

HIDDEN
CHOICES
OF
FEMALES
By Tim Birkhead

Shortly after entering a female's reproductive

tract, some human sperm (blue) are engulfed by

white blood cells (orange) and destroyed

before they can reach the egg.
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than others. The ease with which a mule can be

produced depends on the evolutionary similarity

between the two species. The canary is, after all, a

kind of fmch. The greater the genetic similarity be-

tween the two species, the easier the mule is to pro-

duce. The reason the chaffinch-canary mule is so

elusive is that the chaffinch is genetically less similar

to the canary than are other finches. But this expla-

nation is far from complete. A male chaffmch may

be happy to copulate with a female canary, but

something in the female's oviduct recognizes the

chaffinch ejaculate as ahen and prevents his sperm

from either getting near the egg or fertilizing it.

The female possesses some mechanism telling her

that chaffmch sperm are not right and, on 99 per-

cent of occasions, blocking further progress.

We do not know exacdy what this process

might be in the canary, but studies of the chicken

indicate that the block to the sperm's progress Hes

in the vagina. If you artificially inseminate a

chicken with semen from a turkey, few if any of the

sperm find their way into the females' sperm store,

and at best, only 2 to 3 percent of the eggs will be

fertile. If however, you were to perform a deep ar-

Opossum sperm,

left, travel in pairs.

Top: Unfolded to

many times its

owner's body

length, a fruit-fly

sperm swims

inside an egg.

Right: Moments

before genetic

fusion with the egg

(red sphere), a

human sperm is

visible to the left

of the female

chromosomes.

tificial insemination, placing the turkey semen be-

yond the vagina, you would find that 20 to 30 per-

cent of the eggs would be fertihzed and produce

viable ofispring.

Something very similar happens in fruit flies. If

one fruit-fly species inseminates another, the fe-

male may fail to lay any eggs. If you dissect one

such female and examine her reproductive tract

under a microscope, you see that she has received

plenty of sperm, so her failure to reproduce is not

due to a shortage. In fact, her sperm stores are

hkely to be full, so it looks as though the sperm are

trapped there and unable to get out. Speculating

that the sperm were waiting for the right message.

fruit-fly biologists artificially inseminated these fe-

males with seminal fluid only—^but from males of

the same species as the females. Lo and behold: the

sperm were set free from the storage tubules, and

the females started to lay fertihzed eggs! This neat

experiment elegantly demonstrated that seminal

fluid from the other species simply did not con-

tain the right chemical messengers to trigger the

fuU sequence of reproductive events that lead to

fertihzation.

Now if females have the physiological machin-

ery to discriminate between the sperm of their

own species and those of another, it is not too dif-

ficult to imagine that they might also have the ca-

pacity to discriminate between the sperm of differ-

ent males of their own species. Once again, fruit

flies provide the evidence for just such an abihty. In

a species of fruit fly whose larvae feed on the juices

of rotting cacti in the deserts of the southwestern

United States, females inseminated by a male sib-

hng failed to produce fertile eggs. And again, this

was because the seminal fluid contained inappro-

priate signals for releasing the sperm trapped in the

female's sperm store—a defense against inbreeding.



Mice provide an even more remarkable ex-

ample. The rate at wliieli sperm are transported

tlinHit;li a female's o\idiict depends upon the

mail h between the male antl female genotypes. In

mice, the <.iu,n.\\ that facilitates sperm movement

probably does not reside in the semmal Hind Inu is

provided by the sperm themselves. This is an unex-

pected tindiiii;, because for a long time, sperm

were thought not to express on their surface any ot

the genetic material they carry in their highly con-

densed nucleus. However, an increasing number of

stuciies indicate that sperm must "advertise" some-

thing about themselves—otherwise, how could the

female's body sense whether a particular male's

sperm was a good match and transport it? Referred

to in convenient shorthand as female sperm

"choice," this process hardly lends itself to observa-

tion, since it takes place at a microscopic level and

inside the female reproductive tract. For this rea-

son, it is known as "cryptic female choice."

The idea came of age in 1996 with the publica-

tion of Female Control: Sexiuil Selection hy Cryptic Fe-

male Choice, by William G. Eberhard, a staff scientist

at the Smithsonian Tropical Research Institute. In

the book, Eberhard documents dozens of instances,

across the entire animal kingdom, where females

might exert postcopulatory control over which

male—or which sperm—fertilizes their eggs. In the

1 94Us and 1 95(Js, however—long before Eberhard s

work—a few reproductive biologists had speculated

that the female reproductive tract might do rather

more than simply act as a conduit for sperm and

A long-held assumption about sexual

roles sees reproduction as a

cooperative male-female venture to

perpetuate the species.

A human egg is

covered with

clusters of sperm,

only one of which

will penetrate its

wall to fuse with

the nucleus.

eggs. Later, in the 1980s, Randy Thornhill, of the

University ofNew Mexico, drew specific attention

to the idea that females might copulate with several

males and then, only after having received their

sperm, would discriminate among them. Although

Thornhill's 1983 paper about cryptic female choice

in the scorpion fly was a landmark, there was no in-

tellectual stampede to see whether cryptic female

choice was fact or simply a nice idea. Immediate in-

terest may have been lacking not only because be-

havioral ecologists were sriU busy trying to demon-

strate the kinds of choices females make before

mating but also because the social chmate was not

right: scientists were still entrenched in a male view

of sexual selection.

In hindsight, it seems entirely logical that under

certain circumstances, females would benefit from

being able to control which sperm ferriUzed their

eggs. The most likely circumstance in which such

an abiUty might evolve is when females have Um-

ited control over their choice of mates. Through-

out the natural world, females can exert consider-

able choice over who inseminates them, but there

are some instances in which females are buUied or

coerced into copulating. In many insects, such as

the yellow dungfly, females are simply grabbed and

forcibly copulated with by the larger males. Much
the same appears to happen in some reptiles and in

several ducks. In these circumstances, it seems ob-

\ious that females would benefit from being able to

c)ect ejaculates from unattractive males and retain

those from preferred males.

Many female animals eject sperm following in-

semination. In some species, including humans,

ejection appears to be relatively passive, whereas in

others, such as zebras, sperm are forcibly ejected,

presumably by powerhil muscular contractions of

the reproductive tract. If cryptic female choice

is reahty and not fantasy, and if females possess

the abihty to reject or accept the sperm ot particu-
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lar males, an interesting evolutionary scenario A sea urchin's

emerges. It means courtship isn't the only arena of arrow-shaped

choice: even after mating, each sex continues to sperm head (red)

battle for control.

Eberhard has identified at least twenty different

ways in vi^hich female insects can modify or control

the outcome of mating with two or more partners.

Obviously, at a behavioral level, female animals can

decide which male to copulate with. This is pre-

Since sperm competition is played

out inside the female's body, it

may be relatively easy for females
to manipulate sperm.

copulatory choice. Even after she has started to

copulate with a male, however, a female can exert

choice in a variety of ways. She may allow a male

to copulate with her but then, by failing to provide

the right sensory feedback, prevent him from trans-

ferring sperm. A female may also regulate the du-

ration of copulation. In many insect species, sperm

transfer can take several minutes and sometimes

even hours. By regulating the duration of copula-

tion, a female can manipulate how much sperm she

receives from a particular male and hence the Hke-

Uhood of that male's fertilizing her eggs. Females

that cannot regulate the duration of copulation

might be able preferentially to retain or eject the

sperm fr-om particular males. Or a female may fail

to transport the sperm of particular males to stor-

age organs or to the point of fertiUzation. Still an-

other possibility is for her to control either her

ovulation or the maturation of her eggs after she is

inseminated by certain males. Even after fertiHza-

tion has taken place, a female has the potential to

exert some control over her reproductive success by

the differential abortion of zygotes, by the prefer-

ential nurturing of those fathered by particular

males, or even, conceivably, by the selective feed-

ing or kiUing of neonates.

One of the most extraordinary and convincing

examples of cryptic female choice occurs in the

comb jelly Beroe ovata. I well remember seeing pre-

served comb jellies in my undergraduate practical

classes, mainly because they never looked anything

Uke the illustrations in our textbook. In Hfe, B. ovata

is a beautiful, bell-shaped beast, but as a museum
specimen it resembles nothing more than a blob of

mucus, albeit a large one. Years later, offCoburg Is-

land in the Canadian Arctic, I saw my first Hve

comb jelly. It was exquisitely beautiful: fist-sized,

bloodred, and bearing row upon row of iridescent

cilia driving it slowly through the icy waters. Em-
bryologists working earher in this century were also

in love with B. ovata because its large (one millime-

ter in diameter), uniquely transparent eggs fla-

grantly exposed the secrets of fertilization. Years

after seeing my first live comb jelly, I gave a talk at

the Spermatology Congress in Cairns, Australia, to

a varied audience that included andrologists (clini-

cians who study human male reproductive biology),

anatomists, and a smattering of developmental biol-

ogists. They were titillated by the evolutionary view

of sperm competition and openly skeptical of the

possibility of cryptic female choice. But Gerry

Schatten, a reproductive biologist now at Oregon

Health Sciences University and a specialist in what

happens inside the egg just after fertilization, came

up to me afterward and told me about two French

biologists who had recently described something

that he thought sounded Hke cryptic female choice

going on in a B. ovata egg. Typically, several sperm
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the proiiLicic-iis then ghdcs tlirough tlic cytopl.isni,

visiting each male pronucleus in turn before return-

ing to one and fusing with it. (The parallel between

the precopulatory choice of females in species that

form leks—groups of displaying males—and what

happens inside B. onitii's egg is striking.) Thus here,

at the level of organelles, cr\'ptic choice appears to

be occurring. Unfortunately, we know little more

than this—including wiiether the sperm that an

ovimi appears to choose are from the s.une or dif-

ferent ni.ales. Clearly 6. oiMia provides an opportu-

nity to investigate the basis of cryptic choice.

Recent research has made it abundantly clear

that females are not passive participants in sexual

reproduction. When one set of contestants com-

prises a swarm ot tiny, highly mobile sperm and the

other a few large, immotile eggs, there is a certain

inevitabilin,' about the outcome. Males, however,

A human sperm

floats over the

lining of the uterus.

In mammals,

ciliated epithelial

cells (yellow, white,

and pink) help

activate the sperm

and maximize their

chances of

penetrating the egg.

do not have everything their own way, and at least

for species with internal fertilization, the evolu-

tionary battleground where se.xual conflict oc-

curs—the female reproductive tract—is designed

by evolution to counter the abilit\' of sperm to run

circles around eggs. This is perhaps the most signif-

icant discovery in reproductive biology of the past

two decades—that male and female reproductive

attributes coevolve. Both sexes are in a state of dy-

namic flux, each evolving in response to adapta-

tions in the other. The idea that there exists a bat-

tle bet^veen the sexes impHes there are winners and

losers, but if we think about sexual interactions as

part of a coevolutionar)' process of adaptation and

counteradaptation, it is not obvious that either sex

can ever be a clear whinner. At any moment, one

sex may have sUghtly more control than the other,

but the battle between the sexes is an evolutionary

seesaw—subtle, sophisticated, and inevitable. D
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I

was originally drawn to study treeshrews not

just because I am fond of small, Utde-known

creatures but also because they were re-

ported to have one of the most enigniatic

parental care systems known among mam-
mals. During the 1960s, at a research facility

in Seewiesen, Germany, Robert Martin had ob-

served the maternal behavior of several species of

captive treeshrews. He found that the mother

treeshrew gives birth to tiny, hairless young in a nest

remote from her own and then seemingly abandons

them, apart from a visit of about two minutes once

every other day to suckle them. Surprisingly little

information was avaiLable about the ecology of wiLd

treeshrews that might have put this odd behavior in

context or revealed its function. Intrigued, I de-

cided to see how they Uve in the wild. So I went to

the island of Borneo, which has more species of

treeshrews than anywhere else.

Treeshrews suffer from a chronic case of mis-

taken identity. They are not shrews, and most are

not found in trees. Nor have scientists agreed on just

where they fit into the mammalian family tree. For

most of the past century, scientists thought they

were primirive primates, but more recent evidence

shows that these mammals form an order of their

own, the Scandentia. 1 began my study in Sabah,

one oftwo Malaysian states on the island ot Borneo.

There the local people refer to treeshrews and squir-

rels by the same common name: tiipai, a Bahasa In-

donesian word reflected in the scientific name for

treeshrews (Tupaia). The twenty or so species in the

subfamily Tupaiinae are active forest creatures whose

alertness borders on the neurotic. They have brown-

ish frir; large, dark, lashless eyes; short, bare ears; and

a large, wet nose pad, like a pencil eraser on the tip

of a long muzzle. Males and females are outwardly

identical. Squirrel-Hke in size and color, with a long

bushy tail they flick to signal danger, treeshrews

chatter, whine, or whistle when alarmed. At a sud-

den noise, they flinch as if struck. It is hard for a bi-

ologist in the field to escape their notice, so it is hard

to observe them closely. One usually catches a brief

ghmpse of a small brown animal flashing across a

trail, racing down a log, or bounding fr-om sapling to

sapling. To get the information I wanted, I needed

to follow them continuously.

Sabah is a quiet, rural region on Borneo's north-

ern tip, where at least seven species of treeshrews

dwell in the remaining tropical rainforest. From

1989 to 1991, my fieldwork there took place on the

ridges and steep ravines of Mount Kinabalu, at the A large

Poring Hotsprings ranger station, and in the ever- treeshrew, or

green dipterocarp forest of the Danum Valley Con- Tupaia tana,

servation Area. prepares to

Among the most satisfying moments for a field feed. Avid

biologist is the instant of realization that one can insectivores,

predict where an animal or plant can be found. At treeshrew

that moment, one has begun to understand the or- species differ in

ganism. Over the course of several months, I their choice

learned to identify treeshrew species by walking of invertebrate

along trails in the study area and by catching the an- prey. Some

imals in live traps baited with bananas. The cap- rummage

tured treeshrews were fitted with radio collars and through moist

released. My assistants and 1 were then able to fol- fallen leaves for

low them on all their daily travels. I studied five of earthworms,

the nine Bornean species in the genus Tupaia: the others scan low-

mountain, the slender, the plain, the lesser, and the growing foliage

large treeshrews. I also studied the pentail treeshrew, for caterpillars,

Ptilocercus louni, the sole member of its subfamily and some hunt

and considered to be the closest in general form to in trees for ants

the ancestors of treeshrews. Ptilocercus is the only and termites.

For treeshrews in the forests of
Borneo, a good mother is an
absent mother.

By Louise Emmons
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More kinds of

treeshrews are

found on the

island of Borneo

than in any other

part of the

world. Right:

The tropical

rainforests of

Sabah, a

Malaysian state

in northern

Borneo, are

home to at least

seven species.

nocturnal treeshrew, is strictly arboreal, and also of-

fers other contrasts with the more typical and nu-

merous Tiipaia species.

All treeshrews are adept climbers and leapers,

but unlike virtually all other families of tree-leaping

mammals, among treeshrews truly arboreal lifestyles

are rare. Nevertheless, even the large treeshrew, Tu-

paia tana, one of the most terrestrial species, occa-

sionally travels by cUnging, leaping, and jumping,

moving with ease from one understory sapling to

the next. Because pentails, the species most like the

treeshrew prototype, are arboreal in morphology

and habits, I hypothesize that the living nonarboreal

treeshrew species probably derive from a tree-

dwelling ancestor.

Treeshrews are strongly insectivorous but supple-

ment their diet with fruit. As soon as my assistants

and I began to radio-track them, we discovered that

they often spent much of their day around fruit

trees. At Poring figs were abundant and seemed to

be the favorite, but other relatively small, soft fruits

were also consumed. Although the home ranges of

the treeshrews I observed in Sabah varied up to ten-

fold in size depending on the species, the most evi-

dent specific destination and focal point of a day's

activity in a home range would often be a fruit tree.

One ofmy more exciting discoveries regarding their

diet came as I watched a plain treeshrew feeding on

a small green fruit. After chewdng, the animal spit

out wads of plant fiber with the juices sucked out, a^

habit previously observed only in bats.

While treeshrew species overlap in their choice

of fruit, they differ in their choice of invertebrate

prey. The way treeshrews divide up feeding roles.



t^-:rtUu:>».., .o.'vffr'' vjg the sheer .miount of it. Most of the animals' time

f. .mci ciicrg}' sccins to be spent in solitary foraging

and feeding. The long, active days and the lengthy

routes the treeshrews traveled showed that their

food supplies were scattered, small, and hard to

find. The Titpaia species we followed left their nests

before 6:00 a.m., just as the first gray light touched

tile forest floor, and returned about eleven hours

Liter. All had multiple sleeping sites and moved

troni site to site almost daily. None of the 204

sleeping sites we identified was used by more than

Although few treeshrews have a truly arboreal

lifestyle, all are adept climbers and leapers,

moving easily through the understory.

closely parallels the way birds segregate into highly

;pecific insect-feeding guilds. Beetles, ants, spiders,

:aterpillars, and cockroaches were the categories of

insects most often taken in Sabah. But each

treeshrew species had a specialty'—and a different

tactic for finding its preferred prey. In effect, species

ithat foraged in the same microhabitat fiarther di-

vided the turf, thus avoiding competition. Among
:he three terrestrial species that shared the lowland

forest floor, for example, one gleaned the under-

growth foliage for caterpillars, one gathered ants

md termites from surfaces other than foHage, and

:he third dug into the decomposing leaf litter and

ivoody surfaces for earthworms, as well as feeding

311 noxicius arthropods, such as centipedes and scor-

jions, that were not eaten by the other two species.

The outstanding feature of treeshrew activity is

one individual at a time, and although pairs shared a Treeshrews are

defended territory, mates never shared a nest. In quick to react to

contrast, the pentails behaved quite differently: the any potential

one group we followed used just one sleeping site, threat. When

with up to four nestmates sharing it. alarmed, they

The nest site is a primary defense against expo- chatter or

sure and predation. All six species I studied in Bor- whistle and

neo had different kinds of sleeping sites. Some were sometimes flick

in the tree canopy, others in the mid- or understory. their long

The site could be in a woody crevice or tree hollow furry tails.

or tucked into a tangle of vines. Very unexpectedly,

and thanks to radio tracking, we found that one

species, the plain treeshrew, even nests in under-

ground burrows. All the nests were quite similar,

each consisting of a sphere whose outer shell of

large, overlapping leaves surrounded an inner Uning

of woody fibers. (Some of the nests built in hoi-
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Helpless and

bare, newborn

treeshrews are

left in the nest

unattended

except for brief

maternal visits.

The system

works, as

evidenced

in these

photographs

taken at the

National Zoo in

Washington, D.C.

A nestling is able

to drink about

one third of its

lows, however, lacked an outer layer ofleaves, while

others were of leaves with no fiber lining)

.

While radio tracking led us to sleeping nests, we
found our single nursery nest by serendipity. On
April 7, 1989, at Poring, we caught and radio-

collared a female T. tana. She was lactating, as

evidenced by a sheet of milk visible under her ab-

dominal skin. This individual, known to us as F109,

allowed me to meet a paramount goal of my work:

to observe the "absentee" maternal care system in

the wild. To fmd out when she visited her hidden

young, I followed F109—or her radio signals—for

days. On April 18 at about seven ia the morning,

after she had been active for about an hour, I saw her

come out of a tree hole about twelve feet above the

ground and clearly visible from the trail on the study

site. I knew that this was where I would fmd the

nestling treeshrews. I trailed the female for four more

days; on April 20 she visited the hole again, and on

April 22 I saw her jump down from the cavity. She

had not been there on April 17, 19, or 21, confirm-

ing Robert Martin's observation that treeshrew

mothers feed their young only every other day.

My field colleague Ahm Biun used his forester's

skills to build a small platform, completely

screened with palm fronds, six feet up in a tree a

few yards from the nest hole. From there we could

watch and videotape F109's visits (although not the

goings-on within the nest). In the predawn dark-

ness, one of us would cHmb into the bHnd and wait

silently, listening for the female's radio signal

through an earphone. We saw her come to the nest

six more times, but we also kept watch on some of

the alternate days to verify that she did not ap-

proach on those days. During our intensive moni-

toring of this female for twenty-three of the pre-

sumably thirty-four or so days of her lactation, we
were able to verify that the absentee care system

did indeed exist in the wild.

On April 26, just after F109 had paid a nursing

visit, we climbed to the nest and found two young,

which we extracted briefly to weigh, measure, and

mark with ear tags. Within the cavity, the newborns

were curled in a clean nest of overlapping leaves

hned with woody fibers. On her nursing visits,

which were always in the early morning, F109

weight in milk in

a minute flat,

storing it in a

relatively huge

stomach, above.

A litter, right,

limited to two,

thrives on this

regimen and

remains in the

nest for more

than a month.



spent an average i)f less tliaii three iiiiniUes in ilie

liollovv. C^n one visit slie earrietl a single leaf in lier

mouth into tlie hole but left without it. She often

vanetl liei' path, eoining ami going by ditlerent

routes. Sometimes she jiunped from tree to tree on

slender iiiuierstory saplings without touching the

ground anywhere near the nest tree. Instead of run-

ning up or down the tree, she usually jumped to it

from a neighboring treelet at the level of the nest

entrance. The r.idio signal, too, indicated that she

was wary, often hesitating nearby before running

into the nest. Before exiting the hole, she would

poke her head out and scan the surroundings. We
never heard any vocalizations or deliberate sounds

made by mother or young, and the timing ot the

\'isits—while the early morning light was still

wan—further cloaked Fl()9's movements. In all

ways, the visits were as discreet as possible.

Miles Roberts, of the National Zoo in W;ish-

ington, n.C, has videotaped and vividly described

some of the nursing behavior of treeshrews in the

zoo. His account also hints at some of the adapta-

tions that maintain the absentee system. The female

enters and perfunctorily makes herself available to

the yiHing. Sensing their mother's presence, the

hairless young "push themselves up on wobbly

forelegs and thrust their heads up as high as they can

. . . waving their heads in the air hke leeches search-

ing for warm-blooded prey. Within seconds, each

makes contact and nurses at one of her four nipples

with what can only be described as hysteria." After

switching nipples a few times and consuming about

one-third their weight in milk within sixty seconds,

the babies are bloated and the mother is resdess.

"Suddenly, with no warning, without as much as a

departing look, she simply vanishes. The babies,

engorged and seemingly intoxicated with milk, col-

lapse onto one another and laboriously reconfigure

themselves into the huddled ball that will best con-

serve their body heat. Within seconds, they enjoy

the sleep of the dead."

In the case of F 109, the pattern ot alternate-day

\isits varied only once, a variation also noted by

Martin. On the day before the young emerged

from the tree hole, the female fed them on an "off"

lav. When the nestlings finally ventured out, they

jwcre at least thirt)'-four days old. On the day they

emerged, Alim, stationed in the bUnd, saw F109 ar-

lii'ive at a quarter to seven in the morning. Two min-

lutes later, she exited slowly and stopped on the

branch of a saphng. The two young came out of the

|hole and shakily climbed down the side of the tree.

When diey reached the ground, the mother left for

sever.il minutes, returning with food for them. She

lickeii them and then "trainetl" them to follow her

by c.illnig, nuwing .iway, waiting for them to ap-

proach, and then repeating the process. Floy spent

the whole first day and night with her young. They

slept on the ground in a thicket under the shelter of

a log. The only time she left them during the first

two days was when she raced down to the stream

and back, presumably to drink. On the second day,

she led them to another nest site in a dense treefaU,

where she left them. That night, she went back to a

nest of her own and thereafter did not spend the

night with her offspring. In contrast to her abrupt

treatment of the young in the nest, however, she

spent many of the dayhght hours with them. Be-

cause she often joined them in the early morning,

she may have continued to nurse them, but the

young also began to forage on their own soon after

they left the nursery nest.

F109's mate, Mill, which we had also radio-

collared, spent a lot of time with her while the

young were nestbound and, according to his radio

The mother stores and then Instantly releases

two days^ worth of milk, which the young

consume with extraordinary rapidity.

signals, was always somewhere on the home range

they shared. But on or about the day the young

emerged, he suddenly disappeared. After a month

we picked up his signal again; we don't know ex-

actly when he returned, but by August he seemed

to have taken up residence in the territory again.

Perhaps he had found a neighboring female to

breed with, or perhaps F109 had driven him away

when her newly emerged young were still vulner-

able. (I did once see her violently drive another

T. tana away fi"om the nest tree.)

To succeed, the absentee maternal system re-

quires a suite ofbehavioral, physical, and physiolog-

ical adaptations. A major feature of the system is the

Umit of two young per litter. The transfer of milk is

highly speciahzed: the mother must be able to store

and then instantly release two days' worth of milk,

and the young must be able to consume it rapidly

through intense suckling and store it in a giant

stomach. In addition, the newborns need to stay

warm on their own, resist dehydration, and save en-

ergy by refraining from mo\'ement, including the

exploratory behavior common in young mammals.
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Thus, after feeding, the nestlings sleep close to-

gether for up to forty-eight hours.

While we had largely expected to corroborate

Martin's nest observations, we were surprised to see

the enormous amounts of attention the T. tana fe-

male gave her offspring after they left the nest. Tu-

paia species had previously been viewed as exhibit-

ing the least possible amount of maternal care

among mammals, showing barely the rudiments of

behaviors that are normal in other nesting species.

But the long, attentive postnesting care we ob-

served in T. tana suggests that treeshrews are not

maternal minimalists. After leaving the confines of

Like squirrels and other small mammals,

treeshrews use nests as shelters from the

elements andfrom rainforest predators.

Treeshrews try to

avoid being

seen, heard, or

smelled by keen

predators,

including birds

of prey, martens,

and small felines

such as the

marbled cat and

the leopard cat,

above.

their tree hollow, the offspring were groomed, pos-

sibly still suckled, and possibly taught to forage.

Newly emerged young may need help to survive

the weaning phase and adapt to the arduous life of

an adult treeshrew. Most nesting mammals invest

considerable time and energy in the physical care of

nestlings and then abandon them as soon as they

emerge. Treeshrews—at least T. tana—seem to have

reversed the usual sequence of care.

How and why might the absentee system have

evolved in these creatures? The cautiousness of

treeshrews on approaching the nursery nest suggests

that avoiding predators has played a role. In Sabah

the predators include various birds ofprey and small

felines, such as marbled cats and leopard cats.

Among other mammal species that have an absen-

tee maternal system (or something similar) are

hares, rabbits, deer, and antelope, all ofwhich must

run to escape predators. Their young lie hidden

until they are old enough to flee their predators,

and the rarity of the mother's visits helps keep them

inconspicuous. Elephant shrews (no relation), pikas,

and Tiipaia treeshrews share both absentee-hke ma-

ternal care and diurnality—that is, they are active

during the day, when prey is more easily spotted by

predators. Tupaia treeshrews, however, differ from

other species with absentee-Uke maternal care in

that the adults and young use nests and the young

are altricial, or helpless at birth. Like squirrels and

other small mammals, Tupaia treeshrews use nests as

shelters from predators and the elements.

Adult treeshrews have a very strong, musky

odor, but when I sniffed the nursery nest and the

young, I found both clean and dry, with no percep-

tible scent. If the mother had stayed in or around

the nest, she might have imbued it with a pungent,

predator-attracting scent. My observations of yel-

low-throated martens—large, weasel-like carni-

vores that hunt by day, diUgently sniffing high and

low throughout the forest—lead me to think that a

treeshrew mother's long absences from the nursery

and her roundabout approach to the site are a way

of keeping the nestUngs from attracting the atten-

tion of such energetic predators. However, I believe

that the main evolutionary stimulus for the absentee

maternal behavior of treeshrews might be that less

of the mother's energy is needed to raise young in

this specialized way.

Treeshrews do not appear in the fossil record

until about 9 or 10 million years ago—a relatively

late date, although they may have existed long be-

fore this, and we simply have not yet found their

fossils. But treeshrews offer a plausible model of

how much earlier mammals might have Hved. In

size, shape, Hmb and tail proportions, and even skull

outline, some Jurassic mammals that hved alongside

the dinosaurs 150 million years ago resembled

treeshrews. Our work suggests that these earHest in-

conspicuous and insectivorous mammals may well

have branched out—adopting slightly different for-

aging modes and speciaHzing in different prey

—

without undergoing much physical fine-tuning.

Similarly, the look-ahke Tupaia treeshrews give httle.

hint of the different roles they play in their shared

habitat. Thanks to the array of these small mammals

in the northern forests of Borneo, we can now see

treeshrew species as distinct ecological entities. D
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BEETLE BITES

Beetles are the world's most abundant insects,

but the fossil record reveals little about when

they diversified. Although there is an excellent

fossil record of flowering plants during the Cre-

taceous, remains of leaf beetles from this pe-

riod are almost nonexistent, and their fos-

silized bodies begin to appear in the rocks only

20 million years later.

\ Since most of the 40,000 known leaf bee-

tle species specialize in feeding on flowering

plants, Peter Wilf, of the University of Michi-

gan's Museum of Paleontology, and colleagues

examined fossils of ginger leaves from the Late

Cretaceous (66 million years ago) for signs

that the beetles had been present. Many fossil

leaves, they found, displayed patterns of bite

marks characteristic of rolled-leaf hispine bee-

tles, a group that today specializes in eating

ginger leaves.

Larvae of these beetles live within the

rolled-up leaves of the plant, and their feeding

produces a unique pattern of linear strips be-

tween the leaves' veins. (Adult beetles produce

a different feeding pattern on the unfurled

leaves.) The trace fossils from North Dakota

and Wyoming, dating from the Late Cretaceous

and early Eocene (52-53 million years ago),

push the evolution of hispine beetles back

nearly to the time of origin of their flowering

host plants. ("Timing the Radiations of Leaf

Beetles: Hispines on Gingers From Latest Creta-

ceous to Recent," Science 289, 2000)

DIMINISHED RETURNS
Although perching birds stop to rest during mi-

gration, many shorebirds make long, continu-

ous transoceanic flights, during which they do

not eat. Until recently, scientists believed the

birds relied only on stored fat as fuel.

Phil F. Battley, of the Australian School of

Environmental Studies, working with a team of

ecologists from the Netherlands and China, re-

cently tested that assumption in a study of the

great knot (Calidiis tenuirostris), a medium-

sized shorebird. The great knot flies 3,000

miles from northwest Australia to its breeding

ground in eastern China. Samples of the mi-

grants were tagged in Australia and recaught

in China. When Battley and his team weighed

and measured the knots' organs, they found

that all the birds showed significant weight

loss in their kidneys, liver, skin, and pectoral

muscles and that these organs were reduced in

size—evidence that large amounts of protein,

as well as fat, are utilized during flight. (Once

the knots reach their breeding ground, the

liver can triple in size in two weeks, while the

stomach and kidneys can increase by almost 50

percent.)

Researchers believe that although fat pro-

vides the fuel for sustained effort, protein is an

essential component of the chemical reactions

that convert large quantities of fat into energy

during prolonged and extraordinary efforts.

From the breakdown process of fat, birds lose

important compounds that need to be replen-

ished by amino acids (protein). In addition,

their brains require glycogen, which cannot be

manufactured without protein breakdown.

("Empirical Evidence for Differential Organ Re-

ductions During Trans-Oceanic Bird Flight,"

Proceedings of the Royal Society of London B

267: 191, 2000)

BUHERFLY ANTIAPHRODISIAC
In the green-veined white butterfly Pieris napi,

when a male mates with a female, it transfers,

along with its sperm, a chemical chastity belt

that wards off other males for a period of time.

The chemical, methyl-salicylate, a volatile re-

pellent, is then emitted by the mated female,

allowing her to lay her eggs without being ha-

rassed by other males. (Persistent suitors can

drive a female down among the vegetation,

where predatory small mammals, lizards, or in-

sects may lurk.) Males also benefit from a mat-

ing system in which females retain sperm be-

fore fertilization, and in which the last male to

deposit sperm fertilizes the eggs.

Johan Andersson, of the Ecological Chem-

istry Group at Stockholm's Royal Institute of

Technology, and colleagues have demonstrated

that only male butterflies can produce the

antiaphrodisiac. Its effects are so strong that

most males will refrain from mating even with

virgin females (ordinarily more sought after

than nonvirgins) to which it has been artifi-

cially applied. When P. napi males mate, they

also transfer nutrients to the females, increas-

ing the females' fecundity and longevity. The

researchers are still trying to discover which

sex controls the gradual decrease in the

methyl-salicylate shield that allows females to

eventually regain their attractiveness and re-

mate. ("Sexual Cooperation and Conflict in

Butterflies: A Male-Transferred Antiaphrodisiac

Reduces Harassment of Recently Mated Fe-

males." Proceedings of the Royal Society of Lon-

don B 267: 1271, 2000}—Richard Milner

i
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FINDINGS

The Search for LUCA
Did the Last Universal Common Ancestor look like

a bacterium—or Hke one ofyour own cells? ey Matt Ridley

EUKAR.YOTE FAMILY PORTRAIT

-w- ^ r -^hat was the first organ-

\ Y /ism with DNA Uke?

% /% / Scientists have tradition-

w V ally assumed it was some

kind ofprimitive bacterium. But recent

research suggests that the long-looked-

for "it" may have been more of a

"them." And according to a controver-

sial new theory, the first organisms

equipped with DNA may have resem-

bled one of our own cells more closely

than they resembled bacteria.

All living creatures—be they amoe-

bas, beech trees, beetles, or bacteria

—

share a common ancestor that lived

about 4 billion years ago. We infer the

existence of this Last Universal Com-
mon Ancestor—or LUCA—from the

many features shared by all organisms,

most notably the unique code that

translates the language ofDNA into the

language of proteins, the things that ac-

tually do all the work inside cells. If

there were other, rival life-forms here

on Earth, they died out long ago.

By comparing the similarities and

differences in the genes of different or-

ganisms, we can climb down the fam-

ily tree and observe where it branches.

Take our own lineage. Five miUion

years ago, the Homo sapiens branch

meets that of chimpanzees; a few mil-

Hon years before that, the common an-

cestor of humans and chimps merges

with gorillas; and so on, back to the

first mammal, the first reptile, the first

vertebrate, the first multicellular ani-

mal. Finally we get to the common an-

cestor of all animals, plants, protists,

and fungi. This undoubtedly tiny or-

ganism was the last common ancestor

of all present-day eukaryotes (organ-



isms posscssiiii; (.'(.'lis with .1 iimicus).

At this juncture, scientists long

tliought, there was only one conver-

gence left: between eukaryotes and

prokaryotes (single celled organisms

with no nucleus). For most of the

twentieth century, prokaryotes had

generally been considered synonymous

with bacteria. But in 1977 Carl Woese,

of the University- of Illinois, found a

fundamental division within the

prokaryotes: between bacteria and

what he called archaea, a diverse group

of cells that look very like bacteria but

differ genetically and are often found in

extremely hot environnients, such as

hot springs, with temperatures above

I
203° F. Woese totted up the genetic dif-

ferences between the two kinds of

I
prokaryotes and concluded that the tri-

' furcation of life—into eukaryotes, bac-

teria, and archaea—must have occurred

iiuire than 3 billion years ago. But

which of the three groups appeared

first? Are we eukai^otes more closely

iil.ited to bacteria or to archaea?

To find out, researchers in the mid-

1980s turned to the enzyme RNA
polymerase and other factors involved

in the synthesis of proteins, some of the

most ancient and universal pieces ot

machinery in the cell. After comparing

these proteins in species from the three

groups of organisms, the scientists con-

cluded that plants, animals, and fungi

are more closely related to archaea than

to bacteria. Comparisons of other pro-

teins, however, contradicted this con-

clusion: some suggested that eukaryotes

and bacteria were closer kin, while still

others suggested that archaea and bac-

teria were.

By the mid-1990s, the siaiarion had

become a mess. The only explanarion

for these contradictory patterns, accord-

ing to W Ford Doolitde, of DaUiousie

University in Nova Scotia, is to assume

that at some pomt in the early liistory ot

life, there was promiscuous sharing of

genes among species—or even mergers

of whole organisms. Woese agrees. He
now thinks that "the Last Universal

(^ouiiiion Ancestor was not .1 discrete

entity but rather a diverse coininuniry of

cells that evolved as a biological unit."

There the matter might have rested

but for a meeting convened in 1996 at

Les Treilles, near Paris, to discuss the

confusing tree of life. Attending that

meeting was Patrick Forterre, a scientist

from the Universite Paris-Sud. Forterre

had a heretical view. He challenged the

generally accepted idea that bacteria (or

archaea) predated all other creatures on

Earth. He even doubted that they were

primitive. The long-standing "prokary-

ote dogma," he claimed, was based on

the prejudice that the simple must pre-

cede the complex. His own work on a

bacterial enz^'me called DNA gyrase

had convinced him that bacteria are ac-

tually quite advanced. Gyrase is a pow-

erful and sophisticated tool—and it's a

tool eukaryotes do not possess. The

more Forterre considered the stream-

lined simplicity and effectiveness of a

bacterial cell, the more he was con-

vinced that the clunky machinery in

eukaryotic cells represented an older,

more primitive technology.

Forterre and his colleague Herve

PhiHppe have now gathered many ex-

amples that support their case. Take

RNA polymerase. This enzyme creates

working copies of DNA (called mes-

sengers) used in gene translation. The

version we eukaryotes use has up to

thirteen components, each made by a

separate gene. In addition, it is assisted

by twenty or so "transcription factors,"

by a ten-part "spHceosome" (a machine

whose job it is to cut out the pieces of

nonmessage text, called introns, that

interrupt eukaryotic genes), and by a

six-part "polyadenylation device." The

RNA polymerase used by archaea also

has a large number of components

(eight to nvelve) and is assisted by only

two or three other genes.

The truly striking contrast, how-

ever, appears in the version used by

bacteria, which has just three compo-

nents and a single assistant. The tradi-

tional view would be that the compU-

cations found 111 eukaryotic RNA
polymerase were added over the eons.

But it could just as easily have hap-

pened the other way round, with bac-

teria slimming down the RNA poly-

merase machinery to its most efficient

form. In plants, animals, and fijngi, the

synthesizing, capping, sphcing, poly-

adenylating, and transporting of a

DNA messenger takes about thirty

mmutes. In bacteria, the process is

completed in a matter of seconds.

Forterre argues that his scenario of

moving from a complex eukaryotehke

common ancestor to a simpler but more

efficient prokaryotic system is more ap-

pealing than the classical hypothesis that

views prokaryotes as the more primitive

organisms. Appealing, maybe—but how
strong a case can be made for his idea?

There is no question that simphfica-

tion does occur during evolution. Over

time, parasitic Hneages lose sense organs

and brains they do not need. Micro-

sporidia are a good example. These

pathogens were once thought to be a

missing Hnk between primitive prokary-

otes and advanced eukaryotes because

they are so simple and because they lack

mitochondria. We now know that mi-

crosporidia are nothing so special

—

they're merely cousins of fiingi that have

become drastically simpHfied by their

parasitic Hfe. Likewise, many biologists

are convinced that viruses, which bor-

row the biochemistry of their hosts to

reproduce themselves, are not derived

from primitive independent life-forms

but are little packets of rogue genes that

have escaped from higher organisnrs. It

viruses are reduced organisms, then why

couldn't bacteria be as well?

