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FIVE LAUREATES FROM FOUR CONTINENTS. ALL WORKING FOR THE FUTURE OF HUMANITY.

Though their projects are as diverse as their backgrounds, the Rolex laureates of 2002 have much in common.

They believe it is important to work for the betterment of humanity and the planet. They are determined to

use their knowledge and skills to this end. And they know that one man or woman can make a great difference

to the lives of many.

Jose Marcio AYRES: A primatologist and ecologist, Marcio Ayres has been striving to conserve wildlife in his

native Brazil by creating the largest area of protected rainforest on the planet.

Lindy RODWELL: South African zoologist Lindy Rodwell has spearheaded efforts to protect cranes and their

wetland habitats in her country and throughout southern and central Africa.

www.ralexawards.com



Gordon SATO: American biologist Gordon Sato is using sunlight and seawater

in an agricultural project that is improving life for the inhabitants of Eritrea's

barren coastline.

Dave IRVINE-HALLIDAY: Canadian electrical engineer Dave Irvine-Halliday is

adapting cutting-edge technology to bring affordable lighting to thousands of rural

homes in developing countries.

Michel ANDRE: Determined to halt fatal collisions between whales and ships,

French marine biologist Michel Andre has devised a system that protects

whales while benefiting shipping and tourism.
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THERE ARE THOSE WHO DO.

AND THOSE WHO
WOULDACOULDASHOULDA.

Which one are you? if you're the l<ind of person who's wiiiing to put it all on the line to pursue

your goal, there's AIG. The organization with more ways to manage risl< and more financial

solutions than anyone else. Everything from business insurance for growing companies to

travel-accident coverage to retirement savings plans. All to help you act boldly in business and

in life. So the next time you're facing an uphill challenge, contact AIG.

THE GREATEST RISK IS NOT TAKING ONE."

AIG INSURANCE, FINANCIAL SERVICES AND THE FREEDOM TO DARE.

Insurance and services provided by members of American International Group, Inc.. 70 Pine Street, Dept A, New York, NY 10270. www.aig.com
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Albert Einstein figured out that tif^^nd space are relative.

And he knew that nothing could move faster than the speed of light. But when it came to things like money,

never wasted time thinking about it That s where we came m,

the people with over 80 years' experience managing portfolios for the world's sharpest minds. Today we could

offer Professor Einstein, one of our earliest participants, an even bigger universe to pick from.

Log on for ideas, advice, and results. TIAA-CREF.org or call 800.842.1924

TIAA-CREF is pleased to be the Corporate Tour Sponsor of the exhibition Einstein, premiering

Nov. 15 at the American Museum of Natural History. Tickets: www.amnh.org or 212.769.5100

I Managing moneyfor people

with other things to think aboutf

RETIREMENT I INSURANCE I MUTUAL FUNDS I COLLEGE SAVINGS I TRUSTS I INVESTMENT MANAGEMENT



An expedition in tlie viake of legendary explorers

Far more than a voyage, this is an epic adventure, colossal in scope and sweeping in its

geographic compass. Aboard the M.S. Endeavour, named to honor

legendary explorer, Captain James Cook, we'll traverse a huge

swath of the storied Atlantic. And where 16th and 17th-century

sailors saw unimaginable blankness, we'll see the huge canvas of

history, as we immerse ourselves in the voyage's theme of explo-

ration. Accompanied by our expedition team's highly respected

Leader, Tom Ritchie, and two world-class explorers: David Breashears

(summited Everest 4 times) and Tim Severin (has sailed the world's

waters in historically-accurate reconstructed vessels), we'll study

the explorers in whose wake we'll follow, the ocean upon which we
sail, and the fascinating stepping stones that lie across it — the

remotest islands in the world — South Georgia, Tristan da Cunha,

and St. Helena to name some of the most evocative.

On this unique voyage, Endeavour will becom.e a kind of "floating

institute" for life-long learners, the site of talks on human and

natural history, concerts, onboard book club discussions and more
fascinating answers to the question — "What will I do with my time

at sea?" There are few opportunities in life to go where others have

seldom ventured. Join us this spring and you're guaranteed to see

what few have seen — and return home richer for it.

Join Expedition Leader Tom

Ritchie and our Special Guest

Explorers aboard M.S. Endeavour ^
this spring. From left to right:

Tom Ritchie, David Breashears

and Tim Severin.

For more details or to enter our "Explorations" sweepstakes, visit www.expedltions.com/explore

For reservations, see your travel agent or call: 1-800-EXPEDITlON (1-800-397-3348).

Refer to: History-11
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UP FRONT

It's All about You

People in magazine publishing often get exercised about what are known

in the business as demos. Not demos, as the dictionaries have it, for

"demonstrations" or "Democrats," but demos for "demographics." Are

you, good reader, male or female? Are you over 50 or under 25? Do you drive

a Chevy or a Lexus? Does your zip code begin with a 1 or a 9? How often, for

heaven's sake, are you willmg to fill out questionnaires from strangers about

your "demographics"?

I don't want to minimize the importance of data like these to a magazine's

overall "food ecology," in particular to the people who buy and sell advertismg.

Their activities help keep the price of a magazine down to about half the price

of a hardcover book with a similar amount of editorial content.

But to most of us, certainly to the editors of this magazine, demographic data

are just nibbles around the edges, loose correlatives of the core qualities of our

community of readers—the people with whom we want to communicate, the

people who share our values. Natural History is a magazine for those of us who

want to know what we're looking at when we take a walk in the woods. We

share a native curiosity about the world. Sometimes we care most about the

details, as when we notice how the shape of a hummingbird's bill fits the flower

where it feeds (see "All the Right Curves," by Ethan J.
Temeles, page 52).

Sometimes we care most about the big picture and try to wrap our minds around

time dilation and curved space-time in Einstein's universe (see "And Then There

Was Light," by Richard Panek, page 46), or the possibiHty that Hfe exists

elsewhere in the cosmos (see "Anybody Out There?" by Oliver Sacks, page 38).

But we're not usually content merely to watch the passing show. We're

practical animals: we build, we create, we teach, we advise, we explore, we help,

we heal, we follow, we lead. Give us a Htde knowledge and we'U take it for a

spin. Yes, we're intrigued by Einstein's universe, but we're fascinated ifwe can

experience it. {Einstein, a new exhibition at the American Museum of Natural

History, which opens November 15, will help make that experience possible.)

What we're not is obsessed with the kinds of things most magazines die for.

Personalities, pop culture, the latest fashion in ready-to-wear, or the most

highly touted program for weight loss are just not at the top of our list. That's

not to say we don't enjoy a juicy piece of gossip, a hard-rock band, a siUy-

looking mannequin, or a good meal ("low-cal" or not). Tell me otherwise, but

we editors of Natural Histor}' are betting our reputations that what grabs you are

stories and essays, by the world's leading scientists and science journalists, about

animals, plants, and ecosystems; the Earth of the past, and the Hfe-forms that

flourished there; the place of our planet in the cosmos; the record ofhuman Hfe

on Earth; and the prospects for the future of hfe on a human-dominated planet.

My predecessor, Ellen Goldensohn, and her colleagues created a beautiful

magazine, a voice of reason in a world of hype and indifierence. It is now my

great privilege to catch the baton from her and, with my colleagues, continue

the stewardship of this 102-year-old magazine. I know you won't be silent as

you help guide and cheer us on our way. —Peter Brown
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LETTERS

Y and Y Not

Carl Zinimer's intriguing

article "The Once and

Future Male" (9/02) states

that reptiles do not have Y
chromosomes and that the

Y occurs only in mammals.

Actually, whenever the males

of any species—mammalian,

reptilian, or, for that matter,

insect—have a sex-correlated

oddball chromosome that

pairs with a morphologically

different chromosome of

which the females have a

matched pair, the oddball is

often called Y and the

other is called X.

Within Hzards, mammals,

or any other large group of

animals, not all Y
chromosomes are ahke,

either in the genes they

carry or in their size and

shape. And, Hke all Ufe, those

chromosomes evolve: pieces

ofDNA move from one

chromosome to another, and

other changes take place.

The Y chromosome, with aU

its genes, can vary a great

deal firom beast to beast.

That said, however, the

individual genes on the Y
chromosome that determine

maleness in a closely related

group of mammals probably

are homologous to the genes

that determine maleness

across the diversity of

mammals—and, possibly, are

homologous to the male-

determining genes on the

lizards' Y as well.

Charles J. Cole, Curator

Department ofHerpetology

American Museum of Natural

History

New York, New York

Carl Zimmer replies: The

mammalian Y chromosome

has indeed evolved and

diversified over the history

of mammals. Nevertheless,

according to Jennifer Graves,

head of the Comparative

Genomics Group at the

Australian National

University in Canberra, the

mammalian Y does not have

cousins in other animals.

"It's true that many lizards

and many invertebrates (e.g.,

good ol' Drosophila) have a

male-specific chromosome

that we call a Y," she writes.

"But these Y chromosomes

are not the same as the

mammal Y They have a'

completely different lineup

of genes, and some work in

a completely different way."

Even hzards. Graves points

out, have independently

evolved many different Y
chromosomes. Males and

females, it seems, are

constantly being reinvented.

Crossing Contributions

In his article on

hybridization ("Caution:

Species Crossing," 9/02),

Menno Schilthuizen

mentions Marion Ownbey's

discovery of goatsbeard

(Tragopogon) hybrids along a

stretch of railroad track.

Ownbey received his Ph.D.

in 1939 for studies done at

the Missouri Botanical

Garden, where he worked

with Edgar Anderson, an

insufficiently heralded

scientist who saw the value

of examining plants in such

disrupted habitats as rail

sidings.

Anderson's 1949 book

Introgressive Hybridization

captures some of his

thinking on hybridization as

an evolutionary mechanism.

Whereas Schilthuizen

suggests that up to 10

percent of plant species arise

by hybridization, Anderson

made a somewhat subtler

claim: hybrids might

contribute as much raw

material to the process of

natural selection as genetic

mutations do. Anderson also

discussed the creation of

hybrid zones, a process he

called "hybridization of the

habitat," as early as 1948, in

the journal Evolution.

Kim Kleinman

Missouri Botanical Garden

Saint Louis, Missouri

Jelly Vision

How does Chironexfieckeri,

the Australian box jellyfish

described in Jamie Seymour's

article "One Touch of

Venom" (9/02), see the fish

it is pursuing?

Martin Hammond
Cupertino, California

Jamie Seymour replies:

Unlike other jellies, many

cubozoans, or box

jeUyfishes, have eyes. On
each side of C.fieckeri's body

is a small sensory organ with

a set of eyes on top. The

eyes have both a retina and

a lens and appear to be

capable of forming images.

How these animals process

information is stUl

unknown; they appear to

have no centralized nervous

system or brain.

Elemental Facts

Contrary to what Neil

deGrasse Tyson wrote in

"Cosmos on the Table"

(7/02-8/02), iron atoms

have the most binding energy

per nuclear particle, not the

least. Thus iron is the most

stable of all the elements.

Rather than being the prime

cause of a supernova,

therefore, is iron not a

participant, along with other

elements, in the explosion?

Tyson's article raises

several other questions: Why
is carbon so rare on Earth,

compared with the rest of

the cosmos, even though

Earth is the only place

where hfe (which is, after all,

based on carbon) is known?

More precisely, if, as Tyson

states, carbon is ten times

more abundant in the

cosmos than silicon is, why
is the reverse true on Earth?

Finally, how does a dying

star churn out carbon, and

what else does it produce?

Frank W. Kenney

Hartsdak, New York

Neil deGrasse Tyson
IMPLIES: Indeed, due to a

slip of the pen, I should have

written that iron has the

most, not the least, binding

energy per nuclear particle

of all the elements. But that

changes nothing in the

subsequent discussion. The

term "binding energy" is

somewhat misleading. High

binding energy, in fact, refers

to a state of high negative

energy. When we say that

iron has the highest binding

energy of all the elements,



we mean that iron has the

least total energy per

nucleon, leaving no energy

to give up in a nuclear

reaction such as fission or

fusion. High-mass stars do

indeed fijse iron into more

massive elements, but they

do so at the expense of their

Uvehhood. Yes, it's a bad day

for a star when iron is all

that's left in its core.

Because of the

circumstances under which

our planet formed, carbon is

much less abundant on

Earth than sihcon is, even

though carbon wins by a

factor often for the Sun, the

outer planets, and across the

universe. But there's stiU

plenty of it on our planet

to go around. The latest

estimate from all sources and

sinks ot carbon, on and near

Earth's surface, is about 10''

metric tons of the stuff.

The biggest advantage that

carbon holds over silicon,

however, remains its

capacity to form large,

complex, strongly bound

molecules under a wide

variety of conditions—-just

what life needs.

Dying stars, including the

ones that do not explode, are

the principal polluters (or

enrichers, ifyou prefer) of

the cosmos. Carbon is made

within stars from the fijsion

of three helium nuclei.

Depending on a star's mass

and composition, powerful

convective forces may dredge

up fi-eshly made carbon and

other intermediate-mass

elements from the star's core

to its surface, where they are

gently released into space

during the dying days of the

star's red-giant phase.

Of Babies and Bathwater

I just read Natural History for

the first time. All in all, it's

very nice and informative,

with lovely pictures. Now if

you could just get rid of the

Darwinism and evolution

garbage, your magazine

would be about 100 percent.

I might even subscribe to it.

Keep up the good work.

Susan Winters

Congress, Arizona

The editors reply: Sorry,

but the Darwinism stays.

The depth and breadth of

the scientific evidence for

evolution, its general

plausibihty, and its predictive

power are all overwhelming.

Ethan J. Temeles's article in

this issue, on the feeding

habits of island

hummingbirds ("AH the

Right Curves," page 52),

sketches a wonderful

example of evolution at

work. Ifyou doubt

evolution, you might as well

doubt gravity.

Mislabeled Milkweed

In Anurag A. Agrawal and

Stephen B. Malcolm's article

"Once Upon a Milkweed"

(9/02), the plant in the

photograph identified as a

buttei-fly weed (Asdepias

tnberosa) (page 52, top right)

is actually a swamp

milkweed (A. incarnata).

Douglas Mullen

Lansing, Iowa

Natural History k e-mail

address is nhrnag@anuili.org.

GRIZZLY BEARS SURVIVE ON

BERRIES, FISH, AND ENFORCEMENT OF

THE ENDANGERED SPECIES ACT.

^ EARTH
I
USTICE

Weleighing up to 800 pounds and standing up to eight feet

tall, grizzly bears are well-equipped to survive. But they don't

stand a chance when competing with oil and gas drilling,

mining, logging, and road building in their habitat.

That's where Earthjustice comes in. We're a nonprofit law

firm that works through the courts to protect natural

resources, wildlife, and public health. Since 1971, Earthjustice

has protected millions of acres of land, hundreds of species,

and dozens of communities. All without charge.

To learn how you can support our efforts, visit our

website. Because to survive in today's world, even the wildest

animals need a good lawyer.

Because the earth needs a good lawyer

?WWi@iRll|llS|tS:e;,;8 rg;
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C N T R I B U TORS

Having earned a B.S. in zoology as well as an M.D., David Hall ("The Natural

Moment," page 12) has worked for the past twenty years to balance two demanding

professions: diagnostic radiologist and wildlife photographer. His underwater

photographs have appeared in hundreds of books and magazines, including

Audubon, BBC Wildlife, Suiitlisoiiiau and this magazme ("Sexual Stunts of

Clownfish," September 1989). He and his wife, photographer Gayle Jamison, who

hve in Woodstock, New York, have taken their cameras into the seas bordering

more than thirty countries. They are the only couple ever to have won first prize in

the same category two years in a row in the prestigious BG Wildlife Photographer

of the Year competition: Jamison won the "Underwater World" first prize in 1999,

and Hall won it in 2000. During his fifth trip to Papua New Guinea, HaD took this month's featured photograph of a

female squid laying eggs on a submerged tree branch. To view more of his images, log on to www.seaphotos.com.

Richard Panek ("And Then There Was Light," page 46) has been writing about science

ever since an editor invited him six years ago to write a history of the telescope. Alter

pubhshing Seeing and Believing: How the Telescope Opened Our Eyes and Minds to the Heavens

(Viking, 1998), Panek joined Natural History for three years as a regular columnist for

"Celestial Events." He also served as guest editor for this magazine's special issue on

astronomy, "To Know the Universe" (February 2000), which celebrated the opening of the

Rose Center for Earth and Space at the American Museum of Natural History. This

months article on Einstein also celebrates a major event at the Museum: the opening of a

new exhibit, Einstein, on November 15. The exhibit will run until August 10, 2003. Panek's

next book,T/;e Invisible Century: Einstein, Freud, and the Search for Hidden Universes, will be

pubHshed by Viking.

Ethan J. Temeles ("AH the Paght Curves," page 52) traces his hfelong fascination with

predatory birds back to his infancy, when his parents hung a print of a gyrfalcon above his

crib. He wrote his doctoral dissertation on sexual dimorphism in birds of prey and went on

to study dimorphism in other animals, including hummingbirds. He is now a professor of

biology at Amherst College in Massachusetts. When Temeles isn't teaching ecology and

evolution in the classroom, he travels with students to the Lesser Antilles to continue his

fieldwork, funded by the National Science Foundation, on purple-throated caribs. That

long-term research, he says, is among the most stimulating work of his career, but his

greatest thrUl comes from watching his students get hooked on biology. "Fitting the Bill?"

an article by Temeles and Paul W. Ewald, appeared in the May 1999 issue of Natural History

In 1985, when archaeologist Daniel Finamore ("Pirates of the Barcadares," page 58) was

excavating Preclassic Mayan house mounds in the Central American nation of Belize, he

became intrigued by local historical traditions, which claimed that pirates were the country's

first European settlers. Some years later he was able to locate and begin excavating the remains

of BeHze's most substantial pirate setdement. He considered it particularly valuable to discover

that the artifacts did not completely match his expectations, which had been based on

documentary sources and his own imagination. Finamore, the RussellW Knight Curator of

Maritime Art and History at the Peabody Essex Museum in Salem, Massachusetts, continues to

pursue his investigations in Belize; two current research interests are locating unrecorded

sixteenth- and seventeenth-century Spanish mission churches in the Sibun Raver valley and

excavating the camps inhabited by eighteenth- and nineteenth-century mahogany cutters.

PiaURE CREDITS: Cover:Thc Andy Warhol Foundation, Inc./Art Resource, NY, © 2002 Andy Warhol Foundation for the Visual Arts/ Artists Rights Societ>' (ARS), NY; pp. 34 &36: © 2002 Estate of

Alexander Calder/ARS, NY; pp. 47-48: Permission granted by The Albert Einstein Archives, The Jewish National & University Library, The Hebrew Universitj' ofJerusalem, Israel; Illustrations

pp. 48-50: Cambridge University Press; p. 58: Collection of the Brandywine River Museum, © 2002 Brandywine Conservancy; p. 60: The Delaware Art Museum Purchase, 1912;984; pp 61-(52:

Photos courtesy Peabody Essex Museum; p. 63: The Delaware Art Museum Purchase, 19I2;983; p. 68: Heiscovici/Art Resource, NY, © 2002 C, Herscovici, Brussels/ARS, NY.
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SAMPLINGS

GRIEF ON THE REEF Mysterious diseases

have been striking reef-building corals

worldwide. One of the most serious is white

pox, an ailment that kills coral tissue, leaving

behind the irregular white lesions for which

the disease is named. Its victim is the elk-

horn coral (Acropora palmata), an important

Caribbean species that provides most of the

reef structure in shallow water. Between 1996

and 1999 a team of biologists led by Kathryn

L. Patterson of the University of Georgia in

ig Athens documented, on average, an 85 percent

loss of elkhorn coral on Florida reefs. Moreover,

the workers observed, the disease spread

among neighboring elkhorns, suggesting the

culprit was an infectious agent.

Patterson and her colleagues have iden-

tified the agent as Serratia marcescens, a

bacterium that can live freely in water but is

also common in the intestines of various

animals, including people. The finding raises

the specter that untreated sewage dumped

into the sea may be contributing to coral loss.

And global warming will not help matters:

the investigators have also reported a link

between infection and water temperature. The

immediate future for elkhorn coral could

be bleak indeed. ("The etiology of white pox,

a lethal disease of the Caribbean elkhorn

coral, Acropora palmata, " Proceedings of the

National Academy of Sciences 99:8725-30,

June 25, 2002)

GREEN PARTY How's this for interna-

tional scientific cooperation? Thirteen biol-

ogists from seven countries monitor 115

plant species at eleven mountain sites in

North America, South America, and Europe.

Aptly enough, the goal of this display of

organizational virtuosity was to show that

under some circumstances, plants, too, can

help one another.

Cooperation among plants is only

rarely appreciated. But, at least in prin-

ciple, plants can provide protection for

one another against wind, soil erosion,

and (by creating microclimates) extreme

temperatures. One might think that such

cooperation would be more prevalent in

tough places, whereas competition would

reign under less rigorous conditions. The

biologists, led by Ragan M. Callaway of

the University of Montana in Missoula,

tested that idea by removing all neighbor-

ing plants within four inches of every

plant they were testing, at both harsh,

alpine sites and gentler sites at lower ele-

vations. At the lower elevations the loners

generally ended up growing and surviving

better than the controls, whose neighbor-

ing plants were left untouched. Hence

when life is easy, neighbors are just

stressful competition. But at high alti-

tudes, the loners did worse than the con-

trols. So when the going gets tough, the

tough plants get going—together. ("Posi-

tive interactions among alpine plants in-

crease with stress," Nature 417:844-48,

June 20, 2002)

FISH DIP Many species of those odd-

looking flying reptiles called pterodactyls have

been identified from the fossil record, and

some are quite large (the man-size ones

depicted in the movie Jurassic Parl< III were

well within the realm of the possible). There

is excellent evidence that pterodactyls ate

marine fishes, but how the airborne creatures

caught their prey is less clear. Diving pelican-

style must not have been an option, given the

pterodactyls' bulk.

Now Alexander W.A. Kellner and Diogenes

de Almeida Campos, both paleontologists based

in Rio de Janeiro and associated with the Amer-

ican Museum of Natural History, have proposed

a solution. They recently examined a Brazilian

pterosaur whose wingspan is estimated at more

than thirteen feet. The creature, they say, was a

skimmer, dipping its lower jaw into the water

as it glided over the surface and snatching any

fish it happened to hit.

