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Patrick Foody Sr. is a determined

man. Some 30 years ago, he had a

visionary idea. He would produce

ethanol, a vital ingredient in

transportation fuels, from agricultural

wastes like cereal straws and cornstalks.

Contemporaries doubted him. Initial attempts were costly.

Still, Pat and his colleagues at logen Corporation pressed

on. After much dogged persistence, and with help from

Shell, they found ways to make large-

scale production a commercial

reality. It may be a while yet before

alternatives such as EcoEthanol™

can become a major source of

energy. But by seeking out partners

like Pat, we're hoping to bring that day a step closer.

Visit www.sheil.com/biofuels for more information.
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THE NATURAL MOMENT

- See preceding two pages

On sunny atternoons in the

Falkland Islands, the South

Atlantic Ocean turns into a roUer

coaster for gentoo penguins (Pygo-

scelis papiia), as they ride the

breakers home from a day of div-

ing. For his photograph, Kevin

Schafer camped out for a week on

New Island, which shelters more

than 5,000 gentoos (and only four

humans) year-round. Every day,

in what Schafer calls "return rush

hour," the penguins tumble onto

the beach en masse—a defense

against stalking sea Hons.

To Schafer, the New Island

coast is a "sandy, un-polar place,"

where penguins might seem out

of place. Yet penguins have not

always been cold-loving creatures.

Fossils recently examined by JuUa

A. Clarke, a paleontologist at

North CaroKna State University

in Raleigh, show that an ancient

relative of penguins was swim-

ming in these same waters 40

million years ago. Clarke's finding

doubles the age of the oldest

comparable fossil, pushing the

penguins' roots back to an epoch

when these waters were warm and

polar ice caps were nonexistent.

Today most penguin species

would have a tough time doing

an evolutionary back-paddle and

coping with a hotter habitat.

The population Schafer observed

recently suffered when a warm-
water bloom of algae poisoned

thousands in the colony. Another

penguin species, the Adelies,

were cut off from their breeding

grounds by unusually large ice-

bergs, calved from the continen-

tal ice shelf. Let's hope for a

cool summer. —Erin Espelie
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UP FRONT

The Whole World

Is Watchina

What does Natural History have to do with the Olympics?

Plenty. The modern Games, which return to Athens

this August 13 for the first time in more than a century,

have always made explicit appeal to their classical antecedents. And,

in tact, a wealth ot information about the ancient Olympic Games
has been preserved and transmitted to the present day—along with a

lot of myth and hyperbole. Disentangling myth from ground truth,

ot course, is part ot this magazine's stock in trade. David C. Young,

an expert on the Greek poet Pindar and a student of the Olympics

for much ot his academic lite, brings readers the latest scholarly

thinking and the results of meticulous archaeological research to bear

on the ancient Greek Games. His article is titled (with a nod to

Pindar) "With Hands or Swift Feet" (page 24).

Maybe I'm being naive, but I find it remarkable that so much
about the ancient Games foreshadows important issues that have played

out prominently in the modern Olympics: the tensions that arise

when the politics of the competing states clash with maintaining the

integrity of the athletic competitions; the substantial material revi'ards

some wanning athletes receive; the burdens on public hinds that new
stadiums and facilities impose on the state that hosts the games; and,

clearly, the intensit)' of the sporting events themselves. Billions of

people—a substantial fraction of the people on the planet—will be

watching the events and festivities this August. SKghtly fewer wiH be

privy to the insights you'll gain from Professor Young.

The failure to find biological weapons in Iraq hardly implies that

bioweapons have vanished from the face ot the earth. The civi-

lized world proclaimed them gone more than thirty years ago, with

the signing, by more than a hundred nations, of the Biological and

Toxin Weapons Convention. But wishing they would go away

doesn't make it so. In the former Soxdet Union, smallpox samples

that were supposed to be kept under lock and key wound up in

bioweapons labs—and in stockpiles for loading into missile warheads.

A naive person hardly knows where to begin in responding to the

story Wendy Orent tells about recent breakthroughs in the bioengi-

neermg of a "more virulent" torm of mousepox ("A Most

Dangerous Game," page 38). The questions it raises are deep and

longstanding: How much responsibility should scientists bear for the

foreseeable social consequences of their work? To what degree

should the potentially dangerous nature of scientific research become

a factor in the decision to publish it? Those questions take on special

urgency here, because the results of the work with mousepox could

have impHcations for a bioweapon based on smallpox. Read this arti-

cle, talk over the dilemmas it raises wdth someone you trust, then

read it again. It's that important. —Peter Brown
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CONTRIBUTORS

The professional career of Kevin Schafer ("The Natural

Moment," page 4) has taken him to all seven continents to

document issues in wildlife, conservation, and ecotourism.

He was the 1997 recipient of the BBC—Natural History

Museum of London's Gerald Durrell Award for Endangered

Wildlife. Schafer's work has appeared in National Geograpliic,

Siiiithsoniaii, and Audubon, as well as previously in this maga-

zine. His most recent volume is The Falkland Islands: Between the Wind and Sea

(Coach House PubHcations, 2003); his book Penguin Planet (NorthWord Press)

won the National Outdoor Book Award for the year 2000.

Combining an academic specialty in ancient Greek poetry

with a lifelong enthusiasm for sports, David C. Young
("With Hands or Swift Feet," page 24) has spent many years

investigating the Olympics, both early and modern. Young's

article in this issue is based on his new book, A BriefHistory of

the Olympic Games, which is being published this summer by

BlackweU Publishing. His previous works include The Olym-

pic Myth if Greek Amateur Athletics (Ares, 1984) and The Modern Olympics

Strugglefor Revival (Johns Hopkins, 1996). Young is a professor of classics at

University of Florida in Gainesville.

; A
the

Now a biology professor at Central Washington University in EUensburg,

Washington, Daniel D. Beck ("Venomous Lizards of the Desert," page 32)

says he found his calling as a boy in Utah's Wasatch Front,

where he kept chickens and caught snakes. His research on

the ecology, physiology, and behavior of monstersaurs—Gila

monsters and beaded lizards—spans twenty-two years. Beck's

book Biology of Gila Monsters and Beaded Lizards is scheduled

for publication by the University of California Press in the

summer of 2005.

Wendy Orent ("A Most Dangerous Game," page 38) is a

freelance writer based in Atlanta, Georgia. Trained as an an-

thropolgist, her interest in the genetic engineering of germs

developed out of her interviews with Igor V. Domaradskij,

one of the principal designers of the bioweapons program for

the former Soviet Union. She co-authored Domaradskij 's
"'^^.P'

memoir Biowarrior: Inside the Soviet /Russian Biological War A: -^..^ixiHtk

Machine (Prometheus Books, 2003). Orent's latest book is Plague: The Mysteri-

ous Past and Terrifying Finure of the World's Most Dangerous Disease (The Free

Press, 2004). She is currently at work on an article about the evolutionary bi-

ology of flu and SARS.

Trained as both a research astronomer and an attorney, Donald Goldsmith
("The Best of All Possible Worlds," page 44) devoted himself to popularizing

W iM»,.^M^M
astronomy thirty years ago. Since then he has written more

F*
'*"' ^'^IBH ^^^^ twenty books and collaborated on many PBS television

La ^^m programs, including the 1991 series T/je/l^froKomerj. He also

F.ji JSft'fiHH recently co-authored, with Neil deGrasse Tyson, the com-
panion volume to the upcoming PBS NOVA series Origins:

Fourteen Billion Years of Cosmic Evolution, which will be

broadcast in September. The book is scheduled for publica-

tion by W W. Norton in August.
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LETTERS

Egyptian Riddles

Mar)- Knight C'Egy'pcs

Young and Restless," 5/04)

fails to mention in her

bland article that Eg\'pt gets

S2 biUion a year in aid from

the United States. Where
has that money gone? To

a bloated miUtarx' and secu-

rity' apparatus that enforces

the authoritarian rule ot

an aged president who
certainly does not pro\ide

computer services, or

much else, to his popula-

tion. Information

is power, and

Hosni Mubarak
is not a sharer by

any means.

Eg\'pt has run-

away population

gro\^-th, Cairo is

a hea\'Lly polluted

city, the country's

wildlife is vanish-

ing, the irrigated

areas are shrink-

ing owing to in-

creasing sahnit)' ot the

soil (because the Nile's

flow is now restricted by

the unfortunate Aswan
Dam). Ms. Knight barely

scratched the surface of a

nation with a glorious past

and a most uncertain fumre

Susan Addelstou

New York, New York

and violence. Yet Ms.

Knight calls al-Jazeera a

"source of optimism" that

"helps release some of the

frustration felt by Eg\-prian

youth." Better yet, she says,

"it afilrms their identity' as

young, strong, and Arab."

You owe your readers an

apolog\' for allowing Ms.

Knight to disguise her owti

pohrical views as neutral re-

porting on modern Eg^-pt.

Michael W. Steinberg

Betliesda, Maryland

Although Man' Knight's

depiction of povert)' and

despair in Egx'pt certainly

rang true, I was astounded

by her breezy endorsement

of the al-Jazeera satellite

TV channel. vM-Jazeera has

repeatedly been criticized

for its inflammator\- anti-

Western. anti-Israel

programming. Many-

American leaders have

condemned al-Jazeera for

incitina: Arabs to hatred

"Now this dance means site fonnd the

gardenia floating in a pitdier of mint juleps.

As brief as it was, Ms.

Knight's piece enlightened

me. and I was pleased to

find some positive views, in-

cluding her discussion of an

Islamic school that does not

engage in rote learning, and

her report on the somewhat

positive phght ofwomen, at

least in Eg^'pt's big cities.

Bruce Rosen

New York, New York

Maky Knight replies: I

don't think Natural Histon,-

is the proper torum m
\\-hich to argue the failures

or successes of U.S. aid to

the Middle East. But apart

from the poHtical issues,

Susan Addelston points to

several serious problems

Eg\?pt faces.

Overpopulation is crip-

pling the nation's economy
and threatening its human
habitat. But what do young

Egv'ptians—the ones who
most have to face the con-

sequences of overpopula-

tion—have to say about it?

When I asked married

\\'omen who had at least

one child about their views

on contraception, they

almost universally regarded

it as a godsend; overall,

though, remarkably few

young Eg^'ptians are walling

to think about

family planning.

Nevertheless,

behavior patterns

teU an important

stor\': Young men
are resigned to late

marriage, when
they will have

saved up enough

money; women
postpone marriage

while getting more

education and en-

tering the work-

force in ever greater num-
bers. As a result, in recent

years population growth has

in fact slowed dramatically.

Pollution is another grave

threat to the health and fri-

ture of the populace, as Ms.

Addelston notes. Unfor-

mnately, space prevented

me from including informa-

tion about the work of

several small NGOs (non-

governmental organizations)

that are addressing these and

simQar problems, nor could

1 discuss grassroots educa-

tional efforts in the "popu-

lar" (poor) districts.

I did not endorse (or

repudiate) al-Jazeera. Con-
trail to what Michael W
Steinberg suggests, the

television channel often

presents opposing points ot

view, and American and

even IsraeU positions are

aired. What I am endorsing

is the response I have noted

among young people who
view al-Jazeera program-

ming. Some love it, some
hate it, some even think

the U.S. controls it. But,

significantly, it's getting

them to think about

politics. Eg}'ptian leaders

appear on al-Jazeera, but in

contrast to the way they are

treated on state-run media,

they face hard questions

from which the camera

ofiers no escape. Granted,

talking about pohtics can-

not be equated with

democracy, but it's a start.

Home Alone

In his article "No Place to

Call Home" (4/04),

Takeyuki Tsuda brought

out the painfiil realities of

Japanese who choose to

leave "home." Return

migrants are distinguished

from the native born to the

point that even their names

must be wiritten in a dis-

tinct phonetic system that

identifies them as foreign-

ers (gaijiii). Former

Peruvian president Alberto

Fujimori himseh could not

avoid such treatment.

For that reason, I dis-

agree with Mr. Tsuda's

conclusion that the chil-

dren of the returnees "wiU

be able to bridge the ethnic

gap." Yes, they are learning

Japanese and adopting

Japanese customs, but their

names and the \\-ay they are

written will always identify

them as ha\dng once left

the countrs'.

Winifred C. CItin

New York University

New York, New York
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Takeyuki Tsuda replies: I

appreciate Winifred C.

Chin's remarks, but I would

note that the Japanese

Brazilians have Japanese last

names, unless they happen

to be of mixed descent.

Many have Brazilian first

names, but a number have

both Japanese and BraziHan

first names. The students I

met who had assimilated to

Japanese culture generally

use their Japanese first

names. They also write

these first and last names

with Japanese characters

—

not with the phonetic

syllabary used for foreign

names. I'm sure some of

them use their Brazilian

names in Japan, but that

practice seems to be based

on their own preference to

assert their BraziHan origins.

Here's Mud in Your Eye

A toast to Douglas Fo.x's ar-

ticle on fiddler crabs

("Mud's Eye View," 4/04).

Although I am a lepi-

dopterist, not a visual ecol-

ogist, I am often asked just

what colors in flowers best

attract butterflies. On test-

ing, most butterflies turn

out to be particularly sensi-

tive to ultraviolet Hght,

which we humans cannot

register. For example, some

flowers that look white to

us sport ultraviolet mark-

ings, showing butterflies ex-

actly where to land and in-

sert the proboscis for nectar.

hi recent years, enthusi-

asts have compiled lists of

plants that various butterfly

species find appeaUng (see

the North American

Butterfly Association's re-

gional butterfly gardening

brochures, available at www.

naba.org/pubs/bgh.html or

write NABA Program for

Butterfly Gardens &
Habitats, 909 Birch Street,

Baraboo, WI 53913).