The eukaryotic cell is stuffed flill of

features that have no counterpart in

bacteria or archaea and that, Forterre

argues, no self-respecting life-form

would invent unless it absolutely had

to. We eukaryotes have telomeres, for

example: specially constructed caps ot

DNA on the ends ofchromosomes that

prevent the tips fa'om framing. (Fra)ing

is now thought to be one of the chief
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symptoms of aging.) But telomeres are

unnecessary in bacteria, which have

circular chromosomes and thus no ends

to fray. And then there are our spHceo-

somes: bacteria have no introns and

thus no need for spUceosomes.

The most convincing part of For-

terre's case is an argument developed by

three New Zealanders: Anthony Poole,

Daniel Jeffares, and David Penny, all at

Massey University. They point out that

a great many of the special features of

eukaryotes have working components

made of molecules of RNA, which is

almost universally regarded as the

primitive precursor of DNA. Telo-

merase, the enzyme that repairs telo-

meres, has working RNA inside it. So

does the spliceosome. And RNA is

crucial to the synthesis of proteins. The

presence in eukaryotic cells ot these

working machines made firom a more

ancient material suggests to Forterre

and his like-minded colleagues that

they are rehcs of an earHer age.

Moreover, RNA has a property that

DNA lacks almost entirely—it can act

as a catalyst to assist chemical reactions.

Most current hypotheses about the his-

tory of Ufe before LUCA envisage an

entire RNA world of "riboorganisms,"

with RJMA genes and BJNfA enzymies.

Only later, according to these hypothe-

ses, did some fortunate descendant in-

vent both the much subtler catalytic

machinery of protein and the much
more chemically stable information-

storage device called DNA. At that

point, RJSfA was demoted to being the

Hnk between DNA and proteins.

If the scenario of an ancestral BJMA

world is correct, then why, Forterre

asks, do eukaryotes have much more

complicated RNA machinery in their

cells than bacteria and archaea do? And

if, as Poole and his colleagues say, all

these RNA devices are indeed molecu-

lar "Hving fossils" left over from a differ-

ent world, then it seems unlikely that

eukaryotes would have invented all this

machinery to complicate their Lives and

used an old technology to do so. That

would be a bit like finding wooden parts

working in the innards of a computer.

Additional support for the idea that

eukaryotes evolved before prokaryotes

can be seen m the structure of then

chromosomes. Each chromosome is a

very long molecule of DNA. We hu-

mans have twenty-three pairs ofthem

—

forty-six separate DNA molecules.

Other species of eukaryote have differ-

ent numbers of paired DNA molecules,

but in all of us, the molecules come in

separate chromosomes. Compare this

with the single, circular chromosome ot

bacteria and archaea. Now imagine one

system evolving from the other. If the

prokaryotic system came first, the eu-

karyotes would have had to chop the

mo mi>s NUCLEI!

you ANIMALS, PLms
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ancestral chromosome into sections, add

telomeres to their ends, and drop the

equipment that closes the circle.

If, however, the eukaryotic system

arose earHer, the machinery for making

a single circular chromosome would al-

ready have been in place: a single en-

zyme called reverse transcriptase. This

enzyme makes a circular DNA copy of

an RNA transcript (after the introns

have been edited out by the spHceo-

some). Multiple copies of reverse tran-

scriptase are present in all genomes,

having been left there by retroviruses

containing genes for the enzyme. The

Forterre-Poole hypothesis envisages

that some primitive retrovirus left be-

hind a reverse transcriptase gene in a

proto-eukaryotic organism, which used

It by chance, one day, to make a circu-

lar chromosome.

And separate linear chromosomes

may not be the only primitive feature

of our genome: the very habit of using

pairs of chromosomes, one from each

parent, may also be a rehc from the days

when transcription errors were more

common and spare copies would thus

have come in handy.

If Forterre and Poole are right about

eukaryotes being the steam engines of

the Hving world, then how did we man-

age to remain so successfril? The answer

may He in several features ofmodern eu-

karyotic cells that bacteria have not in-

vented—in particular, the abiHty to en-

gulf other cells. This talent allows some

protozoa (single-celled eukaryotes) to

pursue a largely predatory way of Hfe. It

is also the source of our immune sys-

tem's abiHty to consume or otherwise

incorporate invading bacteria and some-

times to benefit by their presence. Some

bacteria engulfed in this way went on to

become mitochondria, symbionts Hving

inside the eukaryotic ceU and providing



il

it witli ciK'ri;;\'. In additiiin, the cwiitii.il

evolution of imiltici.-lkil,irity in ciikary-

otes brouL^lit tho miuK'nso aiivaiuagt's

that accompany division of labor in a

large body and helped offset the bio-

chemical disadvantages of poorly devel-

oped genetic machinery.

As with most attempts to recon-

struct the history of life, Forterre's argu-

ment for a eukaryotic l.UC'A would be

I
greatly strengthened by fossil evidence.

' The oldest known fossils are the 3.5-

billion-year-old stromatolites discov-

f ered in western Australia in 198(1.

These small, pillow-shaped structures

were almost certainly laid down by liv-

' ing organisms, but it is difficult to de-

termine tor certain \\ hat kind of crea-

1
ture built them. Modern stromatolites

are usually—but not always—made by

bona fide prokaryotes, and the com-

mon assumption is that the ancient ones

were, too. But there is no hard evidence

for this. And last year Jochen Brocks

and his colleagues at the Australian Cie-

ological Survey Organisation made a

remarkable discovery. They extracted

hydrocarbon from 2.7-billion-year-old

shales in the form of bitumen and sub-

jected it to spectrographic analysis to see

what it was made of They were sur-

prised to tind a group oi compounds

called steranes—hydrocarbons made by

eukaryotes but not by prokaryotes. The

result, they say, provides persuasive evi-

dence for the existence of eukaryotes

500 million to i billion years before the

fossil record currently indicates that the

lineage arose. In other words, the "age

ofprokaryotes," which all the textbooks

say preceded the age of eukaryotes,

might never have existed.

Forterre's theory has by no means

won the field. But he has done a great

service by pointing out what a naked

emperor the prokaryotic dogma may

turn out to be.

Matt Ridley is the aiitiior of Genome:

The Autobiography of a Species in 23

Chapters, an adaptation oj which appeared

ill the March issue ofNatural History.
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REVIEW

Many Hands

Stirring Many Pots
Short on recipes but long on learning, a vast history offood

caters to every taste. Almost. By Raymond Sokolov

Some twenty years ago in this maga-

zine, I chivied anthropologists for ne-

glecting tood in their research on the

material culture of human societies. If

scholars were willing to record the di-

mensions of canoe paddles, why not

write down how canoe builders fed

themselves? This might even have a

practical result. Whereas it was im-

probable anyone would actually repro-

duce a Bororo paddle, many people

might be glad to try an Amazonian

recipe for manioc.

In any case, as one

could see even then,

what we now call glob-

alization was inex-

orably overwhelming

the cuHnary heritage of marginal—and

even not so marginal—cultures. If the

recipes of these groups and the lore un-

derpinning them weren't saved, human

diversity would be diminished. Some-

thing far more easily shared than htera-

ture or even music would be lost.

Starting in the 1970s, food histori-

ans emerged at the peripheries of aca-

demia and began to create an unofficial

disciphne, often at conferences or in

covens of renegade scholars and seri-

ous-minded foodies. Epitomizing this

intellectual back channel, the 1981

Oxford Food Symposium published its

proceedings and sponsored a periodi-

cal, Petits Propos Ciilinaires. Oxford still

has no chair in food history (nor does

any other major university), but in

1999 Oxford University Press pub-

Hshed the Oxford Companion to Food, by

the learned student of fish and fish

cookery and the symposium's orga-

nizer, Alan Davidson. Having con-

tributed material to it from colunms

first pubUshed in Natural History, I hope

that I (an admirer of the book) will be

pardoned for not discussing it in detail.

But I think anyone would say that its

2,650 entries marshal an oceanic

amount o

The Cambridge World His-

tory of Food, edited by Ken-

netli F. Kiple and Kriemhild

Conee Ornelas (Cambridge

University Press, 2000; $150)

f information for the

thoughtful and curious

omnivore.

The act of eating, as

well as the acts of food

production and cooking

that subtend it, is the

Oxford Companion's constant focus, from

aardvark to zucchini. But the even

weightier, brand-new, two-volume,

1,958-page Cambridge World History of

Food, edited by Kenneth F. Kiple and

Kriemhild Conee Ornelas, is, so to

speak, a different kettle of aardvark.

Twice as big, far more scholarly and dis-

putatious, it is for the most part as dis-

tant from eating in the ordinary sense

—

from the flavors and even the facts of

human eating—as a long book on food

could be. So what is it about?

Kiple and Ornelas 's history begins

in the murky world of "our ances-

tors," with a technical yet fascinating

set of extrapolations based on bones

and middens and coproHtes (desiccated

or mineralized feces), the latter being.

according to Kristin D. Sobolik, an

anthropologist at the University of

Maine, Orono, "a unique source for

analyzing prehistoric diet because their

constituents are mainly the undigested

. . . remains offood items that were ac-

tually eaten."

In the next and longest section,

fifty-nine authoritative monographs

combining biology, history, and con-

temporary socioeconomic analysis are

devoted to domesticated plants and ani-

mals. The distinguished Capsicum plant

authority Jean Andrews, of the Univer-

sity of Texas, Austin, for example,

writes on chili (or, as she insists on

spelling it, chilli) peppers. But in all this

expert summarizing there is barely a

recipe and usually only the sketchiest

description of what things taste Hke. In

the course of thousands of fascinating

words on camels, anthropologist EHza-

beth A. Stephens, of the University of

Arizona, goes so far as to explain the

method for making yogurt from camel's

milk but omits to say how it (presum-

ably) differs in taste or smell or texture

from other yogurts more familiar to the

(presumably) bovicentric reader.

At the end of a relatively brief sec-

tion on dietary liquids, James L. New-
man, a geographer from Syracuse Uni-

versity, does raise the issue of taste in

wines. But my degustation of his essay

detected in it a whiff of post-Marxist

paranoia about transnational corpora-

tions allegedly driving out viticultural



idiversity and reducing wines from

around the globe to a (presumably)

stultifying uniformitv'. all to satisfy the

narrow preferences of a cabal of insider

wine snobs.

We return to sobrietv' in the section

on nutrients and food-related disorders.

The articles herein run the gamut from

vitamin A to zinc, from beriberi to

scur\y The section ends on a quiedy

sensational note, with University of

Manchester cardiologist Stephen Seely's

pellucid discussion of the physiology- of

coronary artery disease, in which lie de-

duces from demographic evidence and

fbod-consuniption stanstics that oats as

wxMl as cows milk ma\' play a dccisi\e

role in the dehver)' of srifFening calcium

to the tatt\' lesions on artery' walls.

Whether most of this entirely wor-

thy information belongs in a "histon,-"

of food is a legirimate question. Those

with a coin'entional notion of history

will, how'ever, find sustenance in vol-

ume 2, which includes a survey of all

the major culinar)' sectors of the world.

Inevitably, the results are uneven. Mar-

ion Nesde, of New York Universit%'"s

Department of Nutrition, Food and

Hotel Management, is thorough and

compelling on the Mediterranean and

its diet, while sociologist Eva Barlosius,

of Bonn University, reduces the richest

of all the cuisine stories, that of France,

to gastrorealpolitik: a tale of decline in

global dominance and prestige.

The eighteen essays in the section

entitled "History, Nutrition, and

Health" cover everything tR)m famine

to food fads. And the final section,

on contemporary food-related policy

matters, ranges over issues of labeling,

additives, and public responsibility for

nutrition—all the hot buttons of the

.ilinientary present. With grace and fi-

nesse. Bowling Green State Universin.'

historian Kenneth F Kiple, coeditor of

these tomes, ends the encyclopedia

with an essay about the relevance of

Paleolithic nutrition to modern health.

He ties a neat bow on a lumpy pack-

age, but that's not the end of it. Part

VIII. a sort of appendix, is a historical

dictionary- of the worlds plant foods. Of
course it is incomplete, but it still has

much fine gold to pan for—even an

entr)' on the suddenly voguish Viognier

grape, which, notes the anonymous

lexicographer, "has recently been

planted in Cahtbrnia, where presumably

it will prosper and add even more diver-

sity to the California wine industry."

Who will use this huge and learned

work? Foodies will want to look else-

where for recipes and guidance in mat-

ters organoleptic. Specialists won't need

to read the essays that summarize their

fields so scrupulously. But I'll wager

that they and everyone else, from epi-

cure to hunger activist, will soon be

consulting these volumes as a quick

route to erudition.

In other words, the book is an un-

gainly but unique beast, and everyone

will want to ride it. Yet it is also prob-

ably one of the last members of an en-

dangered species—the multiauthor

encyclopedia in hard copy. The fliture

is digital. Save trees, save time, save

your research to disk. In that brave

new- cyberworld, there will be plenty

of room to add recipes to a book that

is now almost too hea\y to lift and

much too dangerous to drop.

Raymond Sokolov, currently the Wall

Street Journal 5 arts editor, is a biograplier

of A. J.
Liehliiig and a veteran food writer.

From 1974 to 1994 he u>rote the Natural

HistoPv- cohimn "A Matter of Taste."
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ie Western Horizon, photograph

Macduff Evertoii, comiiicntiiries and

^ketches hy Mary Heehner (Abrarns,

2000; $49.30)
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Facts on Foliage
By Robert Anderson

Why do leaves change color? Ask most

people this question, and you'll prob-

ably get a simple answer, such as "Be-

cause winter's coming." Of course, the

story is much more complex than that,

and at least two good Web sites tell us

how nature produces so many vivid

hues, seemingly out of thin air.

The first site (wiilow.ncfes.umn.edu

/leaves/leaves.htm) is maintained by

the U.S. Forest Service. It explains that

the timing of the autumn display, al-

though influenced by rainfall and tem-

BOOKSHELF

Are We Hardwired? The Role of

Genes in Human Behavior, by William

R. Clark and Michael Gmmtein (Oxford Uni-

versity Press, 2000; $27.50)

Human Natures: Genes, Cultures,

and the Human Prospect, by Pani R.

Ehrlich (Island/Shearwater, 2000; $29.95)

Microbiologists Clark and Grunstein

analyze the relative roles of genes and

environment in shaping Homo sapiens.

Taking a more panoramic look at

human evolution, population expert

Ehrlich proposes that our multiple na-

tures are determined as much by cul-

ture and environment as by genes.

John James Audubon in the West:

The Last Expedition, Mammals of

North America, by Sarah E. Boehrne,

with essays by Annette Blaugrnnd, Robert

McCracken Peck, and Ron Tyler (Abrams/Buf-

falo Bill Historical Center, 2000; $45)

PubHshed in conjunction with an exhi-

bition organized by the Buffalo Bill

Historical Center in Cody, Wyoming,

this compilation of essays and vivid

illustrations tells the story behind

Audubon's Viviparous Quadrupeds of

North America, published after the

artist-naturalist's death in 1851.

perature, is primarily triggered by the

decreasing availabihty of light for pho-

tosynthesis as nights grow progressively

longer. Also noted is the Forest Ser-

vice's Fall Color Hotline (800-354-

4595), which you can call for reports

on peak foliage viewing around the

country.

The second good fall-color primer

comes from Pacific Union College bot-

anist Bryan Ness. In a feature found at

About.com (botany.about.com/science

/botany/hbrary/weekly/aal20797.htm

Pterms^faU+leaves), he goes into con-

siderable detail about the chemistry un-

derlying the fall show. I learned that as

The Dying of Enoch Wallace: Life,

Death, and the Changing Brain, by ha

B. Black (McGraw-Hill. 2000; $24.95)

The protagonist of this tale of disorders

and discoveries in the field of neurology

is NGF, or nerve growth factor—a hor-

mone that extends the Ufe of neurons

affected by diseases such as Alzheimer's

and may be the key to treating them.

Dear Mr. Darwin: Letters on the Evo-

lution of Life and Human Nature, by

Gabriel Dover (University of California Press,

2000; $27.50)

In a spirited and informed imaginary

correspondence with Charles Darwin,

geneticist Dover brings the author of

the Origin of Species up to date on

what's been happening in the field of

evolutionary biology.

The Invisible Enemy: A Natural His-

tory of Viruses, by Dorothy H. Crauford

(Oxford University Press, 2000; $25)

Plague Time: How Stealth Infections

Cause Cancers, Heart Disease, and

Other Deadly Ailments, by Paul w.

Ewald (Free Press, 2000; $25)

Microbiologist Crawford argues that

viruses, with their amazing abihty to

leaves die and change color, building

materials are salvaged from them for

winter storage. The most important of

these is magnesium. The green chloro-

phyll must be broken down to recover

this element, and what remains are the

less dominant, so-called helper pig-

ments, the carotenoids and anthocya-

nins, whose yellows, oranges, and reds

give the dying leaf its color. Check out

Ness's simple chemistry experiment,

which reveals the pigments that he hid-

den in any green leaf.

Robert Anderson is afreelance science writer

based in Los Angeles.

mutate, pose one of the greatest chal-

lenges to science. According to Ewald,

a biologist of evolutionary medicine,

viruses may be responsible for every-

thing from heart disease to diabetes and

anorexia.

Weather: How It Works and Why It

Matters, by Arthur Upgren andJurgen Stock

(Perseus /Helix, 2000; $25)

Tying Down the Wind: Adventures in

the Worst Weather on Earth, by Eric

Pinder (Tardier/Putnam, 2000; $24.95)

Inside the Hurricane: Face to Face

with Nature's Deadliest Storms, by

Pete Davies (Henry Hot, 2000; $25)

Three informative volumes look at var-

ious aspects of the swirling ocean of air

that surrounds and sustains the planet.

Mahale: A Photographic Encounter

with Chimpanzees, by Angelika Hofer,

Michael A. Huffman, and Giinter Ziesler

(Sterling, 2000; $24.95)

For fifteen years, zoologist Huffman

has been studying a community of

chimpanzees in Mahale Mountains

National Park, on the shore of Lake

Tanganyika—vividly documented here

in photographs, drawings, and text.
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UNIVERSE

On Earth

As in the Heavens

When it comes to physics,

the law is the law.

By Neil de Grasse Tyson

Until Isaac Newton wrote down

the universal law ofgravitation,

there was little reason to pre-

sume that the laws of physics on Earth

were the same as elsewhere in the uni-

verse. Earth had earthly things going on,

and the heavens had heavenly things

going on. Indeed, according to many

scholars ofthe day, the heavens were un-

knowable to our feeble mortal minds.

When Newton breached this philo-

sophical barrier by rendering motion

comprehensible and predictable, some

theologians criticized him for leaving

nothing for the Creator to do. Newton

had figured out that the force of gravity

puUing ripe apples from branches also

guides tossed objects along their curved

trajectories and directs the Moon in its

orbit around Earth.

The universality of physical laws

drives scientific discovery Hke nothing

else. Gravity was just the beginning.

Imagine the excitement among nine-

teenth-century astronomers when lab-

oratory prisms, which break light

beams into the colors of the spectrum,

were first turned to the Sun. Spectra

are not only beautiful but contain oo-

dles of information about the Ught-

emitting object, including its tempera-

ture and composition. Chemical

elements are revealed as unique pat-

terns of Hght or dark bands that cut

across the spectrum. To people's delight

and amazement, the chemical signa-

tures in the Hght emitted by the Sun

were identical to those identified in the

laboratory. No longer the exclusive

tool of chemists, the prism showed that

the Sun, as different as it is from Earth

in size, mass, temperature, and appear-

ance, contains the same stufi^—hydro-

gen, carbon, oxygen, nitrogen, cal-

cium, iron, and so forth. But more im-

portant than our laundry hst of shared

ingredients was the recognition that the

laws of physics prescribing the forma-

tion of these spectral signatures on

Earth are also operating on the Sun, 93

miUion miles away.

So fertile was this concept ofuniver-

sality that it was successfrilly applied in

reverse. Further analysis of the Sun's

spectrum revealed the signature of an

element that had no known counter-

part on Earth. The new substance was

given a name derived from the Greek

word for Sun (lielios) and was only later

observed in the lab. Thus helium be-

came the first—and only—element in

the chemist's periodic table to be dis-

covered someplace other than on Earth.

OK, the laws of physics work in our

solar system, but do they work across

the galaxy? Across the universe? Across

time itself? Step by step, the laws were

tested. As with geologists reading

Earth's histoi-y in stratified sediments,

the farther away we look in space, the

farther back we see in time. Spectra

from the universe's most distant objects,

whose Hght has been traveling for bU-

Hons of years, show the same chemical

signatures we see everywhere else. In-

deed, a mathematical quantity known
as the fine-structure constant, which

controls the basic fingerprinting for

every element, must have remained

unchanged for bUHons of years.

Ot course, not all objects and phe-

nomena in the cosmos have versions of

themselves on Earth. You've probably

never walked through a cloud of glow-

ing miUion-degree plasma, and you've

probably never greeted a black hole on

the street. What matters is the univer-

saHty of the laws ofphysics that describe

these phenomena. When spectral

analyses were first appHed to the Hght

emitted by interstellar nebulae, a signa-

ture was discovered that had no coun-

terpart on Earth. At that time, the peri-

odic table of elements had few empty

boxes (when heHum was discovered,

there were two dozen). Astrophysicists

invented the name nebuHum to serve as

a placeholder until they could figure

out exactly what was going on. It

turned out that in space, gaseous nebu-

lae are so rarefied that atoms go long

stretches without colliding with one

another. Under these conditions, elec-

trons within atoms behaved in ways that

had never before been seen in labs on

Earth. The hypothetical nebuHum was

simply the signature of ordinary oxygen

doing extraordinary things.

The universality of physical laws

teUs us that ifwe land on another planet

with a thriving aHen civiHzation, it wiU

be running on the same laws that we

have discovered and tested here on

Earth—even if the aHens harbor differ-

ent social and poHtical beHefs. Further-

more, if you want to talk to the aHens,

you can bet they won't speak EngHsh

or French or even Mandarin. Nor wiU

you know whether shaking their

hands—if indeed they have hands to

shake—would be considered an act of

war or ofpeace. Your best hope wiU be

to find a way to communicate in the

language of science.

Such an attempt was made with the

Pioneer 1 and 1 1 and Voyager 1 and 2



spacecraft, tlu- mily oni-s with enough

speed to escape the solar system's gravi-

tational pull. All four spacecraft bore a

golden plaque etched with scientitlc

pictograms showing, among other

things, the Sun's location in the Milky

Way galaxy' and the structure of the

hydrogen atom. I oyager also carried

recorded sounds from Mother Earth,

including the sound of a human heart-

beat, whale songs, and selections of

music ranging from Beethoven to

Chuck Berry. While these ofterings

humanized the message, it's not clear

whether the\- would mem a thing to

icn ears—assuming aliens haw ears in

the first place. My favorite parody of

this gesture was a SatiiriLiy iVijt,'//f Live

skit that appeared shortly after the l^oy-

i{;cr launch. The aliens who recovered

the spacecraft had only one reply for

Earthlings: "Send more Chuck Berry."

Science thrives not only on the uni-

vers,ilirs' of phvsical laws but also on the

existence and persistence of physical

constants, As already noted, the fine-

structure constant controls die spectnil

patterns made by elements. The con-

stant of gravitation, known to scienrists

as big G, enables Newton's et]uation to

Ciilculate the exact strength of gravita-

tional force. Big G has been implicitly

tested for vari.ition over eons. If you do

the math, you can determine that a star's

luminosity is steeply dependent on it. In

other words, if big G had been even

slighdy diflerent in the past, the energy

output of the Sun would have been far

more variable than anything that the bi-

ological, climatological, or geological

records indicate. In fact, there are no

known time-dependent or location-

dependent flindamental constants—they

all appear to be truly constant.

Of all physical constants, the speed

of light is probably the most famous.

No matter how powerfiil your engines,

you will never overtake a beam ot light.

Why not? No experiment ever con-

ducted has revealed any object reaching

the speed of light, and well-tested laws

of physics predict and account for that.

I know these statements sound closed-

minded. True, some of the most em-

barrassing predictions believed to have

been made in the name ofscience have

underestimated the ingenuitv' of engi-

neers: "We will never fly." "Flying will

never be commercially feasible." "We
will never fly faster than the speed of

sound." "We will never split the atom."

"We will never go to the Moon."

You've heard them. But what these

predictions have in common is that no

established law of physics was invoked

to support the claim.

On the other hand, the claim "we

wiU never outrun a beam ot Hght" is a

qualitatively different prediction. It

flows from time-tested physical princi-

ples. Yes, highway signs for interstellar

travelers of the fijture wiU surely read:

The Speed of Light: It's Not Just a

Good Idea. It's the Law. The good

thing about the laws of physics is that

they require no law-enforcement agen-

cies (although I do own a geeky T-shirt

that says Obey Gravity).

Another class of universal truths are

the conservation laws. Under their ju-

risdiction, certain measured enriries re-

main unchanged tio matter what. The

three most important of these laws are

the conservation of mass and energy,

the conservation of Unear and angular

momentum, and the consen'ation ot

electric charge. These laws are in e\'i-

dence ever\'\vhere, from the domain

of particle physics to the large-scale

structure of the universe.

In spite of this boasting, all is not

perfect in paradise. It happens that we

cannot see, touch, or taste the source of

90 percent of the gravity of the uni-

verse. This mysterious dark matter,

which remains undetected except for

its gravitational pull on matter we do

detect, may be composed ot exotic par-

ticles yet to be identified. A minority' of

astrophysicists, however, have suggested
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that there is no dark matter—you just

need to modify Newton's law of grav-

ity. Simply add a few terms to the

equations, and all wiU be well.

Perhaps one day we'll learn that

Newton's gravity indeed requires adjust-

ment. That'll be OK. It happened once

before. In 1915 Albert Einstein came up

frontier of our knowledge. Wherever

and whenever a physical law can be in-

voked in the discussion, the debate is

guaranteed to be brief: No, your idea

for a perpetual motion machine will

never work—it violates laws of ther-

modynamics. No, you can't build a

time machine that wiU enable you to

No, you can't build a machine that will

allow you to go back in time and prevent

your parents from meeting each other.

with the general theory of relativity,

which reformulated the principles of

gravity so that they applied to objects of

extremely high mass, a category un-

known to Newton and for which his

law of gravity breaks down. The lesson

here is that our confidence in a law's

universality flows from the range ofcon-

ditions in which it has been tested and

verified. The broader this range, the

more powerfttUy that law can describe

the cosmos. For ordinary household

gravity, Newton's law (stiU) works just

fine. For black holes and the large-scale

structure of the universe, however, we

need general relativity. Each law works

flawlessly in its own domain, wherever

that domain may be in the universe.

To the scientist, the universaUty of

physical laws makes the cosmos a mar-

velously simple place. The psycholo-

gist's domain—human nature—is infi-

nitely more complex. In America,

classroom curricula can be determined

by school board members who vote

according to the prevailing social and

political winds. Around the world,

varying behef systems lead to political

differences that are not always resolved

peacefiiUy. And some people talk to bus

stanchions. The miracle of physical

laws is that they apply everywhere,

whether or not you choose to beHeve

in them. After the laws of physics,

everything else is opinion.

Not that scientists don't argue. We
do—a lot. When we do, however, we
are usually expressing opinions about

the interpretation of ratty data on the

go back and prevent your parents from

ever meeting each other—it violates

causality laws. And vwthout violating

momentum la^ws, you cannot sponta-

neously levitate and hover above the

ground, whether or not you are seated

in the lotus position (although you

could possibly perform this stunt if you

managed to let forth a powerfiil and

sustained exhaust of flatulents).

Knowledge of physical laws can, in

some cases, give you the confidence to

confront surly people. A few years ago,

I was having a hot cocoa nightcap at a

dessert shop in Pasadena, California. I

had ordered it with whipped cream, of

course. When it arrived at the table, I

saw no trace ofthe stuff'. After I told the

waiter my cocoa had no whipped

cream, he asserted that I couldn't see it

because it had sunk to the bottom.

Since whipped cream has a very low

density and floats on all liquids that hu-

mans consume, I off'ered the waiter two

possible explanations: either somebody

forgot to add the whipped cream to my
cocoa, or the universal laws of physics

were different in his restaurant. Uncon-

vinced, he brought over a doUop of

whipped cream to test for himself After

bobbing once or twice in my cup, the

whipped cream sat up straight, afloat.

What better proof do you need of

the universality of physical laws?

Neil de Grasse Tysoti, an astrophysicist, is

the Frederick P. Rose Director ofNew York

City's Hayden Planetarium and a visiting

researcli scientist at Princeton University.
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(icckos, wlikli iiLiiiibcr about a

thoLisaiid species, are found in almost

.ill the world's warm climates, from

deserts to niiiitorests. Some consume

nect.ir, jiollci), or h'uit, .md a tew large

species eat birds and sm.ill mammals,

but most eat insects. Millions of

microscopic hairlike structures on

their feet and toes enable them to run

Lip sheer verdcal walls, and even across

ceilings, with ease.

Most geckos are night stalkers

whose pupils are vertical slits, while

diurnal geckos have round pupils.

Except for a small family of

approximately twenty-five species, all

geckos lack eyelids. Like snakes,

geckos can't close their eyes, which

are protected by a transparent scale,

or brille (from the German tor

spectacles) that is regularly shed and

replaced along with the skin.

Among desert-dweUing species,

such as the giant ground gecko

(Clioiidivdactylus augtdifeij, eye licking

is a typical grooming behavior,

performed to clear the scale of

windblown sand. In the cool ot the

evening, these six- to seven-inch-long

lizards become covered with dew
ti:om condensed fog, which they

drink by licking their own heads and

bodies. They ignore standing water

and puddles.

While photographer Martin

Harvey was camping in southwestern

Africa's Namib Desert, this giant

ground gecko was attracted to the

insects around his camp light. After

capturing the lizard and

photographing its behavior, he

released it into the Ah'ican night.

—Richdid Miliicr

Photograph by Martin Harvey
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Afew years ago in the Midlands of England, I wit-

nessed a crowd gathered around a grass snake in a

meadow near a footpath. The onlookers were

buzzing with excitement because none of them had ever

seen a snake in the wild. I myselt had seen only one other

grass snake and a couple of adders in the course of several

years of fieldwork in the area.

In Michigan, where I have lived for the past thirty-two

years, the situation is much the same. Several species of

snakes that used to be common appear to have been re-

duced to small, isolated populations. Some wildlife enthu-

siasts are worried about the possible disappearance of

the massasauga, the only poisonous snake in the state.

Indeed, I have not seen a

smooth green snake in

southern Michigan in the

past twenty-five years and

wonder if it is not because

pesticides have killed off

the little orthopteran in-

sects and spiders that are

the mainstay of this

snake's diet. Frogs and

toads, too, appear to be

absent or rare in places

where they were once

abundant, and these anu-

rans are important food

items for many snakes.

I look at the decHne of

snakes through a very par-

ticular lens: my life's work

has been devoted to study-

ing their evolution. Snakes

are the most recently

evolved of all the reptilian lineages. They appear in the fossil

record about 95 million years ago, in the late Middle Creta-

ceous. Their remarkable story in North America includes the

Miocene explosion of the family Colubridae, a group that in-

cludes most of today's nonpoisonous species (from tiny worm
snakes to eight-foot-long indigo snakes, as well as racers and

also hognose, garter, and water snakes). After the latter part of

the PUocene, about 2 million years ago, snakes entered a long

evolutionary stasis that has lasted to the present day. Although

in North America the Ice Age saw massive extinctions among

large mammals (and moderate extinctions in some other

groups), snakes—for reasons still being pondered—came

through the epoch virtually unscathed.

One wonders what is in store for snakes in the modern

world, however. My own first encounter with these reptiles

Is the remarkable

evolutionary history of

snakes reaching a

premature denouement?

By J. Alan Hoiman

occurred when I was about tive years old. My father

slammed on the brakes of our car, got an axe out of the

trunk, and chopped a hariTiless hognose snake in half on a

dusty road in Indiana. Since then, I have witnessed many

"snake-killing congresses" (as the late, famed turtle biologist

Archie Carr called them) in several parts of the world. These

gatherings invariably consist of a small group of fidgety

people who have seen a "viper" and, determined to eradi-

cate it, are miUing about with sticks and stones. Unfortu-

nately, fear (which seems to accompany strong fascination)

has been the most common human emotion brought on by

snakes, and for many years these animals, most of which are

harmless, have been persecuted by North Americans.

Some things have changed for the better, fortunately.

Interest in snakes has recently exploded to such an extent

that books on them are

appearing almost as fast as

those on dinosaurs. By
my ow^n count, at least

thirty excellent books on

snakes have appeared

over the past decade.

While people are learn-

ing to be more tolerant

of these reptiles (perhaps

because of better science

education), today there

are many fewer snakes to

be tolerant of. Larg

bodied species such as

timber rattlers, which

take many years to reach

maturity, have already

been persecuted to the

point of endangerment.

Other snakes have under-

gone drastic declines be-

cause they are collected for their skins or for the pet trade.

If future generations are to enjoy snakes, we must not only

stop killing them, we must treat them as we now do the

dwindling amphibian populations of the world—by
conducting the same kind of scientific studies and by ap-

plying similar conservation ethics.

It would be ironic indeed if the most recently evolved of

all the reptile groups were driven to extinction so early in

their evolutionary history.

Herpetologist J. Alan Hoiman is an emeritus professor of geolog}

and zoology at Michigan State University. His most recent book,

front which this essay is adapted, is Fossil Snakes of North

America: Origin, Evolution, Distribution, Paleoecology

(Indiana University Press, 2000).
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UP FRONT

Happy Birthday to Us
Natural History is now 100 years old. We like to attribute the magazine's

longevity to the breadth of our subject matter: the natural world. Housed

and supported by one of the country's favorite institutions, the American

Museum of Natural History, we are grateful to be beginning our second

century of conveying the excitement of science to our readers.

In this issue we celebrate by abandoning our usual stance of biological

egaUtarianism to allow a single species. Homo sapiens, to claim the HmeUght.

During the magazine's past 100 years, the natural sciences have altered

humanity's self-image. Discoveries of fossil hominids—^from the delicate

Lucy to the robust Australopithecus boisei—have undercut the notion of

I humankind's singularity. The new

The American
Museum
Journal

April, 1900 No.

A Popular Record of the Progress of the

American Museum of Natural History

technology ofDNA sequencing has

further closed the gap between us and

the other primates on our family tree.

(That we share 98 percent of our

genetic material with chimpanzees is

stated so often that it is by now a

cliche.) The emergence of

sociobiology and behavioral

ecology—as well as their controversial

offshoot, evolutionary psychology

—

reflects our growing sense of

connectedness with the rest of the

animal kingdom. These days, we are

perhaps less inchned to see ourselves

as fallen angels than as above-average

mammals. In the spirit of this trend,

Natural History's editors asked several

scientists and scholars for their end-of-century thoughts about the nature of

our species (their essays begin on page 24) . We have also used the occasion

of our centenary to pay tribute to wildHfe photographers, whose work has

been integral to our effort to bring the reader face to face with nature

("Photographers As Naturalists" begins on page 92).

Another milestone: "I Have Landed" (page 46) is the 300th essay in

Stephen Jay Gould's influential series "This View of Life." It is also his

valedictory. For twenty-seven years, the magazine has been enriched by

Steve's breadth of mind, his bent for questioning accepted wisdom, and his

special abihty—akin to that of England's seventeenth-century metaphysical

poets—to produce new insights by yoking together seemingly disparate

ideas. Although the series is now completed, Steve will not disappear

entirely, having promised to continue as an occasional contributor.

Meanwhile, for readers who crave historical and evolutionary thinking, we

are pleased to welcome Jared Diamond (author of Guns, Germs, and Steel)

back to our pages.

—

Ellen Goldensohn
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TO TRULY TAKE ADVANTAGE OF THE BEST IN

bird watching and natural history, tal<e a tour

with a professional—Victor Emanuel Nature Tours.

VENT offers nearly 140 tours a year to over 100

destinations from Alaska to Zimbabwe. As an authority

on the natural world, VENT is committed to making

your birding vacation the most educational and

exciting it can be. Tour leaders are outstanding

birders who have a talent for finding birds and

showing them to others. Working

hand-in-hand with VENT's

leaders to make every trip a

satisfying experience for each

participant is a highly skilled and

professional office staff that is

dedicated to keeping you prepared

and well informed for each tour.

As VENT continues to find the

best ways for birders to enjoy the

natural wonders of our world,

they have expanded into new

territory: a cruise program designed exclusively for

birders. 2000 and 2001 destinations include

Antarctica, the Amazon, and the Galapagos Islands.

These cruises will capture the adventure and

excitement that a birding and natural history

vacation can provide. Each cruise will have its

own team of superb, highly qualified leaders.

In July, join VENT aboard the Polaris for a birding

trip to the Galapagos Islands that is especially

designed for families. You and your family will be

completely immersed in all aspects of the natural

history of a very special place. VENT has chartered

the entire boat, and you will have ample time to

study the birds and natural history of the islands.

Located directly on the Equator some 600 miles

off the coast of Ecuador, the Galapagos were set

aside by the government of Ecuador as a wildlife

sanctuary in 1934. Few places on earth are as

inspiring as the Galapagos. Like many oceanic

islands, they are volcanic in origin, and in fact are

still young and active. Each island has a unique and

diverse mix of bird and marine life. Climactically,

most of the land area at lower elevations is arid,

seemingly barren and hostile, yet rich in life. It is the

surrounding marine environment that provides the

key to this contrast, for it supports most of the

ecosystem. Several oceanic currents converge in

the Galapagos, supporting an abundance of food

resources and great diversity in the marine fauna,

including over 300 species of fish.

VENT'S Introductory Birding Tours include

Golima/Jalisco; Short Costa Rica; Delaware Bay;

High Island, Texas; Morro Bay, California; Pacific

Northwest and South Texas. The focus of these

tours is on the basics: use of your field guide,

recognition of bird families, bird identification,

and bird habitats. Typically, the tours will stay in

one birding location.

IN MARCH JOIN VENT FOR AN INTRODUCTORY

birding tour to South Texas. Designed to introduce

new birders to the rich bird life of South Texas, this

tour will increase your knowledge of birds and

birding. You will stay at the B Bar B, a guest ranch

located just south of Kingsville. The owners have

created a series of wetlands on the property. It is a

treat to stay in a place where you can walk out the

door and see such birds as vermilion flycatchers,

wild turkeys, black-bellied whistling-ducks, and

many more species.

The principal habitation is mesquite-savanna

dotted with numerous ponds. As a result, the area

is home to a great variety of species including some

found nowhere else in the country such as the

colorful green jay and great kiskadee, the striking

white-tailed hawk, and the secretive long-billed

thrasher. It is also the wintering grounds for many

species. By mid-March, the spring wildflowers will

be in full bloom, and some species—such as

scissor-tailed flycatchers and cave swallows-

will have returned from the tropics.

Tour leaders will work with you to address the

identification challenges presented by sparrows,

shorebirds, and hawks—all groups that are well

represented in South Texas at this time of the year. •

If you're ready to venture beyond your local park, bring your binoculars to the Equator, where VENT has some birding tours for you.
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CONTRIBUTORS

As a child, Jared Diamond ("Threescore and Ten," page 24) assumed he would become a physician Uke

his father. The boyhood fantasy wasn't far off the mark; he eventually earned a Ph.D. in physiology from 3

the University of Cambridge and since 1968 has been a professor of physiology at UCLA's School of

Medicine. Also a research associate in ornithology at the American Museum of Natural History,

Diamond spends part of each year doing fieldwork in New Guinea. Working with the "really smart

people there, who traditionally only had stone tools," made him ponder why he was the only one who
happened to be using steel implements. Ultimately, such thoughts about the effect of environment on

culture resulted in his Pulitzer Prize—winning book Guns, Germs, and Steel: Tlie Fates ofHuman Societies (W. W. Norton,

1997) and the recognition that "where you are born is the most important thing determining the outcome ofyour Hfe."