Kellner and Campos base their suggestion

on similarities between the beaks of today's

avian skimmers and the amazingly well pre-

served jaws of the pterosaur specimen. (Three

skimmer species exist today, including the

black skimmer, which occurs along coasts in the

Western Hemisphere.) Both the skimmers' beaks

and the pterosaur's jaws look like the blades of

scissors—an unusual shape that works well

only for skimming. Other anatomical features,

such as attachment points for powerful neck

muscles, support the idea that giant ptero-

dactyls once plowed the waters for food. ("The

function of the cranial crest and jaws of a

unique pterosaur from the Early Cretaceous of

Brazil," Science 297:389-92, July 19, 2002)
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MANNA FOR THE SEA The south-

eastern Mediterranean is a peculiar sea. The

rivers that feed it drain dry and desert

regions, so they deliver only a trickle, instead

of the usual flood, of the inorganic nutrients

that rivers usually discharge into seas and

oceans. But the scarcity of riverborne

nitrogen and phosphorus—and the proximity

of the Sahara, Sinai, and Negev deserts

—

makes the region an ideal place for studying

an often overlooked source of such essential

minerals: dust from the air.

Barak Herut of the National Institute of

Oceanography in Haifa, Israel, Robert Collier of

Oregon State University in Corvallis, and

Michael Krom of the University of Leeds in Eng-

land measured how much dust fell on an off-

EXPERIMENT OF THE MONTH

shore site near the Israeli coast and how much

nitrogen and phosphorus were leached out of

the dust by seawater. From those measurements

they estimated that between 15 and 70 percent

of the growth of new phytoplankton in the

southeastern Mediterranean is sustained by air-

borne inorganic material, a much higher pro-

portion than in other oceanic areas. ("The role

of dust in supplying nitrogen and phosphorus

to the Southeast Mediterranean," Limnology

and Oceanography 47:870-78, May 2002)

WINTER'S BLAST The onset of cold

weather used to bring the serenity of "easy

wind and downy flake," but these days it's just

as likely to herald the sights and sounds of

snowmobiles roaring through the countryside.

The agitation the vehicles cause to deer,

moose, and bighorn sheep would be familiar

to human lovers of peace and quiet, and in-

vestigators have known for some time that the

Anyone who has ever taken a walk in the

woods knows that songbirds, despite their

size, can make themselves heard a long way

off. But that raises an intriguing question.

Do the birds, like opera stars trying to pro-

ject to the nosebleed seats at the Met,

always sing at the top of their lungs?

To find out, Henrik Brumm and Diet-

mar Todt of the Free University in

Berlin ingeniously exploited a well-

recognized human behavior for modi-

fying speech, known as the Lombard

effect: as the noise level rises, people

tend to speak more loudly (think of

the last party you attended). If song-

birds, unlike people, always vocalize

as strenuously as they can, the investiga-

tors reasoned, the birds' singing should not

exhibit the Lombard effect.

Brumm and Todt played white noise to

nightingales—ardent European songsters

—

and measured the amplitude, or loudness, of

the birds' vocal performance. Result: the ter-

ritorial birds would fit right in at a human

party. The louder the white noise, the louder

the birds sang. Average sound levels of bird-

song rose from about 74 decibels to 84,

which human listeners would perceive as a

doubling in loudness. The results also make

good sense energetically—by adjusting

their output to the level of environmental

interi^erence, the songbirds may be limiting

the metabolic costs of belting out a tune.

("Noise-dependent song amplitude regula-

tion in a territorial songbird," Animal

Behaviour 63:891-97, May 2002)

animals not only flee from snowmobiles but

that their heart rates rise when one goes by.

A new study now shows that the stressful

effects last longer than the short time it takes

for a snowmobile to move out of range. Chron-

ically stressed mammals produce hormones

called glucocorticoids, which can suppress

certain immune-system and gonadal functions

when the hormones remain elevated. Traces

of the substances can be detected in feces,

and that makes it possible to estimate stress

levels in wild animals without having to

capture them.

Scott Creel of Montana State University in

Bozeman and his colleagues studied one elk

y^nyi, \ i xA.^

population in Yellowstone National Park for

four straight months and wolf packs in Yellow-

stone, Voyageurs, and Isle Royale National

Parks for two consecutive winters. The ecolo-

gists determined that the greater the snowmo-

bile activity, the more stress hormones showed

up in the animals' droppings.

Yet the effects of the noisy vehicles were

not unambiguously bad. Wolves, the study re-

ported, sometimes traveled along compacted

snowmobile tracks when the snow was heavy.

And elk and wolf populations appeared healthy

and stable despite the frequent appearance of

snowmobiles. Such double-edged findings will

undoubtedly fuel the continuing debate on

whether human activities that create stress in

wildlife should be curtailed. ("Snowmobile

activity and glucocorticoid stress responses

in wolves and elk," Conservation Biology

16:809-14, June 2002)

Stephan Reebs is a professor of biology at the

University ofMoncton in New Brunswick, Canada,

and the author of Fish Behavior in the Aquarium

and in the Wild (Cornell University Press).



distinctive

DESTINATIONS
a connoisseur's guide

to exquisite and
exotic locales

%^ ^ .i



SPECIAL ADVERTISING SECTION

MEXICO
For the tranquility of solitary beaclnes or the

excitement of eoo-adventure sports,

oome to the Riviera Maya

tHE RIVIERA MAYA—a seventy-five-mile stretch of the Yucatan

Peninsula on the Mexican Caribbean—^boasts tranquil and

uncrowded beaches, a vast network of underground rivers,

proximity to many of Mexico's most significant Maya archeological sites,

and a range of accommodations to suit every lifestyle and budget. You

can kayak, mountain-bike, dive in a reef or cenote (a water-filled

limestone sinkhole unique to the Yucatan Peninsula), or enjoy

snorkeling and scuba diving, golfing and tennis, trekking, birdwatching,

and deep-sea fishing.

Located in the state of Quintana Roo, the Riviera Maya region was an

important commercial and religious center for the ancient Maya during

the post-Classic period (A.D. 1000-1550). Tulum, a Maya fortress set on

a cliff overlooking the Caribbean Sea, is the most impressive site from this

era, but there were other important towns such as Xaman-Ha (today

called Playa del Carmen), Xcaret (known by the Maya as the port of Pole),

and Xel-Ha, the first European settlement in the peninsula. Farther

inland is Coba, a city that had 50,000 inhabitants during the Classic

period (A.D. 300-1000).

A good starting point when you visit the Riviera Maya is the pristine

beach of Playa del Secreto, just eighteen miles south of the Cancun

International Airport. Tres Rios, a 370-acre eco-park of tropical jungle,

mangroves, and cenotes, offers biking, canoeing, kayaking, trekking, and

horseback riding. Playa del Carmen, the largest town in the Riviera

Maya, combines the flavor of a quaint fishing village with a cosmopolitan

atmosphere. For shopping, restaurants, and nightlife, take a stroll along

Playa del Carmen's Fifth Avenue (Quinta Avenida). Nearby is the area's

principal ecological reserve, Sian Ka'an, a habitat noted for the richness

of its flora and fauna.

Xcaret, an eco-archeological park only five kilometers from Playa del

Carmen, offers a unique glimpse into the region's natural surroundings

and interactive activities such as snorkeling in underground rivers,

swimming with dolphins, horseback riding, scuba diving, a 2,000-year-

old ball game called pok-ta-pok, plus an archeological site, natural

aquarium, museum, botanical garden, Maya village, and folkloric shows

at night. The small bay and beach of Paamul, where turtles come to leave

their eggs, is one the region's best spots for diving and snorkeling and a

great place for a picnic.

For more information on the Riviera Maya, call 1-888-955-7155 or

visit www.rivieramaya.com.
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where paradise on Earth is.
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ABOARD BRITAIN'S AWARD-WINNING
DISCOVERY CRUISE LINE

Experience more around the world with Swan's effortless style of exploration: unique

itineraries that feature a variety of famous and lesser-known destinations; on board

Guest Speakers to bring each destination to life; inclusive prices with no hidden costs;

and the new Minerva II, your floating English countty house and home for new discoveries.
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See the lands which inspired

great literature from exquisite

p Ottoman poetry to works of

Homer, Sophocles and Dante.

.O.J4244
Great all-round value.

One fare covers your

flights, accommodation,

all meals on board,

transfers, tips, shore

excursions, and more.

erai^resv see your

.eent Orcatl' toll-
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SWANB
HELLENIC
www.swanhellehic.com

SWAN
HELLENIC

WITH OVER FIFTY YEARS

of experience, Swan Hellenic

has made an art of discovery

cruising. Established in Britain in 1954,

this award-winning company offers a

wider range of destinations than any

other—from the Arctic Circle to South

America. Its customized excursions are

led by expert local guides as well as

knowledgeable guest speakers who help

you discover the arts, culture, and

history of the places you visit.

With intimate-sized ships, exquisite

food and service, shipboard pools, and

plenty of free time, you can start relaxing

once you're on board.

Swan's itineraries feature fascinating

places off the tourist track as well as the

must-see attractions. Enjoy ocean

voyages through the Black Sea, Mediter-

ranean, Baltic, Arabian Gulf, and

around India and the Far East; clipper

voyages to Panama, Ecuador, and Peru;

or river cruises down the Danube or

Nile. For the full selection of itineraries,

visit www.swanhellenic.com.

Swan's newest vessel, the Minerva II,

boasts the ambience of an unpreten-

tiously elegant British country house.

This special ship boasts a superb range

of cabins, most with private balconies,

and spacious yet intimate surroundings

in which to enjoy the unique style of

care-free cruising that continues to earn

Swan Hellenic its superb reputation.



NORWAY

~N THE LAND of the Midnight Sun,

i;t;,i you can experience daylight in the

M middle of the summer night or watch

the blazing Northern Lights cascade across

the winter sky. Explore picture-perfect

Qords that wind their way into the

country from the coast, idyllic islands

and skerries in the sunny southern

coast, and the dramatic North Cape,

where you can walk on glaciers, tundra,

and stark mountain plateaus tipping

toward the sea, or watch thousands of

birds soaring in the gentle Arctic light.

Start with a visit to Oslo ("the

meadow of the gods"), Norway's

cosmopolitan capital, situated at the end

of a fjord and surrounded by green hills

and vast forests. Then head to quaint

fishing villages, with picturesque

wooden houses showcasing the

country's unique folk art styles, or visit

wooden churches dating from the

Middle Ages. But most of all, enjoy the

natural landscapes-magnificent fjords

formed during the Ice Age, rushing

waterfalls, and awesome mountains

—

that make Norway such a special place

to visit, no matter what time of j'ear

you come.

SPECIAL ADVERTISING SECTION

BELIZE LODGE & EXCURSIONS

tHE TINY ENGLISH-SPEAKING, Central American country of Belize,

located on the Caribbean, is a favorite destination for naturalists, who

prize its remarkable diversity. To enjoy an unusual, off-the-beaten path

vacation in this ecological paradise, contact Belize Lodge & Excursions

Limited, a unique ecotourism facility and adventure travel operator.

Belize Lodge & Excursions provides guests with a one-of-a-kind opportunity

to experience a tremendous variety of habitats, all within a compact area. It

operates three types of accommodations, each located within a different

ecosystem. The Nim Li Punit Guesthouse & Cabins, at the foothills of the

Maya Mountains, provide easy access to mysterious Maya ruins, local

indigenous villages, and miles of nature trails. At Jungle Camp, deep in the

heart of the jungle, take an overnight river expedition and explore some of the

last undisturbed lowland tropical rainforest in Central America. If you prefer

more upscale amenities, stay at the Belize Island Lodge in Moho Cay, a lush

tropical island paradise opening December 2002. This facility offers many

activities, including snorkeling, full-day excursions to the Belize Barrier Reef,

sea kayaking, and opportunities to explore the many lagoons and islands in the

region. Whatever accommodation you choose, Belize Lodge & Excursions will

make sure your trip is exciting and memorable.

Norway-The Perfect Change of Place. From its majestic fjords to its

dramatic arctic landscapes to its picturesque ports, Norway's 1,250-mile west

coast is a stunning stretch of scenery. And with a Norwegian Coastal Voyage

you can discover it all, while enjoying the relaxed atmosphere and comfort of

a First Class/working cruise ship. For more information, call

Discover Norway' at 1-866-6-NORWAY (866-666-7929), or ^^^^

Norway
A Pure Escape

visit www.visitnorway.com/us.

Norwegian
Coastal Voyage
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Let Your Belize Adventure Begin With

Belize Lodge & Excursions
A unique ecotourism company and adventure travel operator featuring

an incredible variety ofexcursion packages througliont Belize and three
j J

distinctive lodges. Nim Li Puiiit Lodge and Jungle Camp are located in

the pristinejiuigles of Southern Belize's Toledo District. Lsland Lodge,

opening in 2003, is situated \dthin the Port Honduras Marine Zone. I,t

Belize Lodge & Excursions proxides guests with a one of a Idndi

opportunity to risit ancient Maya ruins, local cultin-es and joumey(^

tlirougli and experience a diverse spectrum of ecosystems, from tlse,

MayaMountauis to the Belize BarrierReefandeverything in between.

www.belizelodge.com info@beiizelodge.com

501-223-6324
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DEILMANN
CRUISES

y Ifyou think you've seen all of Europe. .

.

^
it's time to think again.
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*Enter to win a

fabulous cruise!
w ^

1st prize: 5-star Mozart.

2nd prize: 4-star Danube

Princess.

, .i,¥^ 3rd prize: $2,000 cruise

gift certificate.

A river cruise is an enchanting
See our website or call for details.

and unique way to see Europe.

^Sfei
See Germany, Austria, France, Italy and ''^^iM^MMB Shi 'sRi s

more. Sail past quaint river villages, ^S^MJMP^ Gervumy

cities, castles and vineyards. Graciously
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appointed 58-200 passenger, 4&5-star PETER DEILMANN S>
"floating hotels." Superb amenities and EUROPAiMERICA CRUISES

single seating dining (7-9 course meals) .
Europe's Premier River Cruise Line

^i . r-7 i/l L ic • r, Call your travel a?ent for reservations
Choice Ol 7-14 nights, 1 5 countries, 9 „

,,,11 usfor a fi-ec brochure

ships. Pre or post-cruise stays in any of \ _800-405-694

1

19 cities. All- inclusive tours available. deilmann-cruises.com

NO PURCHASE NECESSARY. Void in Florida and where prohibited by law. Sweepstakes open to leeal U.S. residents,

\ 18 or older as of 9/01/02. To enKr, and for ftiU official rules, visit OTTO-.deilmann-criiises.com. Sweepstakes ends on 3/29/03. /
|

\ Prize is cruise-only and does not include airfare to and from Europe.
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PETER DEILMANN CRUISES

offers more than three hundred

enticing European cniise

Itineraries aboard luxury river ships that

sail the classic rivers of Europe from spring

through fall. Deilmann ships are known

for high-quality service, fine cuisine, and

English-speaking staffs, with one crew

member for every 2.5 passengers. Aboard

its deluxe river fleet, Deilmann offers

delightful cruises through the heart of

Europe, while its five-star ocean liner, MS
Deutschland, sails to the Baltic and North

Seas, around Europe, the Mediterranean,

and the world. Tlie river ships' intimate

size, first-class appointments, and highly

personalized service ensure an

exti^aordinaiy level of care and attention,

which passengers can also enjoy on the

elegant, richly styledMS Deutschland.

Deilmann's four- and five-star river vessels

bring travelers right into cities, towns, and

villages on the Rhine and Moselle, Rhone

and Saone, Elbe, Po, and other rivers,

without the fuss of packing and unpacking.

And there are also cruise tours that featiire

the great cities of London, Paris, Munich,

Rome, and Nice, among others. For those

who prefer ocean voyages, consider a

world cruise or a cruise segment vacation

to Soutli America, the Pacific Islands, or

the Far East on a luxury liner where the

Old World ambience is reminiscent of a

grand European hotel.
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River Cruises

Discover the most enjoyable

and hassle-free way to travel

through Russia

UNIWORLD CRUISES

fEW TRAVEL COMPANIES offer

the quality, value, and variety of

Uniworld, the premier operator of

worldwide river cruises and tours.

Uniworld offers more destinations,

itineraries, and ships than any other

river cruise company. Destinations

include Europe, China, Russia, Asia,

Alaska, the United States, and Canada.

A Uniworld river cruise is the most

enjoyable, comfortable, and hassle-free

way to see the very best of the world.

Sailing aboard the newest and most

deluxe ships, you'll soon discover a

friendly, intimate ambience that large

ocean-going liners cannot match. On

Uniworld's nineteen-day adventure

along China's legendary Silk Road,

sailing spring 2003, you wUl retrace the

steps of Marco Polo and explore the

wonders of imperial Beijing and

historic Shanghai. For the value-

conscious traveler, Uniworld's Super

Value China packages, available from

December 2002 to March 2003, include

four land tours or three cruise/tours,

with calls at Beijing, Shanghai, Xi'an,

and GuUin. And connoisseurs of

unusual travel will appreciate

Uniworld's eighteen-day jaunt through

Mongolia and Siberia, among the

world's last travel frontiers. This

exciting adventure includes a visit to

Siberia's beautiful capital, Irkutsk, an

unforgettable three-night stay on the

shores of Lake Baikal—one of the

world's natural wonders—combined

with the best of Mongolia, a magical

land of unique scenic beauty and

ancient culture. Or take a spectacular

voyage aboard the Nonvegian Dream to

view the most scenic parts South

America, from Buenos Aires to

Valparaiso. Experience the Chilean

Qords, the majestic Andes, and

imposing glaciers.

Uniworid's 2002/2003 travel

programs were designed exclusively for

American travelers. Each trip—from

river cruises to land tours, train

journeys to super value offers—is

deluxe, expertly planned, and offered at

an exceptional value. You'll find

knowledgeable, English-speaking guides

and staff on every tour, plus American-

style amenities, accommodations, and

cuisine. For more information, visit

www.uniworld.com, where you may

order brochures, or telephone 1-800-

360-9550.

Experience the Uniworld difference

for the trip of a lifetime.

Experience the grandeur of Russia

from the comfort of a cruise ship.

Spend 3 nights each in Moscow and

St. Petersburg, staying onboard your floating

hotel, and cruise the "Waterways of the

Czars," the scenic rivers and lakes of Old

Russia. Soil aboard the best ships in Russia.

All shore excursions are included, plus

lectures aboard and evening performances

ashore. 12 to 14-day cruises from

$2398 including airfare.

China &
Yangtze Cruises
Discover the best value to China

Choose from our expertly designed

deluxe escorted tours, 10 to 19 days.

Stay at deluxe hotels and cruise on the

majestic Yangtze onboard the ships

of Victoria Cruises, the only U.S.-based

cruise line in China. All meals are

included, plus performances and cultural

highlights. From only $1898 including

airfare.

See your travel agent or call

800-226-6208

UNIWORLD
wv/v/.uniworld.com
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THE SLIPPERY SLOPE OF LEECH-SEEKING

A museum curator takes to the field

to solve some mysteries of leech evolution

By Henry S. F. Cooper Jr.

Leeches, those wriggling organic sy-

ringes that can painlessly suck your

blood, were employed medicinally all

over the ancient world. Their first

recorded use was by Nicander of

Colophon, followed closely by Galen,

both in the second century B.C.E. In the

eighteenth and nineteenth centuries,

Europeans considered leeches a

panacea, and used billions of European

medicinal leeches for everything from

obesity to headaches.

Modern medicine is just beginning

to explore various chemicals secreted

by leeches that help them in their

stealthy bloodletting: antiseptics that

prevent the leech from infecting its host

(killing its food source would be coun-

terproductive), a vasodilator that ex-

pands blood vessels, an anticoagulant

called hemetin (which not only prevents

clotting but uniquely dissolves clots that

have already formed), and possibly a

local anesthetic so you will not know a

leech is chewing on you—though the

existence of this anesthetic is not

proven.

I learned all of this in preparation for

a meeting with Mark Siddall, a 32-year-

old associate curator of invertebrates

who has been at the American Mu-

seum of Natural History since 1999. It

turned out he is less interested in the

medicinal uses of leeches than in es-

tablishing their evolutionary tree. Oddly,

despite the leech's value to humans,

this has not yet been accomplished

through basic research that, serendipi-

tously, might shed light on

the leech's medicinal prop-

erties. Siddall's interest in

leeches was itself serendip-

itous. As a graduate student

at the University of Toronto

in the late nineties, he had

been studying parasites

(such as malaria) transmit-

ted by leeches to frogs, tur-

tles, and fish. He and his

colleagues came up with an

evolutionary history of the

parasites and they wanted

to know if the parasites

might have coevolved with

the leeches. "When I dis-

covered nobody had ever

done an evolutionary tree

for leeches," he told me, "I

polled to do it."

Last February, when I first met Sid-

dall, a lively, upbeat scientist, he was
getting ready to leave for a leech-hunt-

ing expedition in Madagascar and the

Seychelles, funded by the Niarchos

Foundation. I asked him what he was
taking with him. "A lot of band-aids," he

said. "You don't find the leeches, they

find you."

The idea of using his own arms and

legs, and those of the other members
of the expedition, as bait held no fears

for him or his graduate student assis-

tant, Elizabeth Borda. A short, ener-

getic woman, she was working at her

computer next to a window with a mil-

lion-dollar view over Central Park. "We

Mark Siddall holding Hirudo medicinalis, the European

medicinal leech.

felt corn- attach leeches to ourselves, in order to

keep them fed in the lab, and to play to

the media," Siddall said. "I had several

leeches on me on the Today Show last

year. The NBC program Extra came in

once, and we did a little leech-feeding

for them."

I asked him to do a little leech-feed-

ing for me. From a jar he took out a

North American medicinal leech,

which wriggled around amongst the

hairs on his forearm. It undulated

gracefully, expanding and contracting,

a feature related to its life as a syringe;

when feeding, it can expand five or six

times its empty state. At last it found a

place to dig in. Siddall didn't notice the

bite. He does not believe leeches pro-

duce a local anesthetic. Their three

The contents of these pages are provided to Natural History by the American Museum of Natural History,



jaws, which leave tiny triangular bite

marks, are razor sharp, and people

often don't feel razor cuts.

The North American leech on Sid-

dall's arm was a frisky animal whose

glossy dull olive back was lined with a

row of orange dots. Like all leeches, it

was segmented, like an earthworm—in-

deed, like earthworms, they are oligo-

chetes. Like their cousins, they are her-

maphroditic, but unlike them, they do

not regenerate if cut up; they are more

specialized, having suckers at their tail

ends. (For this reason, Siddall said, try-

ing to remove a leech from your skin

can be like trying to get a wad of chew-

ing gum off your shoe.)

Leeches are slippery to deal with, in

evolution as well as other ways. They

don't make fossils. About the only way

to study their evolution, and come up

with some sort of dates for their family

tree, is to identify the diversity of leech

populations in the world, and then see if

the populations can be matched to the

separation of the continents, a tech-

nique known as vicariance.

The group Siddall chose to work

with is Haemadipsidae, or terrestrial

blood-sucking leeches (most leeches

are freshwater animals, but many ter-

restrial and marine species are

known), whose populations are con-

centrated around the Indian Ocean and

Southeast Asia, particularly in rain

forests, in Madagascar, the Seychelles,

and Sri Lanka. Terrestrial leeches do

not spread between continents and is-

lands by dispersal—that is, by their

own wriggly migration—because they

hate salt; hence, no ocean voyages.