Gary Noel Ross

Baton Rouge, Louisiana

Douglas Fox writes that a

fluorescent light "blinks on

and off sixty times a sec-

ond." But fluorescent lights

go oft each time the volt-

age goes to zero. Since (at

least in North America) al-

ternating current goes back

and forth between positive

and negative voltage sixty

times a second, in that sec-

ond the voltage passes

through zero 120 times.

George Yanos

Oak Park, Illinois

Science and Politics

Peter Brown's unseemly

wanderings in the political

thicket of this election year

was the real "unwelcome

distraction" of his editorial

("Unwelcome Distraction,"

6/04). The "debasement of

the habits ofmind on

which scientific inquin,' is

founded" that he mentions

could be said to be well il-

lustrated by his presentation

of unquestioned personal

assumptions. There may be

some who do not believe

that all wars are morally

equivalent, and who feel

that the present struggle is

against a threat that must be

faced so that scientific in-

quiry may continue to be

pursued. Some, while not

condoning mistreatment of

(Continued on page 61)

Lindblad Cove 63 " 5rS, 59 " 27W
Cove, 5 km wide, between Almond '!fj

Point and Auster Point in Charcot Bay,

Trinity Peninsuia. Named by US-ACAN

in 1995 in commemoration of Lars-Eric Lindblad

(1927-94), pioneer in Antarctic tourism. A noted

conservationist, Mr Lindblad operated the first

cruise to Antarctica in 1966 and was a leader in

the concept of expedition tourism as a means of

environmental awareness.
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ANTARCTICA
Experience Matters. There is no avoiding the

word extreme. Antarctica spawns icebergs the size of Rhode

Island. Its winds are at times fierce and unpredictable. Its sur-

rounding waters not well charted. Nowhere on earth is adventure

greater and nowhere are mistakes more costly. Our hard-won expe-

rience, dating back to 1966. gives us the confidence to explore, to

test limits and even kayak among giant icebergs. Our captains and

expedition leaders have hundreds of Antarctic expeditions to their

credit. They might even guide you to one of Antarctica's most

spectacular coves, named after my father. It's a bold, magnificent

decision to explore Antarctica. If you make that decision, do go

with us. Nowhere on earth will experience matter more.

1-800-EXPEDITION
www.expeditJons.com/anta

or see your travel agent Sven^Olof Lindblad



SAMPLINGS

Caustic Comfort

Compared with a great many micro-

organisms, people live in fairly boring

conditions. But imagine taking a turn

as a hyperthermophile basking in an

undersea thermal vent, or swapping

spots with an acidophile lounging in

the equivalent of battery acid, or

trading places with an extreme

alkalinophile whiling away the hours

in a bath of oven cleaner.

George S. Roadcap, a hydrogeol-

ogist at the Illinois State Water

Survey, and his colleagues could tell

you something about that last sce-

nario. They recently discovered a

microbial community thriving in what

seems to be a record-breaking caus-

tic solution. At a century-old iron

slag dump in the Lake Calumet area

of Chicago, the groundwater regis-

ters a pH of 1 2.8. That makes it

nearly a million times as alkaline as a

neutral solution. The Chicago micro-

organisms' closest competitors for

surviving the world's most caustic

conditions live in a pH of "only" 1 1

.

(wvw/.geosociety.org/news/pr/

03-38.htm) —Aimee Cunningham

RAISING MOUNTAINS
Even in the Himalaya, not all mountains are

created equal. The Higher Himalaya, which

form the northern part of the range, include

the world's tallest peaks—Mount Everest,

for instance, exceeds 29,000 feet. In con-

trast, the Lower Himalaya, to the south, are

generally no more than a third as high.

Dense forests have long obscured the tran-

sition between the two ranges, preventing

geologists from understanding the abrupt

change in elevation.

Enter modernization: Road-building crews

in north-central Nepal near the Marsyandi

River, at the heart of the "transition zone"

between the Higher and Lower Himalaya,

stripped away some of the vegetation and

exposed first-rate geologic outcrops. Seizing

Mount Everest

the opportunity. Kip V. Hodges of the

Massachusetts Institute of Technology and

a host of colleagues descended on the

Marsyandi.

The investigators found that the transition

zone is marked by major, recently active

faults. It also seems to have exceptionally

high rainfall during summer monsoons

—

possible evidence, the geologists speculate,

of the "self-organization" of the system.

Formed by the collision between the

Indian and Eurasian tectonic plates over the

past 45 million years, the Himalayan ranges

store excess potential energy. Hodges and

his colleagues suggest the excess energy is

dissipated by both the fracturing of the crust

and intense, rain-driven erosion. The rapid

erosion weakens the crust and leads to

rapid uplift; the uplift, in turn, creates even

more rainfall as clouds meet the abrupt

transition between the Lower and Higher

Himalaya. That positive feedback may have

been shaping the ranges for millions of

years. ("Quaternary deformation, river

steepening, and heavy precipitation at the

front of the Higher Himalayan ranges,"

Earth and Planetary Science Letters 220:

379-89, April 1 5, 2000) —David Forest

CO2: Still Guilty As Charged

In 1845 a forward-thinking French chemist and mining engineer

named Jacques Joseph Ebelmen set forth in print the concept

that increasing levels of carbon dioxide in the atmosphere could

bring about global warming. Yet today, after a century and a half

of industrial productivity and population growth, the question of

whether increased atmospheric CO2 causes higher temperatures

still often takes center stage in debates about the future of Earth.

Cores extracted from glaciers and ice sheets show that in-

creases in atmospheric COj do coincide with increases in global

temperatures—at least for the past 420,000 years. But most ice

formed in earlier times probably melted long ago, and so the

earlier CO2 levels must be estimated from geologic proxies or

mathematical models. As for the temperatures of such distant

epochs, one way to estimate them is to look at geologic forma-

tions that bear the telltale traces of advancing glaciers (colder

eras) or retreating glaciers (warmer eras).

Another way to estimate surface temperatures of the distant

past is to measure the ratios of certain oxygen isotopes in the sedi-

ments of shallow seas. But temperature estimates derived from

oxygen isotopes have posed a big problem of inconsistency. Not

only do they not match the estimates from the glacial records; they

don't correlate with the estimates of CO2 levels yielded by the

proxies and mathematical models. Instead, the isotopic tempera-

ture estimates seem to rise and fall with the cycles of cosmic rays

reaching Earth. Is CO2 therefore blameless for global warming?

No, say Dana L. Royer, a paleoclimatologist at Pennsylvania

State University in University Park, and his colleagues. Shallow

water absorbs more CO2 from the atmosphere and is therefore

more acidic. That acidity can create misleading isotopic temper-

ature estimates. When the estimates are corrected for acidity,

and compared with the well-accepted, glacier-based tempera-

ture estimates, as well as with the mathematically modeled CO2

estimates and with the investigators' compilation of a wealth of

available geologic estimates of CO2 in fossils and soils, the

consistency of all four measures returns.

Royer and his colleagues conclude that cosmic rays play

second fiddle to CO2 as a driver of long-term climate change.

Sorry, you'll have to keep apologizing for driving that SUV after

all. ("CO2 as a primary driver of Phanerozoic climate," CSA

Today 14:4-10, March 2004) —Stephan Reebs
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Trading Floor

There's more going on in a chicken house

than just the raising of chicl<ens. Anne O.

Summers and Sobhan Nandi, both microbiol-

ogists at the University of Georgia in Athens,

and their colleagues decided to check out the

bacterial residents of the wood shavings that

cover the floor for the six-w/eek lifespan of a

flock of broiler chickens

What they found was

ecological bad news.

Since the 1940s, the

feed given to farm ani-

mals has routinely been

dosed with antibiotics,

which promote weight

gain and seem to mini-

mize chronic infections

among the crowded ani-

mals. As with humans,

however, the antibiotics have also spawned

drug resistance in bacteria hosted by the

animals. In addition, as investigators have

learned in recent years, bacteria—even unre-

lated bacteha—do exchange genes, and so

one microbe's genes for drug resistance can

get passed around to its neighbors. And a floor

covered in six-week-old wood shavings brim-

ming with chicken waste is loaded with multiple

species of microbes, and is thus a perfect

place for a swap meet.

In the chicken-litter bacteria, the microbi-

ologists found a huge reservoir of mobile

genetic organizers called integrons, which

assemble genes into

clusters—including the

genes that code for

antibiotic resistance.

Carrying out their ap-

pointed task in both

the chickens and the

chicken litter, the

integrons enable the

bacteria to become

resistant to many anti-

biotics. The vast major-

ity of those bacteria are harmless, but those

that are pathogens can cause obdurate infec-

tions. ("Gram-positive bacteria are a major

reservoir of Class 1 antibiotic resistance

integrons in poultry litter," Proceedings of

the National Academy of Sciences

101:7118-22, May 4, 2004 —S.R.

As THE Whirl Turns
Liquid water apparently van- phologist at the University of

ished long ago from the surface Arizona in Tucson, thinks he

of Mars, but the planet still has

lots of other water locked up in

the ice at its poles. Oddly, that

ice is riddled with a number of

huge chasms that collectively

form logarithmic spirals around

the planet's poles. What could

have caused them?

Jon D. Pelletier, a geomor-

has a model that can account

for the chasms. Start with a

small crack in the ice. If the

side of the crack facing the

Sun is dusty, it absorbs sun-

light rather than reflecting it.

The crack warms up, and the

ice in it sublimates—that is, it

changes directly into vapor at

thirty-two degrees Fahrenheit.

As heat diffuses into the ice,

separate cracks start to link up

and grow into a chasm.

At some point, however, the

ice at the bottom of the chasm

stops sublimating, because it

doesn't get warm enough. And

the shaded side of the chasm

stays cold enough to recapture

some of the sublimated ice.

Eventually the sublimation and

recapture reach equilibrium,

and the chasm attains a stable

size. But because the sunlit

side of the chasm continues to

sublimate and the dark side

continues to refreeze, the

trough gives rise to a self-

sustaining wave that continu-

ally and ever so slowly

migrates toward the pole.

Why spirals? The closer you

get to the poles, the colder the

temperatures. That slows the

poleward migration of each

chasm. The combined effects

happen to give rise to the spiral

patterns. And why just on Mars?

Thin atmosphere, and the tilt of

the planet's rotational axis to-

ward the Sun. ("How do spiral

troughs form on Mars?"

Geology 32:365-67, April 2004)

—IJ. Kelleher

STUFFED
Few species of fish take care of

their young, but the dedication

among the ones that do can

reach heroic levels. Consider

the cardinalfish. Once the male

has fertilized a clutch of eggs,

he carries them in his mouth for

one to two weeks, until they

hatch. But because the clutch is

so large (as many as 2,000

eggs), his mouth is so full he

can't eat—except for snacking

on the occasional egg.

A fish has his limits, though.

Sara Ostlund-Nilsson and Goran

E. Nilsson, both biologists at the

University of Oslo in Norway,

caught males of two species of

cardinalfish native to Australia's

Great Barrier Reef and moni-

tored their responses to de-

creasing concentrations of

dissolved oxygen (a situation

found in some recesses of a

coral reef). When the oxygen

The sacrifices / wake!

dropped to about a third of the

normal level, boom! the incipi-

ent dads started spitting out

their broods. Dads of the spe-

cies whose broods are relatively

large (as a fraction of the male's

weight) were the first to spit

out their eggs. Having a big

family may sound like a good

insurance plan, but plans can

falter when times get tough.

("Breathing with a mouth full of

eggs: Respiratory consequences

of mouthbrooding in cardinal-

fish," Proceedings of the Royal

Society of London B 271 : 1 01 5-

22, May 22, 2004) S.R.
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SAMPLINGS

The First Garfield

With the beginnings of farming in the Middle East and sun-ound-

ing regions some 1 1 ,000 years ago came the need to store grain

in quantity. With stored grain came the rodent, and with the

rodent, most likely, came the domesticated cat. Sure enough,

figurines and

painted images of

cats dating to 4,000

s.C. have been

found in the Middle

East. But earlier evi-

dence of a bond be-

tween people and

their cats has been

hard to come by.

Now ailurophiles

can rejoice. Jean-

Denis Vigne, an archaeologist at the National Museum of

Natural History in Paris, and his colleagues have unearthed

the skeletal remains of a person and a cat buried just sixteen

inches apart in a 9,500-year-old grave on the Mediterranean

island of Cyprus, accompanied by polished axes, a stone pen-

dant, and other accoutrements. According to Vigne and his

co-workers, the cat's burial along with ceremonial grave goods

shows how highly esteemed the animal must have been. In

fact, they suggest, the cat may have been killed to join its

owner in the afteriife. ("Early taming of the cat in Cyprus,"

Science 304:259, April 9, 2004) —S.R.

CrBiD warden takes a break.

Work Incentive

Some bosses use pep talks to

motivate their workers; others

use threats. Wasps—at least

paper wasps—apparently

take a middle path.

Native to North America,

the paper wasp Polistes

fuscatus lives in colonies of

one or two queens, and usu-

ally fewer than a hundred

workers. Within the colony,

though, there is a further

social hierarchy, sometimes

maintained by biting and

chasing. A milder and more

common interaction known as

darting—in which one wasp,

either a queen or a worker,

lunges suddenly toward

another but avoids making

physical contact—has long

been regarded as another

way of enforcing dominance.

Now two entomologists

have called the standard

interpretation of darting into

question. In a study of sixteen

paper-wasp colonies, Anna-

gin Sumana and Philip T.

Starks, both at Tufts University

in Medford, Massachusetts,

have found darting to be a

nonaggressive management

strategy—communication

rather than coercion.

Inactive workers, they

observed, receive more darts

than their busy nestmates

do, and targeted workers,

whether active or not, are

more likely to change their

behavior after being darted.

But only queens manage to

spur do-nothing workers to

get going, whereas both

queens and workers seem to

get results when they signal

a busy worker that a change

of activity would be desir-

able. ("The function of dart

behavior in the paper

wasp, Polistes fuscatus,"

Naturwissensciiaften 91

:

220-23, May 2004) —S. R.