Mathematical modeling is a rigorous tool for studying biology. Martin A. Nowak {"Homo

Grammaticus," page 36), head of the Program in Theoretical Biology at the Institute for Advanced

Study in Princeton, New Jersey, has brought mathematics to bear on the question ofhow human
language evolved. Nowak became interested in the topic after hearing a lecture on it by John

Maynard Smith and reading Steven Pinker's Language Instinct. In 1998 he and theoretical biologist

David Krakauer proposed a mathematical approach for language evolution. Nowak 's other interests

include the dynamics of infectious diseases, antiviral therapy, evolutionary genetics, and the evolution

of cooperation and fairness. He is the author, with Robert M. May, of Vims Dynamics: Mathematical

Principles ofImmunology and Virology (Oxford University Press, 2000).

A columnist for this magazine since 1995, astrophysicist Neil de Grasse Tyson ("A

Cosmic Muse," page 60) is the Frederick P. Rose director of the Hayden Planetarium

at the American Museum of Natural History. A New Yorker by birth, he credits his

career choice to his childhood visits to the Planetarium and an education at the Bronx

High School of Science. Tyson's long-standing research interest has been the structure

and chemical composition of the Milky Way galaxy. His most recent book is Tlie Sky

Is Not the Limit: Adventures of an Urban Astrophysicist (Doubleday, 2000).

Ian Tattersall ("A Hundred Years of Missing Links," page 62) does not trace his current interest

in human evolution to a childhood spent in East Africa, even though it might make for a good

story. Furthermore, his early research focused mainly on the biology of the lemurs of

Madagascar (one of the most beautifijl of these primates is named for him). But the

understanding of animal diversity he gained in Madagascar eventually led him to the study of

humanity's past. A curator in the American Museum of Natural History's Division of

Anthropology for almost thirty years, he is collaborating with University of Pittsburgh professor

Jef&ey H. Schwartz on a long-term project to scientifically redescribe the entire human fossil record, in order to provide

a needed resource for students and researchers. Tattersall's latest books include Becoming Human: Evolution and Human
Uniqueness (Harcourt Brace, 1998) and, with Schwartz, Extinct Humans (Westview Press, 2000).

Frans de Waal ("Reading Nature's Tea Leaves," page 66) says he has a fish tank almost as big as the one

Konrad Lorenz had but that, unlike Lorenz, he never enters it. Although he started out as a child

ethologist catching and observing stickleback fishes in the Netherlands, he later switched to the study of

primate societies, with a special interest in conflict resolution, reciprocity, and cooperation. His favorite

species for this work are chimpanzees, bonobos, and capuchin monkeys. De Waal is C. H. Candler

Professor of Primate Behavior in the psychology department ofEmory University and director of the

Living Links Center for the advanced study of ape and human evolution (part of the Yerkes Regional

Primate Research Center). In 1998, while on sabbatical in China and Japan, he explored differences in

attitudes toward nature between Eastern and Western cultures. That research is the subject of Tlie Ape

and the Sushi Master: Cultural Reflections of a Primatologist, to be published by Basic Books early in 2001.

fl
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Although his doctoral dissertation on the development of electrical activity in the spinal chord

of the chick embryo was followed by research on more than thirty other animal species,

Robert R. Provine ("The Laughing Species," page 72) eventually decided "it was time to get

out of the lab and apply my techniques and findings to human behavior." The result, based on

an investigation of everything from personal ads in newspapers to laugh boxes (Provine owns a

hundred of them), was Laughter: A Scientific Investigation (Viking Press, 2000). The book includes

"Ten Tips for Increasing Laughter" but none for suppressing it ("It's easy to kill laughter, and

many people and enterprises already have mastered this more modest art"). A professor of

psychology at the University of Maryland, Baltimore County, Provine plans to continue his

research on laughter and tickUng and to investigate the behavior of self-rephcating machines.

When Barbara Smuts ("Common Ground," page 78) was a child, she read Jane GoodaUs

accounts of the chimpanzees of Gombe Stream National Park and made up her mind to go to

Tanzania and work with Goodall one day. Smuts reahzed this dream in 1975, when she spent

several months at Gombe. She has also studied baboons in Kenya and dolphins off the coast of

western AustraHa. Smuts received her doctorate in behavioral biology from the Stanford

School of Medicine and since 1984 has taught at the University of Michigan, Ann Arbor,

where she is a professor of psychology. Her current projects include the greeting behavior ofbaboons and the social

relationships of domestic dogs. Smuts is the author of Sex and Friendship in Baboons (Aldine De Gruyter, 1985; reprinted

with a new preface, Oxford University Press, 1999). For more on our kinship with great apes, Smuts recommends

Kanzi: Tlie Ape at the Brink oftlie Human Mind (John Wiley & Sons, 1996), by Sue Savage-Rumbaugh, and Next ofKin:

My Conversations With Chimpanzees (Bard Books, 1998), by Roger Fonts with Stephen Tukel Mills.

Ellen Dissanayake ("Birth of the Arts," page 84) has written three books on art, all

published by the University of Washington Press. An independent scholar and

interdiscipHnarian, Dissanayake has presented her ideas at conferences held on topics as

disparate as biomusicology, developmental psychology, human ecology, and comparative

Hterature, as well as on art education, art therapy, and art theory. In her view, "E. O. Wilson's

notion of 'consilience' is the only acceptable position from which to seek an understanding

ofhuman nature—and the arts are a significant part of that nature." In the 1990s Dissanayake

obtained a fellowship to work with child psychologist Colwyn Trevarthen at the University

ofEdinburgh. There her ideas about mother-infant interaction, evolutionary psychology, and

ritual began to coalesce. The result was her book Art and Intimacy: Hoiv the Arts Began (University of Washington Press,

2000), the basis of her article in this issue of Natural History. Her future writing plans include a book on the aesthetics of

music and another about her fifteen years in Sri Lanka during the 1970s and 1980s.

Harvard paleontologist Stephen Jay Gould ("I Have Landed," page 46) contributes the last in a

series of 300 essays that began in January 1974. Most have addressed evolutionary theory and the

history of science, but Gould's topics have ranged from the contingencies of life's history and

geologists' perception of time to biology, social science, and baseball. According to Michael

Shermer, of the Skeptics Society, the shortest essay ("Darwin's Dilemma," June 1974) ran 1,475

words, and the longest ("The Piltdown Conspiracy," August 1980) ran 9,290 words. Many contain

new discoveries, such as Gould's original interpretations of the works of biologist Jean-Baptiste

Lamarck, geologist Charles LyeU, and Leonardo da Vinci. During the same period, Gould has also

managed to pubHsh 22 books, 101 reviews, and 479 scientific and scholarly papers. His latest book.

Crossing Over: Wliere Art and Science Meet, coauthored with photographer Rosamond Wolff PurceU,

has just been pubHshed by Three Rivers Press. A thousand-page technical tome, Tlie Structure of

Evohitionary Tlicory, is forthcoming from Harvard University Press. Readers of Natural History can

still look forward to occasional contributions by Gould in these pages.
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Lars-Eric Lindtlacl and tne LindLlad Explorer in Antarctica-1973.
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Lars-Eric Lindmad was the greatest travel innovator ot

tlie 20tli century. He opened up tke possibility tor us to
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THE SKY IN DECEMBER AND JANUARY

By Joe Rao

Mercury is not visible during

December, arriving at superior

conjunction with the Sun on

Christmas Day. But it's a different story

in January, when the planet emerges

from evening twilight around

midmonth, shining veiy low in the

southwest just after sunset. A two-day-

old crescent Moon hovers well above

and to the right of Mercury on the

26th. The planet reaches its greatest

eastern elongation (18.4°) on the 28th.

On that date, you'U fmd it far below

and to the right of briUiant Venus.

Venus mimics a spectacular

"Christmas star" during December,

with a dazzling -4.2 magnitude in the

southwestern sky at dusk. It sets nearly

four hours after sunset. In January the

planet reaches its greatest eastern

elongation (47.1°) on the 17th and

continues to brighten. A crescent

Moon is in Venus's general vicinity on

December 29 and again on January 28.

Mars rises in the east-southeast

between 2:00 and 2:30 A.M. Local

Standard Time (LST) during

December and between 1:30 and 2:00

A.M. LST during January. It continues

to brighten slowly as it approaches

Earth. On December 20 a fat crescent

Moon slides by Mars.

Jupiter and Saturn are visible

through much of the night during

both December and January. During

the first week of December, Jupiter

sets at dawn and can be found low in

the west-northwest sky. For the rest of

the month and throughout January,

the planet sets progressively earher: by

the end of December, at about two

hours before sunrise, and by the end of

January, at about two hours past

midnight. Saturn sets about three-

quarters of an hour before Jupiter

during both months. The two planets

continue to provide fabulous viewing

through most telescopes. A waxing

gibbous Moon forms a wide triangle

with Jupiter and Saturn on December

9 and wiU approach these two planets

again on the nights ofJanuary 5 and 6.

The Moon in December is at first

quarter on the 3rd at 10:55 p.m. The

fuU Moon appears on December 1 1 at

4:03 A.M., last quarter on the 17th at

7:41 P.M., and the new Moon on the

25th at 12:22 p.m. In January first

quarter is on the 2nd at 5:31 p.m. The

Moon is fuU on the 9th at 3:24 RM., at

last quarter on the 16th at 7:34 A.M.,

and new on the 24th at 8:06 A.M.

Earth arrives at perihelion, the point of

its orbit that brings it closest to the

Sun, on January 4 at 4:00 A.M. Earth

wOl be about 91,402,144 nules from

the Sun—only about 3.3 percent less

than when it's at the far point of its

orbit (aphehon) on July 4.

The Gemim'd meteor shower, usually

one of the best meteor displays of the

year, is obscured in December by the

bright light of the gibbous Moon.

The peak night is December 13,

continuing into the morning of the

14th. Although up to seventy-five

meteors per hour can often be seen

during this display, only the brightest

meteors will be visible this time.

The winter solstice occurs on

December 21 at 8:37 A.M., when the

Sun appears to be farthest south of the

celestial equator. Winter begins in the

Northern Hemisphere, summer in the

Southern Hemisphere.

A Christmas Day eclipse, the final

one of the second millennium, will be

a partial solar ecHpse. This event will

be visible over nearly all of North

America, with the exception of Alaska

and the Canadian Yukon and

Northwest Territories in the far north

and Panama, Costa Rica, and

southern Nicaragua in the south. The
eclipse can be seen throughout the

continental United States and will be

in progress at sunrise on December 25

in all of Washington State, most of

Oregon, northernmost CaUfornia,

northern Idaho, and northwestern

Montana. It will be visible later in the

morning in the Midwest, while

observers in the eastern states wiU see

it in the early afternoon. Sky watchers

across the Great Lakes, northern New
York State, and central and northern

New England wOl see at least 60

percent of the Sun's disk covered.

Approximately 40 percent coverage

wiU be visible from the northern

plains and the central and eastern

states. Viewers in much of the

Southwest, the south-central states,

and Florida will see roughly 20

percent coverage, while those in

southwestern Arizona and central and

southern CaUfornia wiU see even less

than that. Remember never to look

directly at the Sun unless you are

using an appropriate filter to protect

your eyes.

A total eclipse of the Moon is staged

for the Eastern Hemisphere on January

9. By the time the Moon comes into

view in North America, however, the

echpse wiU be nearing its end. Those

living anywhere to the east of an

imaginary Une extending roughly from

Bufralo, New York, to Norfolk,

Virginia, will stiU be able to see some

of Earth's dark umbral shadow, which

wiU slip entirely off the rising Moon
by 4:59 P.M.

Unless otherwise noted, all times are given

in Eastern Standard Time.
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Threescore and Ten
9mm
yuen/e/t/uaf

Our exceptionally long life

span may have influenced

the evolution ofhow we

learn and think.

By Jared Diamond

In the course of my nineteen ornitho-

logical expeditions to the island of

New Guinea, I've been in many unfa-

miliar situations that initially seemed

risky to me. But because my New
Guinean field associates are intimately

acquainted with the jungle, they're

usually unfazed by things that strike

me as dangerous. Hence I was very

surprised, one night in 1966, to see

their terror when I picked a campsite

next to a big tree in the Bewani

Mountains. My associates feared that

the tree might fall on us as we slept.

During all my years in the field,

though I have heard trees faUing far

away, I have never been close enough

to witness such an event. For a New
Guinean, however, falling trees rank as

a leading hazard of hfe in the jungle:

while you may see a tree fall only a

couple of times a decade, if you're

hoping to last seventy years but are not

careful, you may well end up crushed

under a falhng trunk or branch before

having hved out your allotted time.

Of all the lessons I've learned in

New Guinea, that one about the cumu-

lative odds of rare but recurring dangers

is the one that has most affected my
outlook. Out there, the penalty for for-

getting is severe—^you can't call 911 in a

Ufe-threatening emergency. But disas-

ters that have recently befallen friends

of mine remind me of this lesson's im-

portance for every American who dri-

ves a car, chmbs a ladder to change a

Hght bulb, or hesitates to call the doctor

when feeling faint. Our potential for

learning to recognize the riskiness of

such mundane acts derives from a trait

distinguishing us humans from other

animals: our unusually large capacity to

modify our behavior in response to ac-

quired information rather than relying

solely on instinct. Contrary to assump-

Grandfather and grandchild, England
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tions cherished by modern literate soci-

eties, I suspect that we still learn best in

the way we did during most ofour evo-

lutionary history—not by reading but

through direct experience. Some Limi-

tations on our thinking skills, I beUeve,

stem from our evolutionary history.

And although these limitations are not

insuperable, we do need to be more

aware of them and work

harder to overcome them.

Our exceptionally long

hfe span makes us humans

unusual among animal spe-

cies. The Bible tells us that

"the days of our years are

threescore and ten" or, "by

reason of strength," some-

times fourscore (Psalms

90:10). Nothing about the

biology of human aging has

changed since bibhcal times.

Even in New Guinean vil-

lages, I usually fmd some

people who have reached

that biblical age Hmit. Half of

us Uving in modern Western

societies reach it, and a hand-

ful of us reach age 100 (the

current record is 121). But

not even the best medical

care, the healthiest lifestyle,

or the wealth of Howard Hughes will

let you survive longer. Still, by animal

standards that's impressive. Few other

For almost all of our

evolutionary history, our

repository of knowledge

lay in people's memories,

not in books.

warm-blooded vertebrates (the cate-

gory that includes all mammals and

birds), with the notable exception of

killer whales, elephants, and albatrosses,

are known to rival us in length of Hfe.

Our long Uves and our capacity for

learning have combined, in traditional

nonliterate human societies, to pro-

duce many cultural practices that help

their members survive rare dangers. A
Western visitor who spends orJy a few

years in such a society is very unlikely

to appreciate such dangers and hence

to understand why some seemingly

senseless practices really make sense for

feet fields at different locations differ-

ently and that scattering the strips pro-

vided excellent insurance against the

risk that, once in a decade, aU of one's

strips might fail simultaneously.

We take for granted our human
outlook, geared to a long life span.

Most shorter-hved animals have had to

evolve different "outlooks." Unlike us.

a long-lived animal like us. For in-

stance. New Guinean farmers don't

build villages or plant crops above an

altitude of about 8,000 feet, even

though sweet potatoes grow perfectly

well up there in most years. A Hfetime

of hard experience has taught New
Guineans that planting at 9,000 feet

involves a serious risk of starvation, be-

cause about once per decade a frost at

that elevation will destroy the crop.

Another example is the land tenure

system of medieval peasants, with its

numerous small strips of land scattered

in different directions from the village.

Historians thought the system utterly

nonsensical—until ecologists pointed

out that climatic ups and downs can af-

Arukun child and elder, Australia

such animals don't have memories that

warn them against settHng in habitats

where climate fluctuations may doom
them to die within a few years. Instead,

they settle there, breed in great num-

bers, and end up suffering a population

crash when drought or frost strikes.

The Carohna wren of the southeastern

United States, for example, extends its

breeding range northward in years of

mild winters, until a harsh winter

wipes out all the wrens for hundreds of

miles at the northern edge of the range.

We moderns also take for granted

the availabihty of written information,

which extends our experience far be-

yond a single human life span. But

that's a relatively new source of infor-
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mation for us. From the origins of the

human lineage about 5 million years

ago until about 3400 B.C., nobody

wrote anything. And mass hteracy arose

only within the past thousand years.

Hence, for almost the whole of our

evolutionary history, our repository of

knowledge lay in the memories of

people, not in books. Therein hes a sad

but potent reason for the status of old

people being so much lower in many

modern, Hterate societies than in tradi-

tional, nonliterate societies: many indi-

viduals in literate societies no longer

beHeve that their elders are important

repositories of knowledge and thus do

not perceive them as valuable. In addi-

tion, technology is now changing so

quickly that certain kinds of experience

are soon outdated, as is made clear to

me whenever my eighteen-year-old

students watch my sixty-three-year-old

eyes glaze over at their efforts to teach

me how to use computers.

Human memory, unassisted by the

written word, is very good at synthe-

sizing information accumulated over

many decades. It's not nearly so good

at accurately transmitting detailed in-

formation about rare events over many

generations. That's why traditional so-

cieties are effective at anticipating dis-

asters that tend to recur every several

decades (such as a flood that every

adult is likely to experience at least

once in a lifetime) but aren't effective

at anticipating disasters that recur, say,

every 200 years. It's understandable, for

example, that the Anasazi Indians

toiled to erect huge buildings at Chaco

Canyon in New Mexico and then had

to abandon the canyon because of a

period of severe drought such as had

not occurred for hundreds of years. Of
course, detailed accounts of those

much earlier droughts could not have

been passed down.

Are we moderns so different in this

respect from traditional peoples? We
certainly think so! We have writing but

they didn't, so we're able to learn firom

events that happened as far back as the

dawn of the written word 5,400 years

ago. Archaeologists and paleontologists

teO us of much older events, such as an

asteroid's coUision with Earth some 65

million years ago. (Some space scien-

tists now urge us to learn from this by

monitoring the orbits of all Earth-graz-

ing asteroids.) Our schools require de-
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tailed study ofpost-Columbian Ameri-

can history. Contemporary isolationist

politicians still invoke the advice

George Washington gave us 204 years

ago. in his farewell addresS; about the

j

dangei-3 of making pciin?.ricnt alliance:

with foreign gcvernments. Every year.

nearly 2 milhon Americans visit Get-

tysburg, Pennsylvania, and imagine in

detail the battle that took place there

137 years ago. It would thus seem that

the distant past must be vivid to us but

not to New Guineans. Can that really

be true?

We surely do use writing-based

knowledge when we are in a rational

mode and have papers spread in front

of us. That's our mode for much of the

day, while we are routinely doing our

jobs, filling out our tax returns, mak-

Human memory,

unassisted by the written

word, is not so good at

transmitting information

about rare events over

many generations.

ing the "little" decisions peculiar to

civilized life. But are we in that ratio-

nal mode when making the difficult

"big" decisions that we reach by gut

feehngs rather than by spreading out

sheets of paper—decisions that our

species has had to make for hundreds

of thousands of years, such as whether

to get or stay married, go to war, or

challenge the chief?

I don't think so. For us, the lessons

that really sink in aren't always those

learned from books, despite what histo-

rians and poets would like us to believe.

Instead, we absorb most deeply the

lessons based on our personal experi-

ence, as everybody did 5,400 years ago.

Making matters worse, in addition to

our limitations stemming from the two

traits I've already mentioned (our

"mere" seventy-year life span and our

long evolutionary history without writ-

ing), we sufrer from a third Umitation:

we are much less receptive to learning

from experience at age sixty than, at age

ten. Our outlook is shaped especially

stiongly by early events, .ind riiir expe-

riences later in Ufe

form only a thin

veneer on which

we draw during

more rational mo-

ments. That's why
we find it hard not

to feel superior

when the elderly

cling to an out-of-

date perspective.

The recent deaths

of my parents, at

ages ninety-two

and ninety-seven,

brought me a sad

personal example.

Clearing out their

apartment, my sis-

ter and I found

that they had kept

ragged clothes and

old dish towels

more appropriate

to the poverty in

which they had

grown up than

to the economic

comfort they had

achieved in their

sixties. By then,

though, it was too

late for them to

reprogram their outlook.

The power of events experienced

firsthand relatively early in Hfe is partic-

ularly clear in the political arena, where

the tendency to draw in later years on

those experiences may lead to tragedy.

The lessons of our youth can be so

powerful that they tend to override all

subsequent experience to the contrary.

For instance, the defining experience

ofthe generation that grew up between

1900 and 1920 was the horror ofWorld

War I, and the lesson carried away by

the surviving members of that genera-

tion was to avoid repeating the particu-

lar mistakes that produced that war.

With the best of intentions, they ap-

Learning to use a computer, Burkina Faso

plied this lesson under altered condi-

tions in the 1930s to formulate poUcies

of appeasement, isolationism, and inac-

tion, thereby plunging the world into

an even more horrifying conflict.

For me, the thinness of our veneer

of book learning was brought home by

the most vivid political event of my
own adult life: President John F.

Kennedy's speech, broadcast on radio
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on the evening of October 22, 1962,

about the installation of Soviet missUes

on Cuba, our gathering blockade of

Cuba, and the risk of all-out nuclear

war. That evening I happened to be at a

dinner of Harvard University's Society

of Fellows, whose senior members in-

cluded Nobel laureates and the presi-

dents of the American Historical Asso-

ciation and the American Philosophical

Association. If any group in the world

was qualified to extract the lessons of

history, not just from their own lifetime

of experience but from experiences

committed to writing over the course

of several thousand years, this was the

group. The significance of the moment

The lessons of youth can

be so powerful that they

tend to override all

subsequent experience

to the contrary.

was clear to us: so far as I know, it was

the sole evening in the Society of Fel-

lows' history when a dinner was post-

poned in order to turn on the radio.

We listened in silence. As Kennedy

ended his speech, I waited to hear what

the members would suggest as ways of

deaUng with the world's most danger-

ous crisis since 1945.

To my astonishment, the over-

whelming reaction of the Hsteners was

to dismiss contemptuously both the

danger and Kennedy's response to it.

One of the world's great modern histo-

rians explained that the president was

obviously concocting a crisis in an ef-

fort to get the pubhc to vote for the

Democrats in the congressional elec-

tions fifteen days hence. An economist

sneered at Kennedy's announcement

that the blockade would intercept Rus-

sian shipments of offensive but not de-

fensive weapons to Cuba. How could

one legitimately draw a line, said the

economist, between offensive and de-

fensive weapons? Someone else said we
should leave the whole matter for the

United Nations to resolve. StiU another

person pointed out that we were aim-

ing missiles at Russia from Turkey, so

what right did we have to stop the

Russians from aiming missiles at us

from Cuba?

Entirely absent from the discussion

that evening was any sense of the basic

lessons that might have been drawn

from reading about history: that the

leader of a powerful nation is going to

defend its interests, that nations cannot

count on other nations to behave

nicely, that countries often seek to ob-

tain advantages over other countries,

and that wars are precipitated by inac-

tion as well as by action. I suspect that

several different gut reactions con-

tributed to the thinking of those Har-

vard professors. Most of them had

been born in the decade between 1900

and 1910 and had spent much time in

Europe. They may have been suffi-

ciently programmed by the horrors of

World War I that not even the mistakes

of the 1930s, leading to World War II,

could persuade them to favor action

over inaction. Some were evidently

blaming JFK rather than Nikita

Khrushchev for bringing us to the

brink of war; others may have come to

see anticommunists as more dangerous

than communists. Did some of these

scholars begin to think differently later,

as they watched the situation unfold?

Would they have reached different

conclusions ifthey themselves had held

responsibility for the world's fate?

Whatever hfe experiences had brought

them to the views they expressed that

evening, one thing seems clear to me:

their spontaneous reactions showed Ht-

tle influence of a hfetime devoted to

reading about history.

Much of our pubHc poHcy-making

today appears to be based on the same

type of evidence available to all non-
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literate humans before 3400 B.C.: the

firsthand evidence of our senses. We
read about what happened in the past

and about what will happen in the fu-

ture ifpresent trends are extrapolated

—

but we don't incorporate this informa-

tion deeply into our thinking, let alone

into our actions. As Americans look

around today, we see that the grass is

stiU green, drinkable water still flows

firom the faucets, and the supermarkets

are still stocked with food. Our conclu-

sion from these observations is that the

environment remains in good shape.

The Anasazi at Chaco Canyon may
have had a similar reaction to their own
environment a mere few decades be-

fore their society began to collapse.

Much of what we observe directly of

the status quo is contradicted by what

we learn from reading and then extrap-

olate into the future. Pleasant environ-

mental conditions won't exist for us,

either, a few decades from now if cur-

rent trends continue. To use the lan-

guage of mathematics, we look only at

functions when we should be looking

at their first derivatives.

This magazine, and my own choice

of career, are predicated on a belief in

the power of the written word. Am I

dismissing that power? Do I claim that

we are genetically doomed to continue

behaving Hke ancient hunter-gatherers

without writing, or to be unable to

learn once our teenaged years have

passed? Not at all. This magazine in-

stead exemplifies our best grounds for

hope: we have the means to learn from

what happened to the Anasazi, while

they had no means to learn from the

fates of prior societies elsewhere in the
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world. Often we sweat hard to think

r.itii)ii.illy and to use vvliat vvc have

lean led as adults, and often we get it

right. We have now gone fifty-five

years without a global war and without

.myone dropping an atomic bomb on

.\nyone else. At least Kennedy and his

advisors were thinking hard about the

lessons of history. Will we attempt now
to e.xtend our sphere of rational action

and to incorporate into our most im-

portant decisions the wisdom to be ex-

tracted from 5,400 years of writing? It's

our choice. D
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Homo Grammaticus KQenfenrtka

Mathematics lias a say about

how huDiaii language evolved.

By Martin A. Nowak

Whenever I tell my four-year-old a

dream, he also tells me a dream. His is

often similar to mine. He doesn't dis-

tinguish between a story and a dream.

Both my four- and my six-year-old

have their own fantasy realms. Some-

times, when a fact proves contrary to

their expectation, they hold comlort-

ably to their version of reality in a dif-

ferent world. Their language is Hmited

neither to actual experience nor to the

context of this world. We can talk

about everything.

Producing the sounds we use in an

ordinary conversation is an anatomical

feat. The motions of various parts of

our vocal tract are coordinated within

millimeters and timed within hun-

dredths of a second. On the receptive

end, a Ustener must process a stream of

sounds instantaneously. When it comes

to words, a six-year-old has a lexicon,

or word store, of about 13,000. The

rate ofword learning in humans comes

to about one word every ninety waking

minutes from age one to age seventeen.

This leaves a seventeen-year-old with

about 50,000 words stored in her men-

tal lexicon. When it comes to gram-

mar, a four-year-old knows how to

avoid 95 percent of the mistakes he

could make. Children acquire the

grammatical rules of their native lan-

guage spontaneously and without for-

mal education. All they need is the op-

portunity to talk to someone and to

hear examples of sentences.

I could prove to you mathematically

that what children do in acquiring lan-

guage is not possible unless we add a

fiarther assumption: children must have

a built-in sense of what grammar is.

The Hnguist Noam Chomsky called this

irmate mechanism universal granmiar. It

is written in our genes and generated by

neuronal circuitry in our brain.

Grammar is the computational sys-

tem of human language. As used by

linguists, the term "grammar" encom-

passes the patterns inherent in speech

sounds, in word forms, and in sentence

structures (syntax). All human lan-

guages use complex grammar. Gram-

mar is what enables us to produce an

infinite number of meaningful sen-

tences, and it is what allows a child to

speak sentences he has never heard be-

fore. The computations that are neces-

sary for formulating or interpreting

sentences cannot, so far, be performed

by any computer, but they flow

through our brain's language processor

without conscious effort on our part.

We can talk and Hsten without thinking

about it.

The aim of my own work on lan-

guage is to outline the fundamental

principles that determine how natural

No computer, as yet,

can perform the

computations that flow

through our brain's

language processor

effortlessly. We can talk

and listen without

thinking about it.

selection shaped animal communica-

tion and led from there to human lan-

guage. The main forces of evolution

—

mutation and natural selection—can be

described by precise mathematical

equations. As early as 1906, Oxford zo-

ologist Walter Weldon remarked that

"Dai-winian evolution is intrinsically a

mathematical theory and can only be

tested by mathematical and statistical

techniques." Hence, I and my col-

leagues at the Institute for Advanced

Studies in Princeton are using mathe-

matics to find out how language

evolved.

Language was the most important

evolutionary event in the history of the

human species. Indeed, grammatical

language defines humanity. The com-

plex vocaUzations of mammals such as

dolphins and primates have been the

subject of many studies, but so far, no

natural animal communication appears

to have a power of expression that is in

any way close to human language. Ani-

mal communication can be based on a

limited repertoire of calls (for example,

warning or territorial calls) or consist

of variations on a theme (such as bird-

songs) or be a continuous, analog signal

(the honeybee's dance, which transmits

information on food sources). But the

grammar inherent in human language

enables us, in the words of WUhekn
von Humboldt, to "make infinite use

of finite means." Language has changed

us and the appearance of the planet and

is responsible for the acceleration of

cultural evolution during the last few

millennia.

Human language originated after

our human ancestors diverged from

our closest relatives, the chimpanzees,

about 5 to 7 million years ago. Since

all currently living Homo sapiens have

the same language ability, the most re-

cent date for the origin of language

would be the time of our last common
ancestors, who lived in Africa perhaps

150,000 to 200,000 years ago. Evolu-

tion would not have had enough time

to build our language ability from

scratch but must instead have used ex-
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isting structures that may originally

have been employed for other pur-

poses. Neuroanatomists describe cer-

tain areas in the brains of monkeys, for

instance, that correspond to the

human language areas but that are ap-

parently not involved in producing

calls or gestures. Monkeys use these

brain regions to interpret sounds and

control facial muscles. Evolution may

Adding signals to a

repertoire increases the

number of things that

can be described but

also increases the

likelihood of errors.

with extensive body language) can

convey certain information to the

members of its pack. We can imagine

early hominids—perhaps Lucy and her

fellow Australopithecus afarensis, who
Hved 4 million years ago—being ca-

pable ofmaking a variety of sounds and

transferring information about their

world. If a wolf cub fails to learn the

sounds and signals of its society, its life

have had an easy game here in adopt-

ing these structures to generate the

neuronal circuits that control speech

production and speech interpretation

in humans.

Language evolved as a means of

communicating information between

individuals. In order to communicate

Key of Dreams, Rene Magritte, 1927

on a basic level, a population of indi-

vidual animals or hominids must dis-

cover that specific signals can be associ-

ated with specific referents—things

being referred to—such as people, ob-

jects, actions, places, times, and events.

A wolf, for example, may whine,

growl, or howl, and this sound (along

may be short. Similarly, hominids that

were best able to transmit—and to hear

and interpret—specific signals presum-

ably benefited from this trait. They

were fitter in the evolutionary sense,

surviving longer and having offspring

that knew how to communicate.

The computer simulation that I and
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my colleagues have been working on

moves us from the realm of the pre-

sumed to the reahn of mathematical

analysis. The equations take into ac-

count mutation, forces ofnatural selec-

tion, and learning behavior. In the

sen lexical matrices. Then individuals

"talk" to each other. Whenever a simu-

lated speaker uses a certain signal to de-

note a particular referent and the hearer

interprets the signal as denoting that

referent, they communicate correctly.

Bechuanaland (now Republic of Botswana), 1947

simulation, each individual in a group

is characterized by what we call a lexi-

cal matrix, which Unks specific signals

to specific referents. In the beginning

of our simulation, all individuals are

assigned very different, randomly cho-

As the simulation continues, the indi-

viduals that are able to communicate

well prosper and produce offspring

who in turn inherit the genetically en-

coded mechanism for learning the lan-

guage. The offspring will use this

mechanism to learn the lexical matrix

from their parents and others in the

population or community. As a conse-

quence of heterogeneity in the group

and some errors occurring during lan-

guage learning, children will not ac-

quire the exact lexical ma-

trix of their parents. Over

time, the matrices will

change and those individ-

uals that communicate

well wiU increase in abun-

dance.

We have found that

over a few generations,

each signal tends to be-

come associated with a

single referent and that

most individuals in the

group will use the same

signal for the same refer-

ent. But to be successful,

this evolutionary process

depends on conditions

that we have quantified

and that can also be ex-

pressed verbally: commu-
nication must contribute

to biological fitness, and

learners must have a suf-

ficiently reliable lexicon-

learning mechanism.

Under these conditions,

evolution can construct a

communication system

—

but only a simple one.

Our model shows that

while adding new signals

or sounds to the repertoire

may increase the number

of things that can be de-

scribed, such additions

also carry a significant

cost: a greater possibility

of errors. What happens when a signal

is inisinterpreted, when a hearer misses

the message? One monkey shouts

"Hon," but the other one understands

"banana" and is attacked by the lion.

We stretched our basic model by in-
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eluding the possibility of such percep-

tual errors into our equations. The

mathematical analysis revealed an

"error Umit," a point at which having

too many signals and referents creates

confusion and becomes a liability

rather than an evolutionary asset. In

other words, the monkey might have

been better off without a signal for ba-

nana that could be mistaken for the

signal for lion.

Natural selection, then, prefers Um-
ited repertoires of signals. But how did

human language overcome the error

Hmit and come to be so vast? Our
vocal apparatus can produce a large di-

versity of sounds. The roughly 6,000

languages on Earth have a total of

about 1,000 phonemes—^basic sound

units, such as the EngUsh pronuncia-

tion of the letters g, d, p, or t. Still, any

one language uses only about 40

phonemes on average, with a range of

about 10 to 100. So we use only a small

fraction of all possible signals. We gen-

erally avoid mistakes among the

phonemes that make up our native lan-

guage but have a hard time with those

of other languages.

How do we humans get such Un-

guistic mileage from a small stock of

sounds? In something of an evolution-

ary leap, we have combined them into

words. Snippets of sound are spun out

and blended into different configura-

tions: the words "God" and "dog" or

"top" and "pot" contain the same

phonemes but have different referents.

Word formation marks a transition

from something hke an analog (contin-

uous) system to a digital (discrete and

combinatorial) system of communica-

tion. Our equations show that for a

simulated digital language, the error

limit is much higher than for a simple

analog signal system. Most animal
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communication, based on a simple sys-

tem, must operate with a limited reper-

toire of signals, whUe human languages

consist of more than 10,000 words

(EngHsh has about 100,000 words).

Words stUl have to be memorized.

Once we have them, however, words

Language enables

humans to generate

messages that can

contain information

about new tools,

faraway happenings,

customs, and history.

can be put into sentences governed by

the rules ofsyntax. Mathematically put,

the lexicon of a population cannot ex-

ceed the total number of chances an in-

dividual has to learn a new word. Syn-

tax makes it possible to generate more

sentences than the total number of sen-

tences encountered by a learner. A
child, for example, has to memorize

the meaning of words but does not

have to memorize the meaning of sen-

tences. Syntax enables us to construct

and understand an unlimited number

of novel sentences.

What we know about animal com-

munication suggests that it is largely

nonsyntactic: signals refer to whole

events. In contrast, human language is

syntactic: signals consist of components

that have independent meanings. To

find out whether the latter situation

confers more of an evolutionary advan-

tage than the former, we built a mathe-

matical model to analyze differences

between the two kinds of communica-

tion in terms of natural selection. The

equations resulting from our mathe-

matical model indicated, fortunately,

that syntactic communication is a

bright idea, and for two main reasons.

Unlike nonsyntactic communication
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(for example, the simple system ob-

tained in tlic bL't^inniiig ot our sinuila-

tion), synt.K'tic connnunicatioii not

only allows the number ot thiiiLp that

can be said to be lari^er than tlie num-

ber of things that have to be memo-
rized but also enables us to generate

messages that refer to novel and rare

events—not just "dog bites man" but

also "man bites dog."

Nevertheless, the equations reveal

some Innits: natural selection tavors

synt.ix only if there exist a large enough

number of events that need to be com-

municated and only if these events can

be broken down efficiently into com-

ponents with meanings of their own,

such as places, times, objects, and ac-

tions. We call this point the syntax

threshold. Below it, nonsyntactic com-

munication works well; above it, syn-

tactic communication stands the users

in better stead. We believe that many

animal species have the capacity for a

syntactic understanding of the world

—

monkeys and dogs, for example, per-

ceive that the world consists of compo-

nents, and they are able to relate the

components to one another—but ani-

mals did not evolve syntactic commu-
nication, because the syntax threshold

was not reached.

We can envision the savannas and

forests of Africa where, some 100,000

years ago, our young species lived

among other mammals, all using their

respective ways of transmitting infor-

mation. For e.xample, vervet monkeys

(as shown by biologists Dorothy

Cheney and Robert Seyfarth) have a

handful of calls they use to denote the

presence of potential predators. The

caO for "leopard" makes the monkeys

jump up into a tree, where they can

move faster than the cat. The call for

"eagle" sends them running under a

bush, where they can hide. However,

a resident Homo sapiens, armed with

syntax, can call out—give voice to ob-

jects and actions in a sequence—and
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indicate that a leopard is stalking omi-

nously or that a leopard is sleeping be-

nignly. A hearer may be warned of a

danger approaching from a particular

direction or be advised of a course of

action. And the participants may one

day recount to others the story ofhow
they escaped from or killed a leopard.

The humans may also pass on in-

formation about new tools, faraway

happenings, customs, and the history

of the tribe. They may have names for

one another, greatly facilitating social

interactions, including planning and

politicking, within the group. Syntax

then gives rise to new and complex

possibilities of cooperation and fair-

ness, deception and manipulation.

Selected for and shaped by evolu-

tion, language has, most importantly, led

to a new mode of evolution. Informa-

tion drives evolution. For most ot the 4

billion years of Hfe on Earth, the only

Relatively suddenly (in

an evolutionary sense),

vast amounts of

information could be

exchanged between

humans and passed on

to subsequent

generations.

Palestinian schoolboy, 1943

information that could be used for evo-

lutionary purposes was encoded in gene

sequences. Human language gave evolu-

tion a new playground. Relatively sud-

denly, vast amounts of information (at

first in the form of orally transmitted

ideas, stories, and legends, and later

printed in books and journals and trans-

mitted via Internet pages) could be ex-

changed between individuals and passed

on to subsequent generations. Language

lit the fiase that exploded the "big bang"

of cultural evolution. In this sense, lan-

guage, more than any other invention

since the emergence of the nervous sys-

tem some 500 million years ago, has af-

fected and continues to affect the rules

of evolution itself.

In the small redbrick

building opposite my office

window, where my four-

year-old is at nursery, John

von Neumann built the

first programmable com-

puter. The Hungarian-

born mathematical genius

realized that it was not a

good idea to rewire a com-

puter every time you

wanted to calculate some-

thing different. The com-

puter should be a general

problem solver. Evolution

had the same idea when it

came up with a nervous

system that allowed animals

to learn. Not every task

had to be solved by rewrit-

ing genetic code: a neu-

ronal problem solver could

be more efficient. Lan-

guage was the next step. It,

provided an operating sys-

tem, linked the neuronal

problem solvers together,

and enabled them to pass

on solutions, to work on

problems, and to exchange

dreams. Language created

Homo sapiens. D
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THIS VIEW OF LIFE TQejite/uua(

I Have Landed
In the final essay of this twenty-seven-year series, the author reflects on

continuity—^from family history to the branching lineage of terrestrial life.