With respect to pinning down terres-

trial leech evolution, much hinges,

therefore, on the breakup of Gond-

wanaland (the name for the purported

super-continent in the Southern Hemi-

sphere), with South America and Africa

separating about 150 million years ago,

followed by the breakup of India and

Madagascar from Australia and Antarc-

tica. Of the islands of particular interest

to Siddall, India split off from Madagas-

car approximately 100 million years

ago, and the Seychelles broke off from

India about 15 million years after that.

Siddall was anxious to see if the distri-

bution, and evolutionary trees, of the

terrestrial leeches on those islands

could fit into the vicariance pattern. If

so, he would have found benchmarks in

time that would allow him to push the

leech genealogy back using molecular

techniques to analyze DNA and com-

pare species.

While Siddall was in Madagascar

and the Seychelles, I kept up with the

expedition on its Web site, Blood Lust

(http://research.amnh.org/users/siddall/

madagascar). It was quite a safari,

and Siddall writes vividly. At the

group's first stop, Madagascar, there

was a contested election and a revolu-

tion, necessitating a five-day layover

in Paris until things settled down.

Once in Madagascar, what with nego-

tiating roadblocks and searching for

fuel, the team had to scrub plans to

work in a number of places they had

wanted to visit.

Still, on February

1, Siddall, knowing

that leeches are

usually painless and

stealthy, rolled up his

pants and "found

an already well-filled

leech happily lunch-

ing away on [his] left

leg." The haul that

day was eleven

leeches. As the re-

searchers walked

around barelegged,

often climbing moun-

tains into cooler, be-

clouded rain forests beloved of

leeches, they were mercilessly stung

by mosquitoes— if you are looking for

leeches, you cannot use insect repel-

lant. By March 1 , they had only found

one variety of leech—and there were

five known on the island.

Then, on their second to last day in

Madagascar, in a park called Rano-

mafana, they hit pay dirt. "Elizabeth

Borda woke up at 1:30 a.m. with a

whopping big leech happily feeding

from her face." Siddall wrote in a dis-

patch from the field. "The leeches

have finally found us. ..and how."

Clara Imboule (student at University at An-

tananarivo), Bordo, Riana Rakotondralny

(student at University at Antananarivo),

and Siddall in Pare National d' Andisabe-

Mantadia (Perinet) in Madagascar.

On March 5, the last day of collect-

ing in Madagascar, the rains the previ-

ous night had been heavy. In the

morning, Siddall and Borda had been

walking for about fifteen minutes when
they began plucking leeches off their

boots; they had to stop every 100 me-

ters in order to bag the ones rapidly

accumulating around their ankles and

up their legs. "Finally we just gave up,"

Siddall wrote. "It was becoming impos-

sible to put more leeches into bags

without several others eagerly climb-

ing their way out." Later, back at camp,

when they took their boots off,

"dozens more leeches were tucked

away between boots and socks and

had managed to engorge themselves.

There was blood everywhere." In the

end, the expedition found five leech

species, two known to science, but

three of which were entirely new.

Done with the first leg of the

trip, the team left

for the Seychelles.

They wanted to

check out a report

of a couple of ter-

restrial leeches,

one species on

each of the two

main Seychelles is-

lands, Mahebdella

miranda on Mahe
and Idiobdella sey-

chellensis on Sil-

houette. The two

species had been

identified in the

1970s by a leech

researcher, Lawrence Richardson, who
had used specimens in the Museum's

collection. He thought he had identified

a third species as well. "If true, it would

mean these species had coexisted in

the Seychelles for 90 million years,

ever since the Seychelles split off from

India, and this would be unusual to say

the least," Siddall told me.

The first stop was Mahe. All the

Seychelles leeches had given up blood

feeding, probably because the frogs

(the hosts on Madagascar) were

smaller than the leeches and were

therefore slim pickings. The leeches



had adapted instead to snails, which

don't have iron-rich blood, but another

type of fluid. There were very few snails

in the lowlands, which were hot and

steamy, conditions that bake snails as

well as people.

One morning, the researchers

climbed 450 meters into a cool moun-

tainous rain forest. They found more

snails, but not a single leech. Coming

to their aid, a local colleague, Justin

Gerlach, who, with his father Ron Ger-

lach, runs the nonprofit nature-protec-

tion trust of the Seychelles, provided

them an example of Mahebdella.

Off the group went to Silhouette.

Acting on a tip from Justin Gerlach,

who had observed leeches wriggling

around in the evening, which suggests

that they might be nocturnal, Siddall

and Borda laid a trap. In a sopping wet

area of rain forest, they dug a couple of

small pits, dropped into them funnels

leading into clear plastic tubs and

placed next to the contraptions little

battery-powered headlamps to attract

the leeches. They piled about a hun-

dred snails by the traps as bait and left

them there overnight. The results were

mixed, but in all they got about a dozen

Idiobdella from Silhouette.

When I talked to Siddall after his re-

turn, he said it would take him months

of morphological and genetic work to

learn more about leech genealogy.

But—after a speedy dissection to ac-

commodate this author and make the

Natural History deadline—he told me
preliminarily that he was convinced that

the Seychelles leeches, whether from

Mahe or Silhouette, were a single spe-

cies. Richardson, using preserved

samples, had been tricked into seeing

differences that were probably due to

differences in preservation techniques.

Siddall later confirmed that fact.

"It shows the importance of going

out into the field," he said.

Henry S. F. Cooper Jr, a former staff writer

far ttie New Yorker, has been visiting the

Museum since he was tour years old, when

his father sat him in a cavity of the

Willamette meteorite.

MUSEUM EVENTS

EXHIBITIONS

The Butterfly Conservatory: Tropical

Butterflies Alive in Winter

Through May 26, 2003

The butterflies are back! A return

engagement of this popular exhibition

includes more than 500 live, free-flying

tropical butterflies in an enclosed

tropical habitat where visitors can

mingle with them.

The Butterfly Conservatory is made pos-

sible through the generous support of

Bernard and Anne Spitzer and Con Edison.

LECTURES AND DISCUSSIONS

Global Weekends: Mayan Wisdom

The Mayan Prophecies

Saturday, 11/2, or Sunday, 11/3,

11:00a.m.-1 :30 p.m.

The Sacred Mayan Calendar

Saturday, 1 1/2, or Sunday, 1 1/3,

2:30-5:00 p.m.

Guatemalan Mayan elders and healers

Mercedes Barrios L. and Gerardo

Barrios Kaanek present two unique

learning opportunities. These free

programs are presented in cooperation

with Brenda Wood and in recognition

of Native American Heritage Month.

Hot Topics in Science & Culture

An Evening with John McPhee

and tan Frazier

Wednesday, 11/6, 7:00 p.m.

Anglers and writers Frazier and McPhee

discuss the shad's role in American his-

tory and natural history Moderated by

Mark Singer of the New Yorker.

EINSTEIN

November 15, 2002-August 10, 2003

This unprecedented exhibition will profile

this extraordinary scientific genius,

whose achievements were so substantial

and groundbreaking that his name is vir-

tually synonymous with science in the

public mind. On display in the United

States for the first time will be letters,

photos, and political cartoons; docu-

ments related to Einstein's scientific work

including several rare manuscripts; and

lucid, eye-opening explanations of Ein-

stein's theories.

Organized by the American Museum of Nat-

ural History New York; The Hebrew University

of Jerusalem; and Sklrball Cultural Center Los

Angeles. Einstein Is made possible through

the generous support of Jack and Susan

Rudin and Sklrball Foundation, and of the

Corporate Tour Sponsor, TIAA-CREF

The contents of these pages are provided to Natural History by the American Museum of Natural History.



Reports from the Field

Living with Wolves at Our Door

Wednesday, 11/13, 7:00-8:30 p.m.

With Jim and Jamie Dutcher, whose

research has been highlighted in

books and films, including an Emmy
Award-winning Discovery Channel

documentary

AMNH Book Club

Native New Yorkers: Tlie Legacy of

tlie Algonquin People of New York,

by Evan T. Pritchard

Sunday, 11/17, 3:00^:30 p.m.

Evan T. Pritchard, a descendant of

the Algonquins and Professor of

Native American History at Marist

College, explores the history of the

early Algonquin civilization that

flourished in what is now New York

City, Long Island, and the Hudson

River Valley.

Einstein's Relativity: Past, Present,

and Future

Monday, 11/18, 7:30 p.m.

Panel discussion with J. Richard Gott,

Professor of Astrophysics at Princeton

University; Joseph H.Taylor, Professor

of Physics at Princeton University and

Nobel laureate; Lee Samuel Finn,

Professor of Physics at Pennsylvania

State University; S. James Gates,

Professor of Physics at the University

of Maryland

CHILDREN'S PROGRAMS
African Night Sky: Legends and

Storytelling Using Stars

Sunday11/3, 10:30 a.m.-1:30 p.m.

;Ages 10 and 11)

All About the Senses

Sunday, 11/3, 10:30 a.m.-1:30 p.m.

(Ages 7 and 8)

Fly Me to the Moon
Saturday, 11/9,10:30 a. m.-l 2:00 noon

(Ages 4-6, each child with one adult)

I Want to Be an Astronaut

Saturday 1 1/9, 1:30-3:00 p.m. (Ages

4-6, each child with one adult)

Drawing and Painting African

Mammals
Sunday, 11/10, 10:30 a. m.-l :30 p.m.

(Ages 8 and 9)

Into the Woods Origami

Sunday, 11/10, 10:30 a. m.-l :30 p.m.

(Ages 9-12)

Space Explorers: Galaxies

Tuesday, 11/12, 4:30-5:45 p.m. (Ages

12 and up)

A lOO-million-year-old ammonite shell

Undersea Fossils

Sunday, 11/17, 10:30 a.m.-1:30 p.m.

(Ages 9 and 10)

Young Discovery Tour

Sunday, 11/17, 10:30 a.m.-l :30 p.m.

(Ages 8 and 9)

Space Camp
Sunday, 11/24, 10:30 a.m.-l 2:00

noon (Ages 7-9)

HAYDEN PLANETARIUM

PROGRAMS
Celestial Highlights

Tuesday 1 1/26, 6:30-7:30 p.m.

See what's up in December! This

monthly tour of the heavens offers a

picture of the constantly changing

night sky.

Orion Nebula

Bad Astronomy

Monday 11/4, 7:30 p.m.

Philip Plait, Sonoma State University

and editor of badastronomycom,

discusses myths and misconceptions

about astronomy.

FILMS

Margaret Mead Film & Video Festival

11/7-17

The acclaimed international

documentary film festival serves up

the best in world cinema from the

ethnographic to the experimental and

everything in between. For a

schedule, visit www.amnh.org/mead

or call 212-769-5200 for a Festival

catalogue.

This program is made possible with public

funds from the New York State Council on the

Arts, a state agency.

Pulse: A Stomp Odyssey

Take a rhythmic voyage of discovery

around the world of percussion and

movement with this large-format film in

the Museum's LeFrak IMAX® Theater.

TICKETS

For tickets and registration, call

212-769-5200, Monday-Friday,

8:00 a.m.-5:00 p.m., and Saturday

10:00 a.m.-5:00 p.m., or visit

www.amnh.org. A service charge

may apply.

All programs are subject to change.

AMNH eNotes delivers the latest infor-

mation on Museum programs and

events to you via email. Visit

www.amnh.org to sign up today!
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Going Ballistic
The many varieties offreefall

By Neil deGrasse Tyson

In
nearly all sports that use balls, the

balls go ballistic at one time or

another. Whether you're playing

baseball, cricket, football, golf, jai alai,

soccer, tennis, or water polo, a ball gets

thrown, smacked, or kicked and then

briefly becomes airborne before re-

turning to Earth.

Air resistance affects the trajectory of

all these balls, but regardless of what set

them in motion or where they might

land, their basic paths are described by

a simple equation found in Newton's

Principia, his seminal 1687 book on

motion and gravity. Several years later,

Newton interpreted his discoveries for

the Latin-Uterate lay reader in Tlie Sys-

tem of the World, which includes a de-

scription of what would happen if you

hurled stones horizontally at higher and

higher speeds. Newton first notes the

obvious: the stones would hit the

ground farther and farther away from

the release point, eventually landing

beyond the horizon. He then reasons

that if the speed were high enough, a

stone would travel the Earth's entire

circumference, never hit the ground,

and return to whack you in the back of

the head. If you ducked at that instant,

the object would continue forever in

what is commonly called an orbit. You

can't get more ballistic than that.

The speed needed to achieve Low
Earth Orbit (affectionately called LEO)
is a little less than 18,000 miles per

hour—sideways—making the round

trip about an hour and a half. Had
Sputnik 1, the first artificial satellite.

or Yury Gagarin, the first human to

travel beyond Earth's atmosphere, not

reached that speed, they would never

have made it into orbit.

Newton also showed that the gravity

exerted by any spherical object acts

Sammy Sosa, or a ball tossed by a child:

they have executed what are sensibly

called suborbital trajectories. Were the

Earth's surface not in the way, all these

objects would execute perfect, albeit

elongated, orbits around Earth's center.

Alexander Calder, The Planet, 1933

as though all the object's mass were

concentrated at its center. As a conse-

quence, anything tossed between two

people on the Earth's surface is also in

orbit—except that the trajectory hap-

pens to intersect the ground. This was as

true for Alan B. Shepard's fifteen-

ininute ride aboard the Mercury space-

craft Freedom 7 in 1961 as it is for a golf

drive by Tiger Woods, a home run by

And though the law of gravity doesn't

distinguish among these trajectories,

NASA does. Shepard's journey was

mostly free of air resistance, because it

reached an altitude where there's hardly

any atmosphere. For that reason alone,

the media promptly crowned him

America's first space traveler.

Suborbital paths are the trajectories

of choice for baUistic missiles. Like a
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hand grenade that arcs balhstically

toward its target after being hurled, a

ballistic missile "flies" only under the

action of gravity after being launched.

These weapons of mass destruction

travel hypersonically, fast enough to

traverse half the Earth's circumference

in forty-five minutes before plunging

back to the surface at thousands of

nriles an hour. If a ballistic missile is

heavy enough, the thing can do more

damage just by falling out ot the sky

than can the explosion of the conven-

tional bomb it carries on board.

The world's first ballistic missile was

the 'V-2 rocket, designed by a team of

German scientists under the leadership

ofWernher von Braun and used by the

Nazis during the Second World War.

As the first object to be launched above

Earth's atmosphere, the buUet-shaped,

large-fmned V-2 inspired an entire

generation of spaceship illustrations.

After surrendering to the Allied forces,

von Braun was brought to the United

States, where in 1958 he directed the

launch of Explorer 1, the first U.S. satel-

Hte. Shortly thereafter, he was trans-

ferred to the newly created National

Aeronautics and Space Administration.

There he developed the Saturn V, the

most powerful rocket ever created,

making it possible to fulfill the Ameri-

can dream of landing on the Moon.

While hundreds of artificial satel-

htes orbit Earth, the Earth itself

orbits the Sun. In his 1543 magnum
opus, De Revohitioiiibiis, Nicolaus Co-
pernicus placed the Sun in the center

of the universe and asserted that Earth

plus the five known planets—Mercury,

Venus, Mars, Jupiter, and Saturn

—

executed perfect circular orbits around

it. Unknown to Copernicus, a circle is

an extremely rare shape for an orbit and

does not describe the path of any planet

in our solar system. The actual shape

was deduced by the German mathe-

matician and astronomer Johannes

Kepler, who published his calculations

in 1609. The first of his laws of plane-

tary motion asserts that planets orbit

the Sun in eUipses.

An ellipse is a flattened circle, and

the degree ot flatness is indicated by a

Alexander Calder, Two Spheres

within a Sphere, 1931

numerical quantity called eccentricity,

abbreviated e. If e is zero, you get a per-

fect circle. As e increases from zero to

one, your ellipse gets more and more

elongated. Of course, the greater your

eccentricity, the more likely you are to

cross somebody else's orbit. Comets

that plunge in from the outer solar sys-

tem have highly eccentric orbits,

whereas the orbits of Earth and Venus

closely resemble circles, with very low

eccentricities. The most eccentric

"planet" is Pluto, and sure enough,

every time it goes around the Sun, it

crosses the orbit of Neptune, acting

suspiciously like a comet (see my col-

umn "Pluto's Honor," February 1999).

The most extreme example of an

elongated orbit is the famous case of

the hole dug all the way to China.

Contrary to the expectations of our

geographically challenged fellow citi-

zens, China is not opposite the United

States on the globe. The southern In-

dian Ocean is. To avoid emerging

under two miles of water, we should

dig from Shelby, Montana, to the iso-

lated Kerguelen Islands.

Now comes the fun part. Jump in.

You now accelerate continuously in a

weightless, free-fall state until you reach

Earth's center—where you vaporize in

the fierce heat of the iron core. But let's

ignore that complication. You zoom
past the center, where the force of

gravity is zero, and steadily decelerate

until you just reach the other side, at

which time you have slowed to zero.

Unless a Kerguelenian instantly grabs

you, though, you will faD back down
the hole and repeat the journey indefi-

nitely. Besides making bungee jumpers

jealous, you have executed a genuine

orbit, taking about an hour and a

half—the same amount of time as the

space shuttle's.

Some orbits are so eccentric that they

never loop back around again. At an

eccentricity of exactly one you have a

parabola, and for eccentricities greater

than one the orbit traces a hyperbola.

To picture these shapes, aim a flashlight

at a nearby wall. The emergent cone of

light will form a circle. Now gradually

angle the flashlight upward, and you

create ellipses of higher and higher

eccentricities. When your light cone

points straight up, the light that still falls

on the nearby wall takes the exact shape

of a parabola. Tip the flashlight away

froin the wall a bit more, and you have

made a hyperbola. (Now you have

something diflierent to do when you go

camping.) Any object v^^ith a parabolic

or hyperbolic trajectory moves so fast

that it win never return. If astronomers

ever discover a comet with such an

orbit, we wiU know that it has emerged

from the depths of interstellar space and

is on a one-time tour through the inner

solar system.

Newtonian gravity describes the

IL



force of attraction between any two

objects anywhere in the universe, no

matter where they are found, what

they are made of, or how large or small

they niay be. For example, you can use

Newton's law to calculate the past and

future behavior of the Earth-Moon

system. But add a third object—a third

source of gravity—and you severely

complicate the system's morions. More

generally known as the three-body

problem, this menage a trois yields

richly varied trajectories whose track-

ing usually requires a computer.

Some clever solutions to this prob-

lem deserve attention. In one case,

called the restricted three-body prob-

lem, you simplify' things by assuming

the third body has so Utde mass com-

pared with the other two that you can

ignore its presence in the equations.

With this approximarion, you can reli-

ably follow the motions of all three

objects in the system. And we're not

cheating. Many cases like this e.xist in

the real universe—the Sun, Jupiter, and

one ot Jupiter's itty-bitty moons, tor

instance. In another case drawn from

the solar system, an entire family ot

rocks move in stable orbits around the

Sun, a half-billion iniles ahead ot and

behind Jupiter. These are the Trojan as-

teroids, each one locked in its solar

orbit (as if by Star Trek's tractor beams)

by the gravity ofJupiter and the Sun.

Another special case of the three-

body problem was discovered in recent

years. Take three objects of identical

mass and have them follow each other

in tandem, tracing a figure eight in

space. Unlike those automobile race-

tracks where people go to watch cars

smashing into each other at the inter-

section of two ovals, this setup takes

better care of its participants. The

forces ot gravity require that the sys-

tem "balances" for all time at the point

of intersection, and, unlike the com-

plicated general three-body problem,

all motion occurs in one plane. Alas,

this special case is so odd and so rare

that there is probably not a single

example of it among the hundred bil-

hon stars in our galaxy, and perhaps

only a few examples in the entire uni-

verse, making the figure-eight three-

body orbit an astrophysicaUy irrelevant

mathematical curiosity.

Beyond one or two other well-

behaved cases, the gravitational

interaction of three or more objects

eventually makes their trajectories go

Ifyoujumped into a hole dug

all the way through the Earth,

gravity would bring you hack

in ninety minutes.

bananas. To see how this happens, sim-

ulate Newton's laws of motion and

gravity on your computer. Now nudge

eveiy object according to the force of

attraction benveen it and every other

object in the simulation. Recalculate all

forces and repeat. The exercise is not

simply academic. The entire solar sys-

tem is a many-body problem, with as-

teroids, moons, planets, and the Sun in

a state of continuous mutual attraction.

Newton worried greatly about this

problem, which he could not solve with

pen and paper. Fearing the entire solar

system was unstable and would eventu-

ally crash its planets into the Sun or

fling them into interstellar space, New-
ton postulated that God might step in

every now and then to set things right.

The eighteenth-century French

astronomer and mathematician Pierre-

Simon de Laplace presented a solution

to the many-body problem of the solar

system more than a century later in his

treatise Mecaiiique Celeste. But to do so,

he had to invent a new form of mathe-

matics known as perturbation theory.

The analysis begins by assuining that

there is only one major source of grav-

ity and that all the other forces are

minor, though persistent—exactly the

situation that prevails in our solar sys-
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Available in VHS
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tern. Laplace then demonstrated ana-

lytically that the solar system is indeed

stable, and that you don't need new

laws of physics to show this.

Or is it? Modern analysis demon-

strates that on timescales of hundreds

of millions of years—periods much

longer than the ones considered by

Laplace—planetary orbits are chaotic.

That leaves Mercury vulnerable to

falling into the Sun, and Pluto vulner-

able to getting flung out of the solar

system altogether. Worse yet, the solar

system might have been born with

dozens of other planets, most of them

now long lost to interstellar space.

And it all started with Copernicus's

simple circles.

If
you could somehow rise above the

plane of the solar system, you would

see each star in our Sun's neighborhood

moving to and fro at ten to twenty

kilometers a second. But collectively

those stars orbit the galaxy in wide,

nearly circular paths, at speeds in excess

of200 kilometers a second. Most ofthe

hundred biUion stars of the Milky Way
lie within a broad, flat disk, and—like

the orbiting objects in all other spiral

galaxies—the clouds, stars, and other

constituents of the Milky Way thrive

on big, round orbits.

If you continued rising now, above

the plane of the entire Milky Way, you

would see the beautiful Andromeda

galaxy, a mere 2.3 miUion light-years

away. It's the spiral galaxy closest to

us, and all the currently available data

suggest we're on a collision course,

plunging ever deeper into each other's

gravitational embrace. Someday we
will become a twisted wreck of strewn

stars and colliding gas clouds. Just wait

about six or seven billion years. With

better measurements of our relative

motions, however, astronomers may
discover a strong sideways component

in addition to the motion that brings us

together. If so, the Milky Way and An-

dromeda will instead swing past each

other in an elongated orbital dance.