RISK AND REWARD
As plants have evolved, they have had

to pick a lifestyle and marshal their

resources accordingly; to grow woody

or not, to live as annuals or perennials,

to adapt to wet climates or dry.

Another forced choice has been

even more fundamental: Do you live

fast (and die young), or take it slow

(and survive to old age)? Do you accept

the risks of investing for quick returns,

or do you aim for slow but steady aug-

mentation of capital? Ian Wright, a biol-

ogist at Macquarie University in Sydney,
^^^' '" '^^ ^^* '^"^

Australia, and thirty-two colleagues throughout the world recently

completed the most comprehensive global plant survey ever

made. And one of their most surprising findings is that both "day

traders" and the most risk-averse, long-term "bondholders"

coexist in every kind of climate.

Focusing only on leaves, the team found that some plants invest

a lot in photosynthesis but little in defense. Their leaves have a

I

large surface area compared with their

dry mass, and they require a generous

supply of enzymes and nutrients. Such

leaves are good at responding rapidly

to growth opportunities, and they pro-

aduce
a lot of energy. Their downside is

that they dry out more readily and are

vulnerable to disease, herbivores, pollu-

tion, or weather. The leaves of other

species invest less in photosynthesis

and more in defense: they're tougher,

and make various nasty chemicals that

deter consumers. Those are the leaves

that produce energy at a slower rate, but they do live longer.

The biologists' key discovery is that all species of plants,

regardless of habitat or climate type, take their primary cue from

one central trade-off—maximizing photosynthesis versus ensuring

survival. Once that choice is made, the remaining spectrum of

choices is really rather narrow. ("The worldwide leaf economics

spectrum," Nature 428:821-27, April 22, 2004) —S.R.
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Vagabonds in Space

Asteroids, comets, and moons, oh my!

By Neil deGrasse Tyson

For many centuries the inven-

tory of our celestial neighbor-

hood was quite stable. It in-

cluded the Sun, the stars, the planets,

a handful of planetary moons, and the

comets. Even the addition ot a planet

or two to the roster didn't change the

basic organization ot the system.

But on New Year's Day, 1801, a new
category arose: the asteroids, so named

a year later by the EngHsh astronomer

Sir William Herschel, the discoverer of

Uranus. During the next two cen-

turies, the tamily album of the solar

system became crammed with the data,

photographs, and life histories of aster-

oids, as astronomers located vast num-
bers of these vagabonds, identified

their home tuii, assessed their ingre-

dients, estimated their sizes, mapped
their shapes, calculated their orbits, and

crash-landed probes on them. Some
investigators have suggested that the as-

teroids are kinfolk to comets, and pos-

sibly even to planetary moons. And at

this very moment, some astrophysicists

are plotting methods tor deflecting any

big ones that may be planning an unin-

vited visit.

To understand the small objects m
our solar system, one should look

first at the big ones, specifically the

planets. A curious fact about the plan-

ets is captured in a relatively straight-

fonvard mathematical rule proposed in

1766 by a German astronomer named
Johann Daniel Titius. A few years

later, Titius's colleague Johann Elert

Bode, giving no credit to Titius, began

to spread the word about the

rule, and to this day it's often

called the Titius-Bode law or

even, erasing Titius's contribu-

tion altogether, Bode's law. Tliis

handy-dandy formula yielded

pretty good approximations of the dis-

tances between the planets and the

Sun, at least for the ones known in

Titius's time: Mercury, Venus, Earth,

Mars, Jupiter, and Saturn. Herschel's

ciiscovery of Uranus, in 1781, in an

orbit that matched the expectations of

the Titius-Bode law, lent the formula

credibility- and spurred astronomers to

look around carefully for more planets

in the solar system . So either the law is

just a coincidence, or it embodies

some fundamental fact about how
solar systems form.

It's not quite perfect, though. At

least three shortcomings plague it.

Problem number 1 : You have to

cheat a little to get the right distance

tor Mercur\', by inserting a zero where

the tormula calls tor 1.5. Problem

number 2: Neptune turns out to be

much tarther out than the tormula

predicts, orbiting more or less where a

ninth planet would go. Problem num-
ber 3: Pluto, which some people per-

sist in calling the ninth planet (for our

exhibits at the Rose Center for Earth

and Space, we think of icy Pluto as the

"king of comets"), isn't even close to

^^'here the Titius-Bode law predicts.

In addition, the law would have a

planet orbiting in the space between

Mars and Jupiter—at about 2.8 astro-

nomical units, or AU, from the Sun

(one AU is the average distance be-

tween Earth and the Sun). Encouraged

by the fact that the newly discovered

Uranus orbited at more or less the

distance Titius-Bode said it would,

astronomers in the late eighteenth

century thought it would be a good

idea to check out the zone around 2.8

AU. And sure enough, on that first

day of 1801, the Italian astronomer

Giuseppe Piazzi, founder of the

Observatory of Palermo, discovered

something there. Subsequently that

something disappeared into the glare

of the Sun, but exactly one year later,

with the help of brilliant computations

by the German mathematician Carl

Friedrich Gauss, the new object was

rediscovered in a different part of the

sky. Everybody was excited: a triumph

of mathematics and a triumph of tele-

scopes had led to the discovery of a

new celestial object. Piazzi himself

named it Ceres (as in "cereal"), for the

Roman goddess of agriculture, in

keeping with the tradition of naming

planets after ancient Roman deities.

By now, many tens of thousands of

asteroids have been catalogued, and

they're still being discovered. Alto-

gether there are probably many more

than a million that measure more than

half a mile across. As far as anyone

can tell, even though Roman gods
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and goddesses did lead complicated

social lives, they didn't have 10,000

friends; astronomers had to give up on

that source of names long ago. So as-

teroids are now named after actors,

painters, philosophers, and play-

wrights; cities and countries; di-

nosaurs, flowers, seasons, and all man-
ner of miscellany. Even regular people

have asteroids named after them.

Harriet, Jo-Ann, and Ralph each have

one: they are called 1744 Harriet,

2316 Jo-Ann, and 5051 Ralph, with

the number indicating the sequence in

which each asteroid's orbit became
firmly estabHshed. David H. Levy, a

formed of material left over from the

earliest days of the solar system—mater-

ial that never got incorporated into a

planet. But that explanation is incom-

plete at best: some asteroids are pure

metal. To account for their metallic

composition, it helps once again to

begin \\'ith the planets—specitlcaliy,

how they tormed.

The planets coalesced from a cloud

of gas and dust enriched by the scat-

tered remains of element-rich explod-

ing stars. A collapsing cloud forms pro-

toplanets—each a solid blob that gets

hot as it accretes more and more mater-

ial. Two things happen with the larger

protoplanets. One, the blob

tends to take on the shape of

a sphere. Two, its inner heat

keeps the protoplanet molten

long enough for the heavy

stuff—primarily iron, with

some nickel and a splash of

such metals as cobalt, gold,

and platinum mixed in—to

sink to the center ofthe grow-

ing mass. Meanwhile, the

much niore common light

stuff—^hydrogen, carbon, oxy-

gen, and silicon—floats out-

ward. Geologists (who never

shy away from sesquipeda-

lian words) call the process

"differentiation." Thus the

core of .1 differentiated planet, such

as Earth. Mars, and Venus, is metal;

its mantle ,iinl crust .ire mostly rock.

and take up a tar gre.iter wilumc th.m

the coiv.

Cince it has cooled, il such ,i planet

is then destroyed—say. by smasjiing

into one of its fellow planets—the

fragments of both will continue orbit-

ing the Sun in more or less in the same

trajectories that the origin.il, intact ob-

jects had. Most of those fragments will

be rocky, because they come from the

thick, outei', rocky layers of the two

differentiated objects. A small number
will be purely metallic. And that's ex-

acd)' whats observed with real aster-

oids. Moreowr, a hunk of iron could

not have formed in the middle of in-

terstellar space, because the iron atoms

it's made of would have been scattered

throughout the gas clouds that formed

the planets, and gas clouds are mostly

hydrogen and helium. To concentrate

the iron atoms, a fluid body must first

have differentiated.

But how do solar system as-

tronomers know that most main-

belt asteroids are rocky? How do they

know anything about asteroids at all?

The chief indicator is ^u asteroid's

albedo, or reflecti\ity. .'Ksteroids don't

emit their own litrht: the\" onlv absorb

Canadian-born amateur

astronomer who is the pa-

tron saint of comet discov-

erers but has ciiscovered

plenty of asteroids as well,

was kind enough to pull

an asteroid from his stash

and name it after me:

1 3 123 Tyson.

M ost asteroids are

made entirely of

rock, though some are en-

tirely metal and some are

both; most inhabit what's

often called the main belt,

a zone between Mars and

Jupiter. Asteroids are usu-

ally described as being

mm^i-i

msii

Eros, three views: In February 2001, twenty-one-mile long Eros became the first asteroid to be

explored by a spacecraft, NEAR Shoemaker. Each view is a composite, assembled from images

made before the spacecraft touched down.
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and reflect the Sun's rays. Does 1744

Harriet reflect or absorb infirared

light? What about \asible hght? Ultra-

\-iolet? Different materials absorb and

reflect the various wavelengths ot hght

ditterently. Ifyou re thoroughly famil-

iar with the spectrum ot sunlight (as

astrophysicists are), and it you caretlilly

observe the spectra of the sunlight re-

flected from an individual asteroid,

you can figure out just how the origi-

nal siuJight has been influenced and

thus identify" the materials that make

up the asteroid's surface. And from the

material, you can know how much
light gets reflected. From that figure,

and firom the knowTi distance to the

main belt, you can then estimate the

asteroid's size. Ulrimatelv vou're m.'ing

Asteroid 243 Ida, thirty-five miles long, and its mile-wide roundi^

moon. Dactyl—^ifie fiist satellite to be discovered orbiting an asteroid

to account for how bright an asteroid

looks on the sk\': it might be really

dull and big, or highly reflective and

small, or something in between, and

you can't know the answer simply by

looking at how bright it is. You have

to understand the material.

This method of spectral analysis led

initially to a simplified three-w^ay clas-

sification scheme, \\ith carbon-rich

C-t\"pe asteroids, sUicate-rich S-type

asteroids, and metal-rich M-t\"pe as-

teroids. But more precise measure-

ments have smce spawTied an alphabet

soup of a dozen classes, each identif\?-

ing an important nuance of the aster-

oid's composition, and betra\Tng mul-

tiple parent bodies rather than a single

mother planet that had been smashed

to smithereens.

If you know an asteroid's composi-

tion, you have some confidence that

you know its density. Curiously, some

measurements of the size of asteroids

and their masses yielded densities that

were less than that of rock. One logi-

cal explanation was that those aster-

oids weren't soHd. What else could be

mixed in? Ice, perhaps? Not hkely.

The asteroid belt orbits close enough

to the Sun that any ice (water, ammo-
nia, carbon dioxide—^all of\vhose den-

sit\' falls below than that ofrock) would

have evaporated long ago fi-om the

Sun's heat. Perhaps aU that's mixed in is

empt\" space, with rocks and debris all

mo\ing in tandem.

The first bit of obser\'ational support

for that h\'pothesis appeared in images

of the thirt)'-five-mile-

long asteroid Ida, pho-

tographed by the space

probe Galileo during

its flybv on August 28,

1993. Half a year later,

on February' 17, 1994,

Ann P. Hatch, an oper-

ations engineer who
helped program the

Galileo mission's imag-

ing software, saw a

speck about sixty rmles

firom Ida's center that

proved to be a mile-

wdde, pebble-shaped

moon! Dubbed Dact\i, it was the first

satellite ever seen orbiting an asteroid.

Are sateUites a rare thing? If an asteroid

can have a satellite orbiting it, could it

have two or ten or a hundred? In other

words, could some asteroids mrn out

to be heaps of rocks?

The answer is a resounding Yes.

Some astrophysicists would even say

that these "rubble piles," as they are

now officially named (astrophysicists

prefer pith over polysyllabic prohx-

itv'), are probably common. One of

the most extreme examples of the

type may be Psyche, which measures

about 150 rrules in overall diameter

and is reflective, suggesting its surface

is iron. From estimates of its overall

density', however, its interior may w'ell

be more than 70 percent empty space.

When you start studpng objects

that hve somewhere other than

the main asteroid belt, you're soon

tanghng with the rest of the solar sys-

tem's vagabonds: Earth-crossing killer

asteroids, comets, and myriad plane-

tary moons. Comets are the snowballs

ot the cosmos. Usually no more than a

couple of miles across, they are made
up of a mixture of fi-ozen gases, frozen

water, dust, and miscellaneous par-

ticles. In fact, they may simply be as-

teroids with a cloak of ice that never

fully evaporated. The question of

w-hether a given fi"agment is an aster-

oid or a comet might boil dowTi to

where it formed and where it's been.

Before Newton published his Prin-

cipia in 1687, no one had any idea that

comets Hved and traveled among the

planets, making their rounds in and out

of the solar system in highly elongated

orbits. Ics' fragments that formed in the

far reaches of the solar system, whether

in the Kuiper Belt or beyond, remain

shrouded in ice. If they are foimd on a

characteristic elongated path toward

the Sun. thev will show a rarefied but

\isible trail of w-ater vapor and other

volatile gases when the comet swings

inside the orbit of Jupiter. Eventually,

after enough visits (could be hundreds

or even thousands) to the inner solar

s\,'stem. such a comet can lose all its ice,

ending up as bare rock. Indeed, some,

if not all. the asteroids whose orbits

cross that of Earth may be "spent"

comets, whose sohd core remains to

haunt us.