By StephenJay Gould

As a young child, thinking as

big as big can be and getting

absolutely nowhere for the

effort, I would often lie

awake at night, pondering the myster-

ies of infinity and eternity and feeling

pure awe (in an inchoate, but intense,

boyish way) at my utter inabiHty to

comprehend. How could time begin?

For even if a God created matter at a

definite moment, then who made

God? An eternity of spirit seemed just

as incomprehensible as a temporal se-

quence of matter with no beginning.

And how could space end? For even if

a group of intrepid astronauts encoun-

tered a brick wall at the end of the uni-

verse, what lay beyond the wall? An
infinity of wall seemed just as incon-

ceivable as a never-ending expanse of

stars and galaxies.

I will not defend these naive for-

mulations today, but I doubt that I

have come one iota closer to a personal

solution since these boyhood rumina-

tions so long ago. In my philosophical

moments—and not only as an excuse

for personal failure, for I see no sign

that others have succeeded—I rather

suspect that the evolved powers of the

human mind may not include the

wherewithal for posing such questions

in answerable ways (not that we ever

would, should, or could halt our in-

quiries into these ultimates).

However, I confess that in my ma-

ture years, I have embraced the

Dorothean dictum: yea, though I

might roam through the pleasures of

eternity and the palaces of infinity (not

to mention the valley of the shadow of

death), when a body craves contact

with the brass tacks of a potentially

comprehensible reality, I guess there's

no place Hke home. And within the

smaller, but still tolerably ample, com-

pass of our planetary real estate, I

would nominate as most worthy of

pure awe—a metaphorical miracle, if

you will—an aspect of Ufe that most

people have never considered but that

strikes me as equal in majesty to our

most spiritual projections of infinity

I would nominate as most

worthy ofpure awe the

continuity ofthe tree of

earthly life for 3.5 biUion

years, without a single

microsecond of disruption.

and eternity, while falling entirely

within the domain of our conceptual

understanding and empirical grasp: the

continuity of etz chayiin, the tree of

earthly life, for at least 3.5 billion years,

without a single microsecond of dis-

ruption.

Consider the improbability of such

continuity in the conventional terms

of ordinary probability: Take any phe-

nomenon that begins with a positive

value at its inception 3.5 billion years

ago, and let the process regulating its

existence proceed through time. A Hne

marked zero runs along below the cur-

rent value. The probability of the phe-

nomenon's descent to zero may be al-

most incalculably low, but throw the

dice of the relevant process billions of

times and the phenomenon just has to

hit the zero Hne eventually.

For most processes, the prospect of

such an improbable crossing bodes no

permanent ill, because an unlikely

crash (a year, for example, when a

healthy Mark McGwire hits no home
runs at all) will quickly be reversed,

and ordinary residence well above the

zero hne reestabhshed. But Hfe repre-

sents a different kind of ultimately

fragile system, utterly dependent upon

unbroken continuity. For Hfe, the zero

Hne designates a permanent end, not a

temporary embarrassment. If Hfe had

ever touched that Hne for one fleeting

moment at any time during 3.5 bilHon

years of sustained history, neither we

nor a miUion species of beetles would

grace this planet today. A single hand-

shake with voracious zero dooms all

that might have been, forever after.

When we consider the magnitude

and complexity of the circumstances

required to sustain this continuity for

so long—and without exception or

forgiveness in each of so many compo-

nents—weU, I may be a rationalist at

heart, but if anything in the natural

world merits designation as "awe-

some," I noininate the continuity of

the tree of Hfe for 3.5 bilHon years.

Earth experienced severe ice ages but
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never froze completely, not for a single

day. Life fluctuated through episodes of

global extinction but never crossed the

zero line, not for one millisecond.

DNA has been working all this time,

v^^ithout an hour of vacation or even a

moment ofpause to remember the ex-

tinct brethren of a billion dead

branches shed from an ever growing

tree of life.

When Protagoras, speaking inclu-

sively despite the standard translation,

defined "man" as "the measure of all

things," he captured the ambivalence

of our feehngs and intellect in his im-

pUed contrast of diametrically opposite

interpretations: the expansion of hu-

manism versus the parochiaUsm oflim-

itation. Eternity and infinity He too far

from the unavoidable standard of our

own bodies to secure our comprehen-

sion, but life's continuity stands right at

the outer border of ultimate fascina-

tion: just close enough for intelligibil-

ity by the measure ot our bodily size

and earthly time but sufficiently far

away to inspire maxiinal awe.

Moreover, we can bring this largest

knowable scale further into the circle

of our comprehension by comparing

the macrocosm of life's tree to the mi-

crocosm of our family's genealogy.

Our affinity for evolution must origi-

nate from the same internal chords of

emotion and fascination that drive so

many people to trace their bloodlines

with such diHgence and detail. I do not

pretend to know why the documenta-

tion of unbroken heredity through

generations of forebears brings us so

swiftly to tears and to such a secure

sense of rightness, definition, member-

ship, and meaning. I simply accept the

primal emotional power we feel when
we manage to embed ourselves into

something so much larger.

And so evolution has anchored this

series of essays through 300 uninter-

rupted issues of Natural History, from

January 1974 to this first offering in

some people's version of the new mil-

lennium, January 2001. (A missing

month might not have entailed fuU ex-

tinction, but I did appreciate the prac-

tical goad and pure conceit of thinking

that I needed to inirror the utterly un-

forgiving topology of evolutionary

continuity!) I called my series "This

View ot Life" to honor the finale of

Darwin's Origin of Species, for the clos-

ing sentence of this founding docu-

ment begins with a justifiably poetic

description of evolution: "There is

grandeur in this view of Hfe." As one

major reason for evolution's enduring

popularity among scientific subjects,

our minds combine the subject's sheer

intellectual fascination with an even

stronger emotional affinity rooted in a

legitimate comparison between the

sense of belonging gained from con-

templating family genealogies and the

feeling of understanding achieved by

locating our tiny little twig on the

Family genealogy is

our tiny twig on the

great tree of life.

Evolution is "roots"

writ large.

great tree of life. Evolution, in this

sense, is "roots" writ large.

If continuity so tugs at our heart-

strings and so defines our sense of

being within the expanding totalities

of a personal family, the full human

species, and the entire tree of life—and

if unbroken continuity defines both

the awe of "this view of life" and the

conceit of a Httle Hterary microcosm

also called "This View of Life"—then

how else can I end except with a paean,

to continuity on both scales? Of my
decision to hang up the spikes of this

particular monthly enterprise, I will

only say that when I noted the fortu-

itous conjunction of my 300th entry

with the auspicious date of January

2001, I felt that arbitrary calendrics

and numerology must be trying to teU
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me something. I know that I could

persevere until the angel of death

makes his most unwelcome, albeit in-

evitable, intrusion. At least my list of

potential topics has never become

shorter (my personal criterion,

throughout all these years, for a stop-

ping signal that never sounded). But I

never witnessed anything sadder than

WiUie Mays and Mickey Mande play-

ing far beyond their prime, and I don't

want to risk the possibility of even em-

barking upon a downhiU slope, much

less facing, however unawares, an ac-

tual entrance into professional dotage.

Few old troupers have the gumption to

follow what I Hke to call the "DiMag-

gio-Jordan principle": not just to "quit

while you're still ahead" but the more

upbeat "quit while they still want

you." I only hope that I have the

gumption and that, dear readers, some

ofyou might still want me.

I therefore offer two microcosmal

stories of stubborn persistence for my
swan song—two analogues or meta-

"I never met with so

sweet a temper, so

self-sacrificing and

affectionate a

disposition."

—Thomas H. Huxley, on first

meeting Henrietta Heathorn in

Australia, 1849

phors for this grandest evolutionary

theme of absolutely unbroken conti-

nuity, the intellectual and emotional

center of this view of Ufe. My stories

descend in range and importance from

a tale about a leader in the founding

generation of Darwinism to a story

about my grandfather, a Hungarian

immigrant who rose from poverty to

solvency as a garment worker on the

streets ofNew York City.

Our military services now use the

blandishments of commercial jingles to

C>

•JiecL

secure their "few good

men" (and women) or to

entice an unfulfilled soul to

"be all that you can be in

the army" (emphasize the

second syllable of the ser-

vice, attach a catchy tune,

and this enticement even

rhymes). In a slight varia-

tion, another branch em-

phasizes external breadth

over internal growth: "Join

the navy and see the world."

In days ofyore, when re-

ality trumped advertise-

ment, this last slogan often

did propel young men to

growth and excitement. In

particular, budding natural-

ists without means could at-

tach themselves to scientific

naval surveys by signing on

as surgeons or just as general

gofers and bottle washers.

Darwin himself had fledged

on the Beagle, largely in

South America, between

1831 and 1836, though he sailed (at

least initially) as the captain's gentle-

man companion rather than as the

ship's official naturaHst. Thomas Henry

Huxley, a man of similar passions but

lesser means, decided to emulate his

mentor (Darwin was born in 1809,

Huxley in 1 825) by signing up as assis-

tant surgeon aboard HMS Rattlesnake

for a similar circumnavigation, cen-

tered mostly on AustraHan waters and

lasting fi-om 1846 to 1850.

Huxley fiUed these scientific Wan-

derjahre with the usual minutiae of

technical studies on jellyfishes and

grand adventures with the aboriginal

peoples of AustraUa and several Pacific

islands. But he also trumped Darwin in

one aspect of discovery, with ex-

tremely happy and lifelong conse-

quences: he met his future wife in

AustraHa, a brewer's daughter named

Henrietta Anne Heathorn, or Nettie

to the young Hal. They met at a

dance. He loved her silky hair, and she
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Henrietta Heathorn's inscriptions in a volume of

poetry given first to her fiancee, Thomas Huxley, and

sixty years later to her grandson Julian Huxley

reveled in his dark eyes that "had an

extraordinary way of flashing when
they seemed to be burning—his man-

ner was most fascinating," as she stated

in her diary.

Huxley wrote to his sister in Febru-

ary 1849: "I never met with so sweet a

temper, so self-sacrificing and affec-

tionate a disposition." As Nettie's only

dubious trait, Hal mentioned her po-

tential naivete in leaving "her happi-

ness in the hands of a man Hke myself,

struggling upwards and certain of

nothing." Nettie waited five years after

Hal left in 1850. Then she sailed to

London, wed her dashing surgeon and

vigorously budding scientist, and en-

joyed, by Victorian standards, a happy

and successful marriage with an un-

usually decent and extraordinarily tal-

ented man. (Six of their eight children

lived into reasonably prosperous matu-

rity, a rarity in these times, even

among the elite.) Hal and Nettie,

looking back in their old age (Hal died
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in 1895, Nettie in 1914). might well

have epitomized their Hte together in

the words of a later song: "We had a

lot ot kids, a lot ot trouble and p.iin,

but Oh, Lord, we'd do it again."

The young and intellectually rest-

less Huxley, having mastered German,

decided to learn Italian during his long

hours of boredom at sea. (He read

Dante's Iiitcrno m the original terza

rinia during a year's jaunt centered

about New Ciuinea.) Thus, as Hu.Kley

prepared to part from his fiancee in

April 1 S49 (he would return for a spell

in 1850, before the long five-year

drought that preceded Nettie's antipo-

dal journey to their wedding), Nettie

decided to give him a parting gift of

remembrance and utilit)-: a five-vol-

ume edition, in the original Italian, ot

course, of Gcnisakwiue liberala, by the

great Renaissance poet Torquato

Tasso. (This epic, largely describing the

conquest of Jerusalem by the First

Crusade in 1099, might not be

deemed politically correct today, but

the power of verse and narrative re-

mains undiminished.)

Nettie presented her gift to Hal as a

joint offering from herself, her half sis-

ter Oriana, and Oriana's husband, her

brother-in-law William Fanning. She

inscribed the first volume in a young

woman's hand: "T. H. Huxley. A
birthday and parting gift in remem-

brance of three dear friends. May 4'^

1849." For some reason that 1 have

never fathomed but will not question,

this set of books sold (to lucky me) for

a pittance at a recent auction. (Tasso

isn't big these days, and folks may have

missed the catalog entry describing the

provenance and context.)

So Nettie Heathorn came to Eng-

land, married her Hal, raised a large

family, and lived out her long and tiil-

fiUing life well into the twentieth cen-

tury. As she had been blessed with ac-

complished children, she also enjoyed,

in later lite, the promise of two even

more brilliant grandchildren: the

writer Aldous Huxlev and the biolo-

gist Julian Huxley. And now we come

to the point of this tale. In 191 1, more

than sixty years after she had presentcLJ

the fi\x- volumes of Tasso to Hal, Net-

tie Heathorn, then Henrietta Anne

Huxley, and now Granmoo to her

grandson Julian, removed the books

from such long residence on her shelf

and passed them on to the young man

who would later carr^' the family's in-

tellectual torch with such distinction.

In the clear but shaky hand of an old

woman, she wrote below her original

inscription the missing who and where

of the original gift: "Holmwood, Syd-

ney, N.S. Wales. Nettie Heathorn,

( )riana Fanning, William Fanning."

Above her original words, penned

111 the flower of youth, she then wrote,

in a simple statement that needs no ex-

plication and that surely lies too deep

for tears in its eloquent invocation of

life's persistence: "Julian Sorel Hu.xley,

from his grandmother Henrietta Anne

Huxley nee Heathorn 'Granmoo.'"

She then emphasized the sacred theme

of continuity by closing her rededica-

tion with the same words she had
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"I have landed": Detail of front page of Papa Joe's copy of J. M. Greenwood's Studies in

English Grammar

written to Hal so many years before:

"'In remembrance.' 28"-'^ July 1911,

Hodeslea, Eastbourne."

If this tale of three generations

watched over by a great woman as she

follows life's passages from dashing

bride to doting grandmother doesn't

epitomize the best of humanity, as

symbolized by our continuity, then

what greater love or beauty can sustain

our lives in this vale of tears and fasci-

and Papa Joe to me—cloved to read in

their adopted language of English. My
grandfather even bought a set of Jlie

Harvard Classics (the famous "Five Foot

Shelf" ofWestern wisdom) to facilitate

his assimilation to American life. I in-

herited only two of Papa Joe's books,

and nothing of a material nature could

be more precious to me. The first bears

a stamp of sale: "Carroll's book store.

Old, rare and curious books. Fulton

Irene and Joseph Rosenberg (Grammy and Papa Joe), the author's maternal

grandparents, area 1950

nation? Bless all the women of this

world who nurture our heritage while

too many men rush off to kill for ideals

that might now be deeply and person-

ally held but will often be viewed as

repugnant by later generations.

My maternal grandparents—Irene

and Joseph Rosenberg, or Grammy

and Pearl Sts. Brooklyn, N.Y." Perhaps

my grandfather obtained this volume

from a Landsmann, for I can discern,

through erasures on three pages of the

book, the common Hungarian name

"Imre." On the front page of this 1892

edition ofJ. M. Greenwood's Studies in

Eri^lisJi Graiviiiar, my grandfather wrote
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in ink, in an i)h\iously Enropo.in li.ind,

"I'rop. of [osopli A. Koscnbcin, New
York." lo the Mi.li.-, in jumkiI, Ik- .ukk-il

iIk- pR-sun\i.-d d.ito of his .iC(.|iiisiti(in:

'I'^DI. Oct. 25'''." Just below, also in

pencil, he appeiuleci the most clotjiient

of all conceivable words for this con-

text—even thouijh he used the wrong

tense, contusing tiie ci^nipoimd past ot

contnnung action with an intended

simple past to designate a definite and

completed event (not bad for a barely

fourteen-year-old boy just a month or

two otl'the b(XU): "I li.nc landed. Sept.

II''' 19(11."

Of all that I shall miss m closing

these columns. I shall feel most keenly

the loss of fellowship and interaction

with readers. Have we not shared 3(Kl

episodes of mutual learning? Early in

the series, I began—more as a rhetori-

cal device to highlight a spirit ot inter-

action than as a practical tactic tor

gaining intormation—to pose c]ues-

tions to readers when my research

tailed to resolve a textual b\-\vay. (As a

longtime worshiper at the altar ot de-

tail, nothing niggles me more than a

dangling little tact—partly, I confess,

from an exaggerated sense of order, but

mostly because big oaks do grow from

tiny acorns, and one can never know

in advance which acorn will reach

heaven.)

As the series proceeded. I devel-

oped complete taith—not from hope,

but from the solid pleasure of invariant

success—chat any posted question

would elicit a host of interesting re-

sponses, including the desired tactual

resolution. How did the Italian worci

sci^uc pass from the rarefied world ot

classical music into common speech as

a synonym for "transition" (resolved

by personal testimony of several early

radio men, who informed me that in

the 1920s they had transferred this

term from their musical training to

their new gigs as disk jockeys and pro-

ducers of radio plays) . Why did se\'en-

teenth-centur\- engravers ot scientific

illustrations usuallv fail to draw snail

shells in reverse on their plates—so

that the t'ln.il product, when printed

im p.iper, would dejiR t the snail's m:-

iii.il liirection ot coiling—when they

uln lously understood the principle of

iiuersioii ,ind .liways etched their ver-

bal texts "backward" to ensure printed

readabilit\'? Who were Mary Roberts,

Isabella nuncaii, and several other "in-

visible" women of Victorian science-

writing who didn't even win a line in

such standard sources as the Ujuydopae-

iiiii Briuiniiiut or the Diclioiuiry of A'.i-

f/ii//.i/ /i/i'vjrc)/'//)'?

Thus, after citing my grandfather's

text en passant in an earlier essay, I may

h.ive wept for joy but could not feign

complete surprise when 1 received the

most wonderful of all letters from a

reader:

For years tiow I have been reading

your hooks, and I lliiiik I sliotild really

thank you for the pleasure and

intelhriual siitiiuhiiion I luwe received

from you. Bui liow to make even a

small return for your essays? Tlie

answer came lo me this ii'cek. I iim a

v^
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genealogist ii'lio specializes in

passenger-list work. Last Sunday I

ims rereading tliat touching essay that

features your grandfather, Joseph A.

Rosenberg, wlio wrote "I have landed.

Sept. i1, 1901." It occurred to me

that you might like to see his name on

the passenger list of the ship on which

he came.

I think I always knew thiat I might

be able to find the manifest of Papa

Joe's arrival at EUis Island. I even half

intended to make the effort "some-

day." But in honest moments of obei-

sance to the Socratic dictum "Know
thyself," I'm pretty sure that, absent

this greatest of all gifts firom a reader, I

never would have found the time or

made the move. (Moreover, I certainly

hadn't cited Papa Joe's inscription in a

lazy and intentional "fishing expedi-

tion" for concrete information. I

therefore received the letter of resolu-

tion with pure exhilaration—as a pre-

cious item beyond price, freely given

in fellowship, and so gratefully re-

ceived without any conscious anticipa-

tion on my part.)

My grandfather traveled with his

mother and two younger sisters on the

SS Kensington, an American Line ship

(launched in 1894 and scrapped in

1910) that could carry sixty passengers

in first class and a thousand more in

steerage—a good indication of the

economics of travel and transport in

these days of easy immigration for Eu-

ropean workers, then so badly needed

for the factories and sweatshops of a

booming economy based on manual

labor. The Kensington had sailed from

Antwerp on August 31, 1901, and ar-

rived in New York, as Papa Joe accu-

rately recorded, on September 1 1 . My
page of the "List or Manifest of Alien

Immigrants" includes thirty names,

Jewish or Catholic by inference and

hailing from Hungary, Russia, Roma-
nia, and Croatia. Papa Joe's mother,

Leni, listed as illiterate and thirty-five

years of age, appears on line 22, with
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The "List or Manifest of Alien Immigrants" of the SS Kensington for September 11, 1901, shows the names of the author's relatives.

licr tlnvL- t hiklrcn just lu'low: my
i;raiKitatluT, recorded as Josef and liter-

ate at age fourteen, and my dear aunts

Regina and Gus, cited as Regine and

Gisella (I never knew lier real iianic) at

five years and nine montlis old, respec-

tively. Leni carried $6.50 to start her

new lite.

1 had not previously known that

my great-grandfather, Farkas i^osen-

berg (accented on the hrst syllable,

pronounced "farkash," and meaning

"wolf" in Hungarian), had preceded

the rest of his family and now appeared

on the manifest as their sponsor, "Wolf

Rosenberg. Ci44 East 6^^ Street." I do

not remember Farkas, who died dur-

ing my third year of life, but I greatly

value the touching tidbit of informa-

tion that, for whatever reason, in his

initial flurry of assimilation, Farkas had

learned and begun to use the English

translation of a name that strikes many

Americans as curious or even amusing

in sound—for he later reverted to

Farkas, and no one in my family knew

him by any other name.

My kind and diligent reader then

bestowed an additional gift upon me
by locating Farkas's manifest as well.

He had arrived, along with 800 other

passengers in steerage, aboard the

Kciisiii0oii's sister ship SS Soiitliwark on

June 13, 1900, listed as Farkas Rosen-

berg, illiterate at age thirty-four (al-

though I am fairly sure he could at

least read and probably write Hebrew)

and .sponsored by a cousin named Jos.

Weiss (unknown to my family and per-

haps an enabling fiction). Farkas, a car-

penter by trade, arrived alone, with

one dollar in his pocket.

Papa Joe's later story mirrors the

tale of several million poor immigrants if they could prevail by their own wits

to a great land that did not welcome and unrelenting hard work. And who
them with open arms (despite Lady could, or should, have asked for more

Liberty's famous words) but also did in those times? Papa Joe received no

not foreclose the possibility of success further schooling in America, save
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what experience provided and internal

drive secured. As a young man, he

went west for a time, working in the

steel mills of Pittsburgh and on a ranch

somewhere in the Midwest (not, as I

later found out, as the cowboy of my
dreams but as an accountant in the

front office). His mother, Leni, died

young (my mother, Eleanor, bears her

name in remembrance), as my second

book of his legacy testifies. Papa Joe

h^^ '7iNtt' imo ,Tnai n^aj: t;

(Sam. I. Ohap, 2 E. 6.)

Page of memor}^

for beloved and worthy decea.sc(l.

vv
V

/f^Lo^.,/) ..^^/^iV'f J>^.J^. '^^C.

Papa Joe's prayer book records the early

death of his mother, Leni.

ended up, along with so many Jewish

immigrants, in the garment district of

New York City, where, after severing

his middle finger in an accident as a

cloth cutter, he eventually figured out

how to parlay his remarkable, albeit

entirely untrained, artistic talents into a

better job that provided eventual access

to middle-class life (and afforded much
titillation to his grandchildren)—as a

designer of brassieres and corsets.

He met Irene, also a garment

worker, when he lived as a boarder at

the home of Irene's aunt—for she had

einigrated alone in 1910 at age four-

teen, under her aunt's sponsorship,

after a falling-out with her father.

What else can one say for the objective

record (and what richness and depth

could one not expose, at least in prin-

ciple and for all people, at the subjec-

tive level of human Ufe, passion, and

pure perseverance)? Grammy and Papa

Joe married young, and their only

early portrait together radiates both

hope and uncertainty. They raised

three sons and a daughter; my mother
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.ilono survives. Two iit their chiklri.-ii

tinislicd (.'olk'm.'.

Somehow I always knew. althmiL^h

no one ever pressureil nie direeilv th.ic

the thiril generation, with me as the

first member tliereot, would tiiltill tiie

deferred dream iil a eentiiry. obtain an

advanced education, and enter profes-

sional lite. (My grandmother spoke

Hungarian, Yiddish, German, and

English but could only write her

adopted language phonetically. 1 will

never forget her embarrassment when

I in.idwrteiitK- read a shopping list she

had written .\nd realized that she could

not spell. 1 ,ilso remember her ]o\

when, iinoking her intallible memory

and recalling some old intormation ac-

quired in her study for citizenship, she

won SIO on a Yiddish radio t]uiz for

correctly identifying William Howard

Taft as our fattest president.!

I loved my grandparents

fiercely and reveled in

their unconditional

blessing and unvarying

support—not always

deserved, for I really did

throw that rock at

Harvey.

I loved Grammy and Papa Joe sepa-

rately. Divorce, however legal and reli-

giously acceptable, did not represent an

option in their world. Unlike Hal and

Nettie Huxley, Tin not at all sure they

would have done it again. But they

sti.ick together and prevailed, at least in

peace, respect, and toleration, perhaps

even in fondness. Had they not done

so, 1 would not be here—and for this

particular twig ot evolutionary conti-

nuity', I could not be more profoundly

grateful, in the most immediate ot aU

conceivable ways. I also loved them

fiercely, and I reveled in the absolute

certainh' of their unconditional bless-

ing and unvarying support (not alw.nys

deserwd, of course, for 1 really did

throw that rock at Harvey, even

though Grammy slammed our front

door on Harvey's father, after deliver-

ing a vollev of Yiddish curses amidst

procl.imatioiis that her Sici'cic would

never do such a thing, while knowing

pert'ecdy well that 1 surely could).

The tree of all lite and the geneal-

ogy of each taniily share the same

topologN' and the same secret ofsuccess

111 blending two apparently contradic-

tor\' themes of continuirv without a

single hair's breadth of breakage, and

change without even a moment's loss

of a potential that need not be ex-

ploited in all episodes but must remain

forever at the ready. These properties

may seem minimal, even derisory-, in a

universe of such stunning complexity

(whatever its inexplicable eterniry or

infinity). But this very complexity ex-

alts pure staying power (and the lability

that facilitates such continuit\). Showy

statues of Ozymandias quickly become

lifeless legs in the desert: bacteria have

scuttled .iround all the slings and ar-

Clean air, clean water, clean energy • Minimize waste • Conserve
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rows of outrageous fortune for 3.5 bil-

lion years and counting.

I believe in the grandeur of this

view of Hfe, the continuity of family

hnes, and the poignancy of our sto-

ries—of Nettie Heathorn, grown old

as Granmoo and passing Tasso's torch

two generations after her initial light-

ing; of Papa Joe's ungrammatical land-

ing as a stranger in a strange land, and

my prayer that, in some sense, he

might see my work as a worthy con-

tinuation, also two generations later, of

a hope that he fulfilled in a different

way during his own lifetime. I suspect

we feel the poignancy in such continu-

ity because we know that our small re-

aHzation of an unstated family promise

somehow mirrors the larger way of all

Hfe and, by this affirmation of totaHty,

Grammy and Papa Joe shortly after their wedding, circa 1916
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becomes "right" in a sense too deep

tor either words or tears. I can there-

fore say goodbye to this particular

forum because I know that I will never

run out of unkept promises or miles to

walk and tiiat I may oven continue to

sprinkle the journey rcni.iiiiintj; before

sleep with a new idea or two. This

view of life continues, flowing ever

forward, while tiie current patriarch of

one tiny and insignificant twig pauses

to honor the twig's centennial in a new
LukI by coiumemorating the first

recorded words of .1 foLirtoen-year-old

forebear.

I can say goodbye to

this particular forum

because I know that I

will never run out of

unkept promises or

miles to walk.

Dear Papa Joe, I have been faithful

to your dream ofpersistence and atten-

tive to a hope that the increments of

each worthy generation may buttress

the continuity of evolution. You could

write those wondrous words right at

the beginning ot your journey, amidst

all the joy and terror of inception. I

dared not repeat them until I could

tultill my own childhood dream

—

something that once seemed so myste-

riously beyond any hope of realization

to an insecure little boy in a garden

apartment in Queens—to become a

scientist and to make, by my own
effort, even the tiniest addition to

human knowledge of evolution and

the history of life. But now, with

my 300, so fortuitously coincident

with the world's new 1,000 and your

own 100, perhaps I have finally won
the right to restate your noble words

and to tell you that their inspiradon

still lights my journey: I have landed.

But I also can't help wondering what

comes next! D
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A Cosmic Muse
^

At the dawn of the new century, an

astrophysicist looks at popular culture and

detects signs that the arts and sciences are

headed toward fusion.

By Neil de Grasse Tyson

Science and art are profoundly similar in many ways. Both

emerge from the deepest regions of human creativity, nur-

tured by an individual's passion for and commitment to a

discipline. In everyday conversation, we are as likely to

hear (or to say ourselves) "She's got it down to a science"

as to hear "He's raised it to an art."

In other ways, though, science and art are profoundly

different. Each of the most important scientific theories

of all time came from the minds of undeniably great sci-

entists but would eventually have been discovered by

other scientists. Occasionally an important theory or dis-

covery has been rushed to publication due to the author's

fear of being scooped by someone else. Leonardo da

Vinci, however, didn't have to "rush paint" his Mona Lisa

for tear that somebody else would create an identical por-

trait. And if Ludwig van Beethoven had never been born,

nothing remotely approximating his famous Ninth Sym-

phony would ever have been written by anybody, any-

where, at any time.

Art can be described as an expression of the beauty, the

tragedy, and the complexity of the human condition.

Central to expressing this complexity is the need to ex-

plore our sense of place and purpose in the world. If the

discoveries of science are viewed by the layperson as de-

tached from this calling, then one would never expect sci-

ence to inspire an artist's creativity—or, more specifically,

one would never expect an artist to be attracted to scien-

tific themes.

For much of the twentieth century, science fiction's

image of scientists was of the lab-coat-wearing, test-tube-

holding, unkempt-looking, wild-haired, antisocial variety.

But what mattered more than this stereotype was that most

scientists conducted their work within the confines of labo-

ratories and rarely communicated their findings to the gen-

eral pubhc unless the results had direct imphcations for a

nation's health or defense. Even then, these outcomes were

only occasionally presented by the scientists themselves.

True, the great physicists Galileo, Newton, Laplace,

Faraday, Eddington, Jeans, and Einstein all wrote popular

accounts of their work. But they were exceptions. Within

the past decade or so, it's become expected (and even com-

mon) for scientists, as well as traditional science writers, to

communicate discoveries to the public through magazines,

books, television, and public lectures. Nowadays, during

any week of your choosing, a dozen science programs ap-

pear on PBS and cable TV channels, and multiple science

stories make headlines in the daily newspapers.

Take a recent two-month stretch in my own hfe: I saw

the Tony Award-winning play Copenhagen on Broadway,

and the audience was transfixed by the reteUing of impor-

tant episodes in the history of particle physics in connection

with the making of the first atomic bomb. I noted that

Brian Greene's Elegant Universe, a book on the search for a

theory of everything, was stOl high on best-seller Hsts. I at-

tended a dance performance entitled Elements, which fea-

tured four dancers (Earth, Air, Fire, and Water, of course)

and was inspired by modern geology and geophysics. And I

attended another dance performance, called Strings, which

was inspired by string theory and the major tenets of the

big bang theory. I also read about a new play that explored

mathematical theorems. Its title? Proof.

These new domains for the creative voice surely reflect a

broader movement in society at large. If artists' choice of

subject matter is any indication, the pubhc has embraced

science as never before—not as something cold and distant

but as something vibrant and within reach. People are be-

ginning to feel that the cosmic discoveries made by mem-
bers of our own species—from the mysteries of the big

bang to the stellar origin of the chemical elements of Hfe

and the mapping of the human genome—belong to us all.

People see, perhaps for the first time, that they are no

longer bystanders in the scientific enterprise but vicarious

participants.

As Natural History's new century begins, I wonder

whether the discoveries of modern science—those of as-

trophysics in particular—are numerous enough and acces-

sible enough to warrant the declaration that we are enter-

ing a new era of artistic inspiration. Like the religious and

mythological sources that so influenced art before and

during the Renaissance, the cosmos has become a the-

matic source for the arts of our own day. I'd bet that the

theories and discoveries ofmodern science have a limitless

capacity to awaken human emotion and trigger unbridled

wonder. If so, artists can now count among their many

muses the secrets of the universe. D

[
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by Leil Lowndes

E#on't you hate it?

The prospect of walking into a room that's pacited

with strangers, approaching someone you've never

met and striiting up a conversation.

It's natural to feel uncomfortable. Are you

making a positive first impression? Are you

saying the right things?

Well, don't be discouraged. You're not alone.

Many top executives, politicians and celebrities

dread these situations.

Master any encounter.
These high-profile people are among my

clients. Despite their wealth and fame, they

often confess that meeting and talking with

strangers makes them uneasy 1 turn them into

polished, expert conversationalists.

Never underestimate the value of conversa-

tional skills! In a recent study, Stanford

University MBA graduates were surveyed.

What factor predicted success? Not grades.

Instead, the most successful individuals were

those who were comfortable and confident talk-

ing with anybody!

When 1 teach people these abilities, they experi-

ence dramatic, positive changes in their lives and

careers. Now I've put all of my techniques into an

exciting new audio-cassette program.

Conversation Confidence .

Reap the rewards.
Have you ever said to yourself, "1 wish 1 had

spoken up"? Or, "If only I had introduced

myseir'? Or, "Did 1 say the wrong thing"?

Conversation Confidence is the answer Just by

listening, you'll master the proven interpersonal

skills you need to deal with every individual,

ever}' group, ever}' occasion.

The result? New doors will open to you. You

won't hesitate to accept an invitation, to

approach someone important, to seize an

opportunity. You'll never again feel like an out-

sider Success will naturally flow your way

—

and with less effort than you ever imagined

possible.

Internationally acclaimed communications expert

Leil Lowndes is a best-selling author and speaker

who also coaches private clients, including top

Fortune 500 executives.

The King of Conversation
raves about Leil Lowndes!
"You'll not only break the ice,

you'll melt it away with your new
conversation skills."- Larry King

Winning strategies.

Here's just a sampling of the secrets you'll

discover in Conversation Confidence:

/The two most powerful "instant rapport" tech-

niques. Use them and you'll always make a ter-

riflc first impression.

/How champion socializers and big winners "work" a

room.

/The four rules of effective "small talk'^—and the

one huge error many people commit.

/How to converse intelligently on any subject—even if

you know little or nothing about it!

/Magic phrases that never fail to win a new
acquaintance's trust and goodwill.

/How to handle difficult people. Ingenious ways to turn

even the fiercest tigers into pussycats.

/Is she (or he) romantically attracted to you?
How to know for sure.

/Someone mentions something you have in common.

Wait! Don't reveal it right away Here's why

/Are you hearing the truth—or a lie? Watch for

these critical tip-offs.

/Phone power! How to get through to "unreachable"

people.

/Ten often-heard expressions—that you should

never say.

/Get what you want! Shrewd tactics to negotiate, per-

suade, sell. A powerful six-step formula to win others

over.

/And much more!

NO-RISK trial offer,
plus a great FREE BONUS.
Test this terrific program for only S29.95. Put it

to work—and watch what happens. I guarantee

that with Conversation Confidence, you'll be a

winner on every occasion, or it costs yuu nothing!

You'll receive the two Introductory tapes of

the program to audition for 30 days. Listen to

them as many times as you wish. Then, decide

if you want the complete program. You may

keep the Introductory tapes, or return them for

a prompt, full, no-hassles refund of the pur-

chase price Fair enough?

you'll also receive a FREE BONUS:
the Memory Advantage tu^o-hour course.

This two-tape program will give you the abil-

ity to remember names and faces like never

before. It's the perfect companion to

Conversation Confidence and it's yours free

Even if you return Conversation Confidence and

claim your refund, the bonus is yours to keep!

Now you can possess the self-assurance and

skills to meet and talk with anyone, anywhere,

any time. You'll never miss another chance to

make a promising new business contact or

friend, to win his or her trust, to achieve your

goals.

Unleash the power of Conversation

Confidence and start to create a real differ-

ence in your life. Order today!

CALL TOLL-FREE 1-877-630-9977
Or FAX your credit card order to 949-361-5624 • www.verbaladvantage.com

_ My check lor S34.90 is enclosed, ($29.95 plus S4.95 S&H)

Chatgemy: DVIso DMosterCord aAmericon Express ^Discover
' _^ verbalAdvantage
-* ""-—

3^80 La Rata. Dept.5455

n YES ^^" Clemente. CA 92673

I want to test Conversation Confidence'"

without risk. Rusli me tlie two Introductory

tapes. Please include my free bonus, ttie

.Memory .Advantage two-hour course.

I may audition the Introductory tapes for

30 days. Later. I can decide if I want the

complete program. If I'm not totally satis-

fied, I may return the two tapes within the

one-month trial period for a prompt, full,

no-hassles refund of the purchase price. The
free bonus is mine to keep, regardless.
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A Hundred Years of Missing Links

5(' ///(///]' fossil honiiiiiils litiir been discorciVil

since 1900 that they now consiitntc (in

embcirrassiiicnt of riches.

By Ian Tattersall

The first 101 1 \v.irs oi Winthil Hisiory correspond almost ex-

actly to the peruKl within which vvc Homo sapiens finally

began to acquire a reliahle perspective on how we fit into

the living world. At the beginning of the twentieth century,

philosophers still regarded humans as unique and assumed

that a wide gulf separated us from the animal kingdom.

Sure, Charles Darwin had hinted as early as 1859 that the

origins of humanity might be sought within the rest of na-

ture. And at about the same time, the first fossil of an early

human—the Neanderthaler from Germany's Feldhofer

Cave—had been recognized as a phenomenon requiring ex-

planation. But during the nineteenth century, there was no

established framework for interpreting the sparse evidence

Henry Fairfield Osborn chose to

ignore Darwin's correct guess that

Africa was the cradle of mankind.

of human origins. Even Thomas Henry Huxley, Darwin's

vocal defender and an advocate of the theory that nature

"does sometimes make jumps," dismissed the Feldhofer fos-

sil (consisting of a skullcap and some Hmb bones) as a prim-

itive variant of humanity, rather than allowing for the exis-

tence of another species close to the human hneage. This

viewpoint remained dominant throughout the rest of Dar-

win's cenniry, although the Irish anatomist William King

did go against the flow and assigned the Feldhofer individual

to a separate species. Homo neanderthalcnsii, for the splendidly

nineteenth-centun,- reason that "the thoughts and desires

that once dwelled within [the skullcap] never soared beyond

those of the brute."

It was left to the scientists of the twentieth century to de-

velop a larger notion of our evolutionary past that could in-

corporate the gradually expanding human fossil record.

Among the early additions were the Pitlicavitliropiis (Homo

erectus) fossils (the so-c;illed Java man) from a human-sized

Homo ergaster as reconstructed by British artist John Holmes

for the Museum's Hall of Human Biology and Evolution

hoinimd with heavy brow ridges and a brain of intermediate

size. Their discovery in 1.S91 by Eugene Dubois began to

reshape anthropology,' "s view of human (jrigins. If critics of

Darwin had complained oi the "missing link" between hu-

mans and other primates, the Java fossils were the first of

what would eventually be so many links that no one knew

quite what to do with them all.

The prevailing scholarly influence in the early years of

Natural History's existence—when it was a skinny pamphlet

entitled Tlic American Museum lounial—was e.xerted by a co-

terie of British paleoanthropologists who were still in thrall

to a set of archaic influences dating back to the origins of bi-

ological anthropology in the eighteenth century. At that

time, the discipline's primary concern was to categorize and

explain the variety of humans that Europeans were encoun-

tering in their explorations of the globe. And with Euro-

peans as the observers, it was hardly surprising that a racist

tradition rapidly developed, with supposedly primitive hu-

mans such as Australian Aborigines and Africans at the bot-

tom of the heap and Europeans (specifically the Brits) at the

top. Unfortunately, this unpromising framework imposed it-

self on the interpretation of the growing human fossil

record, and shaking it off required most of the century.