Whenever you're going ballistic,

you're in free fall. Each of the

stones whose trajectory Newton illus-

trated was in free fall toward Earth. The

one that achieved orbit was also in free

fall toward Earth, but our planet's sur-

face curved out from under it at exactly

the same rate as it feU—a consequence

of the stone's extraordinary sideways

motion. The International Space Sta-

tion is also in free fall toward Earth. So

is the Moon. And, like Newton's

stones, they are all maintaining a prodi-

gious sideways motion that prevents

them from crashing to the ground.

A fascinating feature of free fall is

the persistent state of weightlessness

aboard any craft with such a trajec-

tory. In free fall you and everything

around you fall at exactly the same

rate. A scale placed between your feet

and the floor would also be in free

Because the planetary orbits

are chaotic in the long run,

Mercury might one day

fall into the Sun.

fall. Because nothing is squeezing the

scale, it would read zero. For this rea-

son, and no other, astronauts are

weightless in space.

But the moment the spacecraft

speeds up or begins to rotate or under-

goes resistance from the Earth's atmos-

phere, the free-fall state ends and the

astronauts weigh something again.

Every science-fiction fan knows that if

you rotate your spacecraft at just the

right speed, or accelerate your space-

ship at the same rate as an object falls to

Earth, you will weigh exactly what you

weigh on your doctor's scale. You can

always simulate Earth gravity during

those long, boring space journeys.

Another clever apphcation ofNew-
ton's orbital mechanics is the slingshot

effect. Space agencies often launch

probes from Earth that have too little

energy to reach their planetary des-

tinations. Instead, the orbital wizards

aim the probes along cunning trajec-

tories that swing near a hefty, moving

source of gravity, such as Jupiter. By
falling toward Jupiter in the same

direction as Jupiter moves, a probe can

steal some Jovial orbital energy during

its flyby and then sling forward like a

jai alai ball. If the planetary alignments

are right, the probe can perform the

same trick as it swings by Saturn,

Uranus, or Neptune in turn, stealing

more energy with each close en-

counter. Even a one-time shot at

Jupiter can double a probe's speed

through the solar system.

The fastest-moving stars of the

galaxy, the ones that give colloquial

meaning to "going ballistic," are the

stars that fly past the supermassive

black hole in the center of the Milky

Way. A descent toward this black hole

(or any black hole) can accelerate a

star up to speeds approaching that

of light. No other object has the

power to do this. If a star's trajectory

swings slightly to the side of the hole,

executing a near miss, it will avoid

getting eaten, but its speed wiU dra-

matically increase. Now imagine a

few hundred or a few thousand stars

engaged in this frenetic activity.

Astrophysicists view such stellar gym-

nastics—detectable in most galaxy

centers—as conclusive evidence for

the existence of black holes: the black

hole's smoking gun.

I've
always wanted to live where

gravity is so weak that you could

throw baseballs into orbit. And it

wouldn't be hard. No matter how slow

you pitch, there's an asteroid some-

where in the solar system with just the

right gravity for you to accomplish this

feat. Throw with caution, though. If

you throw too fast, e could reach one,

and you'd lose the ball for good.

Astrophysicist Neil deGrasse Tyson is the

Frederick P. Rose Director of the Hayden

Planetarium in New York City and a visit-

ing research scientist at Princeton University-
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REFLECTIONS

Anybody
Out
There?
Or is life, instead,

''a glorious accident"?

By Oliver Sacks

One of the first books I read as

a boy was H. G. WeHs's 1901

fable, The First Men in the

Moon. The two men, Cavor and Bed-

ford, land in a crater, apparently barren

and lifeless, just before the lunar dawn;

then, as the Sun rises, they reahze

there is an atmosphere. They spot

small pools and eddies of water, and

then Httle round objects scattered on

the ground. One of them, as it is

warmed by the Sun, bursts open and

reveals a sUver of green. (" 'A seed,' said

Cavor. . . . And then . . . very softly,

'Life!'") They Hght a piece of paper

and throw it onto the surface of the

Moon. It glows and sends up a thread

of smoke, indicating that the atmos-

phere, though thin, is rich in oxygen

and will support Hfe as they know it.

Here, then, was how Wells con-

ceived the prerequisites of life: water,

sunlight (a source of energy), and oxy-

gen. "A Lunar Morning," the eighth

chapter in his book, was my first intro-

duction to astrobiology.

It was apparent, even in "Wells's day,

that most of the planets in our solar

system were not possible homes for

life. The only reasonable surrogate for

the Earth was Mars, which was

Douglas Prince, Signs of Life: Oak Leaves over Mars,

Schiaparelli Hemisphere, 1997

known to be a sohd planet of reason-

able size, in stable orbit, not too dis-

tant from the sun, and so, it was

thought, having a range of surface

temperatures compatible with the

presence of liquid water.

But free oxygen gas—how could

that occur in a planet's atmosphere?

What would keep it from being

mopped up by ferrous iron and other

oxygen-hungry chemicals on the

surface, unless, somehow, it was con-

tinuously pumped out in huge

quantities, enough to oxidize all the

surface minerals and keep the atmos-

phere charged as well?

It
was the blue-green algae, or cyano-

bacteria, that inflised the Earth's at-

mosphere with oxygen, a process that

took between a billion and two billion

years. The fossil record shows that cya-

nobacteria go back three and a half

billion years. Yet, amazingly, some of

them stiU thrive today, in odd corners

of the world, forming strange, cush-

ion-shaped colonies called stromato-

lites [see photograpli on opposite page]. It is

an extraordinary experience to go to

Shark Bay in western Australia, where

stromatolites flourish in the hyper-

saline waters, to watch them slowly

bubbling oxygen, and to reflect that,

three billion years ago, this was how
the Earth was transformed. The

cyanobacteria invented photosynthesis:

by capturing the energy of the sun,

they were able to combine carbon

dioxide (massively present in the

Earth's early atmosphere) with water to

create complex molecules—sugars,

carbohydrates—which the bacteria

could then store and tap for energy as

needed. This process generated free

oxygen as a by-product—a waste prod-

uct that was to determine the future

course of evolution.

Although free oxygen in a planet's

atmosphere would be an infallible

marker of life, and one that, if present,

should be readily detected in the spec-

tra of extrasolar planets, it is not a pre-

requisite for life. Planets, after all, get

started without free oxygen, and may

III



remain without it all their lives.

Anaerobic organisms swarmed before

oxygen was available, perfectly at

home in the atmosphere of the early

Earth, converting nitrogen to ammo-
nia, sulfijr to hydrogen sulfide, carbon

dioxide to formaldehyde, and so forth.

(From formaldehyde and ammonia

the bacteria could make every organic

compound they needed.)

There may be planets in our solar

system and elsewhere that lack an at-

mosphere of oxygen but are nonethe-

less teeming with anaerobes. And such

anaerobes need not Hve on the surface

of the planet; they could occur well

below the surface, in boiHng vents and

sulfurous hot pots, as they do on Earth

today, to say nothing of subterranean

oceans and lakes. (There is thought to

be such a subsurface ocean on Jupiter's

moon Europa, locked beneath a shell

of ice several miles thick, and its ex-

ploration is one of the astrobiological

priorities of this century. Curiously,

Wells, in The First Men in the Moon,

imagines life originating in a central

sea in the middle of the Moon and

then spreading outward to its inhos-

pitable periphery.)

It
is not clear whether life has to

"advance"—whether evolution must

take place—if there is a satisfactory

status quo. Brachiopods—lampshells

—

for instance, have remamed virtually

unchanged since they first appeared in

the Cambrian Period, more than 500

million years ago. But there does seem

to be a drive for organisms to become

more highly organized and more effi-

cient in retaining energy, at least when
environmental conditions are chang-

ing rapidly, as they were before the

Cambrian. The evidence indicates

that the first primitive anaerobes on

Earth were prokaryotes: small, simple

cells—-just cytoplasm, usually bounded

by a cell wall, but with little if any in-

ternal structure.

By degrees, however—and the

process took place with glacial slow-

ness—prokaryotes became more com-
plex, acquiring internal structure, nu-

clei, mitochondria, and so on. The
microbiologist Lynn MarguUs of the

University of Massachusetts, Amherst,

has convincingly suggested that these

complex so-called eukaryotes arose

when prokaryotes began incorporat-

ing other prokaryotes within their

own cells. The incorporated organ-

isms at first became symbiotic and

later came to function as essential or-

ganelles of their hosts, enabling the re-

sultant organisms to utilize what was

originally a noxious poison: oxygen.

Primitive as they are, prokaryotes

are still highly sophisticated organisms,

with formidable genetic and metaboHc

machinery. Even the simplest ones

manufacture more than 500 proteins,

and their DNA includes at least half a

million base pairs. Hence it is certain

that still more primitive life forms

must have preceded the prokaryotes.

Perhaps, as the physicist Freeman

Dyson of the Institute for Advanced

Study in Princeton has suggested, there

were "pro-genotes" capable of metab-

olizing, growing, and dividing but

lacking any genetic mechanism for

precise replication. And before them

there must have been milhons of years

of purely chemical, prebiotic evolu-

tion—the synthesis, over eons, of for-

maldehyde and cyanide, ofamino acids

and peptides, of proteins and self-

rephcating molecules. Perhaps that

chemistry took place in the minute

vesicles, or globules, that develop

when fluids at very different tempera-

tures meet, as may well have happened

around the boiling midocean vents of

the Archaean sea.

The real problem is to get from

amino acids and other simple com-
pounds to peptides, nucleotides, pro-

teins, and so on. It is unlikely that

such delicate chemical syntheses

would occur in "some warm little

pond," as Darwin imagined, or on the

surface of a primordial sea. Instead,

they would probably require unusual

conditions of heat and concentration,

as well as the presence of special cata-

lysts and energy-rich compounds to

make them proceed. The biochemist

Christian de Duve of Rockefeller

University suggests that complex or-

ganic sulfur compounds played a cru-

cial role in providing chemical energy,

and that these compounds may have

formed spontaneously early in Earth's

history, perhaps in the hot, acidic, sul-

furous depths of the seafloor vents

(where, it is increasingly beheved, hfe

probably originated). De Duve imag-

Life as we know it is not imaginable

without proteins, and proteins are

built from peptides, and ultimately

from amino acids. It is easy to imagine

that amino acids were abundant in the

early Earth, either formed as a result

of lightning discharges or brought to

the planet by comets and meteors.

Stromatolites are colonies of cyanobacteria.

They began charging the Earth's atmosphere

with oxygen some 3.5 billion years ago.

ines this purely chemical world as the

precursor of an "RNA world," be-

Ueved by many to represent the first

form of self-replicating hfe. He thinks

that the movement from one to the

other was both inevitable and fast.

The two preeininent evolutionary

changes in the early history of life

on Earth—from prokaryote to eukary-

ote, from anaerobe to aerobe—took

the better part of two billion years.

And there then had to pass another

1 ,200 or 1 ,300 million years before Hfe
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rose above the microscopic forms, and

the first "higher," inulticeEular organ-

isms appeared. So if the Earth's history

is anything to go by, one should not

expect to find any higher Hfe on a

planet that is stiU young. Even if ex-

traterrestrial life has appeared, and all

goes well, it could take biUions ot years

for evolutionary processes to move it

along to the multicellular stage.

Moreover, all those "stages" of evo-

lution, including the evolution ot intel-

ligent, conscious beings from the first

multicellular forms—may have hap-

pened against daunting odds. Stephen

Jay Gould spoke of hfe as "a glorious

accident"; Richard Dawkins of Oxford

University likens evolution to "cHmb-

and contingencies, will emerge? Life

may be a one-off event.

Opinion here varies as widely as it

can. The French biochemist Jacques

Monod regarded life as a fantastically

improbable accident, unlikely to have

arisen anywhere else in the universe.

In his book Chance and Necessity, he

writes, "The universe was not preg-

nant with life." De Duve takes issue

with this, and sees the origin of life as

determined by a large number of steps,

most' of which must have had a "high

hkeHhood of taking place under the

prevailing conditions." Indeed, de

Duve believes that there is not merely

unicellular life throughout the uni-

verse, but complex, intelligent life.

If evidence of life is ever found on Mars,

the discovery will alter our viev^ of the universe.

ing Mount Improbable." And life, once

started, is subject to vicissitudes of all

kinds: from meteors and volcanic erup-

tions to global overheating and cooHng;

from dead ends in evolution to mysteri-

ous mass extinctions; and finally (if

things get that far) fi-om the fateful pro-

clivities of a species like ourselves.

We know there are microfossils in

some of the Earth's most ancient

rocks, rocks more than three and a half

biUion years old. So Hfe must have ap-

peared within one or two hundred

million years after the Earth had

cooled off sufficiently for water to be-

come liquid. That astonishingly rapid

transformation makes one think that

life may develop readily, perhaps in-

evitably, as soon as the right physical

and chemical conditions appear.

But can one argue from a single

example? Can one speak confidently

of "earthhke" planets, or is the Earth

physically, chemically, and geologically

unique? And even if there are other

"habitable" planets, what are the

chances that Ufe, with its thousands of

physical and chemical coincidences

too, on trillions of planets. How are

we to align ourselves between these

utterly opposite, but theoretically de-

fensible positions?

What we need, what v/e must

have, is hard evidence of life on an-

other planet or heavenly body. Mars is

the obvious candidate: it was wet and

warm there once, with lakes and hy-

drothermal vents and perhaps deposits

of clay and iron ore. It is especially in

such places that we should look, sug-

gests Malcolm Walter, an expert on

fossil bacteria that date from the

Earth's earliest epochs. If the evidence

shows that hfe once existed on Mars,

we will then need to know, crucially,

whether it originated there, or was

transported (as would have been read-

ily possible) from the young, teeming,

volcanic Earth. If we can determine

that lite originated independently on

Mars (if Mars, for instance, once har-

bored DNA nucleotides different

from our own), we will have made an

incredible discovery—one that will

alter our view of the universe, and en-

able us to perceive it, in the words of

the physicist Paul Davies, as a "bio-

friendly" one. It would help us to

gauge the probability of finding life

elsewhere instead of bombinating in a

vacuum of data, caught between the

poles of inevitability and uniqueness.

In just the past twenty years life has

been discovered in previously unex-

pected places on our own planet, such

as the life-rich black smokers of the

ocean depths, where organisms thrive

in conditions biologists would once

have dismissed as utterly deadly. Life is

much tougher, much more resilient,

than we once thought. It now seems

to me quite possible that microorgan-

isms or their remains will be found on

Mars, and perhaps on some of the

satellites ofJupiter and Saturn.

It
seems far less likely, many orders of

magnitude less likely, that we wUl

find any evidence of higher-order, in-

telligent hfe forms, at least in our own
solar system. But who knows? Given

the vastness and age of the universe at

large, the innumerable stars and plan-

ets it must contain, and our radical

uncertainties about life's origin and

evolution, the possibility cannot be

ruled out. And though the rate of evo-

lutionary and geocheniical processes is

incredibly slow, that ot technological

progress is incredibly fast. Who is to

say (if humanity survives) what we
may not be capable of, or discover, in

the next thousand years?

For myself since I cannot wait, I

turn to science fiction on occasion

—

and, not least, back to my favorite

Wells. Although it was written a hun-

dred years ago, "A Lunar Morning" has

the freshness of a new dawn, and it re-

mains for me, as when I first read it, the

most poetic evocation ofhow it may be

when, finally, we encounter alien life.

Oliver Sacks is a neurologist and the au-

thor of nine books, incUiding, most re-

cently, Uncle Tungsten: Memories of a

Chemical Boyhood and Oaxaca Jour-

nal. He lives in New York City



Freedom of

the night.,.

Tne miracle you jeel tut never see.

Tempur-Pedic's advanced sleep technology is recognized by NASA, raved

about by the media, extolled worldwide by more than 25,000 sleep

L^_K.
, clinics, physicians, and health professionals.

^Bii. ^ Yet this miracle must be felt to be believed.

'

^^
While the thick, ornate pads that cover most mattresses are necessary to

keep the hard steel spnngs inside, they create a hammock effect outside—and can actually cause

pressure points. Inside our bed, billions of microporoscopic memory cells function as molecular

springs that contour precisely to your every cur\'e and angle.

Tempur-Pedic's Swedish scientists used NASA's early anti-G-force research to invent Tempur pres-

sure-relieving material—a remarkable new kind of viscoelastic bedding that reacts to body mass and

temperature. It automatically adjusts to your exact shape and weight. And it's the reason why mil-

Uons of Americans are falling in love with the first really new sleep system in 75 years: our high-

tech Weightless Sleep bed.

It never needs to be turned, rotated, or flipped. And, unlike other mattresses, Tempur-Pedic's

Swedish Sleep System transmits virtually no body motion between sleep partners.

Small wonder, then, that 3 out of 4 Tempur-Pedic owners go out of their way to recommend our

revolutionary bed to close friends and relatives. And 82% tell us it's the best bed they've ever had!

Please return the coupon at right, without the least obligation, for a FREE DEMONSTRATION KIT.

Better yet, phone or send us a fax.

FREE SAMPLE of TEMPUR* pressure-

relieving malerial, Uie molecular heart of

Tempur-Pedic's legendary Weightless Sleep™

bed, is yours (or the asking. You also get a

free video and Free Home Tryoul Certlficale.

For free demonstration kit, call toll-free

1-800-371-9478
or fax 1-859-514-4423

ttl^^-PEDIC
PRESSURE RELIEVING

SWEDISH MATTRESSES AND PILLOWS

Tempur-Pedic, lnc,,1713Jaggie Fox Way, Lexington, KY -JOSH

^



42 NATURAL HISTORY 11/02

BIOMECHANICS

Head Turner
WJiat's the point of the hammerhead's head if the hammerhead doesn't hammer?

Story by Adam Summers ~ Illustrations by Shawn Gould

Thirty feet underwater, over a

sandy patch next to the Great

Barrier Reef, is a perfectly

ordinary place for a shark to swim.

But the student divers I was leading

made a din that should have kept a

cautious carnivore at a wary distance,

so I was surprised when an eight-foot

shark glided past. From the side it

looked like the other sharks that

regularly patrol the reef. As it

turned toward us, however, it

revealed a grossly expanded and

flattened head, and I realized

with a rush that this was my
first underwater encounter

with the great

hammerhead

shark (Sphyrna

mokkaran).

Perhaps no other

morphological oddity has

inspired so many

fanciful—and sensible

—

theories about its function as has the

cephalofoil (the winglike head) of the

eight species of hammerhead. Recent

experimental evidence supports

some ideas and refutes others, while

pointing to a previously unsuspected

role for this peculiar feature.

Hammerhead heads come in many
widths and shapes. The winghead

shark (Eusphyra blochii), which lives in

the western Pacific and Indian oceans,

looks like the letter T when viewed

from above, its head nearly half as

wide as the body is long. The

bonnethead shark (Sphyrna tihuro),

common throughout the Western

Hemisphere's warm waters, has a

relatively modest foil, less than five

inches across. A phylogenetic tree

based on comparisons ofDNA from

different species indicates

that the cephalofoil is

shrinking (evolutionarily

speaking); the

documented in an underwater video

by Wesley R. ("Rocky") Strong, a

marine biologist and filmmaker. (Still,

a hammer with exposed eyeballs at

both ends seems a poor tool for regular

use as a bludgeon.)

The sensory hypotheses focus on

the advantages of widely spaced eyes,

nostrils, and electroreceptors: for

enhanced binocular vision, better

tracking of odors, and more precise

detection of the electric currents

generated by

potential

prey. The

electroreceptors

are particularly intriguing.

wingspans of more ancient

hammerhead species are much larger

than those of more recent additions

to the family.

There are two main schools of

thought about the function of the

hammerheads' peculiar noggin: it

improves sensory perception, or it

makes for more efficient hydro-

dynamics (lift, maneuverability). Or

maybe the shark actually "hammers"

its prey with the head—behavior once

All shark species have hundreds

of minute dark pores on their

heads—the open ends of electrically

sensitive organs known as ampullae of

Lorenzini. Each ampulla, or vesicle, is

filled with conductive gel. Exquisitely

sensitive neurons project into the gel,

firing at rates proportional to the

current passing through it. These

ampullae could detect the electric field

from a 1.5 volt AA battery at about

ten yards (hammerheads' prey,

however, create electric fields far

weaker than would a battery adrift in

the sea) . The sharks hunt for their

most common quarry—animals that

are cryptic, often buried, unmoving,

nearly scentless, and quite invisible

—

by sensing two kinds of electric fields:

the DC field that results from the

osmotic potential between the prey's



body tissue and seawater, and the AC
fields generated by the contraction of

the prey's muscles.

The hydrodynamic hypotheses

about the cephalofoil focus instead on

the hammerhead's remarkable agiliry:

the animal can make exceptionally

fast turns when pursuing prey or

fleeing from danger. The idea is

that when a hammerhead

changes direction, it could tilt

(or, as the maneuver is known

to pilots, roll) its big winglike

head, which is far forward of

its center of gravity, and so

exert a huge turning force on

the body. The same concept

led aeronautical engineers to

incorporate small wings at

the front of some

advanced fighter

jets; the forward

"control surfaces"

replace the larger

ones that are needed when the conti'ol

is behind the main wing, thereby

enabling faster turns with less drag.

Stephen M. Kajiura, now a post-

doctoral fellow at the University of

California, Irvine, designed an elegant

set of experiments to simultaneously

test the sensory and hydrodynamic

roles of the cephalofoil. Kaneohe Bay,

on the Hawaiian island of Oahu, is a

pupping ground for the scalloped

hammerhead (Sphyrna lewiiii) as well as

a favorite haunt of the sandbar shark

(Carcharhhius plunibeiis), a typical,

blunt-headed reet shark. In large,

screened-in pens, Kajiura compared

the abiHty of the two species to

perceive an electric field. At the same

time, he videotaped the sharks as they

interacted with one of four pairs of

electrodes—simulated prey—set in a

large, clear acryhc sheet.

When Kajiura activated one of

the electrode pairs, the hungry young

sharks immediately turned toward it,

swam rapidly around it, and bit the

acryhc surface. His observations

confirmed the conventional wisdom

among shark watchers: that

hammerheads turn more

quickly and make sharp

turns more often than reef

sharks do. The hammerheads

also had a distinct advantage

shark tilted its head, its reception of

the electric signal on one side would

sharply decline. By holding its head

steady, the shark can more effectively

keep its senses focused on the object

HOW THE HAMMERHEAD TURNS

Investigators had hypothesized

that the shark's head might tilt

during turns, thereby speeding up

the maneuver (see drawing on

opposite page); in fact, the

animal's head stays level (above)

and may even stabilize the rest of

the body during a turn.

over their more buUet-headed

cousins in detecting prey—they

could sense the electric field 50

percent farther away than could

sandbar sharks of the same size.