Then there are the meteorites, fly-

ing cosmic fragments that land on

Earth [see "Bolts from Beyond," by Don-

ald Gotdswith, September 2003]. The

fact that, Uke asteroids, meteorites are

mostly rock and occasionally metal

suggests strongly that the asteroid belt

is their country' of origin. As planetar%-

asttonomers smdied the asteroids in in-

creasing numbers, it became clear that

not all of their orbits stick to the main

asteroid belt. As Holl\-wood loves to

remind us, someday such asteroids (or

comets) might collide with Earth. But

that eventualit)- was not accepted as

fact until 1963. w-hen the astro-
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geologist Eugene M. Shoemaker con-

clusively demonstrated that Arizona's

vast Barringer Meteorite Crater, drop-

forged some 50, ()()() years ago, could

have resulted only from a meteorite

impact, not from volcanism.

Shoemaker's finding triggered a

new wave of curiosity about the

possibility of an intersection between

the Earth's orbit and the orbits of the

asteroids, hi the 1990s, space agencies

began tracking near Earth objects, or

NEOs—comets and asteroids whose

orbits, as NASA politely puts it.

"allow them to enter the Earth's

neighborhood." This past March,

NASA announced the discovery of

a mansion-size asteroid only three

days before it passed within 26,500

miles of Earth—the closest approach

ever recorded. As with the vast ma-
jority ot NEOs, though, it posed no

danger whatsoever.

The planet Jupiter plays a mighty

role in the lives of the more distant as-

teroids and their brethren. A gravita-

tional balancing act between Jupiter

and the Sun has collected families of

asteroids sixty degrees ahead ot Jupiter

in its solar orbit and sixty degrees be-

hind it, each making an equilateral tri-

angle with Jupiter and the Sun. (Ifyou

do the geometry, it places the asteroids

5.2 AU from both Jupiter and the

Sun.) These trapped bodies are known
as the Trojan asteroids. Once an aster-

oid drifts into either of those regions,

it's hard for it to get out.

Jupiter also deflects plenty ot

comets that are headed Earth's way.

Most comets live in the Kuiper Belt,

beginning with, and extending far

beyond, the orbit of Pluto. But any

comet daring enough to pass close to

Jupiter gets flung out in a new direc-

tion. Were it not for Jupiter guarding

the moat, Earth would be pummeled
by comets far more often than it is.

In fact, the Oort Cloud—a vast pop-

ulation of comets that is the most dis-

tant part of the Sun's gravitational

embrace—is widely thought to be

made up of Kuiper Belt comets that

Jupiter flung hither and yon. Pluto
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and the newfound objects Quaoar
and Sedna each orbit in and around

the Kuiper Belt, whereas the orbits of

Oort Cloud comets extend halhvay

to the nearest stars.

What about the planetary moons?

Some of them look like capmred as-

teroids, such as Phobos and Deimos,

the small, dim, potato-shaped moons
of Mars. But there are also the several

icy moons ot Jupiter. Should those be

classified as comets? And Pluto's

moon Charon is not much smaller

than Pluto itself and both of them are

icy, so perhaps they could be regarded

as a double comet. Fm sure Pluto

wouldn't mind that one either.

Spacecraft have explored only

rwelve comets and asteroids so

far. The first to orbit one was the car-

size robotic U.S. craft XEAR Shoe-

nidkcr (NEAR is the

clever acronym ot

"near earth asteroid

rendezvous "), which

\isited the nearby as-

teroid Eros just be-

fore Valentine's Day
(Cute. eh?)m2001. It

touched down at just four miles an

hour and, instruments intact, unex-

pectedlv continued to send back data

for uvo weeks after landing, enabling

planetary geologists to say \\-ith some

confidence that rsvenrv-one-mile-Iong

Eros is an unditterentiated, consoH-

dated object rather than a rubble pile.

This past Januarx' 2 another small

spacecraft, Shirdiist, flew through the

coma, or dust cloud, surrounding the

nucleus of Comet Wild 2 so that it

could capture a swarm ot minuscule

particles in its aerogel collector grid.

The goal of the mission is. quite sim-

ply, to find out what kinds of space

dust are out there, and to collect the

particles without damaging them,

NASA is using a wack\' and wonder-

ftil substance called aerogel—the clos-

est thing to a ghost that's ever been

invented. It's a dried-out, spongelike

tangle of silicon that's 99.8 percent

thin air. When a particle slams into it

at hypersonic speeds, the particle

bores its way in and gradually comes

to a stop, intact. If you tried to catch

the same dust grain xx-ith a catcher's

mitt, it would slam against the surface

ot the mitt and vaporize.

The European Space Agency; too,

is exploring comets and asteroids. Its

Rosetta spacecraft, launched on March
2 ot this year, has both an orbiter and

a lander: the former wiU orbit a single

comet tor a year, thereby amassing

more information at close range than

has ever been gathered before. Alto-

gether, the mission will last eleven

years and wiE also take in a couple of

asteroids in the main belt.

Each of these missions seeks to

gather highly specific informarion. At

the same rime, each morsel of infor-

marion can have far-reaching imphca-

rions—^about the formarion and evo-

lurion of the solar svstem. about the

Ifjiipitei' wasn't guarding the moat,

the Earth would he pummeled by

comets far more often than it is. ^

kinds of objects that populate it. about

the possibility that organic molecules

were transferred to Earth during im-

pacts, or about the size or shape or so-

lidity of NEOs. Deep understanding

comes not from how well you de-

scribe an object, but from how that

object connects with the larger body

of acquired knowledge and its mo\ing

frontier. For the solar system, that

moving frontier is the search for other

solar systems. What astronomers \\ant

next is a thorough comparison be-

tween our planets and vagabonds and

their counterparts in a distant solar

system. Only in that way will we
know whether we live in a normal or

in a dvsfimcrional solar familv.

^istrophysicisi Xeil deGrasse Tysok is the

Frederick P. Rose Director of the Haydeii

Phiictariiim in Sew York City. He is currently

finishino work as host and narrator of a four-

part PBS NOVA niiniseries on cosmic origins,

which will air tliis fall.
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BIOMECHANICS

Knockout Punch
A boxer who could jab like a mantis shrimp

could win every match with a single blow.

By Adam Summers ~ Illustrations by Roberto Osti

A three-inch-wide reef crab,

straying near the entrance of

a mantis shrimp's burrow, has

made its last mistake. The mantis

shrimp comes boihng out of its

home, its colorful, paddle-Hke ap-

pendages signaling hostile intent. Two
arms, adapted for hunting, are held

folded, "chest" high, against its tho-

rax. The mantis descends on the crab

rapidly. After two movements—so

fast as to be nearly imperceptible

—

accompanied by quite audible pops,

there is a gaping hole in the thick

shell of the crab. The mantis, itself six

inches long, settles over the crus-

tacean and with several more blows

opens up the soft body of its prey.

The power of the strike is such

that even a casual observer would sit

up and take notice. How can such

a small animal generate so much
force in so little time? Bio-

I

mechanists have recently discov-

ered the surprising secret of the

mantis shrimp: to destroy both

prey and rivals, the animal reUes

on a clever spring and

linkage mech-

anism that makes it the fastest

"puncher" in the animal world.

Mantis shrimp, which comprise

an order of crustaceans also

known as stomatopods, inhabit near-

shore waters all over the world. From
the biomechanist's point of view there

are two main kinds: the spearers,

whose hunting appendages are tipped

with spikes for impaUng fish, and the

smashers, \vhose appendages are

rounded into a knobhke dactyl that

can shatter thick snaU shells. Smashers

use their fearsome club to kill prey

items and other stomatopods, and, in

captivity, to break aquarium glass.

Recently Sheila N. Patek, Wyatt

L. Korff, and Roy L. Caldwell, all

zoologists at the University of

Cahfornia, Berkeley, set out to quan-

tify just how fast a mantis shrimp can

strike. Recording the motion with

high-speed video cameras, they

found the dactyl moves at

more than fifty miles

an hour. The peak

acceleration is

more than

10,400



times the acceleration of gravity. The
fist of a boxer able to jab with such

acceleration throughout his punch

would be traveling at escape velocity

from the Earth after just eleven-hun-

dredths of a second!

Patek found that the mantis

shrimp delivers its smashing blow

with a hundred times more power

than its own "arm" muscles can gen-

erate. To focus such explosive power

the mantis shrimp cheats by slowly

storing muscular energy with a

spring and catch mechanism, then

suddenly releasing the energy.

Catch mechanisms are responsible

for the ability of some predatoi"y fishes

to rapidly open their mouths. But the

spring of the mantis shrimp, a saddle-

shaped piece of chitin that stores the

muscular energy, is unique. The strik-

ing muscles squash together the ends

of the saddle, causing it to rise up.

When the catch is tripped, the saddle

snaps back to its original shape, and

the dactyl is propelled forward with

devastating effect. The force of the

spring is transmitted by what is essen-

tially a long lever that connects the

dactyl to the rest of the shrimp's arm;

far from the fulcrum, the dactyl

moves much faster than the spring

does [see diagrams at riglit].

There is more at work here than

just the action of saddle springs,

though. When the dactyl strikes a tar-

get, distinctive bubbles form and col-

lapse, a telltale sign that some of the

devastation is caused by a phenome-

non known as cavitation. Cavitation is

the bane of the drive propellers on

powerboats. When an object moves

so fast through water that the pressure

in its wake is lower than the vapor

pressure of water, the water near the

object, in effect, boils, and minuscule

bubbles of water vapor form around

the moving object. When the sur-

rounding water returns to its normal.

Mantis shrimp attacks a marine snail with its

knoblike dactyl. A saddle-shaped "spring"

made of chitin (above and to the right of

point C and above the flexed muscle AE)

enables the shrimp to deliver a blow much

more rapidly than its muscles could do alone.

higher pressure, the bubbles collapse

with such force that they cause pitting

on surfaces as hard as stainless steel.

Cavitation is explained by Laplace's

law, which will be empirically fairdliar

to anyone who has ever blown up a

balloon. Laplace's law states that the

pressure inside a bubble is proportional

to the tension in the wall of the bubble

divided by the bubble's radius. Thus

the smaller the radius, the liigher the

vapor pressure inside. Remember how
hard it is to get that first puff of air into

the balloon? The radius is small and so

the pressure must be high to swell the

balloon. As the balloon inflates,

though, the pressure needed to expand

sriU. Such hot, high-pressure water

can cause a lot of damage.

The bubbles form between the

mantis shrimp's dactyl and the

shell of its prey, so cavitation may play

an important role in destroying hard

targets. It also poses a problem for the

mantis shrimp. The dactyl itself be-

comes pitted and scuffed, even on

parts of its surface unlikely to have hit

the prey directly. The cavitation bub-

bles may be causing the damage.

Whatever the source of the dam-

age, the stomatopod compensates for

it by shedding its hard outer skeleton

periodically. Vulnerable but still feisty;

Schematic diagram of the striking mechanism of the mantis shrimp comprises

three bars affixed length (one of which, bar AC, is stationary), a contracted muscle

(AE) that acts like a fixed-length bar, and a spring, linked together as shown. (Note,

however, that in reality the spring lies above the muscle.) The labeled points A
through E in the diagrams correspond to the points marked on the drawing of the

shrimp on opposite page. In the cocked phase (above left) the spring is com-

pressed. When the mechanism is released, the spring pushes against bar CD,

causing point D to rotate counterclockwise around point C. Because of the rigidity

of the bars, that rotation forces a slight clockwise rotation of bar AE about point A.

The small, simultaneous movements of points D and E, which are both locked

onto bar BE, translate into a large movement of point B—the business end of the

mantis shrimp's striking mechanism—propelling it toward the shrimp's target with

devastating effect (above right). An animated model of the mechanism can be

viewed on the Web at ist-socrates.berkeley.edu/-korff/stomatopods.html

it further decreases dramatically.

The cavitation bubbles formed dur-

ing the strike of the dactyl range in

size from a quarter of an inch to just a

few hundredths of an inch in radius,

and the pressure inside can be thou-

sands of pounds per square inch. As

the bubbles wander from the low-

pressure region where they formed,

higher pressures compress them; their

decreasing volume drives the pressure

inside the bubble, as well as the tem-

perature of the water vapor, higher

the mantis shrimp continues to rush

from its burrow when provoked, even

though it's not much of a threat. But

as the exoskeleton hardens, the ani-

mal once more becomes the peerless

puncher of the sea, and probably the

miniweight champion of the world.

Adam Sv\l\iers (asummers@uci.edu) is an

assistant professor of ecology and evolu-

tionary biology at the University oj

California. Irvine, andfearlessly keeps

small stomatopods in his aquarium.
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With Hands
or SAvift Feet

The ancient Greek city-states were rarely

as united as they were at the Olympic Games.

By David C. Young

In
any society and time, a group of boys with

leisure time will naturally test who canjump or

throw a stone the farthest, who can wrestle an-

other to the ground, who can run first to the other

end of a field. But the ancient Greeks elevated such

competitions to serious activities for grown men.

Their quadrennial Olympic Games, a showcase for

human physical excellence, were the explicit inspi-

ration for the modern Olympiads, initiated in

Athens in 1896 and returning to Athens again this

August. Our modern games are, in fact, the brain-

child of a Greek poet, Panagiotis Soutsos, who first

proposed the revival in 1835. The modern games,

too, represent the height of excellence and prestige,

and in most significant ways they are not much dif-

ferent from the ancient version. The principal dif-

ference, I think, is how much the modern extrava-

ganzas dwart their forerunner in size and scope. At

Sydney in 2000, more than 10,000 male and female

athletes from 200 countries competed in 300

events. That's big. In the heyday of the ancient

Olympics, say in the fifth century B.C., maybe 300

men from the Greek city-states and colonies com-
peted in about fourteen events. In antiquity, per-

haps as many as 40,000 spectators could watch the

games. Today, because of modern electronic com-
munication, the whole world watches.