One great obstacle was that, in 1912, the "earhest Eng-

lishman," the big-brained and putatively ancient (but of

course fraudulent) Piltdown fossil, was accepted as a lineal

human ancestor. As a result, the Australopithecus skull found

in Taung, South Africa, in 1924—pointing to the existence

of a four-foot-tall, upright hominid with a chimp-sized

brain—was dismissed as belonging to an exdnct side branch.

It took until 1953 for Piltdown to be conclusively revealed

as a hoax and for the initially snubbed Taung skull to be rec-

ognized as one of the keys to understanding the human past.

The Asian Homo erectus fossils Pithecanthropus and Siuauthro-

pus (Java man and Peking man) were also shunted aside dur-

ing the 1930s, and the large-brained European Nean-

derthals, too, were considered an unsuccesshil side branch

that had left no descendants. The net effect of such interpre-

tations was to produce a human family "bush" with multiple

branchings and terminal twigs.

The dominant voice in Natural History from about 1908

unril 1935 was, unsurprisingly, that of the Museum's power-

ful president, Henr)' Fairfield Osborn. Osborn followed his

colleague W. D. Matthew in placing human origins in cen-

tral Asia, where he belie\-ed the "Dawn Men" had evolved

in the "invigorating . . . atmosphere of the . . . diy uplands."

This norion fit nicelv with his desire to distance humans as
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far as possible from the African apes—hence, his dismissal of

the significance of the Taung skull. Osborn chose to ignore

Darwin's correct guess that because Africa was where goril-

las and chimps lived, the cradle of mankind would be found

there. While it appalled the British, who were convinced

that the purported Dawn Men arose some twenty-five miles

from Charles Darwin's home in Kent, Osborn's Asian the-

ory also suited Davidson Black, head of the laboratory in

Beijing (then called Peking) where the newly discovered

Peking man fossils were under study during the 1930s. A
Canadian, Black had gone to Beijing expressly to be near

the hominid homeland.

With Black's premature death in 1934 and his replace-

ment by the German anatomist Franz Weidenreich, the pic-

ture changed again. Weidenreich, who was of Jewish de-

scent, had personally experienced Nazi racism, and this

doubtless affected, or at least reinforced, his perceptions of

Our elimination of the competition,

leaving us as the lone hominid on

Earth, should make us think hard

about the kind of creature we are.

human evolution. Weidenreich rejected the then-conven-

tional wisdom that regarded each new huinan fossil as "a

side branch ot the niain stem." Instead, he saw continuity as

the main message of the human fossil record. While ac-

knowledging the differences among the geographic varieties

ofmodern and fossil humans, he concluded that interbreed-

ing was, and always had been, an integrating factor among

human populations worldwide.

Weidenreich came to the Museum in 1941, just before

Homo ergaster inhabited East Africa some

1.7 million years ago.

the Japanese invaded Beijing

and his beloved Peking man
fossils were lost in the shuf-

fle (although the plaster casts

he had sent to New York

survived). Weidenreich's

views proved congenial to

his new colleagues. This was

the moment when curators

Ernst Mayr and George

Simpson, along with their

Columbia University col-

league Theodosius Dob-
zhansky, were putting the

finishing touches on what

became known as the syn-

thetic theory of evolution:

an integration of paleontol-

ogy, systematics (classifica-

tion), and population genet-

ics that was to dominate

biologists' view of evolution A Homo sapiens individual studi*

for decades to come.

According to the purest version of the synthetic theory,

virtually all evolutionary phenomena could be boiled down

to gradual genetic changes in individual lineages of organ-

isms, taking place over vast periods of time and under the

benign guidance of natural selection. Here was a view of the

evolutionary process supremely well suited to Weidenreich's

graduahst, fossil-based scheme, although Weidenreich him-

self continued to hew to older—and outmoded—notions of

how evolution occurred, including the idea that evolution

somehow proceeded toward a predetermined goal. And
such was the influence of the synthetic theory and its highly

vocal advocates that by the early 1950s, previous interpreta-

tions of human evolution had been swept away, replaced by

a linear view beguiling in its simplicity: the small-brained

Australopithecus gave rise to the medium-brained Homo erec-

tus, which in turn begat the large-brained Homo sapiens.

Such simplicity was too good to last, especially when a

flood ot hominid fossil finds in the 1960s and 1970s showed

that a substantial variety of extinct, humariHke creatures had

walked on Earth. Among them were the so-called robust

australopithecines and Homo habilis, found by Louis and

Mary Leakey at Olduvai Gorge, Tanzania, and Australopith-

ecus afareiisis (best known in the form of the Lucy skeleton),

tound by Donald Johanson in Ethiopia. StiU, anthropolo-

gists' vigorous attempts to fit them aU into a linear scheme

continued right into the 1970s—and indeed, some anthro-

pologists today honor Weidenreich as the father of the



letons of our nearest extant primate relatives.

"niultiregional liypothesis," which contends that despite re-

gional variation. Homo erccttis was a single population that

evolved throughout the world into Homo s^ipiciis. But the

new fossils, together with hesh developments in evolution-

ary' theory, e\"entually produced a widespread recognition

that multiple honiinid species coexisted in the past.

Recent evidence indicates, for instance, that Homo crcctus

overlapped in time with Homo Siipiciis and that robust aus-

tralopithecines (large-boned hominids with enormous jaws,

huge teeth, and smallish brains) coexisted with early Homo

in southern and eastern Africa. These hominids competed

with each other as well as with other kinds ot organisms.

What this dynamic picture has taught us, above all, is that

Homo sapiens is very unusual in being the lone hominid on

Earth today. Just because this is the situation we happen to

be familiar with does not mean it is a typical state of affairs

—

and our elimination of the competition should make us

think hard about the kind ot creature we are.

As ever, and as readers ot Natural History well know, it

was events at the American Museum of Natural History,

home of the new synthetic theory and a perennial source of

new ideas in evolution, that pro\'ided the theoretical com-

ponent for a reappraisal of the hominid fossil record. In 1972

curator Niles Eldredge and Harvard paleontologist Stephen

Jay Gould (who had done research at the Museum during

gratiuate school) pubhshed a paper in which they accounted

for the predominant pattern in the fossil record ot all kinds

(( f'/i/f'/ui/d/

of organisms—a pattern of discontinuity, not of continuity.

Species tend to make rather sudden appearances in the

record, persist relatively unchanged for var^'ing and often

long periods of time, and then disappear, to be succeeded by

other species. This pattern of "punctuated equilibrium" de-

scribed by Eldredge and dould corresponded exacdy to

what the rapidly expanding honrinid tossil record had been

suggesting in the dozen years since Louis and Mary Leakey

iiad begun to make their discoveries at Olduvai Gorge.

Once again, it began to appear that our species, Homo
sapiens, tar from occupying the splendid summit ot the tall,

slender, minnn.ilK' br.inching human family tree favored by

the proptjuents ot tiie syntiietic theory, was no more than

the single surviving terminal twig among the many that had

existed over the eons. And regular addiuons to the fossil

record continue to reintorce this sobering conclusion. I re-

cently received an e-mail trom China that inquired, rather

worriedly, whether it was true that I believed that at least

seventeen species are represented in the known hominid fos-

sil record. That sounds like a lot, and it had me worried too

for a moment, but a quick tally rapidly contirmed it. And
because of this multipUcity of species, the human tamily tree

is, ironically, beginning to look—superficially, thank good-

ness—rather hke the earher constructs that Franz Weiden-

reich so disliked. But this time, the picture is based on sound

biological reasoning rather than on arrogance and prejudice.

The latter half of the twentieth century' also saw physics

and chemistry produce some remarkable tools that could be

appUed to anthropology. Molecular biologv; for instance,

revolutionized the methods of determining how closely an-

imals are related to one another. Using a "molecular clock,"

Berkeley biochemist Vincent Sarich calculated that humans,

chimps, and gorillas shared a common ancestor about 5 mil-

hon years ago—much more recently than the 1 5 to 20 mil-

hon years ago that "bone" paleontologists had previously

beUeved. Researchers have even recovered DNA from Ne-

anderthal remains and concluded that it is significandy dif-

ferent from human DNA. Some have apphed molecular

techniques to estabHshing that all of humanity is traceable to

a small population that lived in Afi-ica a few hundred thou-

sand years ago.

So Natural History'^ century has been an eventful tune in

the histoiy of human evolutionan,- studies, reminding us

how complex scientific belief is and how subject to rapid

change. Paleoanthropolog\' today bears httle resemblance to

the field in which I began to work nearly torn,' years ago,

and there is no reason to believe that today's version will be

any more recognizable a century hence. Fortunately, how-

ever. Natural History will be around to record the changes as

they happen. D
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Reading Nature's Tea Leaves

Our ideas about nature reveal as much about

ourselves and our cultures as they do about the

world around us.

By Frans de Waal

A journalist once told of being sent into the office of Kon-

rad Lorenz, the famous Austrian ethologist, with assurances

that he was expecting her. His office appeared to be empty.

Asking around, however, she was told that Lorenz had never

left. Eventually she discovered the Nobehst partially sub-

merged in an enormous aquarium that was built into the

office wall.

The Fox and the Raven, early fifteenth century, Austria

This is how we Uke our biologists: as close to their ani-

mals as possible. Our expectations go with their special sta-

tus as society's high priests of nature, the intermediaries be-

tween us and where we came from. Mathematicians,

chemists, and astronomers can be greatly admired, yet the

task of putting us in touch with our creaturely past and re-

flecting on the human condition falls to the biologist. It is an

ancient function once fulfilled by stories such as the fables of

Aesop and La Fontaine. MoraUzing accounts are still with

us, but scientists are gaining the upper hand because they

supposedly tell us the unvarnished truth about the animal

world and, by extension, about ourselves.

It would be naive, though, to think there is no connec-

tion between a scientist's social, cultural, or moral outlook

and the way he or she sees nature. As has been pointed out

many times, Darwinism, with its premise that competition

drives the evolutionary process, arose while EngUsh society

was moving toward capitalism. Siinilarly, in the early part of

the last century, both postrevolutionary Russia and the

United States—two cultures vdth faith in the abihty of hu-

mans to control their own future—emphasized the power of

learning and behavioral modification of the sort champi-

oned by Ivan Pavlov and B. E Skinner. At about the same

time, in more conformist Europe, ethologists such as Lorenz

became enamored of the concept of instinct and the behav-

ioral constancy it imphed.

Even those who view people as fundamentally distinct

trom animals—claiming, for example, that animals are en-

slaved by instinct whereas humans are entirely driven by

culture—are themselves projecting cultural prejudices onto

nature. In reality, the relationship between nature and cul-

ture is much like the situation of the elephant and the

Moralizing about human nature

Is a task once fulfilled by animal

stories, such as the fables of

Aesop and La Fontaine.

mouse walking side by side over a rickety wooden bridge.

Above the noise, the mouse shouts, "Hey, listen to us

stamping together!" People who claim that humans have

left behind their biology suffer from the same delusions of

grandeur as the mouse. They barely realize they are walking

next to human nature, the elephant that sets the tone of

everything we do and are. Consequently, naturalists' contri-

bution to humanity's "Know thyself" mission can be un-

derstood only in the context of the tinted glasses through

which each one stares into nature's mirror. Removing these

glasses is next to impossible, so the next best thing is to

compare the view through an alternative pair.

A Htde-known but teUing example is that Western and



Eastern scientists once held contrasting views about our

closest animal relatiws, the yreat apes. The Western view

was Kousseauian: like noble savages, apes were seen as self-

sufficient—free of social tics and obligations. To field biolo-

gists who encountered them in the forest, the parties of

chimpanzees traveling in apparently haphazard combinations

from one fruit tree to the ne.xt seemed to confirm the lack

of a coherent group life.

In the IVf)()s, however—at the same time that Jane
Cioodall, working in the Combe Stream Reserve in Tanza-

nia, speculated that females and their dependent offspring

might be the only bonded units in chimpanzee society

—

a

Japanese team studying chimpanzees a mere eighty miles

away was operating under a quite difFcrent assumption: that

these apes, which supposedly filled the gap between our-

selves and other animals, must have a complex social life.

Much Eastern art reveals a great sensitivity to animal behavior, as in this late-twelfth-century

Chinese fan painting of gibbons raiding an egret's nest.
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Far from being unique to humans,

cultural learning is widespread in the

animal kingdom. Newcomers to the

bonobo colony at the San Diego Zoo

soon pick up the habit of clapping

hands during grooming sessions.

Eventually, through persistent field observations, the team,

led by primatologist Junichiro Itani, showed that chim-

panzees do in fact live in large communities with stable

memberships. Today the communal life of the chimpanzee is

taken for granted—we have abundant evidence for territorial

warfare between different communities and for group-

specific social tradi-

tions—but the initial

finding came out of a

conviction on the

part of Japanese re-

searchers that chim-

panzees could not be

as individualistic as

Western science had

made them out to be.

Their own culture's

emphasis on the indi-

vidual as part of the

group had put Japan-

ese researchers on the

right track for mak-

ing this discovery.

My goal here is

not to propose some sort of cultural relativism of knowl-

edge, as if everything depends on the investigator's back-

ground. The beauty of science is that it has rules of evidence

that allow us to sort through various perspectives until we

find the one most consistent with the data. Conflicting ways

of looking at nature enrich this process: culturally or even

ideologically charged theories are fine so long as they can be

tested against reality. This is what distinguishes science from

storytelling.

Within the Western tradition, the greatest contrast in

outlook has been between those who accept and those who
reject the natural condition. Take, for example, England's

two Terrible Toms, who were convinced that nature is not

to be trusted. Thomas Hobbes, the seventeenth-century

philosopher, depicted us as acting Uke wolves toward one

another: Homo homini lupus. In a single move, he managed to

deny humanity's talent for group Uving and to misrepresent

a carnivore marked by an extraordinary degree of coopera-

tion. Hobbes claimed that, left to their own devices, people

are not fit for civil society; they need to be controlled and

educated so as to overcome their basic impulses.

Darwin's fiercest advocate, Thomas Henry Huxley,

dressed the same view in evolutionary terms, claiining that

because natural selection was such a harsh process, it could

not possibly have produced kindness and morality. Ifwe oc-

casionally find these gentler tendencies in human society, he

asserted, they must be culturally imposed. For most of his

Hfe, unable to imagine evolutionary advantages to altruism

and cooperation, Huxley saw nature as an unruly garden,

kept under control by a hardworking gardener.

Darwin himself had made it clear in the Descent ofMan
that there was plenty of room for the evolution of ethics.

Believing that animals share our kindest inclinations ("many

animals certainly sympathize with each other's distress or

danger"), he proposed that any animal endowed with well-

Westem culture's belief that humans are

spedal, different from other animals,

has wavered little over the ages.

defined social instincts would inevitably acquire a moral

sense if its intellectual powers became more developed. But

it was Huxley's view ofhumans as a species at war with itself

that became the cornerstone of Sigmund Freud's Civilization

and Its Discontents and that is still recognizable in the state-

ments of some of today's biologists, such as the British evo-

lutionist Richard Dawkins, who in a 1997 interview en-

dorsed Huxley thus: "What I am saying, along with many

other people, among them T H. Huxley, is that in our po-

htical and social Hfe we are entitled to throw out Darwinism,

to say we don't want to live in a Darwinian world."

The pessimists have not ruled unopposed, however. For

example, the Russian anarchist Peter Kropotkin pointed out

in his 1902 book Mutual Aid that many animals survive

through cooperation. Sometimes depicted as a romantic,

Kropotkin was far firom naive when he asked whether ani-

mals hostile to one another are fitter than those seeking one

another's company and support. Inspired by animals in a

Siberian environment so unforgiving that outcompeting

An early discovery of culturally transmitted behavior in

animals was made on a Japanese island where macaques learn

from one another to wash sweet potatoes before eating them.
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A thirteenth-century Chinese handscroU depicts renowned calligrapher Wang Hsi-chih deriving inspiration for his writing from

the movement of geese on a lake.

others could liardly be the primary issue, he saw coopera-

tion as behavior born of necessity: "It is not love, and not

even sympathy . . . which induces a herd of ruminants or of

horses to form a ring in order to resist an attack ot wolves."

At about the same time, the American philosopher and

educatorJohn Dewey criticized Huxley for imagining that a

gardener could go against nature. The successful gardener,

said Dewey, achieves his ends by creating conditions that

"fall within the wont and use of nature as a whole."

In their emphasis on humanity's social nature, both

Dewey and Kropotkin were more Darwinian than was

Huxley, who acted entirely on his own when he kicked

morality outside the evolutionary framework. As noted by

his biographer Adrian Desmond, "Huxley was forcing his

ethical Ark against the Darwinian current which had

brought him so far." Clearly, the Darwinian world seems far

more livable than Hir>dey s, which has little to offer by way

of amelioration other than an artificial civiHty.

Both ways of looking at nature—as something we need

to subjugate or as the source of everything we are, both

good and baci—have coexisted for centuries, and not only in

the West. In fourth century B.C. China, the Confucian

philosopher Mencius postulated that humans tend toward

the good as naturally as water flows downhill. He disagreed

with a fellow philosopher who, defending a view not unlike

Huxley's gardener-and-garden metaphor, stated that making

human nature righteous is hke fashioning a wooden cup or

bowl out of a willow. Mencius replied, "Can you, leaving

untouched the nature of the willow, make with it cups and

bowls? You must do violence and injury to tlie willow be-

fore you can make cups and bowls with it. It you must do

violence and injury to the willow in order to make cups and

bowls with it, on your principles you must in the same way

do violence and injury to humanity' in order to fashion from

it benevolence and righteousness! Your words alas! would

certainly lead all men on to reckon benevolence and right-

eousness to be calamities."

In this portrait by eighteenth-century British painter Thomas

Gainsborough, humans dominate an agricultural landscape.

And so the question of how the study of nature has

shaped our self-image inevitably invokes the observation

that the causal relationship between the two is hard to figure

out. We tend to see what we w^ant to see. \'\-hat we have

been conditioned to see. In his 1997 book T\k Origins of

I'irtue. for example, biologist and science writer Matt Rid-

ley cites the opinions of Margaret Thatcher ("There is no
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such thing as society. There are individual men and women,

and there are families") and Newt Gingrich to make the

point that political conservatism is in Une with the me-first

side of evolution. He argues that we are doomed ifwe keep

denying our species' inherent opportunism and egoism. By

contrast, Francis Fukuyama, in Tlie Great Disruption (1999),

uses the latest insights into primate behavior to make the

point that our societies have drifted away from the condi-

In the Great Chain of Being—an enormously influential

philosophical concept in the West—humans are assigned a

position just below the gods.

tions that cause us to form groups in the first place: "We're

programmed to cooperate in groups, to be joiners, to feel

accepted." Fukuyama, a professor of public poUcy at George

Mason University, stresses how being surrounded by a

tightly knit community—such as an old city neighborhood

where everybody knows everybody—enables young

women to walk the streets at night without fear and permits

store owners to trust passersby. Thus, whereas Ridley advo-

cates a devolution of centralized power in order to set the

individual free, Fukuyama speaks of social capital and civic

duty and of the importance of social networks.

We should always be suspicious of simple lessons drawn

from nature, however. There is no domain wdth more contra-

dictions and diversity. Both Pddley and Fukuyama have a

point, and both rightly feel they have biology on their side.

If such contrasting views can coexist within a single cul-

ture, one can imagine the differences that can exist between

cultures. Again, comparisons ofEast and West are instructive.

Western culture is marked by an enduring belief that humans

are special, different from other animals. Even today—with

all we have learned about our genetic relatedness to the other

great apes and about their remarkable social and emotional

lives—certain topics in animal behavior are stiU considered

taboo. When a gorilla at Illinois's Brookfield Zoo rescued a

child who had fallen into her enclosure, for example, some

scientists saw this as a sign of sympathy (much as Darwin

might have), while others considered such an interpretation

far too anthropomorphic. Yet from an evolutionary perspec-

tive, the most conservative view is that if an animal closely

related to us acts Hke us, the emotional and cognitive under-

pinnings of the action must be similar, too.

I found myself reflecting on this recently while on sab-

batical in China and Japan, doing research for a new book

on the possibihty that animals have culture. In the West, the

concept of the Great Chain of Being—derived from the

ideas of Plato and Aristotle—has had a spectacularly long

and influential life. The essence of this notion is that all

forms of life have their proper place on a ladder, with the

humblest organisms at the bottom and divine beings at the

top. Humans sit high up on the ladder, above all other ani-

mals. Nearly 2,000 years after this idea was put forth, and

more than a century after Darwin provided an explanation

for the evolutionary connectedness of all organisms, the

concept—modified and in modern dress—often still colors

the way Westerners (biologists and laypersons alike) think

about humanity's place in nature. The idea of such a hierar-

chical chain of life is, however, alien to Eastern philosophy,

which maintains that all living things are spiritually con-

nected and that the human soul—or any other soul—can be

reincarnated in many shapes and forms. A man can become

a fish, and a fish can turn into a god. The presence in Asia of

In the East the Idea of evolution was

never controversial; It was considered a

logical and welcome thought.

indigenous primates has served to strengthen the idea of

continuity. Eastern folktales and poetry are laced with refer-

ences to monkeys, and the three wise men of the Bible are

matched in the East by the three wise macaques of Tendai

Buddhism ("see no evil, hear no evil, speak no evil").

If the soul can move from monkey to human and back

again, there are no grounds to resist the idea that we are his-

torically as well as spiritually connected. Not surprisingly,

the idea of evolution was never controversial in the East; it

was considered a logical and welcome thought. According

to Junichiro Itani, "Japanese culture does not emphasize the

difference between people and animals and so is relatively

free from the spell of anti-anthropomorphism—^we feel that

this has led to many important discoveries." Japanese scien-

tists, assuming that every animal had a distinct personality,

identified and named each individual. The initial response of

many Western scientists was to ridicule their Japanese coun-

terparts for humanizing their subjects.
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It was in this climate that in 1952 Kinji Imanishi, the fa-

ther ofJapanese priniatologN', wrote a book that criticized tlic

view of animals as automatons driven by instinct. Included ni

the book was an imaginary' debate among a wasp, a monkey,

an e\i)liituimsi, ,iiui .1 l.nni.in .ilnuit the possibility that ani-

mals otiier than ourselves might have culture. Imanishi, con-

vinced that they might, outlined a simple principle: if indi-

viduals belonging to a group learn from oiie .iiiotiier, their

behavior may, over time, become different from the behavior

found in other groups of the same species, thus forming a

characteristic culture—in other words, behavior and customs

that are transmitted socially rather than genetically.

Imanishi's views inspired other Japanese scientists and set

the stage tor the discovers- of a host of culturalh' transmitted

behaviors, beginning with the e.xciting finding, now tamil-

iar to schoolchildren around the world, that between 1952

and 1958 the macaques of Koshnna Island picked up from

one another the habit of washing sweet potatoes before eat-

ing them. Increasingly, Western scientists have followed the

lead of their Japanese colleagues, and we now know that

cultural learning is widespread in the animal kingdom

—

from young birds learning to sing and chimpanzees master-

ing the use of termite-fishing twigs and nut-cracking

stones, to whales adopting unusual hunting techniques.

Orcas living in the waters offArgentina, for example, some-

times hurl themselves onto a beach and grab one of the seals

breeding there. This is a hazardous technique that, if per-

formed incorrectly, may lead to the stranding and death of

the whale. Adult orcas have been seen encouraging their

young, pushing them onto a "practice" beach where no

seals are present. If the young get stuck on the sand, the

adults help them out by creating waves. At the San Diego

Zoo—and as tar as we know, only at this zoo—bonobos

regularly alternate grooming a partner with clapping their

hands (or feet) together. Newcomers to the colony may

adopt the habit within a couple of years.

Even though symbolic communication and education

undeniably make human culture far more complex, the way

people learn from one another doesn't seem frindamentally

different from the way anim;ils do. But in the West, the idea

that animals might have culmre still meets with resistance.

Here, the social sciences and humanities have accorded cul-

ture the status previously reserved for the soul—that is, as

the attribute distinguishing us from all other life forms

—

and this leads to the assertion, repeated so often as to be

trite, that culture is what makes us human. Not surprisingly,

it feU to non-Western scientists, untrained in such sharp du-

alisms, to come up with the concept of animal culture.

Reading the tea leaves of nature cannot be left to a single

priesthood. Each culture is too wrapped up in its own rela-

tionship with nature to step back and see it as it is. To gain a

full picture requires all kinds of scientists, who together take

on a task equivalent to comparing the images in a range of

fun-house mirrors. Somewhere in that heavily distorted in-

formation resides the truth about the reflected object. D

^-IL:-

Scenes of Hermits' Long Days in the Quiet Mountains, by Tang

Yin (1470-1523), China
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The Laughing Species

A familiar vocal act reveals its evolutionary past.

By Robert R. Provine

Among friends, we voice our instinctive social call of "ha-

ha-ha," a sound more like the cries and songs of wild ani-

mals than like human speech. And when we hear laughter,

we often bark back "ha-ha-ha," joining fellow Homo sapiens

in a bizarre, contagious chorus. Our brains have a built-in

laugh detector, which, once triggered, activates a neural cir-

cuit that produces the movement we ultimately hear as

laughter. Somehow, all members of our species usually man-

age to laugh at just the right times, without consciously un-

derstanding what they are doing. A universal human signal,

laughter is generated and recognized by people of all cul-

tures, yet it has only recently come under scientific scrutiny.

I began my study of laughter a decade ago, in the course

of a thirty-year search for the neurological bases of behav-

Contagion of a happy sort unites a group of playmates.



ioral dcwlopmcut .uul c\'okitioii, wliu h I sukIk-iI in stages

ranging from embryo to adiiltliood. I was partieularly inter-

ested in "behavioral fossils," such as the neurological vestiges

of flight in living flightless birds. No ostrichlike bird I tested

(emu, rhea, ostrich, cassowary) manifested any beha\ioral

trace of its flighted past, never flapping under any circum-

stances. IVngums, by contrast, flap their way underwater,

though in ,ur they are flightless and haw lost the neurobe-

havioral mechanism that triggers flapping in flighted birds

when they tall froiu a height. In pursuit of bigger game, I

began searching for similar archaic behavior in humans, fo-

cusing on the apparciuK' primitive vocalization of laughter.

My choice was pardy tacti-

cal. When a researcher is inves-

tigating a neurological mecha-

nism, it's best if everyone has it;

besides, the neuromuscular

basis of "ha-ha" is more easily

understood than that of com-

plicated vocalizations such as

speech. To my surprise, little

was known about the act ot

laughter. Most ot what I found

concerned humor—specula-

tions about what makes jokes

funny, or frothy tracts about

"laughing your way to health."

So in the tradition of an an-

thropological field study, three

undergraduate research assis-

tants and I set out to observe

laughing people in their natural

habitats, from the university

student union to suburban

maUs and city sidewalks.

Whene\'er we heard laugh-

ter, we noted what had been

said immediately before it oc-

curred, the gender of the

speaker and the audience (the

person addressed), and whether

it was the speaker or the audi-

ence who laughed. Our collec-

tion of 1,200 cases of natural

laughter yielded several find-

ings so unexpected that ini-

tially I did not beheve them.

Most laughter was not a re-

sponse to jokes or other formal

attempts at humor; the typical

pre-laugh conunents, such as "I've got to go now" or

"Look, it's Andre," were hardly knec-slappcrs. And unlike

the scenario of comedy performance, speakers laughed al-

most 50 percent more often than their audiences.

The critical stimulus for laughter was the presence ofan-

other person, not the cracking of a joke—or, for that matter,

a sight gag, comic gesture, or other visual cue (plenty of

laughter is present in telephone conversations, a purely audi-

tory mode of communication). This requirement was con-

firmed in a study in which a group of my students kept a

diary of the circumstances of their own laughter. When the

students were by themselves and the sources of vicarious so-

cial stimulation were removed (television, radio, cinema,

reading), laughter almost totally disappeared. Even when we
are very happy, we seldom laugh when alone. The canned

laughter added to television shows taps another social aspect

of laughter: its potent tendency to trigger laughter in those

who hear it, synchronizing the response of an entire group.

Although Time magazine included laugh tracks in its "100

Worst Ideas of the Century," viewers do react to them by

laughing more and by rating jokes as funnier.

The response to tickling probably

evolved from an andent reflex

defense mechanism against predators

or external parasites.

In her best-selling book You Just Don V Understand, lin-

guist Deborah Tannen described gender differences in

speech. The gender differences in laughter may be even

more pronounced. In our 1,200 cases, we found that while

both sexes laughed a lot, females laughed the most, espe-

cially when conversing with males. In contrast, men may
yuk it up with their male pals but fall strangel)- silent in the

presence of women—in fact, a male speaking to a female

was the only gender combination that produced less speaker

laughter than audience laughter. In general, women are the

leading laughers, while men are the best laugh-getters. This

pattern develops early in hfe: think back to your high-school

class clown—most Ukely it was a guy.

Women may use their laughter as an unconscious vocal

display of compliance with or subservience to a more domi-

nant, usually male, group member. In many societies, from

the Taiiul ot southern India to the Tzeltal of southeastern

Mexico, laughter is a self-effacing behavior ofboth males and

females who occupy subordinate positions. It offers a reveal-

ing probe into hierarchical social relations because its not

consciously controlled and is relatively uncensored. By con-

trast, we exercise more conti'ol over word selection in speech.
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Ifyou doubt the involuntary nature oflaughter, ask a friend to

laugh. Some people may produce a burst of genuine laughter

at your unusual request, but even they wiH report that they

can't "laugh on coinmand" and will fail to produce convinc-

ing voluntary laughter We are better at intentionally inhibit-

ing than at intentionally producing laughter. (Crying, another

emotional signal, is even more difficult to control.)

Laughter is an infant's entree into sodety.

In a conversation, the speaker is apt to do most of the laughing.

Tickling is the most reliable stimulus for laughter. The
neurological basis for the response to tickling probably

evolved from a reflex defense mechanism that protected our

body's surface from external, moving stimuh—most often,

predators or parasites. The original reflex actions may have

ranged from brushing away an invader to ever more ener-

getic attempts to break free. The response to tickling is stiU

somewhat Uke a reflex (we laugh uncontrollably when tick-

led, struggle to escape the tickler, push away the tickling

hand). Beyond that, however, tickling is yet another social

context for laughter. One of our surveys indicated that

people tickle and are tickled by friends, family, and lovers

and that the rationale given most often for tickling someone

Women are the leading laughers, while

men are the best laugh-getters. Think

back: most likely, your high-school class

clown was a guy.

IS to show affection. Our nervous system conspires to en-

force this sociaHty of tickling: we can't tickle ourselves.

Tickle battles, the most benign form of human conflict,

bind us together in a laugh-

filled give-and-take. The

ticklee may push away the

tickler's hand and, if neces-

sary, run away, only to re-

turn and renew the interac-

tion. For infants who can't

yet talk, tickling, along with

the associated laughter, is an

entree into social relation-

ships. Laughter signals "I

like it; do it again!" while

crying and fending off the

other person signal that the

game has gone too far.

Tickling games, we found

in surveys, are not confined

to children. In adults, such

tactile friskiness is com-

monly part of sex play.

Tickling is also the source

of what may be the most

ancient joke, the feigned

tickle of the "I'm going to

get you" game, a ruse that

works even with our hairy

cousins the chimpanzees.
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(;lninp,mzci.'s (aiui otlK-r ^iv.it apes) also produce a chanical acts such as "sawing" or "sanding." However, if

laughlikc sound when tickled or during play, a tact noted by given the opportunity to engage a chimp in a bit of rough-

Charles Darwin in llic Uxprcssion oj the Hiiiotions in MiJH and and-tunible, most would have recognized the sound as

Animals (1872). But in important details, chimp laughter laughter—the context of tickle and play and the chimp's

differs fnun that ot liunians.

Laughing humans chop an " • '^ >

outward breath into a series

of short (1/15 second),

vowel-like blasts ("ha," "ho,"

or "he") that repeat about

every 1/5 second, with a de-

crescendo as the lungs run

out of air. The sounds have a

marked harmonic structure,

consisting ot a tundament.il

frequency and its overtones.

Chimpanzee laughter, how-

ever, is breathy—lacking the

voiced, vowel-like sounds,

the harmonic structure, and

the clean onset and termina-

tion ot the human "ha." The

chimp utterances are pro-

duced at about twice the

human rate, with one sound

generated during each out-

ward and inward breath.

This breathy hui^fmg and

putfuig (or "ah" grunting, if

intense) is the chimpanzee

and orangutan "laughing"

and "chuckling" referred to

by Darwin and others, and

the gorilla "chuckles" re-

ported by Dian Fossey. It

mimics the heaw breathing

ot vigorous play but signals

playtul intent, not physical

exertion. To those unfamiliar

with it, audio recordings of

chimpanzee laughter do not

sound laughlike. When I

asked students in my classes

to identity a mystery sound,
' only 2 of 1 1 9 thought it was

laughter. The most common
description (offered by 36

[

students) was "panting," usu-

ally that of a dog. Some even

described it in terms of me- A universal human signal, laughter is rarely solitary.
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cheerful "playface" (mouth open, upper teeth covered,

lower teeth exposed) would have tipped them off. We are,

don't forget, each other's closest relatives.

The characteristics of laughter in chimpanzees point to a

critical constraint on the evolution of speech and language

in the great apes. After all, how much vocal faciHty is avail-

able to an animal Umited to one syllable per breath? Chimps

are captives of an inflexible neuromuscular system that is stiU

closely tied to the ancient and essential labor of breathing.

They share this characteristic with other four-legged ani-

mals, whose breathing and running are closely synchronized

(one stride per breath) so as to brace the thorax for forelimb

impacts. This respiratory pattern was probably more Hmiting

to the emergence of speech than was the structure of the

tongue and vocal tract.

The evolution of bipedalism in humans allowed for

greater flexibility in the coordination of breathing and loco-

motion. A human runner, for example, may employ a vari-

ety of patterns: the ratio of strides per breath can be 4:1, 3:1,

5:2, 2:1, 3:2, or 1:1, with 2:1 being the most common.

Breaking the rigid Hnk between stride and breath allowed

our early ancestors to evolve a system of vocalization in

People unconsciously synchronize their laughing.

which individual sounds were no longer tied to single

breaths, perinitting the emergence of speech as we know it

and, incidentally, of our species' characteristic laugh.

Although the vocal mechanism that permits the human
laugh is necessary for speech, it must be remembered that

spontaneous laughter is not a matter of speaking "ha-ha-ha."

Spinal injuries that cause various degrees of quadriplegia,

thus afiecting breath control, may ehminate normal laughter

but spare speech. Conversely, brain-injured individuals who
can neither produce nor comprehend speech may stiU laugh

at jokes, respondmg to nonhnguistic vocal and gestural cues.

Constraints on the mechanism of laugh production are ap-

parent in the difficulty we experience producing certain se-

Bipedalism gave humans greater

flexibility In breathing, permitting the

emergence of speech and of our spedes'

characteristic laugh.

ties of vowel sounds within a single laugh (as in "ha-ho-ha-

ho," or "he-ha-he-ha") or in laughing with atypicaUy short

or long vowel sounds (as in "haaaa-haaaa") or with very

short or long intervals between vowels. All laughter is highly

stereotyped, and our giggles, chortles, and guffaws—even if

their context or sonic structure conveys irony or other emo-

tional nuances—are variations on one basic theme. If every-

one laughed in a completely different way, we wouldn't

know what they were doing.

The precision of the brain's unconscious control of

laughter is evident in the way that, when we are speaking,

we laugh almost exclusively at phrase breaks in speech. A
speaker may say "Where did you get that shirt—ha-ha" but

seldom "Where did you—ha-ha—get that shirt." This

"punctuation effect" indicates that speech has priority over

the more ancient, less voluntary vocaHzation of laughter.

(Mothers playing with their babies and people broaching

sensitive topics often incorporate a jovial tone into their

speech, but this hybrid "laughspeak" is a quahtatively differ-

ent and more consciously controlled vocalization.)

Evidence that laughter is "hardwired" into our brains is

found in the behavior of people suffering from various neu-

rological disorders. Inappropriate, excessive laughter is an

early symptom of kuru, a degenerative disease of the brain

akin to "mad cow disease." This fatal malady, caused by an

infectious protein called a prion, was observed in the Fore

people of New Guinea, who, during the ritual cannibalism

of dead relatives, sometimes consumed the infected brain

tissue of the deceased. As in most cases of inappropriate

laughter, the symptom probably results from the failure of

some mechanism that inhibits laughter rather than from the

direct activation of a laugh center in the brain.

Other disorders in which laughter may be a symptom in-

clude manganese poisoning, Wilson disease (a disorder

caused by a recessive gene that leads to the accumulation of

copper in the brain), some types of epilepsy, Alzheimer dis-

ease and the somewhat siinilar Pick disease, Rett disorder (a

condition affecting only girls, in whom a common symptom



is solitary, nocturnal laughter), Angelman disorder (a genetic

condition whose unfortunate victims were once dubbed

"happy puppets"), Williams disorder (a genetic but not

hereditary illness in w Inch frequent laughter is part of an ab-

normally gregarious nature), and some kinds of schizophre-

nia. The symptom is also sometimes seen in lobotomy pa-

tients and other sufferers of tVontal lobe damage and in

victims of amyotrophic lateral sclerosis (Lou Gehrig's disease)

and multiple sclerosis. In many of these pathologies, the

laughter is not connected with feehngs of mirth—the patient

is as baffled and horrified as everyone else is when the errant

brain causes linn or her to hark out an emotionless sound.

Curiously, laughter is not a symptom of Tourette's disorder.

othenvise known for tics and \-ocal outbursts.

Laughter may be primed through the use ot drugs such

as marijuana or laughing gas (nitrous oxide), which can

make things seem fiinnier. or stimulated by group condi-

Chasing and tickling games are a primeval source of laughter.

(( r/i/(ji /lift/

tions favoring mass hysteria or religious fervor. Some aspects

of a person's style or frequency of laughing, if not his or her

taste in humor, may even be inherited, as in the case of the

"giggle twins"—female identical twins who were separated

at birth, raised by relatively sober famihes, and reunited forty

years later Both had a similar predisposition to laughter

One of the pleasures of my quest to understand laughter

has been to escape from my windowless neurophysiology

laboratory to seek laughing in all its contexts—bars, zoos,

comedy clubs, acting classes, ncurolog\' chnics, city side-

walks, operas, TV laugh tracks, Pentecostal services, tickle

wars. The study oflaughter requires a catch-as-catch-can in-

terdisciphnar}' approach and entails grappling with some of

sciences knottiest problems—the interrelationship ot nature

and nurture and the evoludon of speech, language, and so-

cial behavior Above all. studying laughter provides new in-

sights into what it means to be and act human. D

--^i^SSI
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Common Ground

Studies of the social and emotional

lives of forest apes reveal the evolutionary

roots ofhuman nature.

By Barbara Smuts

What sort of species are we, and how did we come to be this

way? When scientists attempt to answer these questions,

they tend to emphasize our upright stance, large brains,

manual dexterity, complex use of tools, hunting abihty, and

capacity for spoken language and abstract reasoning—all

ways in which we differ from other animals. When scientists

focus on human social and emotional tendencies, however,

they uncover striking resemblances between ourselves and

the great apes. Any fliU definition of what it means to be

human must include the traits we share with our closest liv-

ing primate relatives.