Unfortunately for proponents of

the hydrodynamic hypotheses,

however, Kajiura 's experiments

showed that hammerheads don't roll

their heads to turn. Rather, the

sharks stay perfectly level, as if they

were turning on rails. In retrospect,

that finding is not surprising. During

a turn, a shark tries to maintain an

electrical picture of the prey. If the

of its

desires—whether

that's a nutritious fish

buried in the sand or an

inedible electrode.

In fact, the width and wingHke

shape of the cephalofoil

may even stabilize

the body as the

shark turns,

twisting the head

in the opposite

direction from the

torque generated by

shark's beating tail. As the

shark turns, the outside wing of

its head travels faster than the inside

wing. Because the lift of a wing is

proportional to its speed, the outside

wing also develops more Uft than the

inside wing. That lift tends to roU the

shark so that its belly is oriented toward

the outside of the turn.

The upper lobe of the shark's tail,

however, is larger than the lower lobe.

Thus, as the tail beats harder to one

side (to effect the turn), the first dorsal

fin feels the more powerful push of the

upper lobe and so tends to roU towards

the outside as well. The two opposite

effects could cancel each other out,

leading to increased stabiHry in the

turn. The net result is that even

though hammerheads do turn heads,

they do not turn with their heads.

Adam Summers is an assistant professor

of ecology and evolutionary biology at the

University of California, Irvine. He is

happy to report that the hammerhead

circled his nearly breathless diving

students twice before swimming away

without incident.
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And Then
There U^s Light

Einstein's universe is subtle, but no longer beyond

the reach ofordinary common sense. By Ridmrd Panek

Opposite: In

1905 a twenty-

six-year-old

Einstein

combined a

constant speed

of light with

Galilean

relativity, thus

forging the

special theory of

relativity.

Above right: "In

1914," as the

physicist George

Gamow wrote,

"Einstein bent

space, and thus

explained

gravity."

% m# g e live in Einstein's universe. So

% j^ / what else is new?

% /^ # That Albert Einstein changed

W wour fundamental understanding of the

cosmos is common knowledge—unprecedentedly

so for a piece of scientific history. Forty-seven years

after Einstein's death, his halo of fright-white hair is

an instantly identifiable pop icon, his

name itselfsynonymous with genius.

No less an arbiter of contemporary

culture than Time magazine declared

him Person of the Century. Einstein

did something. and it changed

everything—on that much everyone

agrees. Yet for all his fame, many of

the details about his accomplishments remain un-

common knowledge: Just what did he do? How do

we know he was right? Why should we care?

By now, some of Einstein's breakthroughs need

little elaboration and no further validation by sci-

ence. In 1905 he daringly appUed a new concept of

quantized energy—first suggested five years earlier

by the German physicist Max Planck—to visible

light. The result was the photon, a particle that

seemed at first to defy the wave interpretation of

light that was all but universally accepted at the

time. But Einstein's photon has since proved to

have such practical applications as the television

and the computer, devices that work because rivers

of electromagnetic information are made up of in-

dividual droplets.

hi that same year Einstein also derived the deep

and startling equivalence between mass and energy

that he expressed as E=mr, the formula that would

lead directly to the dawn of the nuclear age.

But m 1905 Einstein also embarked on relativ-

ity itselt, and it is this work that remains unfath-

omable, at least in the popular imagination.

To some extent, relativity can't escape that repu-

tation. Einstein always sought to get the math right

first and worry about the observational conse-

quences later—the opposite of the era's empirical

methodology. Einstein's success helped illuminate,

for both physicists and philosophers,

the constraints on how we human be-

ings understand the universe, limita-

tions that can make relativity seem lit-

erally counterintuitive. Not only can

its description of the world run

counter to what we see, but also to

how we think we understand what

we see: our intuition.

But then, the ideas of Copernicus, too, upset

commonsense, intuitively held beliefs—for in-

stance, that the Sun goes around the Earth. Revolu-

tions in science often give rise to revolutions in

thought, after which the earlier understanding

comes to seem naive and the new conception intu-

itively obvious. As we learn to change the way we

think about the world, the nuances of relativity, too,

can start to make as much sense as the assertion that

the Earth goes around the Sun.

To begin to appreciate special relativity, it may

be helpful to consider one of the thought ex-

periments of Gahleo, a founding father of Coperni-

canism. Imagine you are standing on a dock,

watching a saiHng ship move at a steady rate along a

river. If someone drops a rock from the top of the

ship's mast, where will it land? At the base of the

mast? Or some small distance away?

The ancient Aristotelian—and, for most people.
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According to spedal relativity, things moving,

relative to an observer, at speeds near the speed of

light appear compressed along the dimension in

which they move; thus the stroller sees a flat cyclist

(top), and the cyclist sees a thinner world (bottom).

The objects would also seem curved, but no one

knew that in 1940, when these pictures, from

Gamow's Mr. Tompkins in Wonderland, were drawn.

the intuitive—an-

swer is: some small

distance away. Gali-

leo's Copernican

(and correct) an-

swer is: at the base

of the mast. How
can that be? Be-

cause the motion

of the ship and the

motion ot the rock

together make a

single motion. To

an observer at the

top of the mast,

the motion of the

rock inight indeed

seem a perpen-

dicular drop—the

kind that, in Aris-

toteUan argument,

a stone would

make "in seeking

to return to its nat-

ural state." But to

you on the dock,

the rock would ap-

pear to be moving

forward horizon-

tally at the same

speed and in the

same direction as

the ship does, no

matter what its vertical motion. To you, the ship

and the rock would be acting as a single system.

The horizontal components of their motion, inde-

pendent of the vertical motion of the rock, would

bring the rock and the base of the mast together in

space at exactly the same instant in time.

So far, so modern. But Einstein introduced a

new postulate. What if the object descending from

the top of the mast were not a rock at all, but a

beam of Hght? What if the velocity of the beam

—

urdike that ot a falling rock—was constant? What if

that velocity was the same no matter what

—

whether you're moving toward it or away from it,

or whether the beam is moving toward or away

from you?

Einstein lifted the idea that the speed of Hght is

constant intact from electromagnetic theory, de-

vised forty years earlier by the Scottish-born physi-

cist James Clerk Maxwell. Part of Einstein's larger

ambition was to reconcile electromagnetism with

Galilean relativity. Then one night in May 1905,

after discussing the problem with his longtime

friend Michele Besso, Einstein saw how to do so.

Thank you!" Einstein greeted Besso the fol-

lowing morning. "I have completely solved

the problem."

The solution, he explained, lay in a reconception

of the idea of time. Any velocity is simply distance

divided by time. In the case of light, though, the ve-

locity isn't just 186,282 miles per second; according

to Emstein's postulate, it's always 186,282 miles per

second. It's a constant. It's on one side of the equal

sign, humming along at its imperturbable rate. On
the other side of the equal sign are distance and

time, which become, by default, variables. They can

undergo as many changes in value as you can imag-

ine, as long as they continue to divide in such a way

that the result is 186,282 miles per second. Change

the distance, and you have to change the time.

You have to change the time.

Go back to the dock and look at GaUleo's ship.

Suppose it's at rest in the water, and a beam of hght

travels from the top of the mast to the base. Both

you (on the dock) and an observer on the ship mea-

sure the time it takes the beam to complete its jour-

ney. You both agree that the beam takes one sec-

ond, and so you both agree that the mast is 186,282

miles high (it's a tall ship).

In contrast, if the ship moves through the water

relative to you on the dock, the shipborne observer

still sees the Hght foUow a perpendicular course. But

to you, on the dock, the circumstances are just as

they were in the example of the falling rock: while

the Hght beam is moving, the bottom of the mast

also moves out from under the spot occupied by the

top of the mast when the Hght beam was launched.

The distance the beam travels must therefore be

greater than it was when the ship was at rest. It can't

be 186,282 miles. It must be more. And since the

speed of light, on the left side of the equation, is a

constant, the change in the distance implies a

change in the elapsed time. It, too, must be greater.

The same mathematical reasoning that appHes to

the measurement oftime also appHes to the measure-

ment of length. A rod on board a moving ship that

an observer there measures to be a foot long appears

shorter to you on the dock (assuming both that the

rod is pointing in the same direction as the ship is

moving and that the ship is traveHng near the speed

of Hght). And vice versa: as GaHleo had taught, there



is no special physical reason to declare that the ship is

moving past the dock or that the dock is moving past

the ship. Hence to the observer on Einstein's ship,

the clocks on the dock appear to run slow, and an

identical rod on the dock appears shorter than a foot.

At this point in any explanation of special relativ-

To clarify the circumstances, Einstein imagined a

man enclosed in a windowless elevator that is accel-

erated upward by a giant crane through empty

space. As the crane puUs on the elevator, the man in-

side feels himselfpushed against the floor. It the ac-

celeration of the elevator is numerically equal to the

Einstein's descn'ption of the world runs counter

to what we see and how we understand what we see.

ity, the question almost inevitably arises: who's right?

The answer is, both—or, maybe more accurately, ei-

ther one, depending on who's doing the measuring.

And then come more questions: How much time

passed, really? How long was the rod, really? The an-

swer: There is no "really." There is no "eternally uni-

form rick-tock perceptible only to ghosts, but to

them everywhere," as Einstein once described ab-

solute time. Nor is there an absolute space. There is

only the mathematics, along with the measurements

it enables us to make.

That mathematics, however, didn't entirely sat-

isfy Einstein. He could give a mathematical

description of one physical system (the Galilean

ship, for instance) relative to another physical sys-

tem (you, on the dock), but only if one system (or

both) were moving at a uniform velocity with re-

spect to the other. What about a system that is ac-

celerating—say, a system in the grip of gravity?

Einstein didn't glimpse the beginnings of an

answer until one day in November 1907. While

daydreaming at work, he imagined a man falling

from a roof.

A man falling from a roof is, to say the least, in

the grip of gravity. Yet what else is he? Just as the

observer on that old Galilean ship can conclude

that the dock is leaving the ship, rather than the

other way around, so a man falling from a roof can

consider himself at rest and the remainder of the

universe to be in motion. In that case, Einstein

noted, as the roof recedes from him and the

ground rushes toward him, he would feel none of

the effects of gravity.

So when does the man feel the effects of grav-

ity? The answer is surely not when he is freely

falling, but rather when he is standing on the roof.

The weight of his body is the resistance of the roof

beneath his feet to the flux ofthe gravitational field,

which acts like a current of water that presses him

against the Earth.

acceleration due to gravity at the surface of the

Earth (about thirty-two feet per second per second),

the man inside the elevator would not know

whether he was feeUng the gravitation of the Earth

or the acceleration caused by the crane—whether

the elevator was standing at rest on the surface of the

Earth or accelerating through space.

Although physicists had known since the days of

Galileo that the effect of gravity on a particular mass

is the same as the effect of inertia, they had always

considered it a coincidence. Einstein's thought ex-

periment showed that it was not.

Next Einstein imagined a beam of light passing

across the moving elevator—entering perpendic-

ular to one wall and exiting through the opposite

one. When the crane is pulling upward on the el-

evator, Einstein noted, the height at which the

light entered the elevator would not be the same

as the height at which it exited. Hence even

though light travels in a straight line, it would ap-

pear, in the accelerating elevator, to bend during

its passage.

Now suppose instead that the elevator is not ris-

General relativity

predicts that

gravity curves

space and slows

time. Above:

Gamow's Mr.

Tompkins exits a

hotel lobby as a

huge gravitational

field sharply

distorts the space

nearby.
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There is no absolute time, Einstein wrote, no ''eternally uniform

tick-tock perceptible only to ghosts, but to them everywhere/'

ing but standing on the surface of the Earth. Then,

Einstein argued, since the two hypothetical circum-

stances are equivalent, wouldn't the light crossing

the elevator be subject to the same effect? Wouldn't

gravity bend Hght?

The late astronomer Carl Sagan once famously

observed: "Extraordinary claims require extra-

ordinary evidence." Among the most extraordinary

claims ever made were Einstein's theories. Part of

the problem in proving them was not only that

what they predicted was counterintuitive, but just

how Hterally extraordinary—how far out of the or-

dinary, how inaccessible to the usual means of ob-

servation—those predicted effects were. They were

distinguishable from what existing theories pre-

dicted only under the most extreme conditions.

The classical Galilean set of relativistic equations, as

m^

A^̂

In Einstein's

general theory

of relativity,

gravity and the

effects of

acceleration on

a mass in empty

space are

equivalent. By

imagining a man

accelerated

through space,

Einstein realized

that gravity can

bend light.

WS:

Einstein once wrote, "supphes us with the actual

motion of the heavenly bodies with a delicacy of

detail Htde short of wonderful"—except when the

observed object is moving at a substantial fraction of

the speed of light. The Newtonian equations that

describe gravity also work spectacularly well—ex-

cept when the observed object is laboring mightily

against a massive gravitational field.

To appreciate the difficulty of testing relativity,

take the experiments that first brought Einstein's

ideas to worldwide attention. In November 1919

the English physicist Sir Arthur Eddington

announced the results of two expeditions to view a

total solar echpse on May 29 of that year. Accord-

ing to Einstein, the Sun's powerful gravity would

deflect starlight passing near its rim. Newton might

have agreed, if gravity alone were the cause. Ein-

stein's calculations, however, also took into

account the hypothesized curvature of

%* space, and called for a deflection twice as

big as Newton's did. The winner, declared

Sir Arthur: Einstein. "The Revolution in

Science," proclaimed the next day's Times

of London. "Lights All Askew in the

Heavens; Men of Science More or Less

Agog over Results of Eclipse Observa-

""f^, tions," The New York Times echoed.

In spite of the certainty suggested by

Sir Arthur (as well as by headlines such as

these, and the ensuing global tsunami of

pubhcity), the technical difficulty of mea-

suring the bending of starlight during the

1919 eclipse meant that the margin of

error could not have been less than 20 per-

cent—hardly a decisive result. For that rea-

son, expeditions to observe total solar

eclipses in order to measure the Einsteinian

effects with greater and greater precision

became a routine part of science: investiga-

tors organized nine such campaigns be-

tween 1922 and 1973. And Einstein's pre-

dictions generally did hold up as

technological advances narrowed the mar-

gin of error. Then, in the late 1960s and

early 1970s, the eclipse observations were

superseded by a much more accurate test

that Einstein could not have foreseen:

1-
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measuring the effect of the Sun's gravity on radio

waves that come from quasars and pass near the

Sun on their way to Earth. (Radio-wave astron-

omy itself didn't begin to come of age until the

final decade of Einstein's Hfe, and quasars—power-

ful sources of radio waves from the far reaches of

the universe—weren't discovered untU the decade

after his death.) By 1977 astronomers had con-

cluded that Einstein was right within a margin of

error of 1.5 percent.

Other tests of Einstein's predictions followed a

similar pattern: early approximation, gradual tech-

nological advance, and eventual replacement by

new and more precise tests. As the space age and

computer technology have combined to open new

windows on the universe, many extraordinary

phenomena have been detected that provide an

ideal laboratory for testing general relativity. Not

only has Einstein's theory passed ever)' new test,

but as a result the theory has now become a rou-

tine tool for investigating extreme cosmic condi-

tions. Black holes, the cosmic microwave back-

ground, pulsars, neutron stars, gravitational lenses,

gravity waves—these are just a few of the phe-

nomena that would make no sense without gen-

eral relativity.

And they do make sense. It is some measure of

the growing intuitive clarity of general relativity

that the big bang and other, once esoteric matters

of cosmology are now subject not only to empirical

confirmation, but also to popular discussion. These

concepts may continue to stagger the imagination,

but they no longer defy it.

Special relativity, however, still does. As Einstein

once wrote on the idea of absolute rime, it is

"anchored in the unconscious." In the 1930s physi-

cists first confirmed time dilation by finding that

the measured Ufetimes of unstable elementary par-

deles increase as the parricles move at speeds closer

to the speed of Ught. In 1971 two physicists sent

four atomic clocks on commercial flights around

the world and found that the clocks gained or lost

time in just the amounts that special relativity pre-

dicted. Today, such nanosecond effects are instru-

mental in keeping Global Positioning System satel-

lites on track (the effects of general relativity—not

just special relativity—are crucial to GPS). Still, it's

safe to say that for most people rime dilation doesn't

make much sense.

If common knowledge about the meaning of

special relativity does exist today, it is probably this:

1

k

f

1

1

1

everything is relative. And the descriptions m this

article, as cursory as they must necessarily be, might

seem to justify such a conclusion. But for physicists,

as the historian of science Gerald Holton of Har-

vard University once observed, "the whole point is

that out of the vast flux one can distill the very op-

posite: 'some things are invariant.' " In fact, what

everyone else was naming Relatii'itdtstlieorie, Ein-

stein at first preferred to call Iiwariantentheorie—
at least when he wasn't referring to it as "so-called

relativity theory."

The point of the Einsteirdan revolution is not to

know how much time really passes, or how long a

rod really is, or what path a beam ofhght really takes.

It's to know how the universe really works. Even if

as in the case of time dilation, we don't "get" it,

we've learned to use it. And that, after nearly a cen-

tury in Einstein's universe, is at least a start. D

The physicist

at rest: Einstein

at home in

Berlin, where he

lived from 1914

to 1933. During

that time, he

published his

general theory of

relativity

(1916), divorced

and remarried

(1919), won the

Nobel Prize

(1922), and

became a parifist

(1925).
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HUMMIHeBlinilCslitiil

All the Right Curves
In an island hummingbird, the shape of thefemale's bill

enables her to feast on localflora inaccessible to the male.

By Ethan J. Temeles

On what has become an annual expedition,

each May and June I lead a group of my
students to Saint Lucia, one of the eastern

Caribbean islands that make up the Lesser Antilles.

Our destination is the Quilesse Reserve, the largest

of the four areas of rainforest on the island. Al-

though Saint Lucia is small—twenty-seven miles

long and fourteen miles wide—its topography is

dramatic, and traveling inland to Quilesse takes no

trivial effort. Only about 19 percent of the island's

original rainforest stiU remains, all in reserves on

the mountain slopes of the interior. The potholed

six-mile feeder road leading from the east-coast

highway to Quilesse takes an hour to drive. Once

we reach the reserve, we get out and start hiking.

The Pitons, twin As is typical on Saint Lucia, the

peaks on the climb is almost straight up. And
coast of Saint though relatively few visitors to

Lucia, are the island scale the remote slopes,

dramatic even casual tourists can appreciate

reminders of the the steepness of the terrain: on the

island's volcanic southwestern coast the national

origin. landmarks, two extinct volcanoes

called the Pitons, rise 2,000 feet

up from the sea.

As we first work our way along

the muddy slopes of the Quilesse

trail, we hear the squawk of Saint

Lucia parrots. Twenty years ago

the population of these parrots

had dropped to 150, and the species had become

the world's thirteenth rarest bird. Now, protected

from hunting and from habitat destruction, the

species has rebounded to about 500 individuals and

has been named Saint Lucia's national bird. But we

have come to study another, much smaller, island

resident: the purple-throated carib.

Native to the mountam rainforests of the Lesser

Antilles—from Saint Kitts and Nevis in the north

all the way south to Saint Lucia and Saint Vin-

cent—the purple-throated carib is one of the most

beautiful of hummingbirds. Both males and fe-

males are predominantly black with a glittering,

rosy throat patch, or gorget, and emerald wings.

Many hummingbirds have iridescent gorgets, but

the purple-throated carib is one of only two out of

some 320 species of hummingbirds to have irides-

cent wings. Flashing green and black through the

rainforest, these hummingbirds resemble imperial

fighters from Star Wars. The analogy is apt, not

only because of the birds' speed and maneuverabil-

ity but also because of their pugnacious behavior.

Although alike in color, male and female

purple-throats display one of the most extreme

differences in bill size and shape of any bird. Males

are 25 percent larger than females, weighing in at

ten grams (roughly three times the weight of a

penny). But the bills of females are 30 percent

longer than those of males and curve downward at

a 30 degree angle, compared with the 15 degree

slant of the males'. Males and females of some other

hummingbird species also differ in bill size, but the

discrepancy among purple-throated caribs is so



great that an observer can readily tell the sexes apart

by biU characteristics alone.

Sexual differences in size and color are wide-

spread in the animal kingdom. For example, male

elephant seals, which battle each other for access to

mates, are two to three times larger than females;

the extravagant plumage of peacocks contrasts with

deer sporting large anders may have a better chance

of attracting or fighting for mates than males that

lack such traits. The second possibihty is fecundity

selection: if larger female arthropods produce more

eggs than smaller ones, then genes tor larger female

size may predominate in succeeding generations.

But Darwin also proposed a third selective

A female purple-

throated carib

settles on

her nest. In

hummingbirds,

all care of eggs

and chicks falls

to the female.

the drabness of peahens. Among arthropods, such

differences, or sexual dimorphisms, can be just as

striking, though they tend to go the other way; the

females, which carry eggs, tend to be the larger sex.

Darwin was the first to suggest how such difiier-

ences may have evolved. One possibility is sexual

selection: a brightly colored male fish or a male

mechanism. Some sexual dimorphisms, he sug-

gested, may have evolved through the ecology of

feeding: the sexual differences simply enable males

and females to consume different foods. The clear-

est examples are certain mosquito species in which

the mouthparts of males are adapted for drinking

nectar and those offemales for imbibing blood. But



54 NATURAL HISTORY 11/02

The bills of male

and female

huias, depicted

by painter John

Gould, top, are

echoed in the

profiles of

purple-throated

caribs. The bill

of the female in

the photograph

at the far right is

substantially

longer and more

sharply curved

than that of the

male on the left.

other good examples have been hard to pin down,

because in many species the size ot an individual

determines what the animal can eat, making it un-

clear whether sexual differences in diet are the

cause, or the consequence, of sexual dimorphism.

Darwin was well aware of the difficulty of relat-

:c ing the evolution of sexual di-

[ morphism to differences in diet.

; Hence he maintained that any

: scientific claim for such a rela-

! tion should be grounded in

I

dimorphisms associated primar-

:
ily with the feeding apparatus.

I
An example Darwin cited was

i
the New Zealand huia. (Unfor-

^ tunately, this bird was so highly

: prized by the indigenous Maori

: and, later, by Europeans for its

i
large black-and-white tail feath-

: ers that it became extinct by

1930.) The sexes were similar in

size and plumage, and both fed

on insects. But their means of feeding and their bills

were different. Males, which chiseled into wood for

their prey, had short, thick, straight bills. Females,

which probed crevices for insects, had long, slen-

der, curved bills. Ornithologists and naturaHsts, in-

cluding the renowned nineteenth-century illustra-

tor John Gould, originally classified male and

female huias as two different species.