For the poet Pindar of Thebes, whose victory

odes immortalized the greatest contenders of the

Hellenic world between 498 and 446 B.C., the ath-

letic contest served as a microcosm of the human
struggle to surpass ordinary achievements.

In athletic games the victor wins the glory

his heart desires

as crown after crown is placed on his head,

when he wins with his hands or svvitt teet.

There is a divine presence in a judgment

of human strength.

Only two things, along with prosperity, advance

Ufe's sweetest prize:

if a man has success and then gets a good name.

Don't expect to become Zeus. You have ever)'thing

if a share of these two blessings comes your way.—Isthmian Odes 5.8-15
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Three runners compete in the stade, a sprint of about 210 yards. For many years the race was the

only athletic event at Olympia, and it remained the most prestigious one even after other events

were added. The vase or jar, known as an amphora, dates to the sixth century B.C.

"Don't expect to become Zeus," warns Pin-

dar—after all, men are not gods. But with these

words he is also bestowing the greatest praise on

the winning athletes, for they have reached the

highest mortal pinnacle.

Archaeology tends to confirm—approximately

—

that the Olympics, the most renowned of the an-

cient contests, began when the Greeks claimed

they did, in 776 B.C. The Olympics then took

place every tour years well into the latter days of

the Roman Empire, until about 400 A.D. Their

golden age. however, lasted from the late sixth to

the early filth centuries B.C., and if there was a spe-

cial golden epoch of the golden age, it came with

the games of 476 and 472 B.C.

In 490 B.C. and again in 480, a large Persian army

had invaded Greece, seeking to subdue it and nirn it

into a vassal state. The vast Persian Empire already

encompassed not only present-day Iran, but also

Afghanistan and Pakistan in the east, part of Iraq.
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and, in the west, Turkey,

Syria, Lebanon, Israel,

and northern Egypt. If

the invaders had suc-

ceeded, Western history'

would have taken a de-

cidedly different turn.

But the Greeks expelled

the enemy after the naval

battle of Salamis, fought

in 480 in a strait west of

Athens, and the battle of

Plataea, fought in 479 on

the mainland northwest

of Athens. It was the first

time so many Greek city-

states, which were often

at war with one another,

had banded together. A
Panhellenic spirit began

to surge throughout the land, most of all at

Olympia, the seat of the Olympics. People flocked

there in unprecedented numbers, all in jubilation.

More contestants came than ever before, and the

athletes of the period were among the best and best

known in Greek history.

By the time of the 476 B.C. games, nearly the full

complement of athletic events had been incorpo-

rated into the festivities. Present-day knowledge of

them comes from the excavation of Olympia and

other sites, from artistic depictions (most notably

on vases and in sculpture), from contemporary in-

scriptions on vases and monuments, and from the

various odes, histories, and other texts that scribes

Tethrippon, or four-horse chariot race, was introduced into the Olympics in 680 B.C.

Victory in equestrian events was awarded to the owners of the horses, not to the jockeys

or charioteers. The amphora dates to the sixth century B.C.

have copied and handed down through the cen-

turies. The historical texts often include quite vivid

and detailed descriptions. But the texts present

many problems as weU. Many were compiled by

writers who lived centuries after the events, which

they did not witness themselves; many conflict with

each other (or are internally inconsistent); and,

even taken together, the texts faU to clarify certain

essential points. As a result, modern scholars are still

sorting out and debating many issues.

The signature contest of the 476 B.C. games, as it

was throughout Olympic history, was the stade,

a sprinting race that was run the length of a straight

track (from stade comes our word "stadium"). The

distance, measured from the actual track archaeolo-

gists have uncovered at Olympia, was about 210

yards. From the very beginning of the games until

the games of724 B.C. the stade was the only recorded

event. In the latter games the diaulos was added, a

race of two laps, or about 420 yards. Four years later

a distance race called the dolichos was introduced,

though ancient sources do not specify the exact

number of laps. The most widely accepted number

is twelve, which equates to a race of about 2,520

yards, or a bit more than 1.4 miles.

Events became much more diverse beginning

with the Olympics of 708 B.C., which included

wrestUng and the pentathlon. Pentathletes com-

Olympia was the site of the ancient Olympic Games, held

every four years from about 776 B.C. until about 400 a.d. In

those twelve centuries the political landscape inevitably

underwent many changes, but Olympic events continued to

attract athletes and spectators from Greek city-states and

colonies throughout the Mediterranean world.
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peted in discus, javelin, long jump, and dieir own
stade race, and finished widi their own wresding

bouts. How the overall winner was determined is

not really known. In some rather rare cases, a win-

ner was declared if a contestant won the first three

events, and the contest was then finished. But more

often the outcome hinged on the wrestling final.

The discuses excavated at various ancient sites are

made of metal, usually cast bronze, or stone and

—

except for small ones possibly intended for chil-

dren—^weigh between four and nine pounds. The

main debate about the discus throw is whether an-

cient athletes executed a full rotation of the body,

using centrifugal force to help launch the discus, as

do modern competitors. The prevailing opinion is

that they used arm strength, perhaps with some

body twist, but not a fuU spin. 1 disagree. I find the

textual evidence at best ambiguous, but certain

artistic depictions tip the balance in favor of a fuU

rotation, because they make Kttle sense otherwise.

The nature of the long jump has been a special a

source of controversy. Much of the confusion has its

inception in reports that two early athletes, Phayllos

of Croton and Chionos of Sparta, jumped farther

than fifty feet. A single jump of that distance is be-

yond credibility, and accordingly, many scholars

have concluded that this Olympic

event comprised multiple jumps,

such as a triple running jump or

five standing broad jumps. I be-

lieve such conclusions are mis-

placed, however, and that the

event was a single running juinp.

First, I am convinced that both ot

the reports in question are talse:

they appear in unreliable texts dat-

ing six or seven centuries after the

supposed achievements. Second,

ancient artistic depictions, as well

as other literary evidence, are con-

sistent with a single runningjump.

Additional controversy surrounds

the hand-held weights, known as

halteres, that were swung upward

and forward on take-off, presum-

ably to help the jumper gain extra

momentum [see "Tltwwiiig Yourself

into It," by Adam Summers, April

2003].

and slightly shorter than the standard modern
javelin for men. A short leather thong was wrapped

around the middle ot the shaft and secured with a

loop to the thrower's fingers. As the throw was

made, the thong was aOowed to unreel, extending

the effective point of release and imparting a spin

that made the javelin fly farther and truer than it

would without the thong.

Wrestling, both for the pentathletes and for the

single-event competitors, was a contest of strength,

balance, and technical know-how. The object was

to throw the opponent so that his back, hip, or

shoulder touched the ground. Victoiy went to the

first man to achieve three falls. Wrestling was the

one athletic activity practiced by almost all freeborn

men in Greek society, and it was a rich source of

metaphor for playwrights, orators, and philoso-

phers. Authors could assume their audience was

knowledgeable about the techniques employed.

New Olympic events were introduced shortly

after wrestling and the pentathlon. Boxing was

added in 688 B.C., and the tethrippoii, a four-horse

chariot race, followed in 680 B.C. Boxers wound
leather thongs around the forearm and hand; the

fingers were left open. Once two competitors

faced off, they would continue fighting until one

The Olympic javelin was

made of wood; for that

reason, no doubt, no example

survives. Artistic evidence sug-

gests the implement was lighter

Pancration, a combination of boxing, wrestling, and street fighting, became an ancient Olympic

event in 648 B.C. Contestants fought until one of them gave up or could not continue; there

mere no rounds or weight divisions. The amphora, which portrays a pancration bout, dates to

the sixth century B.C.
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of them could no longer continue or formally ad-

mitted defeat. All the punches appear to have been

directed at the head. Olympic history records the

deaths of several boxers—though surprisingly few

overall, given the brutality of the contest.

In the tetlirippoii and other horse races, the chari-

oteer or jockey was a professional, but the owner

—

who was, of necessity, a rather wealthy person

—

enjoyed the honor of victory if it came. Equestrian

events were the only ones in the Olympic games

that women could—and did—win. Teenage girls

and young women apparently had very few athletic

contests of their own in the ancient Greek world.

Wrestling was the one athletic activity practiced by almost all freebom

Greek men. The first wrestler to throw his opponent to the ground three

times won the event. The amphora dates to the sixth century B.C.

perhaps only in Sparta. At least during the Roman
Empire, they did participate in events at Olympia,

but their contests did not fall at the same time as the

Olympic Games.

Were women allowed to watch the games?

The relevant evidence remains murky. Pau-

sanias, a Greek traveler and geographer who Hved

in the second century A.D., reports that women
were banned from becoining spectators, and that

violators were to be thrown to their deaths off a

cliff. But Pausanias also asserts that the punishment

was never invoked. And elsewhere, he even seems

to contradict himself. After referring to a special

seat fi-om which the priestess of Demeter watched

the games, he writes: "They [the officials] do not

prevent unmarried women from watching."

Much has been made of the distinction Pausanias

makes between married and unmarried women.

But it seems out of context. In my view, some later

scribe inserted the sentence while copying the text,

thinking it clarified why the Greeks allowed the

priestess to watch the games. The scribe was prob-

ably assuming that a proper priestess had to be a

virgin, but in fact, the priestess of Demeter was in-

variably a married woman. Even if women were
not altogether banned from the Olympics, chances

are that few could have attended, unless they were

local inhabitants.

No doubt one reason this side issue evokes such

interest today is that the Olympic athletes com-
peted in the nude—even the jockeys, who rode

bareback. (The only exceptions were the

charioteers, who wore long, white gowns.)

In modern Western culture, the idea that

female spectators watched the competitions

of naked men is titillating or scandalous.

But nudity in itself was not so remarkable

to the ancient Greeks, nor did it evoke the

same reactions (they wondered why "bar-

barians"—non-Greeks—thought it embar-

rassing or shameful). Nudity also had the

practical advantage of making it easier to

massage and oil the body, both integral

parts of athletic training.

Among the other notable events that

had swelled the festivities by the time of

the 476 B.C. games were the pancration, or

no-holds-barred fighting (all manner of

wrestling holds, kicks, and blows were

permitted; only eye-gouging and biting

were prohibited); the hoplites, a two-lap

race in which each runner wore a helmet

and carried a shield; a horse race; a mule-

cart race; and contests for boys {stade,

wrestling, and boxing). Only a few events were

added later on: a pancration for boys, competitions

to select the official trumpeter and herald, and

some additional equestrian events.

The Olympic games were attached to a festival

in honor of Zeus, and may have originated with

contests among pilgrims who had come to take

part in the god's cult. But by 476 B.C., indeed

much earlier, religious fervor was not what drew

athletes to Olympia. Money no doubt was a factor.

Although victors received no prizes of value at

Olympia itself, just the olive crown, winning was

frequently a ticket to high profit from other

sources. The cities from which the athletes came
often bestowed cash payments on their champions.

Still, for the best athletes the main incentive was

the pursuit of excellence in itself, to compete and

win at the highest level, with all the fame and

glory that bestowed.
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The ancient Greeks kept no records in the mod-
ern sense; they never measured performances

in meters and minutes (for one thing, they lacked

stopwatches). But they did keep records of other

kinds: Who was the first to win a particular combi-

nation of events? Who won the greatest number ot

victories in a particular event? The first-known run-

ner with multiple victories, for instance, was Panta-

cles of Athens, who won the stadc in 696 and 692

B.C. Chionis of Sparta won both the stadc

and diaulos for three Olympiads in a row, in

664, 660, and 656 B.C. In 480 B.C., Astylos,

representing Syracuse, Sicily, not only

matched Chionos by winning for a third

time "in the stade and diaulos, but also

demonstrated his versatility by winning the

hoplites, the race with armor. (Defending

the honor of their countryman, the Spar-

tans added to the inscription on Chionos'

memorial stele in Olympia, pointing out

that there was no hoplites event in his time.)

Astylos' record stood for three centuries,

until Leonidas of Rhodes won those three

races for four Olympiads in a row, fr-om 164

untO 152 B.C. After that, what record could

an athlete aspire to? PoUtes of Caria (a re-

gion in what is now southwestern Turkey)

trained for the stade and the long-distance

race, defying the odds that a runner could

excel both in sprinting and endurance. He
won both on the same day, in 69 A.D.

At the games of 476 B.C., there was spe-

cial interest in boxing and pancmtion. Eu-

thymos of Epizepherian Lokris, a Greek

colony in southern Italy, sought to regain

the boxing crown he had lost to Theo-

genes of Thasos in the previous (480 B.C.)

Olympiad. In that earher Olympiad Theo-

genes had also quaUfied for the paiicratioii

final, but he had become so exhausted

from his boxing victory over Euthymos

that he did not compete in the pancratioii.

Olympic officials fined him for forfeiting

the event and disqualified him from the

boxing contest in the 476 B.C. Olympiad.

Euthymos took advantage of his rival's ab-

sence and won the boxing in 476. Theo-

genes won the pancratioii, however, allow-

ing him to proudly claim a record: "First

man ever to win both boxing and pancratioii

at the Olympics."

The 472 B.C. Olympiad was marked by

exciting contest, they defeated the winner from the

476 games, Theron, the king of Acragas, an impor-

tant Greek city in Sicily. The victory finally broke

the elitist monopoly of that expensive event.

The cult of Zeus at Olympia during the 476 B.C.

games was the happy recipient of many valuable

donations, as people and states dedicated their

booty from the Persian War to the god. Elis, the

loose confederation of neighboring villages that

an extraordinary upset when a civic entry

owned by all the citizens of Argos won the

chariot race. In what must have been an

Depiction of a javelin thrower shows that javelins were shorter tnan tne ones used in

the modern Olympics, wh/ch measure at least eight and a half feet. No examples of

the ancient wooden javelins survive. The pitcher dates to the fifth century B.C.