Recognition of our profound kinship with great apes

began 141 years ago, when Charles Darwin startled the

world with the implication that humans had evolved from

an apelike ancestor. Yet serious study of apes in the wild

did not begin until a century after the publication of the

Origin of Species, and only in the past decade have scientists

reached a consensus about the evolutionary relationships

between humans and great apes. DNA evidence indicates

that we last shared a common ancestor with the orangutan

roughly 15 million years ago, with the gorilla roughly 8

million years ago, and with chimpanzees and bonobos (the

latter sometimes known as pygmy chimps) about 5 million

to 7 million years ago. These molecular data not only con-

firm that chimps and bonobos are our evolutionary kin but

also show that they are more closely related to us than they

are to gorillas. (Because the DNA evidence also implies

that humans are a kind of great ape, I refer to the others as

forest apes.)

In several early issues of Natural History, in articles writ-

ten before scientific behaviorism made the study of animal

emotion unfashionable, authors described captive apes raised

in association with humans, usually as pets or as circus per-

formers. A good example is Henry Sheak's "Anthropoid

Apes I Have Known," pubHshed in 1923. Sheak, a lecturer

at the Museum, gave a detailed account of how affectionate

some chimps could be. He told of their suffering when their

favorite ape or human companions went away, of the enthu-

siasm with which they greeted returning friends, and how
they shared food. Most remarkable to Sheak was that the

chimpanzee "understands how to express affection and grat-

itude by hugging and kissing without being taught. This can

only mean that these modes of expression are very, very old

in the primate group."

Sheak's conclusion anticipated discoveries made decades

later, when field studies revealed that many aspects ofhuman

emotional expression, including hugging, kissing, begging,

and bowing, are homologous with those of chimpanzees. To

understand these and other emotional similarities between

forest apes and humans, we need to look at how natural se-

lection has shaped the apes' (and ultimately our own) social

tendencies.

Orangutans, which Hve in Southeast Asia, are largely soU-

tary, but the other forest apes, of Africa, live in complex so-

Natural selection has shaped the

apes'—and ultimately our own-
emotional and sodal tendendes.

cieties that revolve around long-term bonds between partic-

ular individuals. African apes are strongly motivated to form

such relationships. Among the chimpanzees of Gombe
Stream National Park in Tanzania studied by primatologist

Jane Goodall, the strength of the mother-infant bond can

The joy and comfort of companionship are reflected in two

human pals and a pair of young orangutans.
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determine whether or not the infant survives. Similarly,

the degree of trust between two allied males can influence

each one's ability to obtain status in the group and to father

young. Among bonobos, a male's position in the communit\

and probably also his mating success depend in part on his

maintaining a close bond, even as an adult, with his mother.

A mountain goriUa female can raise an infant only if she

has a close association with a particular silverback male, and

a male gorilla's success in siring offspring reflects his ability

to woo females and keep their loyalty over the course

of many years. Bonobo females rely on strong friendships

with other females to gain access to the best foods and

The parent-infant bonds of mountain gorillas, like those of

humans, are vital for the social development of the young.

to prevent males from bullying thoni and their young.

Forest ape relationships are often long term, based on a

history of interaction, and intensely personal. Because each

ape's social success depends on what other group members

are up to, natural selection has favored the capacity for social

maneuvers and counterploys, as illustrated by primatologist

Frans de Waal's accounts of Machiavellian power struggles

among male chimpanzees at Arnheim Zoo in the Nether-

lands. Selection has also promoted the abiUty to influence

the relationships of others. Witness Mama, the most influ-

ential female in the colony that de Waal studied. If two

males failed to reconcile after a tense encounter. Mama
would sometimes make contact with one of them and then

go sit next to the other, puUing the first male by the arm if

he failed to follow her. Both males would then groom her,

and when she melted away, the males would find themselves

placidly grooining each other. Chimps and bonobos appear

to place value on maintaining good relations, renewing

friendly contact after a fight. Bonobos reconcile by having

sex; chimps literally kiss and make up.

Life in African ape societies possesses all the essential in-

gredients of first-rate soap operas: convoluted plots, passion,

lots of sex and poUtics, surprise endings, and a cast of distinct

characters skilled in conveying a wide range of emotions. In

chimps and bonobos, in particular, emotional expression is

uninhibited, at least from the point of view of staid human

observers. When two groups meet after a separation of days

or even hours, it is as if they have not seen one another in

ages. Animals rush into each other's arms, jump up and

down, and shriek with deHght. Everyone greets everyone

else, and after they have calmed down enough to sit stiU,

they will often groom together for an hour or more.

As Sheak noted, captive chimps and bonobos show en-

thusiasm when greeting friendly humans. Cognitive psy-

chologist Sue Savage-Rumbaugh describes her first meeting

with Kanzi, an infant bonobo. Kanzi's adoptive mother,

Matata, knew Savage-Rumbaugh well, but Kanzi had never

before touched or smeUed a person: "Without warning, he

einitted an electrifying scream and propelled himself firom

Matata's arms to mine . . . threw both arms and legs around



luy midsection and looked direcdy into my eyes ... all the

while screaming at the top of his lungs."

Emotion can peak when an event is of significance to

everyone in the group. Soon after I began fieldwork with

wild chimps, the female I was following joined a large,

mixed-sex group. They traveled for a while and then, with-

out warning, broke into loud screams and, with their hair

standing on end, hugged one another. I feared that a chimp

had been kiUed by a leopard. After several minutes of chaos,

the chimps settled down to feed in a tree full of ripe figs, and

I realized that what had struck me as hysteria was simply

their way of expressing joy when they discovered a delicious

and ample food supply. Equally bizarre, when one tirst sees

it, is the tendency of male allies, upon hearing the pant

hoots (long-distance calls) of enemy males from a neighbor-

ing community, to grasp each other's penises in a show of

fraternal solidarity. In a similar vein, a "waa" bark, which

announces danger, will stimulate nearby chimps to embrace

or grasp hands. The power of such communal reassurance

was brought home to me when the Gombe alpha male.

Wilkie, headed my way during an impressive charging dis-

play that posed a danger to anyone in his path. As Wilkie

thundered past, I leaped away and fell backward into some !

bushes. When 1 regained my wits, I found myself h(jlding

hands with a young male researcher I had not yet met.

Though embarrassed, I soon felt vindicated when 1 glanced

.iround and saw several chimps clinging to one another. I

li.i\e no doubt that all of us were responding to an atavistic

nnpulse to clasp someone when we felt threatened.

Emotional attachments have a downside, as humans well

know. Forest apes are extremely vulnerable in the face of

loss, particularly when it involves infants. Ape mothers nurse

their babies for several years, and during this period they are

[irotective and attentive to the point ot indulgence. They

Ape mothers hold, caress, and

groom their young, play with them,

and gaze into their faces.

hold, caress, and groom their young, play with them, and

gaze into their faces. If separated in the forest, both mother

and infant call and search for each other. If an infant dies,

the mother appears disoriented and may continue to carry

the body for a few days. Among chimpanzees, if a mother

dies, the infant often perishes too, even if it is already

weaned. Jane Goodall tells the story of Flint, who sank into

a depression after losing his mother, Flo, and died three

weeks later. Chimp orphans who survive may suffer from

stunted growth or emotional immaturity'.

While fieldwork helps us understand the selective ad-

vantages of ape sociality, captive studies have provided

unique insights into what apes know and feel. In the early

1970s psychologist Gordon Gallup showed that chim-

panzees recognize themselves in mirrors. We now know

that bonobos, orangutans, and possibly gorlUas do also.

Many cognitive psychologists believe that such self-recog-

nition allows individuals to make inferences about the emo-

tions and intentions of others, and in experiments chimps

did indeed make inferences. For example, chimps (but not

monkeys) know that when food is placed under a cup, a

person who did not see the placement will not know where

the food IS. In addition, chimps apparently attribute mo-

tives to others. In one experiment, human actors brought

juice to a female chimp. One actor would "accidentally"'

spill the juice. The other would deliberately throw it on the

floor. The chimp threatened only the seemingly angry

actor, and when allowed to choose who would bring her

juice next time, the chimp opted for the person she judged

as clumsy but well-meaning.
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Not adept at drawing, the captive gorilla Koko tends to "steer"

with her tongue when putting pencil to paper.

The other side of the inference coin is active deception.

When chimps know the location of food but a human does

not, chimps will point out where the food is if the human

has shared with them in the past. If the person has not shared

or is disHked, the chimp may not only refuse to divulge the

location of the food but may mislead the human by pointing

in the wrong direction. De Waal observed similar reciproc-

ity in a captive group of chimps. Individuals remembered

who had, and who had not, shared in the past; they were

generous with sharers and aggressive toward the stingy.

These and other studies in both the lab and the field indicate

that chimps understand the dynamics of cooperation and the

importance of punishing cheaters.

Over the past thirty years, members of aU four forest-ape

species have learned signs in various systems of symboUc

communication—such as American Sign Language—that

help them communicate preferences, feehngs, and thoughts

in ways humans can understand. Washoe, the first ape to

learn signs, lives with several other signing chimps. Their

conversations among themselves and with humans concern

mostly play, reassurance, daily routines, or favorite foods.

Kanzi uses a keyboard of symbols to teU his human care-

givers what he Ukes best on TV (his favorite programs in-

clude Tarzan movies and other films about ape-men). Kanzi

and his chimpanzee friend Austin also spend hours in front

of mirrors, making faces, putting on makeup, and admiring

themselves in new apparel.

Through spontaneous play, captive apes Uving in rela-

tively stimulating environments demonstrate a capacity to

imagine and pretend. Kanzi puts on a monster mask and

playacts biting someone. When someone else dons the

mask, he screams in mock fear. Kanzi also Hkes to place

imaginary food on the floor and then snatch it away when
someone tries to take it. Captive apes play with dolls and toy

animals as if they were babies and, via signs, request pets

such as kittens, dogs, and rabbits, which they care for ten-

derly. They grieve when they lose a companion and use

signs or symbols for "sad," "cry," and "lonely." Their mem-
ories are long: when reunited with a favored human, even

after many years of separation, they recognize the old friend

instantly and are quick to resume long-interrupted games.

All the chimps and bonobos that have learned symboUc

communication use it to talk to themselves. Their trainers

note that "self talk" is apparently a very private affair, as in-

dicated by the apes' consistent attempts to hide what they

say from others. Perhaps, Uke us, forest apes have an inner

world and need some time just to be alone and think.

In the wild, apes often need to determine quickly

whether the intentions of another ape are benign or hostile;

in captivity, they apparently transfer these skills into "read-

ing" humans, which they do vwth a speed and accuracy some

humans would be hard put to match. Researchers Jane

Goodall, Roger Fouts, Sue Savage-Rumbaugh, and Birute

Melissa grabbed my opaque sunglasses

off my face, threw them to the

ground, and stared Into my eyes.

Galdikas, all ofwhom have lived with apes for years, report

similar experiences of instant acceptance by apes normally

wary of strangers. My first up-close meeting with a wild ape

revealed the important role of eye contact in such encoun-

ters. The Gombe female Melissa, who had never seen me
before, was feeding in a tree when I approached and sat

down quietly about forty yards away. She immediately ceased

eating and stared at me, obviously annoyed. Still glaring, she

climbed down the tree and moved purposefrilly in my direc-

tion. When Melissa reached me, she grabbed my opaque

sunglasses offmy face, threw them to the ground, and stared

into my eyes. Apparently satisfied, she returned to her food

tree. I never wore those glasses around chimps again.
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A mother bonobo plays with her

young.
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t'clt redeemed by an up-

lIosc encounter wicli

one of the mountain

gorillas studied by Dian

Fossey. While following

a peaceful cohort ot fe-

males and young in a

group habituated to hu-

mans, I noticed an ado-

lescent female staring at

me in a friendly way.

She was utterly beautiful, so I beamed back. Suddenly she

w.is right in tront of me, pressing her nose against my tace so

chat her breath fogged up my (clear) glasses. A moment later,

she wrapped her impossibly long gorilla arms around me

and held me in a gende embrace. Then she returned to her

spot, as if hugging strange women was an everyday occur-

rence (Fossey later told me it was not). When I tlrst met the

gorilla Koko on the Stanford University- campus, she gazed

into my eyes, as well as tasted the inside of my ear, betore

falling into my arms.

Creatures great and small: Koko envelopes a pet kitten

I' f'/i/r/t/i/ffi

Sucii experiences h.i\e brought me face to face with the

fact that we share this planet with other beings whose essen-

tial nature is the same as ours. Like us, forest apes are capable

of deceit, manipulation, and aggression. But our mutual

heritage also includes a capacity for intimacy, empathy, and

love. Like them, we realize our full potential in the crucible

of relationships.

From a scientific perspective, the survival of wild great

apes is critical because of the insights they provide into our

own nature. Science aside, however, their future matters be-

cause of their intrinsic worth as sentient beings. A recent

survey of forest ape populations by primatologist Richard

Wrangham and his colleagues indicates that if current trends

continue, all four species will be e.xtinct in the wild betore

Natural History's ne.xt centennial, and many populations will

succumb way before then. Orangutans and bonobos will be

the first to go, then gorillas, and finally chimpanzees.

Perhaps we are capable of extending our evolutionary

legacy of caring and empathy to include our closest living

relatives, ensuring that they will be around for eons to come.

I can think of no greater gift to pass on to their descen-

dants—and ours. D
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Birth of the Arts

What lies behind the human urge to

elaborate, to embellish, to make the

ordinary extraordinary?

By Ellen Dissanayake

One of my most unforgettable experiences was being

handed a stone tool made by an archaic Homo sapiens and

being told by the distinguished paleontologist Kenneth

Oakley that it was probably about 250,000 years old. I held

it in my palm with what surely resembled the feeling of a re-

ligious devotee who has been allowed to touch a holy

reHc—a sense of privilege, humihty, and wonder.

Almost exacdy the shape and size of the inside of my
open hand and made from a piece of army-jeep brownish

green flint, the tool was what is called a hand ax. Long before

the invention of agriculture, someone not so different from

me had taken up a large cobble,

assessed it, and fashioned this

very tool. Of course, he (or she?)

could not have imagined the

room or city or time in which

someone Hke ine would one day

come to hold this item and

wonder about the Ufe and being

ofthe person who had made and

used it. That asymmetry was one

of countless others between us.

And yet, holding the hand ax

Hke a taHsman, I felt a connec-

tion to its maker that I can still

retrieve (even if, just as with the

person who touches a relic,

whether of a saint or a famous

athlete, the feeling has as much
to do with me as with the material object or its owner).

In any event, I was interested to read, much later, an ac-

count that the naturaHst Loren Eiseley wrote of his thoughts

and emotions while he, too, held a flint tool shaped by

human hands. Admiring its purposefulness, he noticed

something he found even more remarkable:

As I clasped and unclasped the stone, running my fingers

down its edges, I began to perceive the ghostly emanations

from a long-vanished mind, the kind of mind which, once

having shaped an object of any sort, leaves an individual

The maker of this

Paleolithic scraper,

apparently concerned

with beauty as well

as utility, took care

not to destroy the

fossil shell.

Identically painted participants in a festival in Mount Hagen, Papu|/(

trace behind it which speaks to others across the barriers of

time and language. It was not the practical experimental

aspect oj this mind that startled me, but rather that thefellow

had wasted time.

In an incalculably brutish and dangerous world he had

both shaped an instrument ofpractical application and then.
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I Guinea

with a vlrtHOio'i elegance, proceeded lo eiid>cllish his product.

He had not hccti content to produce a phiin, iitihtarian

implement. . . . Tliis archaic creature had hugered over his

handiwork.

Eiseley's embellished hand ax was not a singular example.

Oakley had shown me photographs of two Paleolithic hand

axes that had been deHberately fashioned so that a marine

fossil embedded in the stone appeared in a centtal position,

almost hke an insignia. Years later I saw a similarly worked

tool—a scraper—in a museum in France.

The French anthropologist Claude Levi-Sti-auss tided a
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famous volume The Raw and the Cooked to describe the uni-

versal human imperative to transform "namre" into usable

"culture." Such transformations characterize humans every-

w^here—from present-day subsistence farmers, such as the

Yekuana Indians from

the upper Orinoco

River in Venezuela,

converting raw, poi-

sonous cassava tubers

into a processed and

cooked staple food,

to early toolmakers

working flints into

implements or mod-

ern technocrats turn-

ing silicon into mi-

crochips.

Herbert Cole, an

American anthropol-

Pitjantjatjara women and children

decorated for corroboree ceremonies

in northern Australia

> »•• '* to™-- -

Village festival in the Czech Republic

ogist, has given the Levi-Strauss phrase additional explana-

tory bite by referring to the raw, the cooked, and the

gourmet, thereby calling attention to the unusual fact about

our species that Eiseley recognized in the embellished hand

ax: for humans, transforming nature into culmre may not al-

ways be enough. For the Yekuana, studied by Tufts Univer-

sity anthropologist David Guss, it is insufficient simply to

plant, to reap, to set out in a canoe, to treat a wound or ill-

ness, to kiU an animal, to begin to menstruate, to marry, or

to die. As in many other traditional societies, these are all

occasions for elaboration in both word and action.

Evolutionary biologists often overlook this penchant of

humans to "Unger over their handiwork," to "embellish" or

elaborate, to make the ordinary implement (or material,

movement, sound, utterance, motif, story, or idea) extraordi-

nary. They assume it is a cultural overlay, a superfluous side

efl^ect of some ability (such as curiosity) that evolved for an

adaptive purpose, or simply the product of a lone individual

with time on his or her hands. To the unsentimental gaze of

a scientist looking for the "selective value" of an activity,

elaborating is truly perplexing, for it is an axiom of evolu-

tionary theory that successful creatures expend their re-

sources on survival-related ends: finding food, protecting

themselves from harm, putting provisions aside for a rainy

day, seeking mates and mating, caring for offspring, and,

after aU these are attended to, conserving their energy. Tool-

making clearly contributes to survival. Continuing to work

on a hand ax after it is "finished," however, would appear to

interfere with fitness, not to enhance it.

Yet there we are, in every society—people adorning

themselves, their artifacts, and their surroundings; making

music, dancing, dramatizing, and poeticizing; and often

spending vast quantities of time, energy, and material re-

sources doing so. When evolutionary explanations for such

extravagant behaviors as performing dances and making art

are given, they often center on the suggestion that displays of

creativity, physical skill, strength, and stamina improve re-

productive success, especially that of males. By singing, by

dancing, by speaking well, by skiUfial building, goes this idea,

males draw attention to the superior qualities that set them

apart from less talented or tireless males, thereby impressing

and attracting mating-minded ladies. The animal world has

visual, architectural, musical, and terpsichorean analogues to

our own species' male theatrics: the peacock's splendiferous

tail, the bowerbird's chambre d'amour, the thrush's territorial

warbles, and the great bustard's acrobatic dances all either

repel rivals or seduce females, or both.

As for the human realm, while we all know about the

proverbial allure of the sweet talker, the sexy dancer, the

Joining In emotional communion

with others Is as fundamental

to human nature as are self-Interest

and competition.

master builder, and the king whose power is evident in the

palaces and monuments he is able to conmiand, sheer male

competition seems to be only part of the explanation for

elaborating. While some activities are the province of males

or prominently feature the talents and stamina of individual

men, I do not think male competition alone can adequately

account, for example, for the cave paintings or megaliths of

prehistoric Europe; the temple of KaUasa at Ellora in south-

central India; the Gothic cathedrals of Europe, built over



centuries by whole coiiuiuinitRs; or such practices as mbari,

in which the Owerri Igbo of Nigeria spend a year or more

constructing a ceremonial house of anthill mud, adorning it

with dozens of lifc-si/'e sculpted and painted mud figures,

and tiK-ii, .ifter a week of ceremoinal dancing and feasting,

leave it to disintegrate. Nor does male competition explain

the custom, prevalent in many cultures, for all the partici-

pants in a group to make art the same way, as in the Walbiri

men of central Australia incising identical designs on bull-

roarers to represent the ceremonial grounds and parapherna-

lia of Dreamtime heroes.

Also (and importandy, 1 think), male competition cannot

account for the arts of females, which may—as in the case ot

the ubiquitous hiliiiii, or looped string bag, of Papua New
Guinea—be less spectacular and arduous than the arts ot

males but are as evident throughout human history. Nor can

it account tor the arts of men and women older than prime

reproductive age—who may in fact be the master elaborators

in their society (Yekuana males, for example, devote their

later years to making baskets as a disciphned means of under-

standing and expressing complex cultural symbols)—or for

the obvious fact that the arts, even when they also serve com-

petitive interests, are frequently co-created and performed by

" more than one individual. This last is especially true for pre-

o mm
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modern societies, in which the arts transmit valued systems

and stories and serve to unite individuals in social groups.

So what docs lie behind the apparently universal human

urge to elaborate, an urge that to a modern, bottom-line

Above: Several clergymen work together to swing the

botafumeiro (a large censer) during a religious festival

in Santiago de Compostela, Spain. In Jodphur, India,

below, during the Hindu spring festival of Holi, people

sprinkle each other with colored powder.

V
V
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Mother and baby in the United States

Grandfather and granddaughter in Papua New Guinea

Girl and little sister in Malawi

thinker might seem unnecessary and to an evolutionary bi-

ologist might seem even dangerously impractical and frivo-

lous? One clue emerges when we reaHze that far from being

frivolous, all this extraordinary care and attention are ex-

pended in the arena of biologically important concerns

—

fmding food, assuring prosperity and safety, curing illness,

preventing harm—and serve to reheve anxiety about the at-

tainment and preservation of Hfe's necessities. These special

efibrts of body and mind express people's emotional invest-

ment in assuring good outcomes for important ventures and

generally address the uncertainty inherent in the human
condition. Most often, these efforts take the form of what

we call ritual or ceremony, and this is where we find the

bulk of the arts in premodern societies.

Indeed, "ceremony" is a one-word term for what is

really an assembly ofelaborations (words, voices, actions, bod-

Exquisitely sensitive to human
voices and fadal expressions, human
infants come into the world ready to

interact with others.

ies, surroundings, and paraphernaUa), a collection of arts (chant,

song, poetic language, dance, mime, and drama, along with

considered and even spectacular visual display). Such extrava-

gant displays of beauty and skUl, as well as other evidence of

the expenditure of time, thought, and effort—sometimes in-

cluding fanatical demonstrations of endurance—demonstrate

a people's beHef that nonhuman powers wiU thereby be at-

tracted and their assistance procured.

In its excessiveness, such behavior may seem maladaptive,

given the modern, capitaUstic attitude that espouses mini-

mum effort for inaximum return on investment. But I sug-

gest that this was not the case as humans were evolving.

Despite the negative cost-benefit calculations of many evo-

lutionists (or recent U.S. congressional representatives argu-

ing against spending pubUc money on the arts), I maintain

that what we today call the arts, the shaping and elaborating

of behavior and of the material world, has been necessary to

the inaintenance and continuity ofhuman societies.

The artful (special, exaggerated, compelling) features of

rituals not only draw attention to important concerns. By
reinforcing a group's like-mindedness and one-hearted-

ness, they also help persuade people to devote themselves

to ideals that transcend narrow individual self-interest: loy-

alty, generosity, hard work, unselfishness, patriotism, and

even the sacrifice of one's life. At the same time that the

Gelede masquerade of the Yoruba in Nigeria entertains the

general public with dazzling costume and dance, for ex-



.impic, Us luiKl.miiiii.il iiR-ssage of honoring female power

sensitizes onlookers to the \irtiies ot soii.il si.ilnlitv ,iikI

good citizenship.

Even if .in .mcestral ceremony t,nk\i to .iclneve its osten-

sible, iinmedi.ite purpose of success in hiiiitmi;, wart.ire, or

heahng, it benefited the participants, since the debilitating

physiological effects of stress are known to be reduced when

individuals h.ive some sense of control over uncertain cir-

cumstances. "Doing something" to address uncertainty, as in

a ritual enacted with the reinforcement and collaboration ot

one's fellows, is arguably more adaptive than not doing any-

thing or acting alone. Archaeologists stuciying such diverse

vanished human groups as the Mimbres and the Dorset of

North America and the prehistoric inhabitants ot Europe

and of Arnhem Land in Australia have noted an increase in

indications of ritual activity' (Paleolithic cave art production

in Europe, art on rock shelter walls and ceilings in Australia)

at times of environmental stress, such as when the climate

changed or an in\asit>n by outsiders threatened a group's

control over resources.

Ceremonies and the coOection of arts they comprise may

have been important and adaptive for early humans. But

where did this urge to elaborate first come from? My own

view may surprise some people. I trace the origin of the arts

to a source almost the opposite of male competition and dis-

play—that is, to the early communicative interchanges be-

tween mothers and intants.

Human intants come into the world ready to engage

with others. During their first year, before being able to do

much of anything else, they are exquisitely sensitive to cer-

tain kinds of sounds, facial expressions, and head and body

movements that others present to them through the com-

mon behavior often dismissively referred to as baby talk. In

all cultures, people of both sexes behave differently with in-

fants than with adults or even older children. An adult who

catches the eye of a cute baby in a supermarket checkout

line or airport waiting area t}^pically goes through a striking

sequence of head movements and facial expressions. The

head tilts sharply backward as the eyes widen and the mouth

opens. Then the head drops and nods as the tongue cHcks.

This solicitation is repeated until the baby smiles, which

brings about an answering broad and sustained smile accom-

panied by raised eyebrows and a high-pitched, exaggeratedly

undulant vocalization—perhaps something like "Hlliiii."

These expressions, sounds, and movements, as well as the as-

sociated rhythmic touching, stroking, and patting, are all ex-

aggerations and elaborations of the ordinary expressions ot

connection and readiness for contact that we use when we

are with other adults. (Think of the quick eyebrow flash

with which we acknowledge an associate who enters a

meeting late or the smile we produce when introduced to a

new neighbor.)

Kather than our teaching infants to prefer these peculiar

antics, babies train us to produce them by responding to

biby talk (though not to ordinary adult conversation) with

unmistakable and irresistible signs of pleasure and delight.

Painstaking trame-by-frame analysis of videotaped interac-

tions between mothers and babies as young as eight weeks of

age show the pair to be in remarkable synchrony, responding

to each other in subde yet precise ways. The mother varies

her pace and rhythm in order to fit in with the baby's emo-

tional state and—as necessary—gradually move it toward

greater calm or excitement. The baby, in turn, responds to

the mother's signals with kicks, hand and arm movements,

facial expressions, head movements, and vocahzations of its

own—often appearing to be participating in a mutually ne-

K'lJ\\^A^
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Video stills show some of the expressions mothers and infants

display while interacting. In the first shot, top left, the mother

registers concern that her baby may have been alarmed by a loud

noise. In the second, she has moved her head back and opened

her mouth wide as part of an attempt to engage the infant in a

mutually pleasurable exchange.
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gotiated rhythmic "beat." The pair engage and disengage,

synchronize and alternate, practicing their "attunement"

over the first five or six months ot the infant's Ufe. Such

interactions are not just pleasurable but are also known to

contribute to babies' linguistic, intellectual, and social devel-

opment and to benefit their neurophysiological, immuno-

logical, and endocrine systems.

The sense of intimate engagement, or mutuality, that

arises out of mother-infant interactions predisposes us to de-

velop the feehng of belonging to a social group. This occurs

naturally in contemporary hunter-gatherer societies, in

which a child moves from physical as well as emotional at-

tachment to its mother to gradually increasing social embed-

dedness within a group of children of different ages who
then grow up together, sharing the same experiences,

knowing the same people, and eventually reinforcing their

bonds more formally in art-saturated rituals.

Traditionally the arts have been a

response to age-old vital concerns and

have addressed the uncertainty

inherent In the human condition.

Significantly, the components of these crucial earhest in-

teractions between mother and infant are fundamentally aes-

thetic. In baby talk, mothers simplify and formaHze their

behavior. With face, voice, head, and body they repeat, ex-

aggerate in time and space, use dynamic variation (changing

between faster and slower, louder and softer, larger and

smaller), embellish or elaborate themes, and create and sat-

isfy expectations—all in collaboration with the infant's

sounds and movements. Like mothers, artists working in all

media use these same aesthetic features to gain attention and

to provoke and manipulate emotional responses.

I suggest that when ancestral humans began to create

ceremonies, they drew upon their evolved sensitivities to the

emotionally evocative and compelling features of mother-

infant interaction and elaborated them fiirther, into what

we now call the arts. These became efficient means ofarous-

ing interest, compelling attention, synchronizing bodily

rhythms and movements, conveying culturally important

messages memorably and with conviction, and ultimately

indoctrinating and reinforcing "right" attitudes and behav-

ior within the group.

Through being especially riveting, beautiful, rare,

painstaking, and astonishing, a people's arts are emblems to

themselves of how much they care about the sacred beliefs

that bind and preserve them. As the duet of mutuaHty syn-

chronizes a mother-infant pair, so does ceremonial partici-

pation instill general coordination, cooperation, and feelings

of affiliation among members of a group, further enhancing

the well-being of individuals. One can justifiably claim that

the traits that enable mutuality are as fundamental to human
nature as are self-interest and competition.

In subsistence societies, everyone participates in the arts;

in most of the world today, the arts are produced by special-

ists—artists—most often working on their own. Neverthe-

less, our arts do retain traces of their origins. Although we

may tend to purchase art

rather than make or per-

form it ourselves, we still

take special pains on occa-

sions that are important to

us, such as a party, a hoHday,

a wedding, or a big date.

In addition, we adorn our

bodies and surroundings

—

homes, office spaces, and

even cars—so that they will

not be "ordinary."

The objects from other

times and places that fill our

museums and are custom-

arily called art—sculptures,

paintings, fine textiles

—

largely served religion and

empire and were, like the

ritual performances enacted

in subsistence societies,

judged by aesthetic standards

of uncominon (that is, ex-

traordinary) beauty, perfec-

tion, grandeur, sacredness,

and seriousness. Today the

reverse of such standards

often seems to hold. The

ancient urge to take time

and care in excess of practi-

cal requirements is stiU there,

but some contemporary

artists make art that is exces-

sively banal or trivial, exces-

sively esoteric or cryptic, ex-

cessively vulgar, or even

excessively and intentionally

boring or meaningless.

As does contemporary

society itself, contemporary

popular arts tend to serve



noi (IikI lull Miiunion, .iiui tluis the (.Dllcitivc excesses on

wIirIi tiiiK-, tliDiii^lu, .iikI ctVort arc expended and with

whieli modern societies arc most engaged arc the elabora-

tions and spectacles of rock concerts, blockbuster films, tele-

vision extravaganzas, and athletic contests. And advertise-

ments, together with the events or products they enhance,

have bect)mc the (.eiemonics on vviiich our extraordinary

comniunai—cicatiw aiui financial—efforts are lavished.

I )t) these examples ot today's art seem unrelated to an

, mm
embellisiied ii.iiui ax, a painted rock wall, or a spirited cere-

mony 111 celebration of a successful yam harvest? Each pro-

duces its emotional effects by transforming what is ordinary

and expected into something extraordinary and astonishing,

and each is still, at root, a response to age-old vital interests

and concerns. And if I am right, all art, whether new or old

and vviiether it promotes competition or conjoinment,

emerges from the same aesthetic components that give rise

to the oldest bond of all: that of a mother and her baby. D

A Buddhist monk paints a prayer on a rock in Nepal.
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Before the invention of photography in

1839, explorers such as Alexander von

Humboldt and Captain James Cook

brought watercolor artists along with

them to document the world's plants

and animals. By the mid-nineteenth century, how-

ever, a world without photographs was quickly be-

coming unimaginable, and every scientific expedi-

tion was accompanied by at least one photographer.

True, many of the early photographers' "wild-

life" pictures were of explorers posing with the an-

imals they had just shot. But some of these hardy

souls became hooked on photographing living ani-

mals in the wild, whatever the effort or risk in-

volved in capturing the images. A. R. Dugmore, an

exemplary pioneer, once stood his ground against a

charging rhinoceros while clutching a massive

twenty-pound reflex camera. (RoU film was in-

vented only in the 1880s, flashbulbs in the 1930s,

and lightweight telephoto lenses and electronic

cameras during the past few decades.)

Photographers As

Naturalists
Carl Akeley, best remembered for creating the

Museum's Hall of African Mammals, was one of

the great explorer-naturalists whose photographs

appeared regularly in the pages of Natural History

seventy-five years ago. Akeley made the first

motion pictures of gorillas in their native forests and

invented a special panoramic camera for field pho-

tography. During the 1920s and 1930s, the stylish

husband-and-wife team ofMartin and Osa Johnson

also made wildlife movies in Africa and shot stiUs of

rarely seen creatures for this magazine.

Right firom the start, photographs were popu-

larly believed to be more objective than sketches

and paintings, since they seemed to be produced

solely by light and chemicals rather than the human

hand and eye. Although photographs were widely

taken for reflections of reaHty, not a few photogra-

phers found they could build successful careers by

using ingenious tricks to manipulate their images.

Some simply moved a stone or log to get a better

view of a flock of flamingos, while others tethered

snakes and mongooses together, hoping to stage a

dramatic-looking death match. Just a few years ago,

a photographer stirred controversy by using a com-

puter to add a few dozen zebras to a herd. But is

fakery the important issue in these cases, or do pho-

tographers, like other visual artists, have a right to

please their aesthetic sense by taking advantage of

new tools?

Perhaps the most problematic aspect of contem-

porary nature photography is what is not in the

frame. Are there telephone poles just beyond the

loping giraftes in the photograph? Does a town or

farm lie behind the foraging gorillas? Commercial

images of wild animals and displays such as the Mu-
seum's dioramas tend to depict a timeless Eden,

where humans are literally out of the picture.

Over the past half century, a growing sense of

urgency about documenting the world's most

threatened ecosystems before they are gone has en-

ergized a new breed of dedicated wildlife photog-

rapher. Some work primarily as artists, others as

scientists, and a few as both, with a bit of the jour-

nahst and environmental partisan thrown in. Per-

haps their greatest influence came from the resur-

gence of field biology in the twentieth century.

A. R. Dugmore stalking a rhinoceros.

East Africa, 1909

Natural Histor}

could not exis

without the

contributions

of scores of

superb nature

photographers

As part of our

centennial

celebration,

we present a

sampling of

work by a few

members of

that diverse

and talented

tribe, along

with their ow!

s,i comments on

what thev do.

Documenting the natuial behavior of animals,

however, requires more than scientific knowledge

and technical skill. One also has to be ready to

spend thousands of hours trekking, setting up, and

sitting patiently day after day in heat, cold, snow, or

rain—^prolonged self-abnegation that must be based

on a deep love of the wilderness and its creatures.
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I was born in Belgium but raised in the Cahipagos Islands,

where, at tlie age of twelve, I vowed to compile a complete

photographic record of the habits and life cycles of all the

native bird species of the islands, not realizing that a lifetime

would probably be insutFicient for this task.

After shooting thousands of images in the enchanted

isles ot ni\' childluuKl, I yearned to tra\'el widely and

photograph other creatures in other lands. I photographed

emperor penguins under a bloodred midnight sun in

Antarctica and polar bears on Spitsbergen's shifting sea ice,

condors in high Andean canyons and hornbills in the

Indonesian rainforest. Eight years ago, with my partner,

photographer Mark Jones, I moved to New Zealand,

where I took on the challenge of photographing the

nocturnal, endangered kiwi.

This past year, I decided to return to the Galapagos for

an intense four-nioiitli photo session among old friends

such as giant tortoises, marine iguanas, and blue-footed

boobies. I saw the subtleties of the light more clearly, the

animals' behavior more dramatically. Combining my
heightened awareness with improved technicjues honed

around the world enabled me to reach another level of

intimacy with animals I already knew so well.

I shot one sequence of a small female tortoise foiling a

large male's mating attempts by Cjuickly spinning around

under his huge shell—a behavior I'd seen many times but

never before captured. Above all, I savored more than ever

the magical experience of immersing myself in the hves of

the islands' animals, which are uniquely trusting of humans.

Giant tortoises, Isabels Island, the Galapagos
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Jim

Brandenbur
I've always assumed that making images of the natural

world, especially of wild animals, is a primal experience, if

not second nature, for us two-leggeds. Take the earliest

evidence of humankind's attempts at recording a thought or

conveying a notion: an image of an animal scratched or

drawn on the cold walls of dark sanctuaries. Is my inserting

a roll of film into the camera and producing an image of a

wolf much different from a Cro-Magnon man's dipping his

finger into a swirl of red ocher pigment and painting a

lion on the wall of Chauvet Cave 30,000 years ago? What

were his motivations? What are mine? And can one

really connect these two experiences, so far apart in time?

After thirty years ofpondering this question, I've

concluded that whether one regards the early artists' skillful

depictions as simply documentation ofwhat they saw or as

profound, prayerful ritual, the same range of perception

and motivation is found in my own "nature art." To try

one's hand at producing pictures of animals is, I think,

profoundly and uniquely human. I beHeve that inspiration

born of untold numbers ofhuman-animal encounters over

countless generations is deeply implanted in our marrow.

Today I pay homage to the animal subjects themselves

and to that ancient human tradition as I attempt to conjure

what I hope is a similar sympathetic magic. The tool may

be a stick of charcoal or a camera, but the desire to become

one with the animal world comes from the same place.

Above: Two common loons at sunset. Moose Lake, northern Minnesota

Top right: Bison herd running on a ranch near the Missouri River, South Dakota

Right: Adult arctic wolf on an iceberg, Ellesmere Island, the Arctic
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Gerry

EUis
While I was studying to become a marine biologist, I

thought ot photography more as a communication tool

than as an art form. I remember being surprised by people's

reactions to my early underwater photography. They

seemed stunned. The novelty of the creatures captivated

them, for sure, but they also noticed a certain "look." That

I could create an image that people would react to with

emotion, not just intellect, excited me and changed my Hfe.

So I traded in the microscope for a macro lens and the

telescope for a telephoto.

My latest project, Wild Orphans, is my most ambitious

and includes a series of books, a Web site, magazine

articles, and a lecture tour. The project is an attempt to

deepen environmental awareness and encourage

conservation by documenting orphaned wild animals. I am
focusing not just on the environmental conditions and

human factors that resulted in the orphaning of these

young creatures but also on the extraordinary efforts of

people around the world who are dedicating their lives to

rescuing and rehabilitating them. African elephants

dominate the first phase of the project. Learning about

their biology, culture, and ecology has given me a different

perspective on these creatures and is crucial to my abihty to

say something significant about their future. The next

phase, on the orangutans ofBorneo, will bring me back to

an earher passion—the great apes.

The art ofphotography means much more to me now
than it did at the beginning ofmy career. I have come to

realize that it's not the science of nature, but rather the

beauty of nature, that moves people. But I believe science

and art can share the same palette.

An orphaned elephant with its keepers, Kenya



Ravens and bison, Yellowstone National Park

I usually stay close to home. By concentrating my eflbrts

in my own backyard, I can be near my family while

ginning an intimate knowledge of local wildlife. Of course,

as backyards go, I've been fortunate. After having spent

twenty years in Yellowstone National Park, we now have

an even larger backyard, sprawHng toward the massive, ice-

co\'ered peaks and volcanoes of Alaska's Wrangell-Saint

Elias National Park, the largest in the nation.