As an undergraduate, I had read about another

group of birds whose bills

were associated with dif-

ferences in diet: Darwin's

finches of the Galapagos

Islands. If feeding ecology

could give rise to differ-

ences in the shapes of bills

from species to species,

couldn't it do the same for

the sexes? But since the

huia was extinct, I had to

search for years for another

species that would enable me to investigate that hy-

pothesis. Then I discovered Larry L. Wolf's work

with the purple-throated carib. It was Wolf, a biol-

ogist at Syracuse University, who noted how
easily male and female could be distinguished in the

field by their bills. Here at last was an avian candi-

date for a study of feeding and sexual dimorphism.

So in May 1999 I embarked with my students on

our first field expedition to Saint Lucia.

Wolf and another investigator, Karl Schuch-

mann, an ornithologist at the Alexander Koenig

research institute in Bonn, Germany, had focused

mainly on the purple-throated carib's courtship

and nesting behaviors. Little was known, however,

about the bird's food plants. I decided that our first

step would be to hike through Saint Lucia's four

rainforest reserves and record all the plants that

hummingbirds did, or could, feed on. The task

was not without its hazards. In addition to being

deceptively steep, slippery, and often exceedingly

narrow, the trails through the rainforests are also

home to the fer-de-lance, one of the Western

Hemisphere's deadliest snakes.

On our first trip, after several snake-free days of

hiking, my students and I determined that the

only food plants available to purple-throated

caribs near the ground during the months of our

initial observations (May and June) were two spe-

cies of Helicouia. We have since confirmed that

those two Helicouia are the birds' primary food

plants from January through July. (Purple-throats

also feed from flowers of morning glory and tree

hibiscus in the treetops.)

Commonly known as lobster claws, Heliconia are

close relatives of ginger, banana, and the bird-of-

paradise plants familiar from florists' shops. In the

wild, Heliconia often reach heights of thirty feet and

have broad leaves from nine to twelve feet long. But

it is the colorful inflorescence, or flower stalk, that

defines the plant. Each inflorescence includes be-

tween one and twenty-four bracts (the parts that re-

semble lobster claws). The bracts are actually modi-

fied leaves that may carry from one to as many as

fifty flowers, depending on the species. What makes

Helicouia a delight for flower fanciers is the tremen-

dous variation in the colors of the bracts. A single

species may have several color varieties, or morphs,

ranging from brown to red, orange, yellow, and even

chartreuse. We found purple-throated caribs feeding



from the flowers of a red-bracted niorph ofHcliaviia

caribaea and from a green-bracted morph—unique

to Saint Lucia—of H. biliai.

To determine how male and female purple-

throats were using the two Heliaviia species, my
students and I spent three weeks watching patches

of the plants from dawn until midafternoon,

recording all avian visitors. We found that purple-

throated caribs are the sole pollinators of both H.

caribaea and H. bihai, and that, as we had hypothe-

sized, the sexes difter markedly in their use of the

two plant species. Of the birds we observed, all of

the fifteen males but only seven out of the eighteen

females fed at H. caribaea. The males were more

sedentary than the females and tended to monopo-

lize the largest, densest stands of H. caribaea, which

bear two to three times as many flowers as H. bihai.

It turns out that, compared with the flowers of

most hummingbird-pollinated plants in North

America, Helicotiia produce copious nectar. By cov-

ering flowers with bags to exclude hummingbird

visitors, my students and I determined that a single

H. caribaea or H. bihai flower can produce a hun-

dred microliters of nectar in twenty-tour hours.

That is more than fifty times the amount produced

by a single jewelweed or bee balm flower visited by

ruby-throated hummingbirds during the summer-

time in eastern North America. Because a

single inflorescence ot H. caribaea can have as

many as twenty-four bracts, each supporting

twelve flowers that bloom sequentially over

several weeks or months, a patch of forty or

more inflorescences is the hummingbird

equivalent of Fort Knox.

Such riches are not without robbers, and Heliconia

we observed male purple-throats defending "lobster claws,"

their patches, repelling other purple-throats as or bracts, are

well as Saint Lucia orioles and Lesser Antil- thick, stiff

lean bullfinches. The latter two species in- structures that

truded on the purple-throats' territories not each enclose

to steal nectar but to consume flowers— between one

petals, sepals, nectar, and all. Male purple- and fifty flowers.

throats were so protective of their flowers that

they even attacked lis; one particularly aggres-

sive male struck me in the chest as I tried to

measure one of the flowers in his territory.

Female purple-throated caribs behaved

very difi;'erently. They ventured into male ter-

ritories to teed and to mate. They also ted at

small patches ot H. caribaea and at both large

and small patches of H. bihai. Those differ-

ences between male and female behavior

arise from ditTering reproductive and social roles.

Female purple-throats, like the females ot all other

hummingbird species, incubate eggs and rear otf-

spring without any male assistance. While on the

A patch offorty or more nectar-rich hflorescences

(ifHeliconia caribaea is the hummingbird

equivalent ofFort Knox.

nest, a female cannot guard a flower patch, and so

she must feed from undefended patches or steal

nectar from territories of males. All the nests I have

identified have been situated near small patches ot

Heliconia or near richer, male territories. Of

course, once their young have left the nest, females

can defend Heliconia territories. But their smaller

size precludes them from competing successfully

against males for the richest territories, which

usually contain flowers of H. caribaea. In four field

seasons, we have never observed a temale in posses-

sion ot an H. caribaea territory.

To find out whether the difterences in flower use

were directly related to the shapes ot bills, we

needed to measure the length and curvature ofHeU-

conia flowers. Because so many animals (birds, ants,

and beetles, to mention a few) eat Heliconia flowers,
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species such as H. caribaea and H. bihai have re-

sponded by burying their flowers deep within the

plants' bracts. There the flowers are surrounded by

thick tissue and, in some cases, even a protective

moat filled with rainwater or the plants' own secre-

tions. The only way to determine the size and shape

of Hehcoiiia flowers is to cut them from the bracts.

When we did so, we found that H. caribaea

flowers are significantly shorter and straighter than

The 30 degree curvature of theflowers

ofHeliconia bihai matched

that of thefemale purple-throats' bills.

sturdy perch: a

female purple-

throat (the

gorget is actually

a rose hue) on a

Helkonia bract

the flowers of H. bihai. The lengths of the flowers

differed, on average, by six millimeters. Remark-

ably, the bills of the male purple-throats were also

just six millimeters shorter than those of the fe-

males. Similarly, the curvature of H. caribaea flow-

ers, which measures about 20 degrees of arc, fitted

the bills of males quite well, whereas the curvature

ot H. bihai flowers, which measures 30 degrees of

arc, matched the bills of the females.

If males and females evolved different bill shapes

to match the flowers of one or the other species of

Helicoiiia, one would also expect each sex to feed

most quickly at the flower corresponding to its bill.

My students and I found that it took males only

three seconds to feed from the short flowers of H.

caribaea, whereas it took the longer-billed females

four. Because males fed so seldom from flowers of

the green-bracted H. bihai, we were unable to mea-

sure their feeding times at this plant species. None-

theless, females fed nearly a second faster at the long,

curved flowers of H. bihai than at H. caribaea flowers.

Our case for the role of feeding ecology in shap-

ing the bills of purple-throats was bolstered when

we looked at HeUcoiiia from other Saint Lucia rain-

forests. The green-bracted morph ofH. biliai is pre-

sent at all four of the island's reserves, but H. caribaea

is not. We discovered that at the two reserves where

H. caril>aea is rare or absent, H. bihai has developed a

second morph, with red rather than green bracts

and shorter, straighter flowers intermediate be-

tween those of H. caribaea and the green-bracted H.

bihai. At both those reserves, males defend and feed

from flowers of the red morph of H. bihai, whereas

females mainly feed from the green morph.

Given the close correspondence between the

bills ofpurple-throats and the size and shape of the

HeUconia flowers they feed on, how might the bills

originally have begun to diverge? Did the male

and female purple-throats that arrived on Saint

Lucia at first share food plants and feed in the same

way? One likely scenario is that when these hum-
mingbirds first colonized the island thousands of

years ago, the males, having greater body mass,

doiTunated the females and claimed access to the

more rewarding H. caribaea. That left the females

with the less profuse H. bihai. With time, the bills

adapted to match the flowers on which the

birds—males by dominance and females by de-

fault—usually fed. Each sex got better at extract-

ing nectar efficiently.

The purple-throated carib is one of the most

unambiguous examples to date of how feeding

ecology can generate sexual dimorphism. But this

species is not the only humiTiingbird to exhibit

sexual differences in bill size. Recently, Robert

Bleiweiss of the University of Wisconsin-Madison

determined that sexual differences in bill length are

common among hummingbirds. After looking at a

number of species, Bleiweiss suggested that breed-

ing and social behavior, as well as feeding ecology,

have a major role in shaping the general patterns

of sexual dimorphism. Among species in which

males have the shorter bills, the males also typically

defend and monopolize areas where nectar-rich

plants are clumped. Females of these species visit

male territories for feeding and mating, or feed

from undefended patches of flowers—the dregs, ac-

cording to Bleiweiss. Having a longer bill would en-

able females to make the best of the leftovers: they

could feed from a broader range of plants than the

males do, and fi^om flowers of different length. In

fact, I have been able to confirm those advantages of

a longer bill experimentally in my laboratory.

The differences between the bills of male and

female purple-throats make it hard not to draw

parallels to another group of birds with amazingly

variable beaks, Darwin's finches. Just as bills of

Darwin's finches vary from island to island within

the Galapagos, so, too, do bills of male and female

purple-throats vary from island to island in the

Lesser Antilles. The question is, Do inter-island

differences in the bills of males and females corre-

spond to inter-island differences in plants and flow-

ers? If so, the purple-throated carib may be the

sexual equivalent ofDarwin's finches. My next step

is to travel, as Darwin did, from one island to the

next, documenting such variation. I've already

booked my next visit. D



^tmmsmammmimmmm



58 NATURAL HISTORY 11/02

IRATES
OF THE ^ARCADARES

Early mariners in Belize left archaeologists

tantalizing traces of their lives but no buried treasure.

By Daniel Finamore



In
Bucaniers of America: Or, a tnie account of the

most remarkable assaults committed of late yesK

upon the coasts of the West-Indies, John Es-

quemeling relates how the seventeenth-century pi-

rate Pierre le Grand "alone with one only boat;

wherein he had eight and twenty persons, no more

to help him" seized a large Spanish vessel:

Tlie boat . . . wherein Pierre le Grand urn, with his com-

panions had now been at Sea, a long time, without find-

ing any thing, according to his intent of Piracy, suitable to

make a prey. And now their provisions beginning to fail,

they could keep themselves no longer upon the Ocean; or

they must of necessity starve. Being almost reduced to de-

spair, they espied a great Ship, belonging unto the Span-

ish Flota, which had separatedfrom the rest. This bulky

Vessel they resolved to set upon; and take; or die in the at-

tempt. . . . It was in the dusk of the Evening, or soon

after when this great action was performed. But before it

was begun, they gave orders unto the Chirurgeon of the

boat, to bore a hole i'th' sides thereof; to the intent that

their own Vessel sinking under them, they might be com-

pelled to attack more vigorously, and en-

deavour more hastily to run aboard the

great Ship. This was performed accord-

ingly; and without any other arms than a

Pistol in one of their hands, and a Sword

in the other, they immediately climbed up

the sides of the Ship, and ran altogetlier

into the great Cabin; where theyfound the

Captain, ivith several of his companions,

playing at Cards. Here they set a Pistol to

his breast, commanding him to deliver up

the Ship unto their obedience. The

Spaniards seeing the Pirates aboard their Ship, without

scarce having seen them at Sea, cried out, Jesus bless us!

Are these Divels, or what are they?' In the mean while,

some of them took possession of the Gun room, and

seized the arms and Military affairs they found there;

killing as many of the Ship, as made any opposition. By

which means the Spaniards presently were compelled to

surrender Tliat very day the Captain of the Ship, had

been told, by some of the Seamen, that the boat, which

ivas in view cruzing, was a boat of Pirates. Unto whom

the Captain slighting their advice, made answer: 'What

then? Must I be afraid of such a pitiful thing, as that is?

No, Nor though she were a Ship as big, and as strong as

mine is.'

Pirates, among them Edward Teach (better

known as Blackbeard) and Henry Morgan (who

ended up knighted and appointed Heutenant gover-

nor ofJamaica) are an inescapable element ot Car-

ibbean lore. My own appreciation for their impor-

tance to the region's cultural history began to crys-

tallize when, as an archaeologist, I started

excavating Maya sites in the Central American

country of BeHze. Free-spirited British adventurers

were believed to have settled illicitly within the cays

and reels ot a coast once claimed by Spain. From

their lairs they sneaked out periodically to perform

piratical acts of independence against Britain's eco-

nomic oppression and Spain's cultural conceit. Un-

Hke the Maya, the early European intruders—who
began to make their presence felt in the second half

of the seventeenth century—left few traces behind.

Yet, at least in the popular imagination, there was

good reason for the secrecy and paucity of evidence

surrounding their colorful lives.

Intrigued by Belize's origin myths, in 1985 1 de-

cided to determine whether they could be sup-

ported by archaeological evidence. At least a few

things were known: Over time, the pirates had estab-

lished seasonal camps up the rivers, in

the bush interior. There they cut valu-

able wood for export; perhaps the

remnants of that trade could be dis-

covered.

Of course, I wasn't the first to

speculate on what artifacts would be

left behind from a community of pi-

rates. Herman Melville, in his series

of sketches called The Encantadas, or

Enchanted Isles, wrote about remote

islets beyond civilization that were "a

secure retreat, an undiscoverable hiding place,"

where buccaneers found the "tranquility which

they fiercely denied to every civiHzed harbor in that

part of the world." Strewn across the beaches of

these islands were "tokens of things quite in accor-

dance with those wild traits, popularly, and no

doubt truly enough, imputed to the freebooters at

large," including "old cudasses and daggers reduced

to mere threads of rust, which, doubtless, had stuck

between Spanish ribs ere now." I had high hopes.

Fulfillment of sorts came quickly, because one

morning as I climbed out ofmy tent, I cut my hand

on a jagged piece of broken glass protruding from

the mud. It turned out to be a fragment of a dark-

green British rum botde. My expedition co-work-

ers and I had chosen to place our field camp in ex-

actly the same place as had one of Belize's legendary

pirates. But it would not be until years later, begin-

The Attack on the

Block House,

opposite page,

was painted by

N.C. Wyeth

to illustrate

Treasure Island

("The boarders

swarmed over

the fence like

monkeys"). Left:

In Histoires des

Pirates, by

Christian Pitois,

a pirate waits

in ambush.
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ning in the 1990s, that I was able to indulge my cu-

riosity about pirates and investigate the remains of

one of their settlements.

Following the Treaty of Madrid in 1667,

whereby the English Crown agreed to join

Spain in suppressing piracy, any Enghsh mariner

who wanted a life different from that ot a Jack Tar,

or common seaman, suddenly found his choices

narrowed. Many went to the coast of Belize, a re-

mote part of Spain's New World empire, where

there was no significant Spanish occupation. The

Dominican firiar Joseph Delgado traveled through

the country in 1677 and was captured by English

pirates, under the command of Bartholomew

Sharpe. The pirates were camped on an island nine

miles off the mouth of the Belize River—probably

peter, potash, honey, egg yolks, ox galls, and even

"the urine of labouring men, kept 'till it be stale

and stinking." Logwood also appears in several

recipes for medicine, as an astringent to control

"the flux" (probably dysentery).

The Spaniards, who learned of the properties

of logwood from the Maya, attempted to retain a

monopoly on it, but English pirates staged raids

on logwood-laden ships sailing out of Campeche,

just north of present-day Belize along the eastern

coast of the Yucatan peninsula. Among the earli-

est of those pirates on record was George Clif-

ford, third earl of Cumberland, an aristocrat-

adventurer who in 1594, with the tacit complicity

of Queen Elizabeth I, harassed Spanish shipping

for patriotism and profit.

At its outset, wood cutting near the mouth of

So the Treasure

Was Divided,

painted by Howa

Pyle, from "The

Fate of a Treasure

Town," Harpers,

December 1905

on Saint George's Cay. (Fortunately for the histori-

cal record, the friar lived to tell the tale.)

EngHsh settlement in the earliest years was con-

centrated around the lower reaches and mouth of

the Behze River. The region was a habitat for log-

wood (Haeiiiatoxylou cainpechianum), a species ot

small tree found in parts of the southwestern Carib-

bean that was most cominonly used to make a black

dye. With certain additives called mordants log-

wood could also make blue, purple, red, and other

colors for dyeing wool, cotton, linen, and silk. It

was simple to use, because the heartwood had only

to be chipped and introduced into a vat of boiling

water where the textiles were later to be dipped.

The dyers' recipes, however, called on a rich assort-

ment of mordant additives, creating veritable

witches' brews out of substances such as alum, salt-

the Belize River was the work of transients. But

soon at least some of the Enghsh mariners who
came to the region remained as settlers. Thereafter,

from the 1680s on, the Bay Settlement, as the area

was loosely called, regularly received new influxes

ofEuropeans, such as the mutinous crew of Captain

Coxon; these men had been sent to evacuate the

logwood cutters but decided to join them instead.

Akey document in the historical record of the

early Bay Setdement—and the main point of

departure for my own archaeological investiga-

dons—is the account of one Nathaniel Uring, a

merchant sea captain who was born in Norfolk,

England, and went to sea at age fourteen. In 1720,

on a voyage to the Gulf of Honduras to load log-

wood, he wrecked his vessel, the Bangor Galley, on



"Four Kee Reef" near the mouth of the Behze

River. Uring spent five months at a settlement

called the Barcadares (iiom the Spanish etnbarcadero,

or landing place), situated at the farthest point up-

river accessible to oceangoing vessels. He men-

tioned no other British settlement, so it probably

was the only significant village of the early period.

Uring chronicled the hard labor and tedium that

characterized the everyday hfe of the ba^Tnen:

In the dry Time of the Year the Logwood-Cutters search

for ... a good Number of Logwood Trees; and then

buUd a Hut near 'em, where they live during the Time

they are cutting. When they have cut down the Tree,

they . . . lay it in Heaps . . . making Paths to each Heap,

that when the Rains come in which overflows the

Ground, it ser\-es as so many Creeks or Channels, where

they go with small Canows or Dories and load 'em . . .

and carrv it to the Barcadares . . . from whence the People

who buy it fetch it.

Second only to the cutting ofwood, the activit\-

that dominates early descriptions of the Bay Setde-

ment is the consumption of alcohol. "The Wood-
Cutters are generally a rude drunken Crew," Cap-

tain Uring wrote, "some ot which have been

Pirates, and most of them Sailors."

((/^/as the settlementa last

stop for debauched sailors

or some kind of utopia?

[W]hen they broach a Quarter Cask or a Hogshead ot

Wine, they seldom srir from it while there is a Drop left

. . . keeping at it sometimes a Week together, drinking

till they fall asleep; and as soon as they awake, at it again.

... I should have been much more agreeable to "em, if I

would have kept 'em Company at their drinking Bouts.

Observing the drinking sessions of logwood

cutters in Campeche, the seventeenth-century

EngHsh explorer and circumnavigator WiUiam

Dampier noted the expectation that outsiders

would indulge the cutters' undisciphned ways:

If the commanders of [recendy arrived] Ships are Free,

and treat all that come the first day with Punch they wiU

be much respected . . . but if he be niggardly, they wiU

pay him with their worst Wood . . . nay, they wiU cheat

them with hoUow Wood fdled with dirt in the middle

and both ends plugg'd up with a piece of the same drove

in hard, and then sawed off so neatly, that it's hard to tind

out the Deceit.

In fact, a record of a

Rhode Island merchant

who ended up with a cargo

of that hollow wood exists

in the Massachusetts His-

torical Society's archives.

Pondering the written

sources concerning this

society of mariners, I con-

sidered what corroborative

archaeological evidence

might look hke. The most

obvious and enticing target
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for study was the primary

dweUing place of the set-

tlers documented by Cap-

tain Uring—the camp at

the Barcadares. Uring had

drawn a map of the lower

Belize River, indicating

the site, which he said was

fort)'-two miles upriver on high banks above the

floodwaters. His account of the dwelhngs at the

Barcadares describes rudimentary structures that

probably had no foundations and so would leave

litde architectural trace:

The Manner of their Lodging is thus: They fix several

Crutches in the Ground about Four Foot high, and lay

Sticks cross, and other Sticks cross them close together;

and upon those Sticks they lay a good Quan-

tity of Leaves and upon them a Piece of old

Canvas if they have it; and this is their Bed.

There is also at each Corner of the Bed-Place,

a tall Pole frxed, to which they fasten their

Covering ... so contriv'd that it falls down on

every Side, and serves not only for Curtains,

but also keeps the Flies from disturbing them.

Area of

Detail

=^
HONDURAS

Excavations at

the Barcadares

site in Belize

(see map)

yielded various

artifacts,

including part

I assembled a team to conduct field-

work, and began by comparing Uring's

map with the modern topography along

the river. My co-workers and I easily lo-

cated the site, which was actually only

about fifteen miles up the Behze River.

Our excavations yielded artifacts distrib-

uted through about three feet of compact soil, inter-

mixed with many clay concretions fired at low tem-

peratures, which appear to be naturally baked earth

fragments from the hearths of open fires. The data-

ble artifacts indicated that the site may have been

of a square

bottle (upper

photograph)

and bowl

fragments of

occupied as early as the 1670s and that it fell out of English delftware.
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Logwood, right,

appears in Mark

Catesby's Natural

History of

Carolina, Florida,

and the Bahamas

(1731-43).

Opposite page:

An Attack on a

Galleon, painted

by Howard Pyle,

from "The Fate

of a Treasure

Town," Harpers,

December 1905.

use by the middle of the eighteenth century, appar-

ently not long after Uring's visit.

The artifacts we recovered included fragments

of smoking pipes, many of Dutch origin and one

whose manufacture could be dated to between

1668 and 1688. Among the iron artifacts were sev-

eral hinges, possibly from sea chests, along with

large numbers of hand-wrought nails that had

probably been used to construct the settlers' sleep-

ing pavilions. Three sizes of lead gunshot were also

present at the site. The largest, a musket ball, may

have played a role in defense; the

small bird shot was undoubtedly

used to kill game.

Contrary to our expectations,

we found relatively few fragments

of dark-green bottle glass, despite

the copious drinking remarked on

in the contemporary written ac-

counts. Because of the remoteness

of the site, wooden hogsheads were '";«;''

probably the most efficient means

for transporting alcohol; they, un-

like bottle glass, would have leit

few traces. Of the ceramics we ex-

cavated, most were large bowls,

and more than 90 percent of them

were blue and red hand-painted

English delftware. Stoneware jug fragments turned

up in smaller numbers. One vessel, a stoneware

porringer with twisted handles, painted cobalt blue,

is a form uncommon for the time, and has not ap-

peared at other American colonial sites. That por-

ringer, the delft ceramics, and other high-style

wares were apparently used on an everyday basis

rather than reserved tor special occasions.