July/August 2004 natur.al history 29



hosted the Olympics, gained new affluence, and

the Eleans finally built themselves a true town. An
ambitious building program also began at Olympia.

The stadium was moved slightly, and both the track

and the spectator facilities were improved.

Within twenty years of the 476 games, a new

temple to Zeus was completed. It measured about

100 feet wide, 230 feet long, and seventy feet high,

and was roofed with the finest marble, topped by a

golden statue of Nike, goddess of victory. For four

years beginning in 437 B.C., the Athenian sculptor

Pheidias directed the construction of a forty-foot-

high statue of Zeus, seated on his throne inside the

temple. Marble or cast bronze would have been too

heavy for such an enterprise, so Pheidias made it of

gold and ivory plates over a wooden frame-

work. A system of pipes was

devised for carrying oil

to the wood, to keep it

from rotting. The oil also

helped to preserve the

ivory for more than seven

centuries. The statue has

not survived, yet it is still

famed as one of the Seven Won
ders of the Ancient World.

But by the time it was finished,

the statue was already a reHc of

another age. Flush with their united

victory over the Persians, in 476 B.C. the

Greeks had moved to end wars among
themselves. Many of the Greek city^

states agreed to allow Olympic offi-

cials to form a kind of judicial ap-

peals board, which would settle

political disputes by arbitration in-

stead ofby arms.

Within a few years, though, the

member states ceased to recognize

the authority of the Olympic appeals board, and

no longer submitted cases to it. Hostile actions

began taking place until the region fell into the

Peloponnesian War of 431-404 B.C., one of

the bloodiest and cruelest in ancient history.

Greeks perpetrated brutal atrocities on one an-

other, and the two principal combatants, Athens

and Sparta, refused to tolerate neutrality from

other city-states. The games continued, nonethe-

less, throughout the war, attracting citizens from

all parts of a strongly divided Greece. The warring

city-states accepted the Olympic truce, abiding by

its prohibitions against invading Olympia or stop-

ping athletes or spectators on their way to or from

the games.

Eventually, though, even the Olympics fell vic-

tim to hostilities. In 364 B.C., an army from the

region of Arcadia (the Eleans' traditional foe) in-

vaded Elis and occupied Olympia. When it was

time to hold that year's games, the Arcadians

usurped the role of sponsor. In retaliation, the

Elean army invaded Olympia, arriving while the

wrestling final of the pentathlon was in progress.

The armies joined the battle immediately, reach-

ing into Olympia's most sacred precincts. They

fought into the night, the Arcadians and their al-

lies occupying the roofs of the buildings and rain-

ing missiles down upon the Eleans. The Eleans

were driven back, and the games were completed.

Subsequently a multinational truce gave Olympia

back to Elis, and the Eleans hosted the 360

B.C. games as usual.

The Olympics under-

1

Nike, the Greek goddess of

victory, crowns a winning athlete.

Her name is preserved in the

French city of Nice. The vessel,

known as a krater, dates to the

fifth century B.C.

went their biggest ups

and downs after the Ro-
mans took over Greece,

in 146 B.C. Augustus,

who effectively became

emperor in 27 B.C., subsidized

Greek athletics and saw to the

renovation of the stadium at

Olympia. In contrast, the notori-

ous Nero decided that he himself

should participate in the chariot race

in 67 A.D. Nero fell off his chariot but

claimed victory anyway, and the oHve

crown was presented to him by the

bribed and terrified judges. (Not

long afterward, Nero was assassi-

nated, and the results of the 67

games, including Nero's "victory,"

were voided.) The Olympics en-

joyed a renaissance in the second

century A.D., once again drawing

many athletes and spectators and sparking renewed

building at Olympia. But after the games of 217,

interest in the games steadily declined.

Although the names ofmany of the later Olym-

pic victors have not come down to us, just ten

years ago a large portion of a bronze plaque was

unearthed at Olympia, which lists some winning

athletes from the first century A.D. to almost the

end of the fourth. The last two entries are for two

brothers from Athens: Eukarpides won the boys'

pancration in 381, and Zopyros won boys' boxing

in 385.

This article has been adapted from David C. Young's forthcoming book,

A Brief History of the Olympic Games, which is being pubUshcd

by Blacku'cll Publishing this summer.
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Venomous Lizards

of the Desert
Studies of Gila monsters and headed lizards have uncovered

an array of surprising characteristics, from oddfighting rituals,

to extreme energy efficiency, to a venom useful in treating diabetes.

By Daniel D. Beck

In
June 1986 my brother Jon and I pulled out

of Tucson for a road trip to Chamela, Jalisco,

in the heart of Mexico's searingly hot tropical

dry forest. It was no tourist trip. I was a graduate

student, eager to begin the first intensive field

study of the beaded lizard (Heloderma horridum). I

had my gear, my letters of permission, and four

years of field experience observing the beaded

Uzard's sister species, the Gila monster (H. siispec-

tum). Along with those essentials, my baggage also

included a variety of assumptions about the crea-

tures I was studying, assumptions drawn from my
own Umited experience and from the conventional

wisdom about "monstersaurs," as the two species

of Heloderma are known. I assumed, for instance,

that Gila monsters are strictly creatures of dayHght.

The vast majority of monstersaur activity I had

observed in southwestern Utah's Mojave Desert,

the site of my previous work, had taken place dur-

ing the day, particularly in the morning.

As a result, seeing a GUa monster was the last

thing on my mind when I turned in on our first

night. We had set up camp in a quiet spot in the

desert north ot the town of Guaymas in the Mexi-

can state of Sonora. To avoid overheating while I

slept, I pulled my sleeping bag up only to my waist.

Soon I was dreaining. 1 had a fairly typical dream

—

for a herpetologist. In it I found a beautiflil green

iguana and picked it up, holding it in the prescribed

manner, one hand supporting the body, the other

grasping the neck, to avoid being bitten. My dream

turned real as I awoke to find that I actually was

holding something. It took me a second to take it

all in, but there in my hands was a large adult Gila

monster. I was holding it gently, but snugly, just as I

had held the iguana in my dream. I sat up and

stared at the lizard, trying to disentangle dream and

reality. The Gila monster had crawled into my
sleeping bag, and I had picked it up in my sleep.

"Jon," I called out to my brother, "a Gila monster."

Shaken from slumber, he repUed, "Shut up and go

back to sleep, you're just dreaming." "No, look," I

hoUered excitedly until he had to pay attention. "I

can't believe it—a GUa monster!"

Gila monsters are rarely encountered in the

wild, even by experienced field biologists, let

alone by a man in a dream. As the shock wore off,

I was forced to confront one of those assumptions

I had carried to Mexico with me—the assumption

that GUa monsters are strictly daylight animals. I

had been fooled into thinking I knew the species'

fuU pattern of behavior, when in fact I had wit-

nessed only a fragment of the big picture.

Monstersaurs seem to have inspired an awful lot of

this kind of thinking, what I call "overinterpreting

experience." Perhaps that's not surprising; the ani-

mals almost invite confusion. To look at a GUa mon-
ster—four legs, long tail, triangular head, blunt

snout—one might think it's simply a lizard like any

other. But monstersaurs acmally share a more recent

ancestor with snakes than they do with most other

Uzards. It might be even more accurate to think of

monstersaurs as "snakes with legs" than as another

group of lizards. But the expression "snakes with

legs" doesn't capture their intriguing qualities either.

Several lines ofongoing research show that these an-

imals display unusual metabolic levels, remarkable

aerobic abilities, and dramatic dominance contests,

all of which are connected in a pattern that offers a

whole new twist on what it means to be a lizard.

In thinking about monstersaurs, snakes do pro-

vide a tempting point of reference. Consider an

experience I had in April 1984, a few years before I
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Male beaded lizard in tree, its large tongue exposed, samples the air for chemical traces of other

animals, whether female lizards to mate with, males to fight, or prey to be caught.

woke up with a Gila monster in my hand. During

the preceding summer at my study site in the Mo-
jave Desert, I had outfitted several Gila monsters

with internal radio transmitters. That spring, after

one of "my" males emerged from winter dor-

mancy in March, I began following him closely.

Like Elmer Fudd, the Hzard went hunting for cot-

tontail rabbits in their nests. His meticulous search

of boulders and burrows paid off; by mid-April he

had added a third of a pound, or 22 percent of his

fall weight, to his lumpy frame. Fur in his feces at-

tested to his success as a rabbit hunter.

One April day, though, rather than hunt, he

walked nearly a mile in a straight hne to a shelter

that a female had occupied the preceding summer.

In the next three days he visited two more shelters.

before settling into one that another male had used

the previous spring. A few days later a second male

Gila monster confronted him outside his new den.

The two grappled and twisted in a strenuous series

of ritualized postures. Just past dusk, they separated,

having spent three hours in nearly continuous

combat. The struggle left each lizard coated with a

thin film of blood, and each appeared exhausted.

The resident male crawled back into his shelter

while the intruder lumbered out of sight. Three

days later, a female joined the victor in his den.

The entire episode of ritualized combat was

strongly reminiscent of the entwining combat

"dance" of snakes. Moreover, like many snakes

—

but urJike any other Hzards—Gila monsters and

beaded lizards are venomous. Those similarities
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make it tempting to lump the monstersaurs with

snakes, yet the differences between the two groups

are every bit as pronounced.

The venom systems of monstersaurs and snakes

evolved independently, and they function

quite differently fi-om each other. For one thing,

monstersaurs' venom comes from glands in the

lower jaw rather than in the upper jaw, as it does in

snakes. For another, in most venomous snakes the

venom acts to subdue, and in some cases to predi-

gest, the prey. Both Gila monsters and beaded

Uzards, by contrast, feed almost exclusively on eggs

and helpless juveniles

found in vertebrate nests,

which obviously do not

need a lot of subduing.

So what does venom
do for a monstersaur? De-

fense may be the answer.

When danger threatens,

most Uzards sprint out of

harm's way. GUa monsters

and beaded Uzards, how-
ever, are not sprinters.

The best they can manage

is a fast shuffle. And
though the Uzards' mot-

tled skins blend well with

their surroundings in the

deserts and tropical dry

forests where they Uve, at

close range their camou-

flage can fail. If so, a ven-

omous bite is the Uzards'

last recourse. And painflil

it is; a herpetologist I

know describes the bite as

the worst pain he has

ever experienced. The
bite is not usually fatal for

a healthy person, but monstersaur venom includes

compounds that cause severely reduced blood

pressure, inflammation, and excruciating pain, bad

enough for an adversary to consider death the pre-

ferred alternative.

Notwithstanding its defensive uses, monstersaur

venom, like snake venom, might stiU play some
role in digestion. Certain peptides, or smaU chains

of amino acids, in Heloderma venom mimic verte-

brate hormones that, in mammals at least, help the

animals digest food and metabolize carbohydrates.

The best-known lizard peptide is called ex-

endin-4, which occurs naturaUy only in Gila mon-
ster venom. Exendin-4 has become widely recog-

nized as a proiTusing new drug, caUed exenatide,

for treating type-2 diabetes, which afflicts more
than 17 miUion Americans. Exendin-4 mimics a

mammalian hormone known as glucagon-like

peptide, which regulates insuUn release and glucose

uptake firom the blood after a meal. The concentra-

tion of exendin-4 in a Gila monster's blood in-

creases thirtyfold just after a meal—certainly a

strong hint that the peptide plays a role in digestion

for the Uzard. Intriguingly, the saUvary glands that

produce the venom develop in the Gila monster

embryo from the same ceUs that give rise to the

pancreas. And the pancreas in mammals produces

the same hormones—in-

sulin and glucagon-

exendin-4 mimics.

-that

r

Threatened beaded lizard confronts danger by showing its

most fearsome asset: its mouth. Both Gila monsters and

beaded lizards come armed with a series of venom-washed

teeth, capable of causing severe distress to any mammal—
including a person—foolhardy enough to tangle with them.

f monstersaurs are not

"snakes with legs," an-

other group ofanimals can

serve as a useflil point of

reference: their closest Uv-

ing relatives, the monitor

Uzards. Monitors are a di-

verse group, native only to

the Old World, with some

remarkable abiUties: they

can count and remember

faces, among other skiUs

[see "The Lizard Kings," by

Samuel S. Sweet and Eric R.

Pianka, November 2003].

Monitors are tireless walk-

ers when they search for

prey or mates. Likewise,

the male Gila monster I

tracked in the Mojave in

1984 was certainly a steady

pedestrian. And both mon-
stersaurs and monitors en-

gage in a strategy in which

the animal, guided by finely honed abUities to sense

chemicals, searches large territories. Beaded Uzards

and Gila monsters are opportunistic foragers, just as

monitors are, eating any palatable thing they find.

Perhaps, then, monstersaurs are best thought of as

"monitors by another name."

As usual, though, when one tries to lump the

monstersaurs into one category or another (day-

time animals, for instance), contradictions emerge.

Lizards that forage widely, such as the monitors,

are generaUy more active and have higher resting

metabolic rates than sit-and-wait predators. Mon-
stersaurs buck the trend: Even though they do for-

age over wide ranges, their overaU activity levels
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and their resting metabolic rates are remarkably

low. Rather than being steady performers, they are

like athletes who perform superbly in bursts, then

spend the rest of their time on the bench.

Even in the spring and summer, when monster-

saurs are most active, they spend more than 90 per-

cent of their time hidden in shelters. And over an

entire year they spend far less energy in activity

than most sit-and-wait predators do. Such apparent

sloth is the result of extreme seasonal fluctuations in

the monstersaurs' environment. Food, when avail-

able, needs to be gorged on, stored as fat, and used

slowly. Compared with monitors, monstersaurs can

feed only infrequently, but when they do, they can

eat riaeals that put supersizing to shame. I once

watched a Gila monster eat four nestling rabbits in

a single "sitting," an Easter dinner with portions

equal to a third of the lizard s weight and providing

a third of the energy it needs for a year. (For a 140-

pound person, that would be the energy equivalent

of downing 325 twelve-ounce sirloin steaks or 450

fast-food double cheeseburgers at one sitting.)