I have always had a fondness for predators, both birds

and mammals. Their beauty and savage nature is

fascinating to watch and photograph. Some of my most

cherished memories as a wildhfe photographer have

come from working on extended projects with raptors. I

spent two or three years photographing the great gray

owl and the northern goshawk. Despite my constant

presence, the shy but aggressive goshawks went about

their vital business of rearing a family.

The picture above was taken in the dead of a very

harsh Yellowstone winter while I was photographing

ravens. They were feednig on an elk carcass but keeping a

watchfiil eye out for returning coyotes.

To see nature in this raw manner is like a dream. To

be able to share what I see through my viewfmder is a

dream come true.

Michael

Quinton
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Rotman
I love to night dive. It allows me to get close to certain

animals and to see nocturnal creatures I would miss during

the day. One evening when I was moving along at a snail's

pace underwater on a coral reef in the Red Sea, searching

for small subjects for my macro lens, I spotted a lovely sea

anemone of a kind I had not seen before. I trained my
camera on it but was disconcerted to notice that I had only

three frames left on the roU. (We pros look good because

we take thousands of shots and pubHsh only the one that

comes out great!)

I had been in the water for more than two hours, and

perhaps my concentration was beginning to fade. I decided

to focus on the base of the anemone, where the tentacles

are attached. After shooting the three frames in rapid

succession, 1 headed back to the boat. Studying the images

a month later, I was amazed to discover that a tiny

symbiotic shrimp, which 1 had not seen when taking the

picture, had been perched on the anemone. I realized I had

captured a special picture. It won first place in BBC
Wildlife's annual photography contest. Now, that is my
definition of luck!

Above: Barracuda schooling, Kimbe Bay, Papua New Guinea

Right: Symbiotic shrimp on a sea anemone. Red Sea
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Luiz Claudio
I cannot resist a challenge. The more difficult, the more

enjoyable. To photograph the black-faced lion tamarin, one

of the world's rarest and most elusive primates, I went to the

Atlantic coast rainforest of Parana State in southern BrazU.

Although these beautiful diminutive monkeys live in a

region inhabited by Europeans since the sixteenth century,

they have been known to science for only ten years. How
was I to find them? My ace in the hole was primatologist

Fabiana Prado, who had been following a group of them for

years. I would simply follow her.

Within a few days Prado located the group, and we
watched the tamarins bed down for the night in a tree

hollow close to the ground. At dawn I stood before their

"sleeping tree" with my feet in a puddle of water, camera

on tripod, strobe on, and mosquitoes all around. To pass the

Mari
time and forget the stinging swarms, I kept wondering,

"Why am I here?" My wife put her finger on the answer:

I'm a nature addict. I am fiUed with wonder and a sense of

fulfillment in the forest. I need to be here, alone, in contact

with different forms of life, away from ordinary human
concerns and egos. Here I feel vitally aHve, ready to react to

the moment. The heightened experience is fliU

compensation for the physical discomfort. Spending long

periods in the wilderness is as crucial to me as Hfe itself.

Black-faced lion tamarin, Parana State, Brazil



Left: Hoatzin displaying, Manu National Park, Peru

Below left: Passion vine butterfly on a lantana flower, Costa Rica

Below: Clown tree frog {Hyla leucophyllata), Manu National Park, Peru

One of us (Michael) began as an Oxford University

ornithologist studying birds in Sarawalc, Malaysia, while the

other (Patricia) is a nianinialogist who originally specialized

in bats. We still tend to think like scientists and occasionally

publish papers in scieiititic journals. For the past twenty

years we have lived in a mountaintop home next to the

Monteverde Cloud Forest Reserve in Costa Rica.

We're most interested in documenting animal ecology

and behavior—the ways in which animals feed, reproduce,

and escape predators and how they interact with plants to

their mutual advantage. We did one project on rainforest

snakes, covering everything from constrictors to vipers.

Michael & Patricia

Snakes are specialized feeders. Many predators will take a

wide variety ot prey, but some species of snakes feed

exclusively on other snakes, others want only rodents, and

still others concentrate on snails or scorpions.

Another project concerned the reproductive strategies

of frogs. Most people think of them as tied to water, but a

great many frogs are independent of water. Some lay their

eggs in damp leat litter, some create nests of foam, and

some even carry their eggs or tadpoles in pouches on their

backs. Many have evolved elaborate forms ot parental care.

Currently we are photographing hummingbirds and

their tlowers. Everyone knows that the exchange of nectar

for pollination benefits both bird and flower, but the

myriad adaptations that enhance the relationship are a

never-ending source of wonder.

We are naturalists first and photographers second. We
love nothing better than to wander in the forest without

cameras and just watch what's going on without having to

worry about photograph)'. In fact, some people are shocked

to find that we don't particularly like taking pictures.
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Mark

Moffett Anyone can have an adventure. What nature

photographers have is a v^hole Hfetime of

adventures. Just off the top ofmy head, I

clearly remember: in Peru, backing a jeep a quarter mile down an obscenely narrow

mountain road flanked by a drop-off of hundreds of feet after meeting a vehicle that

was too wide for me to pass . . . accidentally sitting on the New World's most deadly

snake, the fer-de-lance, again in Peru . . . crawling a hundred yards on hands and

knees while tracking an ant column in Thailand, to suddenly realize I had

accidentally sneaked up on a bull elephant that loomed overhead . . . being among
the first to visit one of Venezuela's flat-topped tepui mountains (subject of Sir Arthur

Conan Doyle's Lost World) . . . crouching out of view in the back of a taxi to get past

protesters burning American flags in the southern Philippines the day Benigno

^ Aquino was shot . . . vaulting the front steps of a cheap

i Australian hotel to avoid the amazing hordes of leaping fleas

I that hung out there . . . for a photo, persuading a girlfriend

I
to provoke a huge spider into throwing its toxic hairs at her

I at night while we waded in a crocodile-infested swamp in

I Guinea . . . watching an ape climb down from the trees to

unbutton another girlfriend's dress in Malaysia (she had

made the mistake of wearing "orangutan orange") . . . using

tribal blowguns for self-defense against smugglers in

Colombia . . . being driven out of a tree by a spectacled bear,

again in Colombia . . . searching a Montana cave for ice-

loving beetles on Christmas Day . . . hunting the world's

largest tarantula for

dinner with a

shaman in the

Orinoco basin . . . tagging behind two

Texan spelunkers to stumble upon an Aztec

burial chamber in a cave inhabited by giant

spiders . . . having my helicopter dive down
into the trees of a rainforest interior to

avoid a severe storm in Brazil . . . being

caught in stampedes of both Asian and

African elephants in the same week . .

.

Wandering spider explores Aztec

skull, Oaxaca, Mexico

Male tarantula seeks a mate, Joshua Tree

National Park, Arizona
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Giant katydid confronts

tarantula, Iquitos, Peru

attempting to concentrate on insects at a topless beach resort,

the only place my colleague and 1 could find to stay for a

niijht in Mauritius . . . Iiavinii a tent washed from around mc
by a nocturnal tiash tiood in Chile . . . being surprised by a

tiger in Nepal that leaped out of the forest in front of us to

kill a spotted deer . . . realizing a companion had collapsed

from heat exposure as the temperature hit 132 F in Paraguay

... in Namibia, learning it is right to be suspicious when a

!Kung bushman says something is within "walking distance"

. . . discovering two new ant species while on a tour of a

Balinese temple . . . having a tethered horse killed and eaten

by lions in Kenya . . . watching the cook flay live snakes at a

restaurant in Vietnam . . . eating scorpions in China, rats in

Africa, and beetle larvae on five continents . . . arguing with

Iranian militia at 3:00 A.M. while chasing scorpions near the Afghan border . .

.

descending with a flashlight into tombs in

Egypt's Valley of the Kings to photograph

hieroglyphs . . . sitting in Darwin's writing

chair to study his beetle collection at his house

in Downe, England . . . remaining motionless

for a painful seven-hour stretch, arms furry

with mosquitoes, hardly daring to breathe

while waiting for a caterpillar to stalk an aphid

in a swamp in Japan . . . seeing a centipede in

[Trinidad that was so huge it yanked stones out

of the roadbed during its death throes after our

jeep ran over it . . . having my safety harness snap open while climbing a hundred

feet up a rope in a tree to photograph biologist (and doctoral mentor) Edward O.

Wilson in Panama . . . tracking down the world's largest dung beetle in South Africa,

largest frog in Cameroon, and largest cricket in New Zealand . . . hving in India for

six months on a $100 traveler's check . . . and, along with my teammates, being the

first to ascend the world's loftiest tree, a California redwood 365 feet tall . . . and

managing somehow to never be sick along the way and to keep my total lifetime

[excess baggage expenses below $500. . . . But I've rambled on so long there's

probably no room left for any ofmy pictures.

Antler flies lock "horns," Papua New Guinea
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Michio

Hoshino
In a 1992 interview with Douglas Yates, the late Michio

Hoshino, a native of Tokyo, spoke about photographing the

wilderness of his adopted land, Alaska:

On photography: "The very best picture is one that provides

meaning and variation to as many different people as

possible. It must speak to the child as well as the elder who
has seen a fiill hfe. . . . Conveying real information is the

path. . . . Front Ughting usually doesn't have the impact of

dramatic backlighting, but it provides more information. It

can be appreciated longer, approached and understood

more successfully."

On bears: "Wherever we go in Alaska we must think of the

bear. This is the underlying tension and pressure of all our

considerations while camping in the bush. The lesson of

the bear teaches us to be aware of the unpredictability of

the natural world. . . .I've learned it is good to be

frightened. Bears scare me, but then I become more

humble, so this tension is a necessary thing."

On August 6, 1996, in northeastern Russia, Hoshino was killed

by a grizzly bear that entered his tent.

Above:

Polar bears

on ice field,

Alaska

Left:

Resting

grizzly,

Kamchatka

Peninsula,

Russia



Gray whale on seafloor, California

[or more tliaii an liour, 1 liad been swimming li.ird,

strugL^liiig to position myself to capture images ot a feeding

l;i.\\ wlialc. I'inalK-. nearlN' out of film and all but exhausted,

1 settled on the bottom and watched the whale swim away.

Suddenly it turned and swam slowly toward me. When it

w .IS tne feet away, it stopped and settled on the sand right

ni front of me. 1 had worn myselt out trying to get this

kuid of head-on proximity, and now, when 1 had only a

few frames left, the whale seemed to be begging for a

close-up.

Moving carefliUy, I crawled over to look into the tennis-

ball-sized eve. It was looking back. The whale raised its

nose toward me, and 1 could see barnacles on it, with their

feathery legs straining the water. I looked into that great

eye, and a long moment passed. I was certain that if I

scratched the whale's nose, it would not be upset. Slowly I

reached out and touched the rubbery hide. Gently I

scratched. Mesmerized by the close contact with this

magnificent creature, I continued to scratch for about thirty

seconds. Then I decided Id had enough, and stopped.

Have you ever scratched the snout ot a dog and then,

after stopping, had the dog put its nose back under your

hand and nudse it for more? Well, that's what the whale

when it bumped me with its snout I went flying.

Rolling across the sand like a peanut, I looked up just

in time for the whale to whack me with its no.se again. I

went head over heels. I rolled across the bottom like a

football bouncing downhill. M\ mask tilled with water,

and I had just managed to get it about half-clear when 1

went spinning a third time. The game had ceased to be

fun. I was in danger of losing my camera if not my
mouthpiece. After clearing my mask tor the second time,

I found myself several feet oft" the bottom, with the whale

moving in for another affectionate blow. I twisted .iway

just in time and went rolling down the whale's flank.

Then it was over. The whale slowly drifted away and

vanished from sight. I now know there are two reasons

not to scratch a whale on the nose: one, the whale might

not like it; two, the whale might like it very much.

did. Merooiem w,as that the whale weighed fifteen tons, and

How^ard

Hall
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Frans

Lantin
I really enjoy being out in the wilderness; a bad day in the

field is better than a good day in the office. Animals change

me. They communicate a lot with body language and thus

are very sensitive to what others are demonstrating with

their bodies. 1 go to great lengths to Ulustrate relevant

connections between people and animals, be they positive

or negative. I Hve eye to eye with them and witness not

only their ordinary Uves but also their most intimate and

most desperate moments. Often there is danger, such as the

time I was photographing in the midst of male elephant

seals, some weighing as much as three tons, on a California

beach, or the time I followed East African lions, living as an

auxiliary member of the pride. They accepted me to a

point at which it became possible to get within a few feet

of them at night, and I spent hours taking shots of the

lions as they devoured a giraffe's carcass.

I try to control situations only to a certain extent,

leaving the door open to chance by allowing the animals

choices or leeway, which forces me to improvise and react.

It becomes more of an interaction than a one-way street.

My pictures also show the context within which these

animals Hve—not just the totemic large animals but the

Httle critters, too, which are often overlooked. All are

expressions of vital ecosystems.

When I was a child, I had a favorite book about a boy

who is shrunk by a magician and joins a flock of wild

geese. The leader shows him how animals have been

hunted and persecuted by humans. "Go back as our

ambassador," he tells the boy, "and tell people that animals,

too, are entitled to their place in the world." That story hit

a deep chord in me. I became a mediator who stays with

wild animals, then reports back to my own species through

my photographs.

Above: Road-killed giant anteater near

deforested area, Goias State, Brazil

Right: Horseshoe crabs spawning at

dawn, Delaware Bay, New Jersey

L
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Left: Mounted extinct

Tasmanian wolf, downtown

Sydney, Australia

Below: Eastern gray

kangaroos, Murramarang

National Park, Australia

i^W

^



When I was growing up in the suburbs of Seattle in the

1950s and 1960s, nature was all around me. My earliest

memories are of playing in local woodlots, collecting frogs,

and watching birds. I moved on to hiking in the nearby

Cascade Range and Olympic Mountains. But over the

years, all those magical woodlots ofmy youth have been

devoured by development, and the air and water degraded.

Art

Wolfe

My latest project, Tlie Living Wild, is my forty-second

book. To complete it, I embarked on a three-year odyssey

to photograph the world's icon animals—those that best

represent their ecosystems. I wanted to help report on the

state of Earth's wildlife today—to show what we have left,

what we stiU have time to save. I ended the book with a

photograph of an emperor penguin chick firom the

Antarctic. To me, it's an image of hope firom a place that is

threatened by the effects of global warming but that many

nations have been working together to preserve.

I feel very lucky to be alive now, when we still have

time to act, enough knowledge to act correctly, and the

collective will to do so. Our role as nature photographers

should always be to make sure humankind knows firsthand

what's at stake and never stops trying to make a difference.
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Above: South American marbled

tree frog, Tambopata River, Peru

Above left: Greater Indian

rhinoceros. Royal Chitwan

National Park, Nepal

Left: Emperor penguin chick,

Weddell Sea, Antarctica

^.
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. Jack

Dykmea
'Tjeitleitium

Fresh out of school and working for a Chicago newspaper,

I specialized in gritty black-and-white shots ofhuman

tragedy and despair. In 1971 my images of institutionalized

people with mental retardation landed me a PuHtzer Prize

at age twenty-seven. But when I cUmbed Mount Rainier

in pursuit of a photoessay about a middle-aged man's

attempt to fiilfiU his dream, a new way of seeing opened up

to me. The combination of severity and beauty, the

experience of empty places with no need of people and

their baggage, caused me to look inward.

My family and I soon moved to Tucson, Arizona,

where I worked for another five years as a newspaperman

—but finally allowed myself to fall in love with the beauty

of the nearby Sonoran Desert. I have embraced it with my
heart and my photography. Now I'm working on a book to

promote the creation of a Sonoran Desert national park. I

can only hope that if I can capture the spirit of the place on

film, other hearts wiU sing, too.

Above: Lichen-covered volcanic rock with snakeweed. Hunter Mountain, Death Valley National Park, California

Right: Ponderosa pine cones and driftwood amid canyon reflections in a pool, Escalante Resource Area, Utah





JANUARY 2001

The Galapagos Islands: Abocini the

Isabela II

Januaiy 14 - 24, 2001

$4,495

Exploring Antarctica & The
Falkland Islands: Aboard the

Hanseatic

January 14-29, 2001

$7,975 - $15,475

Cuba: Image and Reality Aboard the

Panorama

January 18 - 28, March 5-15, 2001

$5,595 - $6,495

Heaven & Earth: Around the

World Private Jet Expedition to

Celebrate the Rose Center for

Earth and Space: Tikal, Cu2co, Machu
Pkchu, Easter Island, Samoa, Ayers Rock,

Borobudur, Anijkor Wat, Taj Mahal,

Luxor, Petra, and Norway's Northern

Lights

January 19 - February 10, 2001

$32,950

Indochina Unveiled: Laos, Vietnam,

and Cambodia

January 26 - February 11,

February 16 - March 4, 2001

$7,280**

American Museum

EXPLORE THE WORLI
Discovery Tour

Bhutan & Northern India: Aboard the

Royal Orient

January 29 - February 15,

October 8 - 26, 2001

$7,950

EBRUARY 200 1

Timbuktu and the Rivers of West
Africa: Mali, Senegal, and the Gambia

Aboard tbc Halcyon
January 7 - 20, February 4 - 17, 2001

$5,595 - $6,495

Mexico: Mayan Ruins and Excjiiisite

Haciendas

February 9 -21, 2001

$5,690

Big Cats of the Serengeti:

Biodiversity and the Role of Carnivores in

Ecosystems

February 19 - March 4, 2001

$8,190

Inside Saudi Arabia: Interpreting the

Islamic World

February 22 - March 8, 2001

$7,850**

The Amazon: Discovering its Natural

Wonders Aboard La Amatista

February 24 - March 4,

March 10-18, March 3-11,
March 17 - 25, March 24 -April 1, 2001

$3,198**

MARCH 2001

The Lost Islands of Tahiti: Exploring

French Polynesia Aboard tbc Paul Gauguin
March 1 -11,2001

$5,340 - $9,760

Belize & Tikal: Rainforests, Reefs, and

Ruins

March 9 - 18, November 2-11, 2001

$3,450

Indian Ocean Odyssey: South Africa,

Madagascar, and the Seychelles Aboard the

Hanseatic

March 17 - April 4, 2001

$9,975 - $17,475

Exploring Southeast Asia Aboard
the Eastern & Oriental Express: Thailand,

Malaysia, Cambodia, Singapore, and Hong

Kong

March 18 -April 1,2001

$6,690 - $7,490**

Egypt and the Nile: Aboard the M.S.

Nile Sovereign

April 22 -May 6, 2001

$5,780

Sicily: Crossroads of Mediterranean

Civilizations Aboard tfce Harmony
April 25 -May 5, 2001

$5,395 - $6,895

Springtime in Japan: Exploring

Temples, Gardens, and Traditional Cultures

Aboard the 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: Sicily,

Malta, Tunisia, and Spain Aboard the

Clelia II

May 9 -20, 2001

$6,695-$12,595

Africa's Wilderness by Rovos Rad:

South Africa, Zimbabwe, Botswana, and

Namibia

May 16 - 30, 2001

$8,495

I

JUNE 200 1

Madagascar: Witnessing (fee Total Solar

Eclipse

June 8 - 24, 2001

$6,295

Fire & Ice: The Kuril Islands and

Kamchatka Peninsula Aboard the Clippe

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,i

Columbia River Gorge & Mt. Hood, Gran\

Canyon, Bryce Canyon,Zion National

Park, and Mesa Verde

June 18 - 30, 2001

$16,950

China for Families: Beijing, Xi'an,

Yangtze River, Shanghai

June 19 -July 3, 2001

$4,990 - $5,850

North America's Great Lakes: Froml

Chicago to Toronto Aboard Le Levant I

June 24 -July 2, 2001

$3,890 - $5,390

Wildlife of the Galapagos Islands:

A Family Adventure Aboard the Santa

Cruz

June30-July 10, 2001

$2,790 - $5,790

Family Dinosaur Discovery: In the

Grand Valley of the Colorado River

July 7-13, August 18 -24, 2001

$1,350 - $2,650

Inside Iceland: Discovering Vikings &

Volcanoes

July 9 - 18, 2001

$4,275

AMERICAN MUSEUM OF NATURAL HISTORY/DISCOVERY TOURS
Central Park West At 79th Street, New York, New York 10024-5192

Discovery Tours, the educational travel department of ilie American Museum of Natural History,
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ON A DISCOVERY TOUR
2001 Programs
Exploring the Natural Wonders of

Ireland: A F.imily l'ro(lr,im

July 11-19, 2001

Sl,970 - S2,990**

VdV.iKC- til tin; North Pole: AKiiir,/

iIh' ^,l^lal

July IS - Auj;nM 1. 20U1

$17,950 - $23,950

Voyage to the Lands of Cods and

Heroes: A Family /oiirtify to ihf Amittil

Alclitfrr.im'iiM Al'ontil iht tielio II

July 23 -August 4, 2001

$2,195 - $10,645

AUGUST 2001

Arctic Odyssey: Exploring the

Labrador Sea 8< Hudson Bay Ahoaul

I (
I i-vaiit

Al.(;ust 2 - I'l, 2001

$5,995 - $8,995

I
Exploring Atlantic Canada;

I
Biiy o! Fmidy iiin/ Noihi Scolia

August 7- i4, 2001

$2,045

! Tuscany: A Sumimut fiiMit/y Afwifiirr

August 10- 18, 2001

$3,750 - $5,290

Family Alaska Expedition: Ahand
lh( Wilderness Adventurer

August M - 21, 2001

$2,790 - $4,890

Undiscovered Creece: HuUen

/sliiiii/s. V'ilLi(/fS, limJ AinifHl Sites Ahoord

tht C!nllislo

August 16-25, 2001

$4,295 - $5,595

The Outer Islands of Britain and

Ireland; Ahoiiul ll>t Song ol Flower

August 21 - September 2, 2001

$5,995 - $11,495

C;hiiia «< rhe Yangtze River: fcijiin/,

Xi'itn. V'liMi/l^f Riva, (I'lii/iii. iJHil HhiinilKii

August 28 - September \i, 2001

$6,790 -$7,390**

The Elbe River: A Joiimty from

/Viii/iit to Berlin Ahoiird ll)f Kalharina

Von liora

August 29 - September 1 1, 2001

$5,790 - $6,390

MBEK 3001

In Search of the Source of the

Nile; From Lomloii to Ziinzilnir.

TiiiiZiiiiiit, [/j/iiMffii, ami Khiirtoum

September 4 - 23, 2001

$12,980

Along the Ancient Coast of

Turkey; Aboiiut the Panorama
September 21 - October 1, 2001

$3,895 - $4,795

The Ancient Silk Road: A Journey

Throuijh Cbtmi iiiiiJ Coilr.i/ Asiii

September 21 - October 13, 2001

$8,990 - $13,950

OCTOBliR 2001

Himalayan Kingdoms; Tibet, Nepal,

auil Bbutim

October 1-21,2001

$7,880

Exploring Egypt & Jordan by

Private Plane

October 2- 18,2001

$5,990

Ethiopia; The Heart oj AJriam Civilization

October 3 - 17, 2001

$5,420

Papua New Guinea; Journey to (Iw

List Unknown

October 6 -20, 2001

$6,880 - $7,480

Iran: (Vrsimi Trrnsiirfs

October 12-26,2001

$5,495

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

Italy, Turbey, kus'iia

Oti.iber 22 - November 2, 2001

$25,950

Great Temples of Southeast Asia

TbailauJ, (Mmbodia. Malaysia, anj

Indonesia Aboard the Clipper CJdyssey

October 22 - November 10, 2001

$8,400 -$11,360**

Under Sail in the Wake of Moors
& Mariners: S/iniii, Morocco, and The

(.anary Islands Aboard the Sea Cloud
October 26 - November 7, 2001

$6,270 - $10,620

Lost Cities by Private Jet: Pclrd,

Oman, Lhasa, Chencfdu, Kathmandu,

Vientiane, Luan0 Prahanil Angkor,

Ulaanbaatar, and Samarkand

October 31 - November 20, 2001

$32,950

NOVEMIiER 200t

Patagonia: Torres Del Piiiiic and Tierra

Del Fuetjo Aboard the Terra Australis

November 5 - 16, 2001

$4,975 - $6,975

Coastal Treasures of the

Arabian Gulf; Dubai, Qatar,

Bahrain, Kuiihiit, Saudi Arabia,

Khasab, and Muscat Aboard

l/if Song of Flower

November 7 - 20, 2001

$6,495 - $10,995

Country Fairs of India: Ftaturing the

Pushldir (.amel Festwal

November 15-30.2001

$6,450

DECI-MBbR 2001

Nepal: A llimaliiyan Family Adventure

December 20. 2001 -January 3, 2002

$4,490- $4,690**

South Pole Expedition

Januar)- 8 - 23, 2002

$38,950

To Request Our 2001 Catalog Call:

800-462-8687 or 212-769-5700 Fax: 212-769-5755
Visit:www.discoverytours.org

Price based on double occupancy. Shide rates available on all tours.
HI • I t • ' • ^ I • I

* Includes oversells airfare fro,



Ownership Statement

Statement of Ownership, Management, and

Circulation (required by 39 U.S.C. 3685).

Publication Name: Natural History. Publica-

tion Number: 374-800. Filing Date: Novem-
ber 2, 2000. Issue Frequency: Monthly, with

combined issues in December/January and

July/August. Number of Issues Published

Annually: Ten. Annual Subscription Price:

$30. Complete Maihng Address of Office of

Publication and General Business Office:

American Museum of Natural History, Cen-

tral Park West at 79th Street, New York, NY
10024-5192. Publisher: Mark A. Furlong;

Editor in Chief Ellen Goldensohn; Ameri-

can Museum of Natural History, Central Park

West at 79th Street, New York, NY 10024-

5192. Owner: American Museum of Natural

History, Central Park West at 79th Street,

New York, NY 10024-5192. Known bond-

holders, mortgagees, and other security hold-

ers owning or holding 1 percent or more of

total amount of bonds, mortgages, or other

securities: None. Tax Status: The purpose,

function, and nonprofit status of this organi-

zation and the exempt status for federal in-

come tax purposes: Has not changed during

preceding 12 months. PubHcation Title: Nat-

ural History. Issue Date for Circulation Data

Below: November 2000. Extent and Nature

of Circulation. Average number of copies

each issue during preceding 12 months: A.

Total number of copies printed: 355,457. B.

Paid circulation: 1. Paid outside-county mail

subscriptions: 2,483. 2. Paid m-county mail

subscriptions: 321,148. 3. Sales through deal-

ers and carriers, street vendors, counter sales,

and other non-USPS paid distribution:

14,692. 4. Other classes mailed through the

USPS: 100. C. Total paid circulation:

338,423. D. Free distribution by mail: 5,428.

E. Free distribution outside the mail: 3,335. F.

Total free distribution: 8,763. G. Total distri-

bution: 347,186. H. Copies not distributed:

8,272. I. Total: 355,457. J. Percent paid circu-

lation: 97.5%. Number of copies single issue

published nearest to fihng date (November

2000): A. Total number of copies printed:

353,326. B. Paid circulation: 1 . Paid outside-

county mail subscriptions: 2,330. 2. Paid in-

county mail subscriptions: 321,790. 3. Sales

through dealers and carriers, street vendors,

counter sales, and other non-USPS paid dis-

tribution: 12,860. 4. Other classes mailed

through the USPS: 100. C. Total paid circu-

lation: 337,080. D. Free distribution by mail:

5,428. E. Free distribution outside the maO:

3,335. E Total free distribution: 8,763, G.

Total distribution; 345,843. H. Copies not

distributed: 7,483. I. Total: 353,326. J. Per-

cent paid: 97.5%. I certify that all information

above is true and complete.

EUen Goldensohn, Editor in Chief

116
I

NATURAL HISTORY 12/00 - 1/01

EVENTS

DECEMBER 1

7:00 P.M. Claire Dunne, author of a

new biography of Carl Jung, gives a

talk on the pioneering psychologist and

screens a documentary about Jung's dis-

ciple Helen M. Luke.

DECEMBER 2

2:00 P.M. George PHmpton and Dmitri

Nabokov read correspondence be-

tween Edmund Wilson and Vladimir

Nabokov, in Terry Quinn's play Dear

Bunny, Dear Volodya.

DECEMBER 5

7:00 P.M. For the last talk presented

in conjunction with the exhibition

Way," a talk by geophysicist Karl

Turekian, is the third in a series on

Earth and its water resources.

DECEMBER 11

7:30 P.M. As part of the "Frontiers in

Astrophysics" series, Bryan Gaensler, of

MIT, discusses supernovas and their

smoke rings. Neil de Grasse Tyson, di-

rector of the Hayden Planetarium, wiU

give a brief sky show using the Zeiss

Mark IX projector.

DECEMBER 12

7:00 P.M. In conjunction with the Uve

butterfly exhibition, Eric L. Quintet

talks about lepidopterology.

"Iceland, Land of the Vikings," an exhibition of photographs by Pall Stefansson,

continues in the Museum's Akeley Gallery through January 14.

"Vikings: The North Atlantic Saga,"

Birgitta Wallace, archaeologist emerita

for Parks Canada, speaks on Vikings in

North America.

DECEMBER 6

7:00 P.M. In a symposium coinciding

with the Viking exhibition, scholars

discuss the first Norse contacts in

North America.

DECEMBER 7

7:00 P.M. Robert Pollack, director of

the Center for the Study of Science

and ReHgion at Columbia University,

gives a talk entitled "The Faith of Biol-

ogy and the Biology of Faith."

DECEMBER 9

1:30 P.M. "How the Ocean Got That

7:00 P.M. Maraleen Manos-Jones speaks

about the butterfly as symbol.

DECEMBER 16

10:30 A.M. A free day-long program

entitled "Viking Living History" takes

place on the fourth floor and includes

demonstrations of various crafts.

2:00 P.M. 77« Vikins,s 2000, a NOVA/
WGBH film about the Vikings as col-

onizers, merchants, shipbuilders, and

artisans, is shown in the Kaufmann

Theater.

DECEMBER 18

7:30 P.M. As part of the "Distinguished

Authors in Astronomy" series, Virginia

Trimble gives a talk entided "Astron-

omy From A.D. 1001 to 2000: The

Millennium in Review."



DECEMBER 30

The At'ric.in Amcric.iii liolitl.iy Kwan-

zaa is celebrated .ill day in tlie Hall of

Ocean Life.

JANUARY 13

Q)a\m Oihis, a tiim on the biodiversity

of the Baja California peninsula, opens

in the IMAX Theater.

JANUARY 20

1:30 P.M. "Hot Wuer in the Earth:

The Genesis of Mineral Deposits," the

fourth in a series of talks on Earth and

its water resources, is given by geologist

Philip Candela.

JANUARY 22

7:30 P.M. As part of the "Frontiers in

Astrophysics" series, David HeUand, of

Columbia University, gives a talk enti-

tled "Chandra: The X-Ray Universe

Revealed."

DURING DECEMBER AND JANUARY

The Museum's Origanu Holiday Tree,

decorated with 1,50(1 folded-paper

animals, is on display in the Theodore

Roosevelt Memorial Hall.

A 220-million-year-old fossil

of the small gliding reptile karosatmts is

on displav in the Rotunda. Recently

donated to the Museum, the Triassic

fossil was discovered in 1960 in north-

ern New Jersey.

The Deparmient of Education

presents free weekend multicultural

programs on the theme "Of Earth and

Sky: Stories of Our Environment." Call

(212) 769-5315 for information.

The American Museum of Natur.il

Histor\- is located at Centr.il 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 w\\-w.amnh.org.

Space Show tickets, retail products, and

Museum memberships are also avail-

able online.

Keep the

traditions of

discovery and

giving alive

season.

shop
,

® One of the largest and nnost innovative

natural history museums in the world, the

American Museum of Natural History takes

you on a journey through the life and

cultures of our planet and the universe, all

within 42 permanent exhibition halls.

Continue that joumey online at www.amnh.org.

Whetheryou are looking for dinosaurs,butter-

flies, or something really out of this world, you

will find unique qifts that ore sure to delight

e/eryone on your holiday shopping list.

iusEUM o Natural HT'^tI

@2000 Americon Museum ol Naturol History
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Endnote on a New Beeinnin
By Stephen Jay Gould

Dr.
Johnson, invoking the sexism of the ages to dispar-

age an incipient form of eighteenth-century feird-

nism, compared a woman preacher to a dog walking

on its hind legs. The marvel, he stated, consisted not in doing

it well but rather in doing it at all. At the dawn of a new mil-

lennium, we might repeat this cynical judgment and praise

this magazine, at its centennial, merely for its continuity

through a time of maximal peril and change. Indeed, in sim-

ply staying the course. Natural History has achieved something

quite self-referentiaUy wonderful, for our magazine has dis-

played the defining criterion for success in its central subject

of evolutionary biology: the unbroken continuity of ge-

nealogical persistence. Human institutions, however, urdike

their morally neutral analogues in factual nature, also demand

judgment in conceptual, aesthetic, and ethical terms. And
here, on these distinctively human grounds. Natural History

may truly celebrate the inception of its second century in

transcending Dr. Johnson's image by doing its appointed task

so very well and with such uncompromising integrity.

Sometimes we win a less taxing form of integrity by ally-

ing ourselves to a just principle and then sticking to it

through thick and thin, pain and loss. But the more complex

mode that has been the hallmark of this magazine for 100

years seeks to craft a dynainic midground between simpUstic

endpoints that can only spell destruction at their extremes.

Should Natural History promote an ideahzed concept of pure

"wUderness" without human presence, or should a magazine

pubHshed in a great city always stress the importance of intel-

Ugent human use? Should Natural History be written as a

"house organ" for the committed or as glossy fluff, striving

for the goods of proselytization by using the bads of com-

mercial blandishment and the frantically empty prose of

sound bites and simplicities?

Natural History found the golden mean for both these

contrasts—and many others. Art can be nature's true partner,

as Frederick Law Olmsted showed us in Central Park and as

this magazine learned in regarding a human presence as in-

trinsic to nature's current evolutionary state. And Natural His-

tory can span the fuU intellectual depth and aesthetic beauty

of evolution by relying mainly on active scientists with a life-

long feel for their subject and a passionate commitment that

inspired their professional choice—not primarily on writers

who, despite exemplary skills in conveying the work of oth-

ers, must miss a hundred subdeties of truly divine minutiae.

As I read previous anniversary issues to prepare these

thoughts, I reaHzed that Natural History did not drift into

these balances passively; rather, this optimal place has been

discovered by change, experiment, and historical struggle.

Issue Number 1 of Ttie American MuseumJournal (April 1900)

reported Museum business to the cognoscenti without any

sense of intellectual excitement and with certainty about the

superiority of those who observed over those on display, as in

this report about some Far Eastern folk: "As with most bar-

barous peoples, conduct is restricted by many superstitious

conventionalities, such as the supposed shocking impropriety

of a man's ever seeing his mother-in-law's face."

In the semicentennial issue of 1950, and for entirely un-

derstandable reasons in the wake of World War II, the Mu-
seum's curators exaggerated nature's potential role as the

source of ethical solutions for an erring humanity that had

embraced cities and technological destruction, and now
needed a correction. None other than former president Her-

bert Hoover advocated, in our pages, "the primaeval joy . . .

of getting back to nature—for recreation and to wash one's

soul of the complexities of modern Hfe." One curator pre-

dicted that by the year 2000, our global population of 3 bil-

lion would be eating yeast steak and algal butter. Meanwhile,

the same Mr. Hoover feared no technological competition

from other lands, because, as a consequence of cultural back-

ground, not intrinsic limitation, the "peoples ofAsia . . . im-

itate and fumble with [machines]." I have great faith in our

capacity to correct and overcome the inevitable faUibihties of

human judgment and therefore do not fear permanent harm

f5"om such transient misbalancing of the relative worth be-

tween natural and cultural life.

Sicut erat in principio et rmnc et semper et in saecula saeailorum.

This doxology ("as it was in the beginning, is now, and ever

shall be, world without end") purports to describe a form of

divine immanence but should also apply to nature—for we
need her shrinking presence more than ever—in a universe

that at least enjoys geological expanse if not true eternity.

Saecula saeculorum refers literally, in one meaning, to "cen-

turies of centuries." And so, as this great magazine begins its

second saeculum, may we continue to keep its subject healthy

and in vibrant partnership with our cultures right on through

times that only a geologist can comprehend. D
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lo the Inh ofthe hjtth
By Michael J. Novacek First established 131 years ago in

the old arsenal on Fifth Avenue in New York City, the

American Museum of Natural History was the repository

for an odd assortment of items—the bones of an extinct

dodo, 4,000 seashells, four skeletons of sea otters—whose

provenance could be attributed more to circumstance than

to any particular acquisition strategy. Soon the arsenal began

to fill, still in this rather haphazard way, with bird skms, bee-

tles, mastodon teeth, crocodile skins, and other exotica.

When the Museum opened at its present site on Central

Park West in 1877, it was clear that some changes were in

order. Fortunately, Morris K. Jesup, the Museum's first pres-

ident, inaugurated a worldwide effort in exploration, one

that would yield collections based on sound scientific re-

search as well as spectacular discovery. Jesup and his succes-

sors brought the Museum full tilt into the so-called golden

age of exploration, from about 1880 to 1930, when it orga-

nized expeditions to the North Pole, Siberia, the Gobi

Desert of MongoHa, and the Congo basin in Africa.

Those years of discovery laid the foundation for the Mu-
seum's fieldwork in later decades. Expeditions continued to

flourish, and collections and exhibits grew accordingly,

whether drawn from voyages to the Pacific Islands or from

excavations of the fossil terrain of Patagonia. Today the Mu-
seum remains committed to exploration, launching more

than a hundred expeditions and field projects each year.

The rewards of such massive efforts past and present are no-

table: some of the world's largest and most important col-

Ofthe thousands of expeditions that the Mtiseum has supported,

thirty-six are highhghted in this supplement. Jlie photographs and

excerpts we have chosen are a small fraction of the many memorable

moments, observations, and adventures described in the pages of

Natural History in the course of our WO years ofpublication.

Page 4 AUSTRALIA AND THE PACIFIC ^
1920-41 Whitney South Sea Expeditions (1)

^
1921-23 First Australian Expedition (2)

1928-75 Mead Admiralty Islands Expeditions (3)

1938-39 Lerner Australia-New Zealand Expedition (4)

1949 Palau Islands Expedition (5)

1950 New Guinea Expedition (6)

1998 Black Smoker Expedition (7)

Page 8 ASIA
1897-1902 Jesup North Pacific Expeditions (8)

1916-17 Asiatic Zoological Expedition (9)

1922-30 Central Asiatic Expeditions (10)

1926 Burden East Indian Expedition (11) ^
1926-29 Vernay-Faunthorpe Expedition (12)

^
1990-present Joint Gobi Expedition (13)

Page 14 AFRICA
1909-15 American Museum Congo Expedition (14)

1921-22 Akeley African Expedition to the Belgian Congo (15)

1924-28 Martin Johnson African Expedition (16)

1930 Vernay-Lang Kalahari Expedition (17)

1953 Morden African Expedition (18)

1996 Dzanga-Sangha Rainforest Expedition (19)

1996-present Marine Mammal Project at Antongil Bay, Madagascar (20)
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Centennial supplement editor: JENNY LAWRENCE

Jatiiml History celebrates 100 years oi Museum work in the field.

lections i)f (.tiiios.iLii's, fossil 111,1111111. lis, w.isps, InittcrHics, spi-

ders, mollusks, bials, reptiles, .uul .imphibi.ins, .is well as

gems nnd miiienils and Northwest Cxxist Indian art.