I
find it striking that less decorated and cheaper

earthenware was almost completely absent—par-

ticularly because it would have been available from

the same sources as the soft, fragile delftware. Even

more striking, 2 percent of the ceramics were hand-

painted Chinese porcelain fragments—a relatively

high percentage compared with that of other New
World sites from the late seventeenth and early

eighteenth centuries. One fraginent of what was

probably a handleless cup is a thin, blue-glazed

piece with a preserved remnant of additional

enamel decoration over the glaze in the form of a

bit of Chinese calligraphy. Maker's marks appear

frequently in the basal rings of Chinese vessels, but

this writing is unusual because it appears on the

decorated surface of the object. Such visible place-

ment of overglaze writing is characteristic of more

sophisticated and expensive wares, and is particu-

larly rare in archaeological finds from the Americas.

Archaeologists assume that in wealthy homes in

the British colonies of the Caribbean islands, Vir-

ginia, and New England, porcelain did not serve

the purely pragmatic function that common ce-

ramic ware did: its primary role was to indicate so-

cial stature. But the Caribbean is notorious for

having been the land of smuggled and stolen

goods. Thus one might suspect

that an exotic and expensive com-

modity such as Chinese porcelain

simply became so common in the

Bay Settlement that it was pressed

into service as a durable house-

hold item. Surely the rugged,

working-class inhabitants of the

Barcadares rejected the cere-

monies of bourgeois one-

upmanship—tea drinking, formal

dining, and other displays of

wealth—to which porcelain was

usually devoted elsewhere. Didn't

they?

There isn't really any evidence,

however, that the pirates attacked

galleon ships from Manila, some of which would

have carried porcelain as a cargo. Even at Port

Royal, Jamaica, the smuggling capital of the Carib-

bean at the time, the archaeological sites appear

much less rich in porcelain than is our site at Bay

Settlement. In short, porcelain was not a cheap

commodity, even among pirates.

Instead, I believe that the uncouth baymen who
slept on beds of leaves made a conscious consumer

choice to acquire the fancy glazed wares, at a dear

price. They then used them in everyday activities,

deliberately incorporating the trappings of upper-

class society into their isolated but autonomous

world, knowing fuU well the social significance of

doing so. Like the many pirates who wore the fancy

brocades and velvets that were forbidden to them

by European sumptuary laws, the baymen may have

flaunted—before their peers and before the sea cap-

tains who visited to purchase wood—their inde-

pendence from authority.

Although the first European settlers of Belize

were undoubtedly members of the Western

cultural tradition and probably citizens of the



British empire, they were not merely transplanted

representatives of general British culture. More im-

portant, they were maritime laborers, people uni-

fied by strategies for survival that had developed in

a highly isolated and dangerous environment on the

margins of mainstream society. At that time, rela-

tions among seamen emphasized a sense ot collec-

tivism and egalitarianism among the lower ranks on

board, which had their basis in the cooperative

labor necessary for most shipboard activities. To

that mix was added a streak of anti-authoritarianism

that developed in response to strict naval discipline.

Within maritime communities there is a well-

known tradition of adopting general rules

of governance by common consent. What

is now known about the original political

organization of the Europeans in Belize

conformed to that tradition. Around the

middle of the 1700s a visiting British naval

officer named William Burnaby codified a

set of rules that had long been in common
use among the baymen to resolve disputes,

recognize mutual rights, and punish viola-

tors. Called "Burnaby's Code," those laws

operated without the intervention of any

individuals empowered with such titles as

"judge" or "magistrate."

So was the early Bay Settlement a kind

of Utopia or merely a last stop for de-

bauched sailors? One way of addressing

the question would be to compare its

history with the experience of other com-

munities of mariners who tried to dis-

sociate themselves from their homelands

and reorganize with a clean slate. It is

quite possible that many such sites exist on

remote Pacific islands; I hope, in fact, to

locate one and compare it with the Bar-

cadares. A number of such communities

formed and perhaps even blossomed for a

tew years, until they were thrown back

into contact with civilization through vis-

its from New England whalers or mer-

chant vessels searching for sandalwood.

The most famous such locale is Pitcairn

Island, settled in 1790 by mutineers from

HMS Bounty.

Herman Melville was drawing trom

melancholy personal experience when he

wrote about the "sullen hatred of the

tyrannic ship" that inspired sailors to go

ashore in the remotest lands. Perhaps like the

lonely and monotonous reality that must have

awaited new entrants to the Bay Settlement,

Melville's Enchanted Isles "became the voluntary

tarrying place of all sorts of refugees; some of

whom too sadly experience the fact that flight

from tyranny does not of itself insure a safe asylum,

far less a happy home."

In any event, whatever romantic, egalitarian

community existed in early Belize was short-lived.

A more conventional colonial system, common
elsewhere in the Caribbean, rapidly superseded

it—one based not on piracy, but on slavery. D
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At Savage Falls, water continues to carve the canyon.

* vast sea once covered much of

*-* what is now the southeastern

-Z- A-United States. For millions of

years, sediments accumulated on the

seabed and became compressed into

layers of sandstone, limestone, shale,

and siltstone. Then, between 310 and

275 million years ago, as the African

and North American continental

plates slowly coUided, these layers of

rock were squeezed upward to form

the Appalachian Mountains. To the

west, that same squeeze and upHft

created a huge plateau, or tableland,

which has since been dissected by river

valleys. That tableland is now known

as the Allegheny Plateau in West

Virginia and Pennsylvania, and as the

Cumberland Plateau from eastern

Kentucky south through central

Tennessee and northeastern Alabama.

Before the tableland rose entirely

above sea level, the waters covering it

became increasingly shallow and a

swamp forest moved into the niche.

Generations of plant detritus

accumulated in the swamp and

eventually turned into coal. As the

tableland continued to rise, the coal

seams were uplifted along with the

other rock layers, and they now lie

about 1,800 feet above sea level. The

coal has been strip-mined throughout

much of the region, permanently

scarring the landscape. But many

rugged areas where the coal could not

be readily extracted have been

preserved. One such area is Savage

Gult, Tennessee, and it boasts some ot

the wildest topography to be found

east ot the Rocky Mountains.

Viewed from the air. Savage Gult

looks like a giant footprint, with five

deep canyons radiating trom a central

point. The canyons—or gulfs, as the

local people call them—are each about

five miles long and 800 feet deep and

are rimmed almost continuously by

sheer sandstone cUtfs. Only at the

Stone Door—a ten-toot-wide crack in

the rim—can you make your way

down to the bottom of Savage Gulf.

Generations of travelers, going back to

the Cherokee and Chickamauga

Indians, have negotiated the rough

scramble down to the creek—though

in recent years stone steps constructed

from natural rocks have made the

descent into and ascent from the Gult

a trifle easier.

Savage Gulf has been carved out by

the Collins River as well as by Big

Creek and Savage Creek. AH these



The Stone Door provides an outlet

from the canyon bottom.

streams flow underground in places,

though when the rain gets heavy,

excess water is forced across the

surface. Many miles of trails give hikers

access both to the top of the plateau

and to the streams below; several trails

lead to overlooks of scenic waterfalls.

Savage Gulf is incorporated into the

South Cumberland State Recreation

Area, and because of its pristine

condition, it has been designated a

State Natural Area.

The trees growing on the plateau

face fairly hot, dry conditions, but the

environment within the deep canyons

stays moist throughout the growing

season, in part because of the dense

tree cover. Even though the Gulf forest

has never been cut, the trees are rarely

as majestic as some of those found in

the coves ot the Appalachian

Mountains. The reason is that the

sheer sandstone cliffs continue to

erode, and cascading rockfalls break

many young trees and keep others

from developing into huge specimens.

For \'isitor information,

contact:

Savage Gulf State Natural Area

Route 1, Box 253

Palmer, Tennessee 37365

(931) 779-3532

(931) 692-3887

\\-\vw.state.tn.us/environment/

parks/socumb/savage.htm

HABITATS

Upland forest. Atop the

plateau the dominant trees are

white oak, northern red oak,

chestnut oak, shagbark hickory,

mockernut hickory, and pignut

hickory. Others are white ash,

basswood, black gum, sassafras, and

witch hazel. Often perched along the

Gulf rim is the common serviceberry,

a tree whose inch-wide white flowers

bloom in late March, just before the

leaves expand. Flowering dogwood,

mountain laurel, and rose-shell azalea

dot the forest with splashes of color in

early May. Conmion shrubs are

farkJeberry, lowbush blueberry, and

maple-leaved viburnum. Wildflowers:

fire pink, several kinds of blue violets,

pink and yellow lady's slippers,

goldenrod, blue-stem goldenrod, blue

asters, and bedstraws.

Gulf forest. Tulip tree, American

beech, sugar maple, umbrella tree,

and cucumber tree

dominate here.

Hemlocks provide

a beautiful contrast

to the broad-leaved

species. WUd
hydrangea is the

most abundant

shrub. PecuHar,

parasitic beechdrops

grow on the roots

of beech trees;

squawroot, another

plant devoid of

chlorophyll, gains

its nutrition from Fire pink blooms amid lady fern

the leaf litter. Other wildflowers:

Solomon's seal, false Solomon's seal,

foamflower, bristly buttercup,

prostrate blue violet, wild ginger,

hepatica, dwarf iris, doll's-eyes, Indian

cucumber root, largeflower bellwort,

downy rattlesnake plantain, and

several kinds of trilliums. Ferns: New
York fern, lady fern, Christmas fern,

broad beech fern, maidenhair fern,

fragile fern, rattlesnake fern, spinulose

wood fern, and rock polypody.

Streamside. Lining Big Creek, the

Collins River, Savage Creek, and

their tributaries are cottonwood,

sycamore, red maple, and sweet gum,

along with mountain laurel and

white rhododendron. Beneath

those plants are spicebush and the

occasional possum haw, a deciduous

hoUy. Cream violet and

littleleaf crowfoot are

common on

the stream banks.

Cinnamon fern and

royal fern may appear

in the wetter areas.

Robert H. Mohlenhrock,

professor emeritus ofplant

biology at Southern Illinois

University, Carboiidale,

explores the biological and

geological highlights of

U.S. nationalforests and

other parklands.
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REVIEW

The Selfish Meme
Do ideas replicate themselves like genes': By WiUiam C. Wimsatt

According to one popular ac-

count of evolution, genes are

self-replicating entities that

compete with each other through

adaptations that enhance their own
repHcation. They live "safe inside gi-

gantic lumbering robots," wrote

Richard Dawkins ofOxford University

in Tlie Selfish Gene, back in 1976. "We
are their survival machines." Dawkins

attacked any view that attributed bio-

logical adaptations to the operation of

selection processes at higher levels of

organization—organisms, groups, pop-

ulations, or species.

But if all those higher adaptive

processes referred downward, were

there any other sources of adaptation in

nature? Well, actually, yes. Individual

ideas, cultural practices, and artifacts,

Dawkins argued, are also selt-replicat-

ing, competing entities. They are trans-

ferred—albeit from mind to mind

—

sufficiently autonomously that they are

not appropriately explained as adapta-

tions ofgenes. Think soft-drink jingles;

think the sirdley faces that were ubiqui-

tous when Dawkins's book first ap-

peared; think catch-phrases whose

popularity far exceeds their commu-
nicative content: "Where's the beef?"

"Let's not go there." More seriously,

think the spreading use of computers.

Dawkins coined the term "memes" for

such entities, maintaining that they ex-

emphfy new levels of adaptive evolu-

tion and are sources of cultural order

and cognitive content.

Now, decades later, memetics itself is

reaping a rich harvest in contemporary

culture: conferences, the Web-onlyJoio-

nal of Memetics (jom-emit.ctpm.org) . a

Rene Magritte, Les Objets Familiers, 1928

ballooning volume ot paper on book-

shelves. Meme theory strikes many as so

obviously true as to be indubitable. In-

deed, the idea of a meme is so catchy

that it serves as one of its own best exam-

ples. But not everyone accepts niemes as

the most revealing way to

go. In particular, memes do

not seem as tangible or as

regular in their behavior as

genes, and the accounts

they provide of culture

do nothing to address the systematically

interrelated character of the elements of

our cultural systems.

Enter Robert Aunger's book The

Electric Meme. In it he postulates that

memes are replicating units, physically

realized as neural patterns in the brain

The Electric Meme: A
New Tlieory of How We

Tliink, by Robert Aunger

(The Free Press, 2002)

that act for just a few milliseconds at a

time. Such neural patterns begin Hfe

competing with other patterns in the

same brain. In time—that is, through co-

evolutionary corneal, social, and cultural

change—neural patterns that survive be-

come communicable to

others and diversify in

form and content as they

interact with human tech-

nology and culture. By in-

troducing neural memes,

Aunger seeks to found a theory more

precise and more poweiilil than any ear-

her understanding of memes. As a result,

some things that others have called

niemes (including those paradigins of

meme-Hke artifacts or learnable behavior

patterns that I cited earlier) reappear, for





70 NATURAL HISTORY 11/02

Aunger, in new categories. Interpersonal

communications are not themselves

memes, but signals that induce neural

memes in others. Artifacts fall into sev-

eral classes of "signal templates."

Aunger's refmements yield a richly

informed discussion ofcomputer viruses

(the best I've seen). Beginning with

their invention, he tracks how new

kinds of viruses are crafted as hardware

and software themselves evolve. I also

like much of his discussion of prions:

proteins that, because of their altered

form, cause such infections as "mad

cow" disease. Deriving new, albeit re-

lated, entities via a change in form,

Aunger maintains, is much less demand-

ing than via replication, and makes a far

better model for the process of "meme

transmission." That point is crucial.

Rephcation, he argues, is much less

common than most meme theorists

have supposed; its highly specific physi-

cal demands require specific substrates.

As a result, memes cannot travel across

different media, or via public channels

from person to person. Those and other

modifications to the understanding of

memes are often insightfiil.

But I have deeper problems with re-

garding memetics as the dominant

perspective on, or even the best way to

understand, cultural evolution and the

spread of ideas. Memes draw on ge-

netic and epidemiological metaphors.

It is easy to think of them as mental

viruses, since memes, like diseases, are

transmissible to nonrelatives. But the

disease analogy leads to a minefield.

Medical science knows a lot about how
viruses interact with the body and the

immune system, but nothing is known

about neural memes at a similarly mi-

croscopic level. The disease analogy

fares no better at the macro level. For

example, existing epidemiological

models deal with how one, or at most

two, diseases at a time can spread

(Continued on page 12)

THE
EINSTEIN
SCRAPBOOK
Ze'ev Rosenkranz

This book offers a unique glimpse into

the life and work of Albert Einstein.

Featuring illuminating documents and

photographs from his personal papers

—

many published here for the first time

—

it provides a kaleidoscope through which

to see the great scientist and humanist

anew.

The book opens with a concise biogra-

phy that explores Einstein's family

history and his career as a scientist and

educator and then presents an overview

of his scientific theories. The Einstein

Scrapbook also shows Einstein's role in

the international peace movement, his

views on social and economic justice, his

passion for music and sailing, and his

charming correspondence with children.

"Dear Posterity, Ifyou have not

become more just, more peaceful,

and generally more rational than we

are (or were)—why then, the Devil

take you. Having, with all respect,

given utterance to this pious wish,

1 am (or was) \burs, Albert Einstein"

E I N S T E N

224 pages, 212 illustrations, $22.50 hardcover

The Johns Hopkins University Press • 1-800-537-5487 ' jhupbooks.com
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Valley of the Kings

B)! Robert Anderson

When I visited the Theban Mapping

Project's new Web site, launched this

year on the Internet (www.theban

mappingproject.com), it wasn't long

before I had the odd sensation of

really being in Egypt's

Valley of the Kings. I

explored dozens of

decorated royal tombs

carved into the cool

limestone. As I de-

scended stairways and

navigated funereal cor-

ridors, I felt a bit of

the excitement that

must have gripped Howard Carter in

1922, when he broke into Tutankh-

amen's burial chamber.

The creators of the site claim that it

sets "a new standard for archaeological

pubhcations, one that is informative, in-

novative, and interactive." They are

right. The design goes well beyond

anything else I have seen, and the con-

tent is equally impressive.

The underlying goal here is to

heighten pubhc interest in conserving

the sixty-two tombs at ancient Thebes.

Time, grave robbers, and now heavy

tourist traffic have not been kind to

the tombs. Some of them, such as the

ones in the largest complex (excava-

tions have so far uncovered 121 corri-

dors and chambers), built for the sons

of Rameses II, are still being cleared

and explored by archaeologists. In

their dedication to preserving these

ancient sites, the Theban Mapping

Project has produced a Web site that is

a monument in its own right. For im-

mortality, it's the next best thing to a

royal tomb.

Robert Anderson is a freelance sdence writer

living in Los Angeles.
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The Selfish Meme
(Contiiiued from page 70)

through a population. By any defini-

tion of "meme," people must be

"catching" them by the tens of thou-

sands in a lifetime. That in itself would

seem to demand a different theory.

Worse, memes are not passed

around as randomly as diseases, but

rather are transmitted and caught in or-

ganized, developmental ways. Spanish

music, for instance, may breed Spanish

dance, Spanish language study, a trip to

Spain. Some forms of popular music

are age-specific or depend on one's

prior history of "infection."

Structured meme infections occur

when someone learns an academic sub-

ject. The material is organized and

transmitted in an interactive, order-

dependent way, not in isolated, pas-

sively diffused snippets. No epidemiol-

ogy, no talk of meme competition,

treats (much less captures) such phe-

nomena. A memetic account is analo-

gous to saying that an organism assem-

bles itself out of molecules—true, but

pretty uninformative.

What about the genetic analogies?

It has always been notoriously

difficult to disentangle how genes con-

tribute to an organism's development

or how they shape an organism's fitness

for survival. But at least genes come

packaged together at the start of the life

cycle, and their inheritance is relatively

straightforward. Not so memes. We ac-

quire culture sequentially throughout

development, as the first memes we ac-

quire select and act on the later ones.

Heredity, development, and selection

for memes become hopelessly inter-

twined. There is no way to judge the

relative fitness of a meme in isolation

firom its place in that sequence.

Finally, Aunger assumes that differ-

ent people who have the same idea or

concept (which is what can be spread

through culture) must share the same

underlying neural patterns. Not likely!

Transmitted beliefs are commonly

shaped by an interaction between

sender and receiver until the latter "gets

it." Given the multilevel plasticity of the

brain, why should your neural pattern

of a particular idea be much like mine?

Similar ideas are Uke similarly sculpted

bushes, whose shape is imposed by the

gardener's clippers, not by an identical

pattern ofbranches, twigs, and leaves.

Tlie Electric Meme is a hybrid of the

professional and the semipopular. For

the specialist, Aunger offers an original

and important reformulation of the

meme, yet there is also much here that

is worthwhile and accessible even for a

newcomer to the subject. But it is a

mistake for memetics to claim hege-

mony for itself over other approaches to

PHOTOGRAPHY

understanding culture. Memetic fitness

is not to be characterized solely in terms

of properties of neural memes, such as

their stability. The fitness ofmemes also

arises out of their complex relations

with conceptual, social, artifactual, and

cultural contexts.

Is memetics likely to suceed? Not,

I'd say, in its present form. But socio-

logically, the term "meme" may have

the last laugh: it stiU has enough flexibil-

ity and seductiveness to attach itself to

anything else, culturally, that works.

William C. Wimsatt is a professor of the

philosophy of science and evolutionary biol-

ogy at the University of Chicago (w-wim

satt@uchicago.edu ).

Heaven & Earth: Unseen by the Naked Eye (Phaidon Press, 2002)

BOOKSHELF

Remember the fad for "The End of"

books? Their basic thesis was that

anomalous, one-time events would

soon be reduced to routines.

In this month's crop ofbooks, noth-

ing is routine. Bill McGuire's A Guide

to the End of the World (Oxford Uni-

versity Press) suggests that the end will

come because the routines of Earth's

cHmate are constantly being destabi-

lized—just the reverse of the idea that

the end is routine. Or take human
movement: Jorge Duany asserts, in The

Puerto Rican Nation on the Move

(University of North CaroHna Press),

that Puerto Paco is an anomaly among

Latin American nations. Robert S.

Desowitz, in Federal Bodysnatchers

and the New Guinea Virus (WW. Nor-

ton & Company), marvels at the repe-

titious yet novel rotation of plagues in

society, which he brings up to date

with the history of the West Nile virus.

Occasionally the "routine" of scien-

tific discovery—query to solution to

new query—grinds to a complete halt.

Seven mysteries are still stymieing

mathematicians worldwide, despite

decades or even centuries of effort.

Keith Devlin explains why million-

dollar prizes for their solution are still

on the table, in his The Millenium

Problems (Basic Books).

And how's this for breaking rou-

tines? In Mapping Mars (Picador USA),

Oliver Morton paints a picture of the

impact that a proposed transplantation

of a rose would have on the red planet.
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A floor lamp that spreads

sunshine all over a room
The VERILUX'^ HappyEyes^ Floor Lamp brings many of the benefits of

natural daylight indoors for glare-free lighting that's perfect for a variety

ofindoor activities.

Ever since the first human went into

a dark cave and built afire, people

have realized the importance ofproper

indoor lighting. Unfortunately, since Edison

invented the light bidb, lighting technology

has remained relatively prehistoric. Modern

light fixtures do little to combat many

symptoms of improper lighting, such as

eye strain, dryness or burning. As more

and more of us spend longer hours in front

ofa computer monitor, the results are com-

pounded. And the
Use the

VERILUX®
HappyEyes®
Floor Lamp...

effects ofitidoor

lighting are not

necessarily limited

to physical well

being. Many people

believe that the quan-

tity and quality of

light can play a part

in one's mood and

u'ork performance.

Now VERILUX®,

a leader in healthy

lighting since 1956

has developed a

better way to

bring the positive

benefits of natural

sunlight indoors.

The VERILUX®
HappyEyes® Floor

Lamp will change

the way you see and

feel about your liv-

ing or work spaces.

Studies show that

sunshine can lift

your mood and

...and when you your energy levels,
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of light for close-up

tasks.
the sun, unfortu-

nately, does not

always shine. So to bring the benefits of

natural daylight indoors, VERILUX, The

Healthy Lighting Company'", created the

VERILUX HappyEyes Floor Lamp that

simulates the balanced spectrum of day-

light. You wiU see with more comfort and

ease as this lamp provides sharp visibility

for close tasks and reduces eyestrain. Its

You don't need
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benefits of daylight
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ordinary light bulb. This makes it
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writing, sewing and needlepoint, and

especially for aging eyes. For artists, the

VERILUX HappyEyes Floor Lamp can

bring a source of natural light into a stu-

dio, and show the true colors of a work.

This lamp has a flexible gooseneck design

for maximum efficiency, and an "Instant

On" switch that is flicker-free. The high

fidelity electronics, ergonomically correct

design, and bulb that lasts five times

longer than an ordinary bulb make

this product a must-see.