Of course, monstersaurs don't use up all that en-

ergy right away; they store it in their sausagelike tails

and within their body cavities. Because the capacity

to store energy is directly proportional to body

mass, the larger the lizard, the longer it can subsist

between meals. Gila monsters and beaded lizards,

two of the largest lizard species in the New World,

therefore have impressive abilities to store energy.

But if monstersaurs are good savers of energy,

they're even better at spending it very, very slowly. At

rest, Gila monsters and beaded lizards have among

the lowest metabolic rates ever measured in lizards

—

far lower than the rates in monitor lizards. Further-

more, because monstersaurs spend so much time at

rest—much of it in shelters where reduced tempera-

tures confer even greater energy savings—the stored

energy is used frugally. Monstersaurs are ectotherms

(or, as they are sometimes erroneously known, cold-

blooded animals), lacking internal mechanisms to

regulate their body temperatures. With each drop in

body temperature of eighteen degrees Fahrenheit,

their metabolic rates decrease threefold.

The resulting energy conservation makes frequent

foraging unnecessary, and enables the monstersaurs

to occupy a feeding niche exploited by few other

lizards. Indeed, their frugal Kfestyle is causing her-

petologists to rethink what they know about lizards,

some of which turns out to be based on—you

guessed it—overinterpretations of experience. Con-

trary to the received wisdom, predators that search

widely can have low rates of overall activity—pro-

vided they have the right combination of high stor-

age capacity, large meals, and low metabolic rates.

Nothing about the foregoing should be taken to

imply that monstersaurs are always sluggish.

On the contrai-y, they have striking aerobic capaci-

ties. On a treadmill, beaded lizards can walk at half a

mile per hour for hours. Both monstersaur species

display some of the highest capacities for sustained

aerobic activity of any lizard ever measured, right up

there with their monitor cousins. Large capacities

for aerobic activity have traditionally been inter-

preted as adaptations to the needs of foraging. But

why would inactive lizards have such remarkable

endurance? For monstersaurs, endurance may fit

into a different context: competition for mates.

As that Gila monster and his intruding rival

demonstrated to me in the Mojave back in 1984,

monstersaurs can sustain prolonged bouts ot ritual-

ized combat. Males of both species engage in hours

a.-: ^. - - i.^ ...^ , .

For male Gila monsters, the first step to success in love is to

grapple with a competitor (upper photograph). The animals

twist and curl over each other, each trying to pin his foe to the

ground. (Although fighting lizards may bite, they are immune

to the venom.) The battles are fought over territory, shelter,

and, in consequence, mates; a male in a shelter may soon find

himself visited by a female. The ultimate goal of the fighting is

to father a nest full of hatchlings (lower photograph).
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of snorting, head pressing, and body twisting, all

aimed at claiming access to a breeding female.

Could their rituahzed combat be the evolutionary

spur to the monstersaurs' tremendous aerobic ca-

pacity? It looks as though the answer could be yes.

Gila monster wrestling matches have been ob-

served repeatedly near shelters where males pair

with females in the spring, when both sexes are

primed for mating. In such a bout, one male

climbs on top of his adversary and tries to remain

there, while his opponent twists around in an ef-

fort to reverse their positions.

Male beaded lizards have even more spectacular

combat rituals. The two challengers begin by

pressing against each other, first side-to-side, then

beUy-to-beUy, gradually creating a Uzard arch with

only snouts and tails contacting the ground. Larger

Sausagelike tail of the beaded lizard (and its Oila monster kin)

enables the animals to store fat for long periods when food is

scarce and activity is low.

size and a stronger, longer tail may give one lizard

an edge. A bout ends when one male topples the

arch and forces the other onto his back; the two
competitors repeat the contest until one lizard

gives up. Beaded lizards have been observed to

continue wrestling for more than fifteen hours.

Rituahzed battles are all about dominance. For

both species, remaining on top and forcing the op-

ponent to the ground appear to be the primary

objectives. Consistent losers retreat from the fight,

while the winner gets access to a shelter housing a

female. The exhausting contests test the limits of

endurance, giving obvious advantages to the ani-

mal with the higher aerobic capacity.

Intriguingly, male monstersaurs have higher aer-

obic capacities than females do, suggesting that

sexual selection—the shaping of a trait as a direct

result of some mating behavior—has acted on the

males. Christopher M. Gienger, a graduate student

at the University of Nevada, Reno, and I have also

found that male Gila monsters have wider heads

than females and that male beaded lizards have

longer tails than females—traits that may have

evolved because they are useful in combat.

Although day-long battles for females are full

of drama, it must be recalled that most of the

time monstersaurs must rest quietly in their bur-

rows. Such shelters—usually abandoned mammal
burrows, rocky crevices, or, in the case of the

beaded lizards, tree cavities—are crucial to survival

in regions of great seasonal extremes of climate.

Until recently, little has been known about these

safe havens or how desert animals select them.

Much ofmy recent work has focused on the physi-

cal conditions of the burrows and their role in the

monstersaurs' life cycle.

Randy Jennings, a herpetologist at Western

New Mexico University in Silver City, and I fol-

lowed eight Gila monsters for six years, monitor-

ing their use of more than 250 shelters. At our

study site in the Chihuahuan Desert ofNew Mex-
ico we found that Gila monsters are selective:

They focus their activities where potential shelters

are plentiful.

Moreover, they aren't looking for just any old

hole in the ground; their preferences depend

strongly on the season. When they emerge from

dormancy in late winter and early spring, Gila

monsters tend to choose rocky shelters facing the

rising sun. The entrances to east-facing shelters

warm quickly in the morning, and the Gila mon-
sters occasionally bask in the warmth at this time of

year. In winter, monstersaurs choose shelters on

south-facing slopes, which catch the maximum
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amount of sunlight; winter shelters tend to be

rockier, deeper, and better insulated than the

ones occupied during other seasons, h: the

hottest, driest periods Gila monsters choose

burrows in cool soil, which retain precious

moisture better than rocky burrows do.

Dale F. DeNardo, a herpetologist and veteri-

narian at Arizona State University in Tempe,

has shown that at temperatures higher than

ninety-five degrees Fahrenheit, Gila monsters

lose water five times faster than would be

predicted for Hzards of their size. Most of the

water is lost through the cloaca, a body open-

ing that serves for both excreting wastes and

for reproduction. But Gila monsters also lose

water faster across the skin than other lizards

do. Choosing the more humid shelters in the

dry season may be particularly important

for Gila monsters in avoiding dehydration.

Strikingly, Gila monsters return year after

year to the same shelters, some of which ap-

pear to be little more than inconspicuous

crevices in a rock. Jennings and I found that

Gila monsters seem to be most drawn to the

shelters they have inhabited during extreme

periods: winter and the driest part of the sum-

mer, before quenching rains arrive. In the

Sonoran Desert in Arizona, the late Brent E.

Martin and Charles H. Lowe, both herpetologists at

the University of Arizona in Tucson, observed one

individual returning to the same overwintering site

for more than seventeen years! Perhaps, on reflec-

tion, it is unsurprising that once a shelter has helped

an animal survive during a season of extremes, the

animal tends to return to it again and again.

But to return faithfully to a particular burrow, a

monstersaur must be able to find it year after

year. Like snakes and monitor lizards, monstersaurs

can follow extremely faint chemical trails. In Utah

I have watched males rub the bases of their tails on

rocks, a behavior that looked Hke an effort to mark

the entrance to a shelter with a chemical signal. A
keen sensory system for following chemical cues,

along with good spatial memory, would help ex-

plain how monstersaurs can return to a specific

hiding place every year.

It was that system of senses and stored memories

that guided the Utah male back to those previously

used shelters in the spring of 198^—and set the stage

for the wrestling match that captivated me. Alas, if

he is still aHve, he may find part of his home has dis-

appeared. Many of my former study areas in Utah

are being converted to recreational and housing de-

velopments. And though efforts are being made to

Gila monster inspects a suburban sw/mm/ng pool. The single greatest

threat to the Gila monster is the sprawling development around cities

in the southwestern United States, which reduces the lizards' habitat

and leaves them stranded in the human-built terrain.

transplant and protect monstersaurs, they may be to

little avail. Brian K. Sullivan at Arizona State Uni-

versity West in Phoenix, Gordon W. Schuett ofZoo
Adanta, and Matthew A. Kwiatkowski at Colorado

State University in Fort Collins, all herpetologists,

have studied the effects of upscale suburban growth

on Gila monsters near Phoenix. When Gila mon-
sters are relocated to areas away from development,

the investigators have found, the Uzards usually per-

ish, despite the great care taken in finding habitat

that seems appropriate. Apparently, htde "empty"

habitat remains.

It would be sad if these remarkable creatures dis-

appeared. Back in graduate school, whenever I was

asked why anyone would care about venomous

monsters, the only rejoinder I could muster was:

"They're cool!" I still think monstersaurs are cool.

But after years of study I can add to my answer.

Beaded lizards and Gila monsters display a unique

combination of evolutionary tenacin,; energ\' effi-

ciency, and endurance—a solution to the problem

of life unlike that of any other lizard. From a more

human-oriented perspecdve. I can point out that

peptides firom their venom are helping to treat dia-

betes. I don't think it's an overinterpretation ot ex-

perience to say that without them, the world

would be a poorer place. D
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Worker Ludmilla Dorofeyava, who ran the scientific library and translated secret

documents at a former Soviet Union bioweapons production facility at Stepnogorsk,

Kazakhstan, displays the breathing mask she would have used in case of an accidental

release of deadly pathogens. The valves in the foreground are part of the ventilation-

isolation system.

A Most Daneerous Game
By Wendy Orent

Photographs by Lynn Johnson

chimera 1 a cap : a fire-breathing she-monster in Greek

mythology having a hon's head, a goat's body, and a ser-

pent's tail b : an imaginary monster compounded of in-

congruous parts 2 : an illusion or fabrication of the mind
. . . <a fancy, a chimera in my brain, troubles me in my
prayer—John Donne> 3 : an individual, organ, or part

consisting of tissues of diverse genetic constitution.—Merriam-Webster's Collegiate Dictionary

(Eleventh Edition)

Smallpox was the deadliest of all contagious

human diseases, an exquisitely calibrated

killer. No other human disease combined
such virulence, or deadhness, with such transmissi-

bility, the ease with which a germ can move firom

host to host. Before smallpox was eradicated from

the natural environment, its "hottest" strains killed

as many as 50 percent of the people they infected.

Why, then, would anyone seek to create a small-

pox chimera—a genetically hybrid virus dehber-

ately engineered to increase smallpox's killing

power? The virus known as variola would seem to

be deadly enough on its own. Why would anyone,

even a bioterrorist, want to "improve" it?

The moment the question is asked, the answer

seems, unfortunately, self-evident. There is a "logic

of developing weapons," according to Ken AUbek,

former deputy director of Biopreparat, the "civil-

ian" arm of the biological weapons, or bioweapons,

program of the former Soviet Union. Weapons-

making logic ensures that wherever a weakness ex-

ists in a potential weapon—the natural smallpox

virus, for instance—^weapons makers wUl do all they

can to "correct" it.

From the point of view of a bioweapons maker,

natural smallpox has two major shortcomings.

First, an outbreak can be stopped through vacci-

nation, the very tool that enabled the disease to

be driven out of nature in the first place. Second,

other diseases exist that are even more lethal

than smallpox: inhalation anthrax and pneumonic
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Refrigerated vials containing live disease

cultures are displayed by a worker at the

Scientific Center for Quarantine and

Zoonotic Diseases in Almaty, Kazakhstan.

Guinea pig is infected with plague, as part of an experiment at the Center. Although

the institution's mandate has always been to develop drugs, during the Soviet era the

facility's resources were secretly diverted to research on bioweapons incorporating

any number of pathogens.

A hiovueapon loaded with a smallpox chimera—part virus, part human DNA—
has become a nightmarish visionfor virologists. But anticipating genetically "enhanced'

diseases by building defenses against them poses troubling risks of its own.

plague, for instance, can kill close to 100 percent

of the people they infect. If a vaccine-resistant,

deadlier smallpox can be engineered by inserting

foreign DNA into the virus, without compro-
mising the contagiousness of the natural disease,

the resulting chimera would make a truly terrible

weapon—a weapon against which, as of now, there

is no certain means of defense.

Unfortunately, the means to engineer such a

chimera may be closer at hand than most people

think. Modern molecular biology and genetic en-

gineering have opened up diabolical possibilities

that make smallpox a more dangerous threat than it

ever was in the days before it was driven off the

earth. The current smallpox vaccine, once used to

eradicate the disease, may offer little protection to

anyone against a smallpox chimera. I hasten to add

that there is no evidence that anyone, anywhere,

has actually produced a genetically modified small-

pox capable of overcoming immunity. But the

technology, and the knowledge, for doing so exists.

Genetically engineered smallpox has become, as

the poet John Donne might have said, a chimera in

the brain. The threat of such a chimera is forcing

scientists to join new battles on new terrain. In his

memoir, Biowanior, Igor V. Domaradskij, one ofthe

principal designers of the bioweapons program for

the former Soviet Union, puts the matter blundy:

"In order to defend oneself one has to be in posses-

sion of what one must defend against. Otherwise

there is nothing to be done." So, fearing pox

chimeras in the hands of rogue scientists or rogue

states. Western investigators have gone a fair way
towards creating such chimeras themselves. And no

one knows whether such purel)^ defensive research

is part of the solution or part of the problem.