Modern held research is sensitive to the limitations on

the collecting of certain animals and cultural artifacts. At the

same time, new kinds of materials have become important

scientific evidence—frozen tissues for DNA studies, mi-

croorganisms from sulfide chambers rooted to the ocean

bottom well o\er a mile below the sea's surface, digital data

on stars and gala.xies. But Museum expeditions still ciepend

on the collection of objects and certain data necessary for

understanding our natural world and its past. Such missions

are indeed critical, despite—or rather, because of—the

shrinking natural resources of our planet. Whereas we have

an exhaustive .iccouiitiiig of 111. 1111111, ils ,iiid [lirds in many re-

gions, we have barely begun a sufficient census of Earth's

dominant biological species: insects, soil organisms, and mi-

crobes. Since these poorly known biological groups are the

key to maintaining ecosystems, the Museums tradition of

exploration and di.scovery has never been more relevant or

more exciting.

ni'ci}' siiiuiiicr since 1990. Micitacl ]. Nomcck, senior vice presi-

cienl and pnvost oj science at the American Museum oj S'alural

History and curator in the Division of Paleontology, has led a Mu-

seum team to Mongolia's Gobi Desert in search offossils. His book

Dinosaurs of the Flaming Cliffs (Anchor, 1997) chronicles the

extraordinary fossilfnds of the Gobi Desert.
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f Page 18 THE AMERICAS
1907-08 Vertebrate Paleontology Expedition (21)

1922 Santo Domingo Expedition (22)

1923-24 Bahamian Coral Reef Expedition (23)

1925 Murphy Expedition to Ecuador and Peru (24)

1930-31 Scarritt Patagonia Expedition (25)

1934-37 American Museum-Sinclair Dinosaur Expedition (26)

Q 1943-44 Paricutin Expedition (27)

A 1955 Poverty Point Expedition (28)

^l
.

1975-80 Huanuco Pampa Archaeological Project (29)
'-^- 1993-present Tilcajete Project (30)

1^98-present Mission San Marcos Archaeological Project (31)

Page22THE POLES AND THE FAR NORTH
\ 1908-12 Stefansson-Anderson Arctic Expedition (32)

O O 1912-13 South Georgia Island Expedition (33)

_, y 1913-17 Crocker Land Expedition (34)

1969-71 Antarctica Expedition (35)

1998 Wrangel Island Expedition (36)

t
COVER Tfiird Asiatic Expedition: A camel caravan,

Mongolia, 1925. Photograph by 3. B. Shackelford.
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Austfdkmh tk Pmfic
1921-23 First Australian
Expedition

Concerned about escalating extinctions, curator of comparative anatomy

(andfirst editor of Natural Historyj William K. Gregory organized

an expedition to collect Australian and Tasmanian mammals. At the

time, Museum president Henry Fairfield Osborii planned to build a hall

devoted to the continent's animal and plant life and human inhabitants.

Although the AustraUan hall was never completed, a preliminary sketch

of its diorama centerpiece ims made by Charles R. Knight, America's

most influential painter of the prehistoric world. Knight, whose many

depictions ofanimal life were based on the Museum's collections, began

visiting its galleries as a young boy in the 1880s to gaze on what he

called "a galaxy of treasures in the form of moimted animals, birds, skins

of various kinds, and plaster casts of dead specimens. " Gregory describes

the proposed diorama:

"The background will be the Australian 'bush' (or open forest)

of eucalypt trees, with the surdight streaming through the

thin foliage. In the foreground a dingo, or wild dog, has just

bounded into view and is hurling himself at the nearest

kangaroo, an old male. Two of the females, one of them with a

large young one in her pouch, are leaping frantically in different

directions. A Uttle way back, still another kangaroo is raising its

head in a startled way, and in the distance a few are feeding

quietly." {Natural History, January-February 1924)

A sketch of the diorama for the *V V I

proposed Australian hall \ . S

1920-41
Ornithologist Rollo Beck led the first

segment of what became a twenty-year survey of

marine and land birds of Micronesia, Melanesia,

and Polynesia. Thousands of spedmens were

brought back to the Museum to be displayed and

stored in the Whitney Memorial Hall of Oceanic

Birds. Beck also documented the life of islanders.

At Rapa Island in Polynesia, he was "astonished

at the performance of the boat crews" but was

perhaps most impressed with the boat-handling

skills of the women. {Natural History,

January-February 1922)



1938-39 Lerner Australia-
New Zealand Expedition

Wciilrliy piilwiis Micluwl ami Helen Lcriwr, both phiclitioitcrs cf bii^-siiuiic fishing, fiiuilcd

and led five expeditions to diffeienr pdils of the world to [;diliei' data iihoiil the so-called

i;iaiits ('/ the niaekerel tribe—uiarliu, tuna, sailjish. and bioadbill snvrdfish—that shared

a toiiiiiioii ancestor at least 60 million years iiija The trip to Australia and New Zealand

focused particularly oti collecliim niarlin. While the Lerners were fishing^, William K.

Gre^iory searched ainom; sleep rocks and tidal pools for seashells that woidd encapsulate

the \ieolo\iiial history ol the Southern th'niisphere's island continein:

"A liviiiy limpet IS of hiyh interest to the student ot the evolution of the shell-bearing niollusks, because his earliest known

fossil ancestors are found in the rocks of the Cambrian period and are probably more than 4( K ) million years old. But

the limpet himself, as he clings tightly to his rock, exhibits only a strong negative interest in the activities of an amateur

conchologist. And unless he can be suddenly caught off guard, it is almost useless to try to pull or push him ofFliis

tirm base. The best way to dislodge him is to push the edge of a sheath-knife suddenly under his shell and break the suction

exerted by his powerful oval base or 'foot.' This general type of broad, clinging foot is shared by thousands of other kinds

of niollusks and it is so typical of them that diis great class of mollusks has been named gastropoda (belly-foot).'" {Natural

History, November 1939)

1950 New Guinea Expedition

^ On sei'eral trips to ii'hat is noir knon'ii as Papna Ncii' Guinea, ornitholoiiist E. Tliomas Gilliard

collected material fir the Whitney Manorial Hall of Oceanic Birds. On the south slope oj Mount

Hai^en, in a subtropical forest 7,500 feet aboi>e sea level, Gilliard ii'itnessed a strikiin; courtship

dance:

"The male King of Saxony elevated the head plumes in a wide V until they tilted

foi-vvard Uke slender horns and drooped to a point level wdth the feet. . . . Then the bird

began a rhythmic dance, which consisted chiefly of an undulating or bouncing ot the

bociy. This took place some 50 feet above the ground on a thin horizontal perch,

perhaps of finger thickness. Clasping the perch tightly, the male made crouching

movements that caused the slender limb to spring rapidly up and down some sLx inches

to a bounce. As the tempo increased . . . the bird bowed liis head a number of times in a

manner that caused the spectacular twin-occipital plumes to be cast tbrward and down

like the tines of a great fork.

"While this activity was under way, the dancer emitted a spurting, hissing noise,

which sounded Hke steam. . . . The female . . . seemed drawn to the side of the dancing

male as iron filings are to a magnet. . .

.

"At the moment of highest excitement, when the male's gorgeous crown plumes

undulated so close to her as to almost touch her head, the male and probably also the

temale leaped suddenly upward some 18 to 24 inches. Quite appropriately, the

climactic explosive call 'Kis-sa-ba' marked tliis peak of emotion. After the spasmodic

leap, 1 sa\\' two birds as they flew direcdy overhead. Side by side against the sky, one

of the pair was clearly seen to have rvvo long blue sti-eamers trailing behind."

{Natural History, June 1953)
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1949 Palau Islands Expedition

Marine biologist Eugenie Clark went to Palau, a group of islands in the southwestern Pacific, to study and

collect fish under the auspices of the Museum and the Office of Naval Research's Pacific Science Board.

Palau's most esteemed speaifisherniau, Siakong, served as Clark's guide in exploring the coral reefs and

collecting fish in Malakal Harbor, where, Clark wrote,

Siakong with spear in hand

"we could look deep into the clear water and see

sunken battleships fivm the war days":

"One of Siakongs remarkably simple methods

of spearing fish underwater was literally

'breathtaking.' He would find a reef well

populated with fishes and then dive calmly to

a depth of about 10 or 20 feet, sometimes

weighting himself with a rock so that he could

sink without swimming. He'd get a firm grip on

the reef with his legs or free arm, poise his spear

in readiness, and then—wait for the fish to come

to him! . . . I've never measured how deep I can

dive, but I know that at more than 20 feet under,

my face mask cuts into my head, and my ears and

nose feel uncomfortable. Usually I don't go

much deeper, for I have always found enough

activity in the top 20 feet to keep me occupied

and satisfied. . .

.

"As my weeks in the Palaus came to an end,

Siakong asked when I would be back again.

'Perhaps many years later,' I said because I hated

to tell him 'Probably never.' 'That's O.K., Neclian.

rU still be a good spear-fisherman when I'm 80.'

And he might have, too; but that was not in the

cards for Siakong. . . . After being released from a

long stretch in jail, Siakong went on a fishing

trip, took a deep dive after a turtle, and never

came up again. The area was combed by other

divers, but they couldn't find a sign of him or a

clue to his disappearance.

"Perhaps with his great skill in the water,

Siakong found a way to stay alive underwater

indefinitely and just decided not to bother

coming back to a world that was constantly

throwing him into the calaboose. Let us imagine

him still happily swimming around those reefs

that he loved so much, playing with the turtles

and fishes." {Natural History, May 1953)
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1928—75 Beginning in 1928, anthropologist Margaret Mead did periodic

fieldwork on Manus, an island in the Admiralty group north of Papua New

Guinea. When Mead returned to Manus in 1975, she found that the society as a

whole was being revitalized: "The extreme emphasis on modernization and

rejection of the characteristics of an earlier period were now gone. The society

was still distinctively Manus, but with a new sense of identity, ready to combine

the old and the new. I realized how little we had been able to learn

when we used to study a people only once, and how ^
illuminating and unique was this ^—''^^f^^^'' ^^
opportunity to follow the same y
population—a microcosm of the

world—for forty-seven years, as they

fanned out into the wider world, but

retained the core of their culture at

home." {Natural History, June-July

1976)

\9T5

1998 Black Smoker Expedition

Exploring the hydrothermal vents along tiiejiian de Fuca Ridge (200 miles off the coast of Seattle), a remotely operated

vehicle worked at a depth of 7, 200feet to raise three sulfide chimneys, called black smokers, for display in the Mnseimi's

Gottcsmaii Hall of Planet Earth. Science writer Peter Tyson describes the delicate operation aboard ship to secnre the live

chimney that the team named Roane:

"We raced outside. The gauge read fifteen thousand pounds and was falhng fast. . . . Live chimneys, being more

porous, lack the solidity- of dead chimneys, and Roane might have crumbled away when it \\as wrenched free

of the seabed. . .

.

"An hour later. Roane reared out of the ocean on the end of the line and was Htted sately aboard. It had spht

horizontally and was missing its

top portion, but what we had

was solid as a redwood and

testooned with drinking-straw-

like tube worms. Seconds after

it had touched down on the

tantail. Delaney and Kelley

rushed forward and thrust a

temperature probe into Roane's

stOl-steaming central 'flue.' a

fist-sized opening that ghttered

with black crystals. . . . The

temperature read 194° F, and that

was after an hour in 35° F

seawater. I stuck my hand into

the hole: it felt like a sauna."

{Natural History, June 1999)
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Ask
1897—1902 The relationship between the peoples of

northeastern Asia and northwestern North America was

explored in the Jesup North Padfic Expeditions. For

ethnologist Waldemar Jochelson and his wife, Dina, who

took photographs and collected ethnographic artifacts,

archaeological materials, and zoological specimens, field

conditions were extremely difficult: "Bogs, mountain

torrents, rocky passes and thick forests combined to

hinder our progress. . . . Heavy rain . . . caused the

provisions to rot. Therefore we had to cut down our rations

from the very beginning. After crossing the passes ... we

reached the upper courses of the Korkodon River." {Natural

History, March 1988)

1916-17
Asiatic

Zoological
Expedition

In one year, expedition leader Roy

Chapman Andrews and his

photograplier wife, Yvette Bonip

Andrews, traveled 2,000 miles by

horseback through China's Yunnan

province, whose topography Andrews likened to "the surface

of the ocean in afurious gale, for the greater part has been

thrown into vast mountain waves which divide and cross one

another in hopeless confusion. " He took a particular interest

in gorals and serows, the so-called goat antelopes that are

found only in Asia. He described coming upon a goral on

Snow Mountain:

"I have seen a goral run at full speed down the face of a cliffwhich

appeared to be almost perpendicular, and where the dogs dared not

venture. As the animal landed on a projecting rock it would bounce off

as though made of rubber, and leap eight or ten feet to a narrow ledge

which did not seem large enough to support a rabbit . . . They are

vicious fighters, and frequently back up to a cliff, turn on the dogs,

and fight the pack." {Natural History, December 1917)

I



1922-30 Central Asiatic Expeditions

doq.
""°^^° \ Teatime near the Gobi's Kalgan Pass: Henry Fairfield Osborn (left) and

1\ fk
tAonqo

.^J^fc 41k. \ ^°y Chapman Andrews

Roy Chapman Andrews (left) and Walter Granger

examining dinosaur eggs

Over the course of a decade, Roy Chapinaii Aiidretrs organized five expeditions

to the Gobi Desert, where Museum scientistsfound dinosaurfossils dating back

80 million years. Henry Fairfield Osborn, creator of the Department of Vertebrate

Paleontology and Museum president from 1908 to 1933, joined the first Central

Asiatic Expedition in 1922. He reports on the two outstanding discoveries oj the

expedition, whose object was to test his theory that the mauunals ofEurope and

America originated in central Asia:

"First, the discovery of a hitherto unknown and extremely ancient

continental surface of Gobia right in the heart of Asia, where the

conditions were highly favorable for the origin and evolution ot all torms

of continental life over a period of time variously estmiated as from ten

millions to sixty miUions of years in duration; second, the discovers- that

this inland continent lay at the very center of a series of great lite-zone

belts which extended around the Eastern and Western Henuspheres,

along the hues of the fortieth and fort^'-fifth

parallels. Hitherto we have known only the

eastern and western ends of these great broad

bands of Ufe; now we are exploring in the very

center of these Ufe zones." {Natural History,

March-April 1924)
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1926 Komodo, one of the Lesser Sunda Islands in Indonesia, is distinguished by

pinnacles of igneous rock overlooking low country covered with long grass and sago

palms. Capturing the giant lizards unique to the island became the focus of the

Burden East Indian Expedition. Douglas Burden describes one Komodo dragon: "He

looked black as ink. His bony armor was scarred and blistered. Half his

tail had been lost in battle. His

eyes, deep set in their sockets,

looked out from underneath

overhanging brows. Now his

footsteps were plainly audible. . .

.

Then, of a sudden, it happened. He

walked straight up to the opening,

stepped through the noose, and

seized the bait. I pulled the release, and the great dragon

was catapulted into the air. . . . Then it was a contest of

strength between him and the tree, which began to crack

noisily with the strain as he clawed at the ground, tugging at

the rope which was tightened about his middle." {Natural

History, January-February 1927)

Michael
Novacek

1990-preSent After Mongolia's Soviet-

backed regime fell in 1990, the new government

invited Museum scientists to resume fossil

excavations (suspended in 1928) at various sites

in a 500,000-square-mile area of the Gobi

Desert. Every summer since 1990, in

collaboration with the Mongolian Academy of

Sciences, a Museum team headed by

paleontologists Malcolm McKenna, Michael Novacek, and Mark Norell has

traveled to the Gobi, identifying fossils and amassing a wealth of information about the

locomotion, feeding, and sensory systems of a broad spectrum of ancient vertebrates. "How can a

sdentist make sense of all these data?" writes Mark Norell, discussing the interpretation of an

oviraptorid embryo found at Ukhaa Tolgod. "Oviraptorids were small, bipedal dinosaurs closely

related to birds. ... In the Ukhaa Tolgod and other oviraptorid nests, the eggs are arranged in a

circular pattern, with the large end of the eggs fadng inward. This indicates that, like modern birds,

oviraptorids manipulated their eggs in the nest. More broadly, such evidence tells us that many of

the behaviors that we think of as unique to birds have deep roots. They evolved far back within the

history of the group, with the extinct nonavian dinosaurs." {Natural History, June 1995)



1926-29 Vernay-Faunthorpe Expedition

Arlliiir S. Venmy and ColonelJohn C. Fannthorpc ori^anized expeditions lo India,

Myiiiiniar, Aniiola, and parts of East Africa to obtain the mammal specimens and other

inaicrials needed to eonsinut dioramas for such habitat groups as those centered around the

Siiiihiiriin rhiiioieros and the Indian leopard. Preparator Albert E. Butler describes the

trork ofcolleitifn; and preparing materials lo create the settingfn a habitat group:

"Any grasses required, for instance, are coUected and packed carefully so as not to

become broken in shipment, for such material can be preserved, recolored, and

actually utilized in the group. Leaves and twigs of the plants selected are carefully

packed in tanks containing a formalin solution—tanks for this purpose

having been specially made and included in the field outfit. Plaster

molds in series are made from leaves of each plant form, and similar

molds are made from flowers in much the same manner. Color

sketches are also made in order that the artificial reproductions may

closely imitate nature, and if time permits, wax reproductions are

sometimes made on the spot and colored in imitation of the freslily

growing plants. Samples of rocks and sections of tree bark usually

are all that is necessary of such material, for these can be faithfuOy

imitated in the work shops of the Museum where paper mache

and plaster take their place." {Natural History, November-December 1928)
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1909-15 American Museum Congo Expedition

Zoologist Herbert Lang and eighteen-year-old Columbia University student

James Chapin spent six years in the Belgian Congo (now the Democratic

Republic of the Congo). They returned to the United States with fifty-four

tons of diverseflora, fauna, artifacts, and ethnographic data. After the

expedition, Chapin completed his studies at Columbia University andjoined

the Museum as a curator in the ornithology department. In 1960, in a series of

oral reminiscences, he described his extraordinary travels somefifty years earlier:

"I can never forget the noise that an African caravan used to make in

those days. There was a capita, a head man who wasn't carrying

anything. He had good lungs and he would yell, 'B-r-r-r-r, makata

mia; b-r-r-r-r, makata mia-mia.' At each 'makata mia' the whole

caravan was supposed to yeU, 'Wow!' Then when they got on a bit,

sometimes I would hear him say, 'Makata mia,' and then ask a

question: 'B-r-r-r-r, makata mia; nachoka?' (Are you tired?) And the

whole caravan was supposed to reply, 'Wapi!' (Where?), the strongest

negative they could think of. Then they would sing, too: 'Tulala wapi?

Tulala wapi?/Tulala na bandaholio.' That song said, 'Where are we
going to sleep?' Then would follow the name of the village where they expected to

sleep in some big shed, or bandaholi. . .

.

"In 1913, Lang and I parted in Avakubi. ... I, with three Azande

carpenters, began to repair packing boxes, make new ones, and prepare

all our collections for the three weeks' overland safari down to

Stanleyville, where, at last, they could be put on a river steamer. I

figure that during that year—between 1913 and 1914—

1

rearranged loads for about one thousand men at sixty pounds per

box." {Natural History, November 1990)

Manziga, an Avungura chief

m^
w

HP "vllflm
i^Hk. '^is^mJmw

m.

1930 On a survey of southern Africa's Kalahari Desert

funded by Arthur S. Vernay and led by zoologist

Herbert Lang, the team traveled in five one-and-a-half-

ton trucks. Three were equipped with wrire sides

that could be let down to make beds for six people.

Vernay was intrigued by the desert people and wrote

that "the Bushman has a most amazing faculty,

an extraordinary quickness of perception in seeing

the spoor; he goes along at a jog-trot on the

spoor, and in this way can actually run fifty miles

a day. We ascertained quite definitely that they can

run down such animals as steinbok and duiker by

keeping on the spoor hour after hour, until

eventually the animal is tired out and becomes their

prey." {Natural History, May-June 1931)



1921-22 Akeley African Expedition to

the Belgian Congo

^4-

A mounted

mountain

gorilla

«K

Carl E. Akelcy, the Museum prepciralor who rewUitioni^ed thefield of

taxidermy, envisioned a hall displaying Afiicaii wildlije. On the third of

six visits to Africa, he went to Lake Kivu at the eastern edge of the

Belgian Congo to collect gorillas and study their habitat. Well ahead of

his time, Akelcy was deeply concerned about disappearing wilderness and

wildlife, as well as about misconceptions regarding particular creatures:

"Had the American Museum undertaken to prepare a gorilla

group five years ago, using skins which could be purchased in the

open market, and planning the group as carefuUy as possible in

accordance with the accumulated

data of the past seventy-five years, I

have an idea that that group would

have had a much greater appeal to

a pubhc thirsting for excitement

and sensation, than the group

which will result from the

knowledge recently acquired. Such

an imaginary group would of

necessity have shown the gorilla as

a ferocious creature in a setting of

gloomy forest or mysterious

jungle. There would have been

one specimen in a tree, another

walking erect with a staff or club in one hand, and perhaps a third

beating its breast with its fists and opening its cavernous mouth as

though roaring with rage. . . . Taking the records literally, there

would have been justification for depicting an old male m the act

of crushing wnth his teeth the barrel of a hunter's gun. . . .

"The gorilla group in Roosevelt African hall wiH be a great

disappointment to that portion of the pubhc which has expected

and would prefer to see the gorilla made as human and as

horrible as the imagination has painted him, for it will show the

gorilla as a great amiable creature in a setting of extraordinary

beauty." {Natural History, September-October 1923)

Women using ostrich
eggshells to store «,ater in

the Kalahari Desert
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1924-28 Martin Johnson
African Expedition

With the backing of George Eastman, of the Eastman Kodak

Company, and a group ofMt4set4m trustees, photographer and

fihnmaker Martin Johnson and his unfe, Osa, were enhsted to

document African wihihfe. Tlieir work was used to generate interest in

and funds for Carl Akeley's African Hall. MartinJohnson describes

the difficulties of capturing on camera the wild

animals they encountered throughout East Africa:

"I doubt very much whether any one who
has not tried it has any conception of the

difficulties connected with making wild-

animal pictures. The screen pictures of the

veldt, showing all kinds ofwild game roving

about, seemingly unaware of the presence of

the camera and the camera man, often delude

the audience into thinking that after all it is

rather easy to photograph them. Herein art

and skill defeat themselves. The better an

animal picture is made, the less exciting it

appears to be. The easiest thing to do is to

shoot an animal with a high-power rifle at a

comfortable and safe distance, or to run it

down with a motor car, picturing the process

and its excitements. The hardest thing is to

picture that same animal in a calm,

undisturbed state of nature. But that is the

most important thing that the camera can

attain." {Natural History, September-October 1927)

s:::---

1996a team of twenty scientists,

preparators, designers, and audiovisual

technicians spent five weeks in the Central

African Republic's Dzanga-Sangha

rainforest collecting materials that

became the centerpiece of the Museum's

Hall of Biodiversity. Scientists on the

expedition identified about a hundred

species of mammals, three hundred of

birds, hundreds of trees, and thousands

of ants, termites, beetles, and

butterflies. {Natural History,

July-August 1997)



1953 Morden African Expedition

1

1

'////./;// /. Moitlvn, assincd hy lii^ i/'z/c, hviic, si>ciit ci[;lii iiioiillis in wliai was then allied South- 1 1 b/ Africa (now

\,iiiiihiii). The leani eovered more ilhtn 1 1,000 miles, inchiditi)i the Kaokovcld, a desert area in the northwest corner of the

,i<iiniiy, and the Skeleton Coast, "a desert slreu'n with electric lic^ht hnlhs and duiomobilc tires—the remains ofships that

I'l niiiretl too close to siiore.
"

( 'pon

,i:.'^sin^; the Wiinih Desert 10 the ^ '^tKffS^B^W^ " ' ^ '^ ' "»T ">«k Beach dwellers

! h'llenlol lieseri'e nciir the oasis ^^'
' iPPH^'^^r *

of their

/.'I/7; i'/ Sesfoinein. the expedition

iih'inhers met four heach ditvllers

I,, died Stiandlopers in Afrikaans):

I hcv ,iR' luit pyu;niics. IVrh.ips

[\ic\' .irc .111 otFslioot of the

1

'
isliiiicii, wiio arc considered

ill..- oldest existiiiL; u;roiip ot

ilnirii;;inals in Atric.i, or tlicv may

c\rn lia\e predated tlie Buslinien.

Ill any event, the little

Siraiicilopcrs used to travel up

iikI down their lonely ways

Milisisting on fish, sea birds,

li^^ards, seeds, and the truit of the

//naras [the // indicates a

clicking sound], or wild

cucumber The

Strandlopers were permitted to

reside on the reservation, but

amid the Hottentots" many

dome-shaped and matting-covered huts, their modest shelters were a thing apart. Built of bark, grass, and the

leaves ot the niopane tree, their homes were entirely and characteristically different. On the coast, the

framework could have been of whale bones, we were told, but here they were of branches." {Natural History,

February 1955)

in front

shelters

A humpback whale
Teaching off Madagascar

1996—present From references in whalers'

logs, Howard Rosenbaum, a research fellow in the

Museum's Molecular Systematics Laboratory,

suspected that the shallow Antongil Bay along the

northeast coast of Madagascar was a wintering ground

for humpback whales. When he finally visited the bay,

he "almost immediately spotted the tall, distinctive,

bushy 'blow' of a humpback. ... On that first morning,

we saw about 20 of these leviathans." Rosenbaum is

now assembling a database of the approximately 250

humpbacks and other marine mammals in the area.

{Natural History, July-August 1998)
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1907—08 On one of many

fossil-hunting expeditions to the

American West, vertebrate

paleontologists Barnum Brown

and Walter Granger unearthed a

Tyrannosaurus skeleton near

Glasgow, Montana. "Forty feet in

length, with huge and massive

skull, the jaws four feet long armed

with sharply pointed teeth each

projecting from two to six inches

from the socket, this monster is

beyond comparison the greatest

carnivorous animal that ever

inhabited the land." (American

Museum Journal, January 1910)

1934-37 American Museum-
Sinclair Dinosaur Expedition
Logging 20,000 miles, paleontologist Bannini

Bronm conducted an aerial snrvey of the Rocky

Mountain statesfrom the Diplodocus, an

airplane owned by the Sinclair Refining

Company, and discovered many promisingfossil

areas in Triassic, hwassic, and Cretaceous strata.

Brown's wife Lilian, who served as aide-de-camp,

reports on the excavation at Howe Quarry,

Wyoming, iti 1934: 'K
H

^vi-

"So delicate is the work after the bones are

uncovered, that the final cleaning is done with small paint brushes and awls, after

which the uppermost bones are shellacked and hardened to keep them from

breaking.

"The blocks are then braced with wooden spUnts, and covered with strips of

burlap that have been soaked in plaster. When this hardens, the entire block is

turned over, and the same process appUed to the other side; thus, when it is

ready for shipment, the whole specimen is encased in a protective cast.

"Before the bones are removed, the entire

collection is elaborately charted, sketched, and

numbered, so that when the bones are unpacked,

they can be definitely placed in their exact

relationship as they were found in the quarry,

and parts of detached animals can be associated.

Some of these blocks weigh one thousand pounds."

{Natural History, February 1936)

1923—24 The expedition to the coral reefs of

Andros Island in the Bahamas yielded materials for

the Hall of Ocean Life. Roy Waldo Miner, curator of

lower invertebrates, describes the view from a

submarine tube, a device that allowed scientists to

observe life on the seabed: "Great trees of the reef-

forming coral (Acropora palmata) rose from the reef

platform constituting a veritable stone forest with

closely interlacing branches, a marble jungle which

melted into the pearly blue haze of the watery

atmosphere, the wide branches often breaking the

surface of the water at low tide, espedally on the side

toward the lagoon." {Natural History, September-

October 1924)



1955 An ancient settlement

at Poverty Point, Louisiana, was

discovered after anthropologist

James A. Ford examined aerial

photographs taken by the U.S.

Army Corps of Engineers. Ford

organized an expedition and

excavated the area, which Native

Americans had settled in about

800 B.C., creating dome-shaped

mounds as tombs for the dead,

stone tools that were ground rather than chipped, pottery, and techniques of working copper. The ridges that revealed the

configuration of the settlement. Ford wrote, "are from five to ten feet high and were built of earth taken from the swales

that lie between them. The dwellings were evidently situated along the tops of the ridges. This we knew because it was

along the flanks that we found the greatest concentration of black soil stained with charcoal from cooking fires, as well as

most of the broken and worn-out utensils." {Natural History, October 1955)

1915, 1998-present ^^
Mission San Marcos
Archaeological
Project

San Marcos, jusr soutliwcsr of Santa Fc, New
Mexico, is the site oj tiic lari^est aitcieiit Indian

pueblo in the United States. David Hnrst

Tliomas, curator of North American archaeology.

has been studyhig the settlement with ground-

penetrating radar, niagnctonictry, soil resistivity

analysis, and other noninvasive techniques. The

site wasfirst excavated in 1915 by Museum archaeologist Neb Nelson, one of the pioneers ofstratigraphic

excavation in the Ihiitcd States. He describes the task of an archaeologist:

UstRffiSJOuno-penetrating radar at San Marcos

"Archaeological held work, like other branches of research, oilers its moments of exultation. In a way

the excavation of ruins is like prospecting for ore—you always expect a strike and you are reasonably

sure of getting it. But . . . the real mission of archaeology is to make the unknown past live again or, in

other words, to write history.

"Some may question the possibility' of stating anything of permanent historical value about the times

lying beyond the invention of writing, or concerning any people who have not left us some written

records. But it history is to be essentially a record of the general organic lite and growth ot the worlds

inhabitants, then archaeology is in a position of [adjvantage. A stone axe or a necklace ot sea shells is an

incontrovertible document, in certain respects worth more than any written document whatsoever."

{American Museum Journal, February 1917)
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1922 Santo Domingo Expedition

The Hall of Reptile and Aiiiphibiaii Life, completed in 1927, was developed by

herpctolo^ist G. Kingsley Noble, who was interested in skeletal, nenrological,

endocrinological, and biochemical differences among species. Noble tells of his nighttime

pnrsuit of the giant treefrog Hyla vasta in the mountainous northern rainforest on one

of several collecting expeditions to the Dominican Republic:

"As I stepped nearer, there took shape against the velvety blackness of the

night a tree frog so large that it seemed unreal. Its four immense feet were

flattened out against the plantain stalk but its head, with staring orbs, slowly

turned as if contemplating in which direction to leap. ... I dropped

everything, slipped out of

my coat, and stealthily

moved nearer. With both

hands free I could not miss!

. . . With both hands I

clutched. Something squashy

sHpped in my fingers.

Without daring to look, I

dropped the frog into the

bag which Juan stretched

toward me. . . . We opened

the bag cautiously; a

penetrating odor Hke that of

burning mustard, though

more acrid and sickening,

streamed forth. I looked

more closely at my hands. To

the red swellings was

adhering some of the mucus

from the frog's skin. In a

moment it was clear to me

—

the skin of the giant frog had

badly poisoned me." {Natural

History, March-April 1923;

Guanacos

1930~31 During a paleontological

expedition to Patagonia, George Gaylord

Simpson took time from fossil

excavations to observe living fauna.

"The guanaco is a most improbable

creature, apparently put together in

haphazard fashion and in questionable

taste. Zoologically he is a camel, but to

most laymen he suggests more a

misshapen and hornless deer, lacking

the hump that we think of as

characteristic of camels and having a

rather deerlike head The guanaco's

eyes are large, liquid, appealing, and

utterly stupid, the hairy, flexible lips

admirably adapted to the vulgar habit of

spitting enthusiastically at all comers."

(Natural History, March-April 1932)

1975-80 Anthropologist

Craig Morris surveyed, mapped,

and excavated about 300 of

the nearly 4,000 structures in the

Inca city of Huanuco Pampa.

Located in the Peruvian highlands

more than 12,000 feet above sea

level, the city was, writes Morris,

part of a "meticulously planned

network" connected by thousands of

miles of roads. {Natural History,

December 1976)



An aerial view of Paricutin

1925 On an expedition to

collect and film birds along the

coasts of Ecuador and Peru,

ornithologist Robert Cushman

Murphy used a forty-pound motion

picture camera that Museum

preparator Carl E. Akeley had

I
patented in 1916. Murphy

observed "the dramatic

accompaniments" to the abrupt

arrival of El Nino, "the warm

I current from the north" that flows

along the western coast of South

America sometime between

December and April of every year.

"The first . . . was the rise in

ocean temperature, amounting to

an increase of 10° F within forty-

eight hours, and a subsequent rise

of at least six degrees more which

endured throughout the winter. No

less remarkable . . . was the

replacement of the reliable

southerly winds, upon which

seafarers have banked from

immemorial time, by fitful and yet

recurrent rain-bearing winds from

the north. And finally, most

impressive of all, were the changes

in the oceanic life . . . the

immigrating cohorts of hammer-

heads, the jumping mantas or

giant rays, the schools of large

flying fish pursued by equally

alien tropical dolphins." [Natural

History, September-October 1925)

1943-44 Paricutin Expedition

One ycdi- after a volamic eruption created Paricutin. an approximately 1,300-foot-hi^b

Dioiiinain in .<ouilni'estern Mexico, a Miisciini team led hy inineralo<iist and vokanologist

Frederick H. Pougli went to the site to study the ivlcano As the team climbed up the

iiiouittain's slopes with cameras, a radiation pyrometer, and an egg to be cooked on a

t'ragiuetit of hot lava, Pough realized that all was not quiet on Paricutin:

"The vents began to throw out fragments and . . . fluid lava welled up in their

mouths and started to pour forth. The nearest mouth, that harmless little gas

vent, soon started throwing fragments high in the air, and lava rose higher and

hiiz;her, starting to sweep down the ti-ough before us, as tremendous bubbles ot

glowing lava rose m the air and shattered with great "plops' into a thousand

fragments. . . . The lava from the many vents merged into a single rapidly

advancing flow, which was coming across our path ot escape. . . . The lava

blocks were faDing within a few feet of the tripod, and our borrowed pyrometer

was in danger of sharing the fate of the now certainly well done egg." {Natural

History, October 1944)

1993-present At the

Tilcajete Project in Mexico's Oaxaca

valley, anthropologists Charles S.

Spencer and Elsa M. Redmond have

been excavating second- and

third-century b.c. temples and

palaces of the early Zapotec

state, which represented the first

urban culture to appear in

ancient Mexico. {Natural History

March 1999)
^1^-^^^%. 5^:,
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1908-12 Stefansson-Anderson Arctic Expedition

Tliis expedition to the Cape Parry-Coppermine River region of the Arctic aimed to study

Eskimo (Intiit) Ufe, make zoological surveys and collections, and map unexplored coasts. The

expedition's leaders, anthropologist Vilhjalmur Stefansson and zoologist Rudolph M.

Anderson, wore Inuit clothes that enabled them "to sit conifortably on a block ofsnow, with

back to the wind, fishing through a hole in the ice, the temperature being—50°F, and tofeel

the cold nowhere but on the face." Even so, members of the expedition had to struggle to

survive a ffteen-day blizzard in November 1909. Stejansson describes the ordeal:

"On the whole trip we killed five ptarmigan and not a single rabbit. . . . The sun

was gone and so the dayHght was meagre, besides it blew a bHzzard every day. The

whale tongue was very bad eating, it had little to it but dry fibres and was strongly impregnated with sea salts

(other than NaCl). When we had finished this we were really better off for the stuff seemed to make us sick. We
then ate sealskin, some deerskin we had along for sole leather and our snowshoe lashings, in fact every edible

thing except clothes. Fortunately we had seal oil. With about a cupful of oil a day one does not feel in the least

hungry but lazy, sleepy and weak. All of us found it a htde difficult to take the oil straight. We soaked it up in tea

leaves, deerskin with long hair on it and ptarmigan feathers." {American Museum Journal, November 1910)

:£\ •

Vilhjalmur

Jtefansson

l^l^l^^ at Langston

Bay

i * ' \
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1969-71 Vertebrate

paleontologist Edwin H. Colbert

right) accompanied an

expedition to Antarctica.

The team's discovery of

labyrinthodont amphibians and

a skull belonging to the

reptilian genus Lystrosaurus

showed that "the same

animals roamed southern

Africa and Antarctica 200

million years ago, more

evidence that the southern

continents were once a

single land mass." {Natural

History, January 1972)

1998 Museum mammalogist Ross MacPhee,

with a team that included research assistant

Clare Flemming and scientists from the Russian

Academy of Sciences, collected woolly mammoth

specimens on Wrangel Island in the Arctic

Ocean, northeast of the Bering Strait. Through

molecular analysis of the samples, the

scientists are now testing their hypothesis that

"as human populations expanded and colonized

new landmasses during the Pleistocene, they

brought with them virulent pathogens that

wiped out native animals." {Natural History,

December 1998-January 1999)

Clare Flemming with

a mammoth

tusk
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1912-13 Ornithologist Robert

Cushman Murphy discovered his lifelong

fascination with birds while leading the

South Georgia Island Expedition. He

wrote of the venture: "The greater part

of our stay at South Georgia was spent

at the lonesome Bay of Isles, and at

Possession Bay where in 1775 Captain

James Cook set up his colors and

claimed the dreary land for his king."

{American Museum Journal,

October 1913)

Fitzhugh Green on

Axel Heiberg Island

1913-17 Crocker Land Expedition

Tlw hist extensive Arctic doiislcc} expedition urn undertaken to iiu'eslijiatc unknown areas of the

Polar Sea and to find 'Crocker Land," which polar explorer Roherr Peary had reported seeing

west of Cape Columbia in 1906. Crocker Lind iras never found. Fitzhugh Green, an engineer

and physicist who was on the expedition, urote to his pareins in January 1914:

"I know that vou care not the snap of your fingers whether we tnid Crocker Land or

not. I reahze that I must come back to you. But even that cannot change the everlasting

desire inside of me. the passion to travel, to fight the cold, and the wind and the

nights, to be luingr>' and kill game. Unless the Devil himselt ,

gets into my luck and lays me up early with
ooPP^^^ 4

a frozen foot or the like, „^ rhiW ga*^^""^ i
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woman and

I am going to ha\"e the time

ofmy life on that trip. The

only thing that can prevent it

will be the tender bringing up

I had in the South, which the

Eskimo had the luck to miss

All I have to say is that I hope

the ship gets wrecked on her way

up to take us back so that we can

stay another year. I guess the Lord

made me an Eskimo and then

forgot and sent me to you instead

of to Panikpah or the Uke."

{American Museum Journal, May 1916)
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THE
GREATEST RISK
IS NOT
TAKING ONE.

They do not write the stories of those who played it safe. Yet that is what most of us

do. It is inherent in our nature to avoid risk. From the earliest age there is something that

tells us to sidestep danger. Perhaps because of that, there is also something in us that

admires the risk taker the adventurer, the person with the courage to step up to the edge

of the precipice and believe that he can make it to the other side.

But it doesn't mean leaping blindly. You can go after your dream with fiery de-

termination, armed with the confidence of knowing you have chosen a business

partner wisely. You see, few have the resources we do. The imagination. The sheer

ability and flexibility to custom-tailor solutions, no matter what the risk, no matter where

the risk. Even if it's some crazy idea. Like walking on the moon, for instance.
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