The VERILUX® HappyEyes*' Floor Lamp will

change the way you see and feel about your

living or work spaces.

This light can change the

way you live and work

I love it! Reading is so much easier

on my ej'es. It's also greatfor doing

crafts. The lamp's light iveight

allows me to bring it anywhere.

—Karen R. CA

It really brightens up my office.

Thank you.

—Jan L. GA

I use my computer all the time and
WOW what a difference. Ijustput
it up and I can see.'

—Kathy N. CA

It is really nice and eliminates

the glare!

—Nita P. CA

It is a nice sunny productfor a
windowless office.

—Edith L. NJ

Try this manufacturer direct special

offer. The VERILUX HappyEyes

Floor Lamp comes with a one-year

manufacturer's limited warranty

and TechnoScout's exclusive home

tiial. Try this product for 30 days and

return it for the full purchase price if not

satisfied, less shipping and handling.
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OUT THERE

Black-Hole

Cannibals
If one gobbles another,

stand byfor a space-quake!

By Charles Liu

For the astronomically curious, black holes

probably inspire more wonder than any-

thing else in the universe. But what are

they? Picture a bowling ball on a mattress; it

makes a dimple. Massive objects—from peas to

people to planets—bend space much the same

way as the bowling ball bends the mattress. A
large enough mass squeezed into a small enough

space crimps its surroundings so severely that

nothing that enters, including light, can get back

out—that's a black hole.

Okay, I've simplified things a bit.

But black holes really are simple—and,

to astronomers nowadays, even ordi-

nary. Thirty years ago no one knew if

black holes existed at all; now, it seems,

they're everywhere. One endowed

with a mass 2.5 iTullion times that of

our Sun hovers at the center of our

own Milky Way galaxy. In fact, most of

the galaxies in the universe seem to

include a supermassive black hole, each

one millions or biUions of times more

massive than the Sun.

Being simple and numerous, how-

ever, doesn't make them boring: super-

massive black holes play a major role

in many of the most fascinating astro-

physical systems in the universe. For

example, when a galaxy encompasses a

central supermassive black hole and a

lot of free-floating gas, some of the gas

can fall into the powerful gravity well of

the hole and collect, like water caught

A symmetrical pair of particle-fed plumes surrounds a central black

hole, making the radio galaxy Cygnus A glow (top). In contrast, the

plumes around galaxy NCG 326 (bottom) have "wings" (upper left

and lower right of lower image), indicating that two black holes may

have collided and merged into one.

in a whirlpool, in a thick swirUng disk.

The black hole and the inner part of

the disk spin rapidly, creating a cosmic

dynamo that sends giant jets of particles

shooting outward at nearly the speed of

light. As the particles crash into inter-

stellar matter, they emit radio waves,

creating huge plumes thousands or even

millions of light-years long (a light-year

is about six trilhon miles). T^hese

brightly shining galaxies often give off

more energy in a second than our Sun

emits in a million years. Astronomers

call them radio galaxies.

Most radio galaxies have a sym-

metrical pair of radio plumes that ex-

tend outward from the jets, perpen-

dicular to the swirling disk of gas and

centered on the black hole. But about

5 percent of radio galaxies have

"wings"—a second pair of glowing

plumes that sprout from the same cen-

ter but aim along a different axis. The

result is an X-shaped radio structure

and an astronomical puzzle: until re-

cently no one could explain how such

wings might form.

David Merritt ofRutgers University

and Ronald D. Ekers of the Australia

Telescope National Facility have lately

suggested a plausible explanation; they

call it black-hole cannibaHsm. Galaxies

occasionally collide and merge, and the

process might create a single galaxy

with two supermassive black holes.

Over time, the two holes would move

toward the merged galaxy's center of

gravity. If the two holes were to collide,

the larger one would consume the

smaller, and the new, larger black hole

would spin on a new axis. (Picture two

spinning ice skaters crashing into and

grabbing hold of each other; their com-

bined axis of rotation would become

completely different from the two ear-

lier axes.) If either black hole had been
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emitting jets before the collision, the

combined black hole would, too—but

in a dramatically different direction.

After millions of years the new jets

would light up a new pair of radio

plumes, but these jets would also have

wings: the stiU glowing but now mis-

aligned old plumes.

From this model of black-hole can-

nibalism, Merritt and Ekers conclude

that the existence of winged radio

galaxies proves that supermassive black

holes collide. This may seem trivial

—

astronomers have long believed that

such crashes must happen—but its not.

In computer simulations, supermassive

black holes never collide. Instead, they

generally settle into a tight but stable

orbit, whirhng around each other for

billions of years. If Merritt and Ekers

are correct, the current thinking about

how black holes interact is missing

something big, and for black-hole

dynamicists, that means it's back to the

drawing board.

At least one other group of scien-

tists is pondering this result carefully.

According to Einstein's general theory

of relativity [see "And Then There

Was Light," page 46], gravity causes

space to quiver and shake, much the

way a stone causes ripples in a pond.

Astrophysicists have been trying to de-

tect such "gravitational waves," but the

ripples from all but the most violent

cataclysms in the universe are imper-

ceptible. A black-hole collision, how-

ever, could make detectable waves in

space. Merritt and Ekers's new inter-

pretation ofwinged radio galaxies sug-

gests that such collisions take place

somewhere in the universe about once

a year. If future studies confirm that re-

sult, collisions of supermassive black

holes could soon help gravitational-

wave astronomers open a fantastic new
window into the workings of space

and time.

Charles Liu is an astrophysicist at the Hay-

den Planetarium and a research scientist at

Barnard College in New York City.

THE SKY IN NOVEMBER

By Joe Rao

Mercury reaches superior conjunction

November 1 4 and is thus hidden by

the Sun all month.

Venus makes a rapid leap into the

dawn sky this month. You might spot

it as early as November 7, low along

the east-southeastern horizon about

forty minutes before sunrise. The

planet rises about six minutes earlier

each day thereafter, so it's rising an

hour and a half before the Sun by the

14th and three hours before dawn by

month's end. Its beautiful thin crescent

is visible through a telescope or even

binoculars held steady.

Mars is unusually dim, shining for

much of November at magnitude 1.7.

Throughout the month it rises at

about 4:00 A.M. local time. Mars passes

3° north-northeast of the bright bluish

star Spica on the morning of the 22nd.

Continuing to approach Earth, it's

only 214 million miles away by

month's end.

Jupiter begins November in Cancer

but moves into Leo on the 23rd. The

planet, a blazing silvery object this

month, initially shines at about

magnitude —2 and brightens as the

weeks pass. It rises above the east-

northeastern horizon at about

11:30 P.M. on November 1 and

nearly two hours earlier by the 30th,

so by dawn it has soared high in the

southern sky. On the night of

November 25-26 a waning gibbous

Moon slowly overtakes Jupiter, sliding

4° north during the predawn hours.

Saturn moves out of Orion's club and

back into Taurus on November 21. It

rises at about 7:45 P.M. on the 1st and

two hours earlier (before the end of

evening twilight) by month's end. The

planet appears as a yellowish white

"star," shining at magnitude —0.2 at

midmonth. On the evening of the

21st, Saturn is well to the east of the

Moon; on the 22nd it is well to the

west. The planet's great rings are tilted

near their maximuin of 26.5° to our

line of sight all month.

The Moon is new on November 4 at

3:34 RM. It waxes to first quarter on

November 1 1 at 3:52 P.M. and to fuU

on the 19th at 8:34 PM. The Moon
wanes to last quarter on November 27

at 10:46 A.M. On the 19th the satellite

undergoes a penumbral eclipse. No
part of the Moon enters the Earth's

umbra (its dark shadow), but at the

height of the ecHpse—8:47 p.m.—
about 89 percent of the Moon is

within the Earth's lighter, penumbral

shadow. For about twenty-five

minutes before and after this time, the

upper portion of the Moon should

appear lightly shaded: overall, an

underwhelming event.

The Leonid meteor shower, which

radiates from the so-called sickle of Leo,

displays a double peak this year. The

first peak can best be seen from Afi-ica

and Europe near 0403 Greenwich

Mean Time on November 19. The

second favors much ofNorth America

at about 5:40 a.m., also on the 19th.

Each peak could bring as many as a few

thousand sightings an hour—except

that a briUiant full Moon is likely to

obscure all but the brightest of these

meteors. To see them, try to view as

much of the sky as possible, preferably

far fr-om city Hghts. Keep your eyes

moving across the sky and stay alert;

brilliant fireballs or bolides (exploding

meteors) are possible.

Unless otherwise noted, all times are given

in Eastern Standard Time.



Get in the zone with the mattress topper

that molds to your body's contours
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and a better night's sleep.

^^ re you tired of tossing

\^^tL-- and turning all night

trying to find an area ofcom

fort? Some mattresses fail to

support your spine properly,
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body. Now, one of the world's

leading manufacturers offoam

products has developed a mattress

topper that can actually change the way

you sleep. The scientifically designed Memory

Foam Ultra mattress utilizes visco-elastic

foam, which is cut into a grid pattern for

a truly full-body zoned support.

Wake up to a better morning. The

Memory Foam Ultra is designed to give

you a better sleep surface. Not only does

it support each region of your body, but

it's also temperature sensitive. With its

various-sized "comfort cells," the Memor)-

Foam Ultra has six zones to support specif-

ic body area weight, which promotes a bet-

ter night's sleep. The largest cells support

your lower back and midsection, while the

medium-sized cells support the shoulders.

Unique-sized comfort cells

provide zoned support

from head to toe.

ogy

Temperature-smart

foam adjust to

your shape.

Urgcst Cells Medium smallest

Maximum Cells Cells

suppport for Lower back Head and

shoulders and legs feet

and hips

Unique sized comfort cells support your

unique-shaped body where ft needs it. -

' 700% visco-elastic "memory" foam
' Each zone is made of varying "cube" sizes

that support varying body area weight.

' Conforms to individual body shape.

lower back and legs.

The smallest cells support

your head and feet. Combined,

these zones provide variable support

from head to toe. By using visco-elastic

foam, the Memory Foam Ultra also molds

to your body contours to help prevent toss-

ing and turning during the night. When

you lie down on this amazing material, the

heat and pressure sensitive foam reacts to

your body's weight and temperature, so

that it molds to your exact body shape.

This means that whether you sleep on your

back, stomach or side, your weight is even-

ly distributed and your spine remains in a

neutral position. Other surfaces support

vour body at the shoulders, hips and legs

only. This causes your spine to sag in other

areas, which can often result in discomfort,

and even back pain. You'U wake up rested,

relaxed and ready to take on the day.

Anyone who suffers from insomnia and

back pain can benefit from this technology.

Heavyweight mattress

pad included. Included

with the Memory Foam

Ultra is a fitted mattress

pad. It's heavyweight and

quilted, and made of 200-

count 100% cotton with a 15-inch deep

fitted spandex skirt to fit a mattress up to

21 inches thick. The size of the mattress

pad is determined by the size mattress

topper you order.

sleep better.
CARPENTER

; Ijrjii confwl lo jtiir lite.

Try it for yourself

today! The Memory Foam

Ultra can change the way you

sleep. Promote proper spine posi-

tioning, while enjoying relief from

insomnia and back pain with this full-

body support. It comes with a five-year

manufacturer's limited warranty and

TechnoScout's exclusive in-home trial. If

you are not completely satisfied, simply

return it within 30 days for the full pur-

chase price, less shipping and handling.

D Yes, I want to take advantage of the latest

bedding technology!

Memory Foam Ultra Mattress Topper:

3P-2870 Sizes Twin through California King

with prices starting as low as 3 easy credit

carei payments of $49.95 each + s&H

Please mention promotional code 23305.

For fastest service, call toll-free 24 hours a day

800-231 -351

1

*For mail-in orders, please call for individual cost of

the various sizes along mth shipping and handling.

To charge it to your credit card, enclose your account

number and expiration date.

Virginia residents only—please include 4,5% sales tax.

LATEST. .. GREATEST. .. NEATEST. .. COOLEST

You can see hundreds of high-tech products at

WWW.technoscoutcom

ECHNOSCOUTi
IMS Rufftn Miff

R

Colonial Heights, VA 23834

•
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Along Came a Spider . .

.

By Elizabeth Cator

Almost every night of her life, my mother,

compelled by an aversion to spiders, circled

her bedroom with a long-handled brush.

Sweeping it into corners, she dislodged all intruders

and flicked them deftly out of the window. Spiders

belonged outside. She would have been horrified, 'had

she visited my house in the tall, to see so many forest

wolf spiders running about indoors. And I doubt that

even the charms ofmy resident daringjumping spider

(Phidippiis midax) could have won her over.

My jumper appeared suddenly one morning in

late summer. I was standing at the kitchen sink when
the creature sprang into view and came to rest on the

windowsill in front of me. The thick, hairy ap-

pearance of the spider's pedipalps—its frontmost

appendages—indicated it was a male. He was com-

pact, mostly black, and quite dapper. Touches of

white on his legs oddly suggested pinstripes. But

those details v/ere not what first caught my attention;

I was riveted by his fangs, two gleaming triangles of

malachite green. And just above them, the gaze of

the spider's eight berry-black eyes was intense: had

he bhnked, I'd have felt frozen in time, as if a minia-

ture camera had cap-

tured me on film.

But of course he

didn't blink. He waved

his pedipalps at me in-

stead. Taking that as a

friendly gesture, I leaned

closer, but he panicked

and scurried into the

crack between the win-

dow sash and the sill. I

waited. After a few mo- Jumping spider on its silken

nients one leg appeared, tapping tentatively on the siU,

then a second, and a third, and finally the top of a head

emerged, with two or three eyes. Then up he jumped

and stood before me, staring again. We repeated this

dance, over and over, until eventually he stood his

ground while I hovered over him with a hand lens. A
pattern of almost imperceptible yellow scribbles on his

back showed that he was still a youngster.

For the next several days the daring young jumper

came and went. One morning I found the body of a

silvertish trapped under the dog's water bowl. I placed

the corpse on the windowsill and waited for the

jumper to reappear, hoping to witness the spectacular

leap that his kind are said to make onto their prey. But

he didn't leap. He tiptoed toward the sUverfish. When
he was an inch away from it he stopped, and for fifteen

iTiinutes he did not move. Then, steeling his courage,

he lunged, gripped the sUverfish by the head and scut-

tled backward, down into the crack, dragging the body.

It stuck. He tugged, sidled this way and that, and

then, to my surprise, appeared to realize that his burden

was too bulky. He let go, hopped back up onto the sOl,

and settled down to a picnic. Starting at the head, he

munched steadily toward

the tail, until there was

nothing left but a silvery

dust. His meal finished,

the spider retired.

My mother would

have been appalled.

<

I Eiiglisli-boni Elizabeth

Cator is ail embroiderer.

She tolerates spiders in

lifeline (time-lapse photograph) Hartwood, Virginia.
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Galapagos Islands Aboard 9saSe[a 9U
January 12-22, 2003

Rounding Cape Horn Aboard Sony ofD-fomer

January 14-27, 2003

The Arts and Culture of Indochina: loaos, Uielnam

£ Gam£odia — January 16-February 4, 2003

Heaven & liarth by Private Jet

January 23-February 15, 2003

New Zealand by Land & Sea Aboard

Gf/pper Odyssey — January 30-February 11, 2003

February

Hidden India: C^ DeniedSafari Zf/xrouyJi Gen/ral

9ndm - February 7-25, 2003

Cuba: 5? ls)or[din Uransition

February 17-28, 2003

The Amazon: Discoueriny 9is OCaluraJlsJonders

JlGoardBa Jlmalista - February 22-March 2, 2003

March

Kingdom of the Monarch - March 2-7, 2003

Rounding the Cape of Good Hope: ^Xami£ia,

SouUi ylrrica^ Miadayascar, Jveunion £ JKaurilius

C^SoardHanjeatie - March 4-25, 2003

The Wonders & Wildlife of the Sea of Cortes

Aboard Safari Ques/ - March 7-15, 2003

Mysteries of Southeast Asia Aboard

Sea£ourn Spirit - March 12-30, 2003

Rediscovering the New World: 'Americas 6y
Triuale^el - March 12-April 2, 2003

A Caribbean Cruise Aboard Sea Gloud

March 21-30, 2003

Oxford & the Golden Age of Natural History

March 29-April 9, 2003

e _.fiy^i\'vieTicas

iscovery-

April

ours

Classical Greece Aboard Harmony G - April 2-12, 2003

Cuba: C^lsJor/din Jransition - April 14-25, 2003

Springtime in Japan Aboard GL'pper Odyssey

April 22-May 6, 2003

Flowering of a Golden Age: 'Tlmslerdajn /o iBruyes

Deatu. jAniadeiui CLviLi Lioj^iie April 23-May 6, 2003

Mexico's Copper Canyon — April 26—May 4, 2003

Kentucky Derby Voyage Aboard 1)efta Queen

April 29-May 6, 2^003

May

The French and & Italian Rivieras Aboard

Sea Dream 99 - May 7-17, 2003

The Ancient Silk Road: 91journey 9£rouy/i G/iina 6y
Trivate Drain - May 9-23, 2003

Southern Africa's Great Rail Journey Aboard

'9iovos 9!ai/- May 14-28, 2003

National Parks of the West: Drom Santa 9e to Salt

£a£e 6y 9?a,/- May 21-28, 2003

From Early Man to Contemporary Civilization: Goastaf

&urope DtdoardSong ofFlower — May 30-June 11, 2003

Treasures of Northern Italy's Po River Aboard

Diiuer Gloud99- May 31-June II, 2003

June

Outdoor Living Skills: 91 Damifu Dldoenture in Gnaco

Ganyon — June 18-24, 2003

The Golden Ring of Russia: 9ncfudiny St. 9\tersoury

9lf>oardBorodino — June 18-July 1, 2003

Amazon Family Adventure Aboard tSa '9lmatisla

June 21-29, 2003

Lands of the Midnight Sun: D£e Dor 'XortJi £y ^el

June 25^uly 11,2003

Wildlife of the Galapagos Islands: 91 9ami[y C^duenlure

DlGoardSanta Cruz — June 28—July 8, 2003

Australian Outback by Private DC-3

June 29-July 15, 2003

Scottish Isles, Norwegian Fjords & Arctic Spitsbergen

Aboard Capforer - June 30-July 18, 2003

Code: NH I 103
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to Fii\/am,
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July

Treasure Islands; Samoa, Jon^a £ \SIiue

July 1-July22, 2003

Bridging Central Europe: 'J/ie Or/er Jiiuer j?6oa/-</

Jrederk- Cfmpin - July 5-19. 2003

Labrador Sea & Hudson Bay Aboard Z;e l^eoanl

July 9-22, 2003

Mongolia: Jn t/)e ^oohieps ofj\oy Kjnapman

ylnc/rews — July 17-August 5, 2003

The Canadian Rockies: ^ C?amjfy ^c/ven/ure

JuK- 27-August 3, 2003

August

Trans-Mongolian Railway: Jlioscow lo Ql/aanoaa/ar

6(j Deluxe Ti-j'ua/e Jrain — August 2-1", 2003

Canada b\- Transcontinental Rail

August 11-19,2005

Alaska s Inside Passage Aboard Safari QuesI

.\ugust 16-23, 2003

The Legacy of Lewis & Clark - August 20-30, 2003

Lemur Conservation: 3allej-salf's jRaJayascar

v-\ugust 24-September 8, 2003

September

North Pacific Odyssey: Jlleulian islands,

JiamcnatJia J^eninsula d} Jiuril Jsfanos Jlooaro

Bremen — September 2-19. 2003

Conser\'ation in Action: Soulfi Jifrica, ^ajniSia £
Jjolsioana — September 2-20, 2003

Daily Lile in Morocco — September 6-20, 2003

S\\'iss Alps to Budapest Aboard JlmaJeus Classic

September 8-22, 2003

The Turkish Coast bv [Private ^ufeis

September 24-October 9, 2003

China & the Yangtze River Aboard J-'rincess &faine

September 25-October 1-f. 2003

Deli\'eruiq ochooi coliectLono; 1908

rograms
October

Margaret Mead's Papua New Guinea: Featuring

JlCefanesian Discoverer — October 4-2 1, 2003

AlMNH in Patagonia - October 15-28, 2003

Burma's Great Irrawaddy River Aboard T'anJam iJ9

October 16-November 1, 2003

Japan: treasures £ UraJilions — October 1 7-28, 2003

Polar Bear Watch on Canada's Hudson Bay

October 21-26, 2003

Circumnavigating SiciK' Aboard Jfar/noni^ 5
October 25-November 3, 2005

JochcLion Kxpcihtion:

Sik-rio. 1901

In the Wake ot Moors S.' iMariners: Spain, JlCorocco

£ l/ie Canaru JsIanJs yl£oarJSea Cloud

October 27-November 10, 2003

Festivals ot India: J'eaiurinq we CPusn/tar Camel J'a,

£ 7'alaceon Istilieels — October 28-November 13. 2003

Biodi%'ersir\' of the Pantana! Aboard 7'arayuai^

October 29-November 8, 2003

Bhutan: ^/le Draaon Jiinadom

October 30-November 14, 2003

Thailand Cultural Celebration

October 31 -November 14, 2003

November
Hidden Egypt - November 5-21, 2003

December

AiMNH &.' The Center for Cuban Studies Presents

The Living Arts of Cuba — December 7-16, 2003

Australia's Great Barrier Reel Aboard

CoralTrincess 9J- December 9-19, 2003

Egypt & the Nile: Jl Jamilif JloliJay JldoarJ

'Xile Hdvenlurer - December 18-28, 2003

Tanzania: -A J'amilu Safariin Ine Serenyeti

December 19-31,2003

Rainforests, Reefs & Ruins: J?" Jielize Jamilt^

y^Jven/ure - December 27, 2003-January 4, 2004

VU^'ofMimtrom

Central Park

To Receive our 2003 Program Guide:

Call: 800-462-8687 or 212-769-5700

Fax:212-769-5755

'Visit: www.discoverytours.org



Novartis and Clay drove
his mimB into remission
in 60 days.

"Last year, cancer made me too weak to climb a

flight of stairs. This year, i climbed Pike's Peak

and loved it" — Clay Coker

In March 2000 Clay Coker dragged himself into his local ER. He

had already suffered through months of fever, chills and extreme

fatigue, but what he discovered made him feel even worse. He was

diagnosed with cancer. It had made him so weak that climbing a

flight of stairs became impossible. But those dark days are over.

Today, Clay's feeling great and climbing mountains to prove it.

Novartis is proud to be the innovative force that's bringmg new

optimism and hope to patients and their families. No one can

promise what the future holds for cancer patients, but today Clay

is winning the fight against his particular form of cancer, enjoying

a good quality of life and realizing his dreams.

Think what's possible.
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