The genetic engineering of infectious agents for

use in bioweapons is nothing new. The Soviet

bioweapons program worked tor many years with
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smallpox and other lethal agents, including plague

and anthrax. Genetic engineering of such agents

began as long ago, as 1973, in the shadow of the

1972 Biological and Toxin Weapons Convention,

signed by the Soviet Union and by more than a

hundred other countries, including the United

States. In recent years it has come to Hght that the

Soviets used the treaty as a screen for giving deep

cover to what was already an ongoing, secret

bioweapons program. In the following decades they

would grow the smallpox virus by the ton, learn to

dry it, harden it, and prepare it to be packed into

refrigerated ballistic missiles designed to preserve

the virus during reentry into the atinosphere.

As early as 1971, they tested their inirial smallpox

weapon by spraying a virulent strain of the virus

into the air off Vozrozhdeniye Island, in the Aral

Sea. The invisible plume drifted across the water.

Nine miles away, Bayan Bisenova, a twenty-tour-

year-old icthyologist, was working on the deck of a

research boat as it sailed through the plume. Bisen-

ova had been vaccinated, but she came down with

smallpox anyway, then passed it along to several

other people. Eventually nine other people con-

tracted the disease, three ot whom had never been

"by hand"—a long and tedious process. But the

goal was deemed well worth the effort: a host in-

fected with the genetically altered vaccinia might

be induced to pump out quantities of mammahan
proteins, specifically toxins or chemicals that play a

role in the workings of the immune system, that

would subvert the host's normal immune response

and make the disease more lethal.

Sergei Popov, the former head of a department at

the Vector Laboratories, says his group's intent was

to march through the genes that coded for a large

number of known immune-system peptides, or

short proteins. By inserting those genes one by one

into the vaccinia genome, then infecting the host

with the genetically altered virus, the virologists

could determine which protein was the most po-

tent in suppressing the host's immune system.

Popov left Vector in 1987. By that rime, he says.

Vector had already synthesized DNA that codes for

interferon-alpha, a peptide that has antiviral fiinc-

tions, including the activation of immune-system

killer cells. Popov notes that the work at Vector con-

tinued after he left. He also makes it clear that vac-

cinia was just a convenient experimental stand-in—

a

proof of principle—for the real target: smallpox.

vaccinated. All three died of hemorrhagic smallpox,

the rarest and deadliest form of the disease. In No-
vember 2001, recalling that outbreak in an Inter-

view in Moscow Neii's, the old Soviet bioweaponeer

General Pyotr Burgasov remarked, "Smallpox! Now
that's a real biological weapon!"

And that was before genetic engineering was

ever attempted in the Soviet Union.

In the 1970s and 1980s the tools of what was

then known as recombinant DNA technology

were developed, offering the Soviet bioweapons

program a way to build a "better" version of small-

pox. As I noted earlier, even the hottest strains, the

ones from India or Bangladesh, did not kill more
than half of those infected. If you wanted a "real

biological weapon," you ought to be able to do

better than 50 percent lethality.

In the late 1980s Soviet molecular biologists at

Vector Laboratories in Koltsovo, Siberia, applied

recombinant DNA technology to add strands of

mammalian DNA to vaccinia, the relatively harm-

less relative of variola virus that is used for vaccina-

tion against smallpox. In those days the laboratory

had to synthesize the strands of mammalian DNA

In the West, recombinant work with vaccinia

virus has gone on for years—mosdy as a vehicle

for dehvering recombinant vaccines. Vaccinia is a

giant virus, as is variola and the other viruses in the

genus Orthopoxvirus. Perhaps because of their size,

orthopox viruses are more hospitable than other

viruses are to the insertion of "foreign" genes, and

thus to the formation of a recombinant vaccine

strain—in effect, a chimera. The gene-sphcing

technique has been effective in creating a vaccine

against rabies in foxes, and it is central to some ef-

forts to develop vaccines against respiratory syncytial

virus, AIDS, and certain cancers.

In 1996 AustraHan virologists spliced the gene

that codes for an immune-system protein known
as interleukin-4, which promotes the release of an-

tibodies by white blood cells, into vaccinia virus.

To their surprise, the virologists found that the re-

combinant virus "profoundly suppresses" cellular

immunity in the infected host—the ability of the

host's body to fight off viral infections. In 2001 an-

other team, including some of the investigators

from the 1996 study, reported that they had added

the gene for interleukin-4 (the gene itself is known
as IL4) to ectromeha, or mousepox virus.
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Given the immune suppression noted in 1996,

the 2001 team might have had good reason to ex-

pect a calamitous result with their /L4-mousepox
chimera. But they were not really trying to create a

lethal agent. Their goal was to ci'eate a kind of

birth control tor mice, which overrun granaries in

Australia. The eiiect they observed, however, was

overwhelming: the chimera overcame immunity
not only in mice that had previously been vacci-

nated, but also in strains of mice known to be nat-

urally resistant to mousepox. Sixty percent of the

immunized or resistant mice died of the genetically

modified mousepox. The miplications were clear:

if such a deadly strain of mousepox could be built,

what' would prevent performing the same kinds of

genetic manipulations, with the same chilling ef-

fects, with the virus that causes smallpox?

Disturbed by the AustraHan results, an Ameri-

can poxvirus expert, R. Mark Buller of Saint

Louis University in Missouri, set out to create a

lethal mousepox chimera of his own. Unlike the

Australian team, though, Buller chose an insertion

point that would promote the production of inter-

leukin-4 protein without disturbing the essential

functions of the virus. His aim was not to duplicate

the Australian chimera, but to develop an effective

treatment against it. His first experiments, in 2003,

suggested that simply vaccinating mice with fresh

vaccinia protected them against a recombinant

mousepox similar to (but less potent than) the one

the Austrahan team had created. That finding was

encouraging. It suggested that immunizing humans
against smallpox inight protect them against genet-

ically engineered variola as well.

Then Buller raised the ante. Could the virulence,

or deadliness, ofthe virus depend on more than just

where the IL4 gene was inserted in the viral

genome? He introduced various kinds of "pro-

moter" DNA—short sequences of spliced DNA
that influence how much interleukin-4 protein is

produced by the chimeric virus.

In the end, Buller made six chimeras, one of

which maintained the fuU virulence of the mouse-

pox virus, yet also yielded large quantities of inter-

leukin-4.When he infected mice with the new, fliUy

virulent chimera, the results were startling. It made
no difference whether the inice were naturally resis-

tant to ordinary mousepox infection, or that they

had been fi-eshly immunized against mousepox with

vaccinia virus. All of them died. Buller even treated

one group of naturally resistant mice with cidofovir,

an antiviral agent best known as an anti-AIDS drug,

which interferes with poxvirus replication. Yet

those mice, too, all succumbed to the new chimera.

Strains of pathogens from infected animals are cultured by Lena Yakusheva,

a worker at the Scientific Research Agricultural Institute in Otar, Kazakhstan.

The facility receives U.S. funding from the Defense Threat Reduction Agency
(DTRA): the support is intended to reduce the likelihood that staff and material

will be dispersed.

Camp 12, formerly a recreation nan at the Nevada Test Site, was converted

to a mock bioweapons laboratory as part of a secret research effort by DTRA
to see how hard it would be to accumulate the equipment, technology,

and substances—all purchased on the open market—necessary for producing

a bioweapon.

Ebola virus is studied by an investigator at the U.S. Army Medical Research

Institute of Infectious Diseases in Fort Detrick, Maryland. Though highly

virulent, the pathogen is not as infectious as smallpox.
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Buller had to de\Tse some wav to defeat his ne\v

and alarmingly successhil chimera. He injected

chimera-infected mice with a monoclonal antibody,

a molecule specifically engineered to bind direcdy

to the interleukin-4 molecule. The antibody acted

like a molecular sponge, soaking up the excess inter-

leukin-4 produced by BuUers lethal chimera. And
combining all the treatments ^^orked: if the mice

were natorally resistant to normal mousepox, and

were treated \\ith cidofo\Tr and the monoclonal an-

ribod\; thev all survived the lethal chimera.

Isolation suits for protecting workers from hazardous materials

are on display, in a range of styles, at an administrative office

associated wftfi the Camp 12 project, the mock bioweapons

laboratory DTRA assembled at the Nevada Test Site.

AS I noted earlier, the \irulence of a germ is not

the same thing as its transmissibiht\". \^Tien

Buller tested the transmissibility ofhis IL4-mousepox

chimera, he found that it did not seem to spread as

well as natural mousepox. One problem was simply

that the infected animals died faster, thereby shorten-

ing the contagious perioi during which the infected

animals could pass the \irus along to other hosts.

Even during the contagious period, the natural ^i^us

seemed to spread more quickly than the chimera did.

Buller describes his chimera as a double-edged s^vord:

"increased lethalit\- for the host, . . . lessened abiHt^' to

transmit for the \irus."

But mousepox transmission is not a perfect

model for the transmission of smallpox. Mousepox
spreads by direct, skin-to-skin contact. Smallpox

spreads when a new victim inhales particles shed

fixjm an infected person's throat or skin. No one

knows how an 7L4-smallpox chimera would be-

have, though presumably, hke the mousepox
chimera, it would subvert the appropriate mam-
mahan immune response to a poxvirus.

Mousepox is not smallpox, either: it kills mice,

not men. But BuUer's work ^^ith mousepox shows

how, by experimenting ^^ith various combina-

tions, \Trologists could create an /L-/-smallpox

chimera. Would such a chimera really act hke
smallpox? The natural virus is. in effect, both

front- and back-end-loaded. At the "front end,"

the inhaled particles from an infected person lodge

in the throat or upper respirator)- tract of the new
\icrim. Then, before the \ictim becomes too sick

to move, sores form on the mucus membranes of

the throat, from which hve \irus can be coughed

or otherv\ise propelled into the air and circulate

among new \ictims.

At the "back end," smallpox is a systemic disease,

eventually settling in the skin and forming pocks,

or pus-fiUed blisters, which eventually scab over.

The pocks teem with virus particles. Scabs shed by

the \ictun can last a long time in the external emi-
ronment. Indeed, smallpox \irus is one of the most

stable and durable ot all \iruses, a perfect exemplar

ot what Paul W. Ewald. an evolutionan,- biologist at

the Universit\- ot Louis\ille, in Kentuck\; calls "a

sit-and-wait pathogen." Virus particles could sim-

ply He in wait for the next host to happen by.

Would an iL-/-smallpox chimera cause early le-

sions in the throat? Would it be as durable as natural

smallpox? No one knows. If released into a human
population, would it spread and evolve, or would it

drop out under pressure from natural selection? No
one knows. AH one can infer from BuHer's experi-

ments is that its ^icrims would probablv die quickly.

reducing the window of transmissibilit\-. Would that

prevent an epidemic? No one can say.

Nor can anyone say just yet, whether any treat-

ment, even one as elaborately put together as

BuUers. would work against bioengineered smallpox.

The whole point of BuUers research is to answer

that question, to see whether protective therapies can

be de\ised against a potential \'ulnerabilit\". BuUer

himseU" is not satisfied with his current solution: ad-

ministering both cidofo\ir and monoclonal antibod-

ies, he admits, would be ditBcult. Furthermore, in

the event of a chimeric smaUpox attack, he notes,

"you would have to know what the target gene, or

the toxin, or the cytokine [immune s\-stem protein]

used is. You wouldn't know in advance what some-

bod}.' is going to use in a construct ot this kind.

"

And the bioweaponeen are nothing if not inven-

tive. In the 1980s, for instance. Popov placed cono-

toxin, a deadly poison derived from marine snails, in

vaccinia and tested it at the Vector Laboratories.

SmaUpox combined with other toxins is easy to

imagine, once the technology- has developed. BuUer

argues that w'hat is needed is a treatment regime de-

signed to confront a large number of possible

chimeras. The goal, he says, should be to tind an

antrvdial drug that interrupts \iral repHcation at a di^
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ferent stage than cidofovir does. Administered to-

gether, the two antivirals niigiit be etFective in clear-

ing even a bioengineered virus fi-om the body. No
such second tirug yet exists, and Peter B. Jahrling,

also at USAMRIID and the army's leading virologist

as well as a poxvirus expert, is not optiniistic that two

antivirals will work better than one. "If cidofovir

doesn't work, why would it work any better if you

combine it with another antiviral?" he asks.

"The moment this construct [/L4-mousepox

chimera] was made, the vulnerability was opened,"

says Richard H. Ebright, a microbiologist at Rut-

gers University in Piscataway, New Jersey. "That

vulnerability will close only when the requisite

two antivirals are stockpiled and ready."

The window of vulnerabiHty is now open—and

a lot of difficult questions emerge. How many
new chimeras must be created and tested, if people

are to be safe? Should research laboratories take

even one more step in that direction? Does the very

research seeking to protect against chimeras make

them more Ukely, not less Ukely, to emerge from

the mind and into reality? Is the National Institutes

of Health, which sponsors Buller's work, really

"turning into the research wing of al-Qaeda," as

Ebright puts it?

But there clearly is another horn to the dilemma.

What was reportedly done in the research laborato-

ries of the former Soviet Union—after the Soviets

signed the bioweapons convention—is sobering.

And what happened at that time took place in the

days before gene synthesizers, when novel genetic

material had to be assembled by hand. Are we delud-

ing ourselves ifwe do not try to protect against novel

genetic threats? After all, if Buller is right, joint ther-

apy with two antivirals might work against all small-

pox chimeras, even ones no one has yet imagined.

Buller's research—an effective proof of principle

for smallpox bioengineering—continues. Not
everyone accepts that the Soviet bioweaponeers

did what they say they did—some people have

brushed off their accounts of genetic engineering as,

well, chimerical. But Buller has demonstrated the

truth of the matter: Genetically engineered diseases

can km, even if they can't spread. The window of

vulnerability will remain open whether chimeric re-

search ceases or continues.

We had better figure out, and quickly, how to

close it. D

Makeshift isolation barrier was built by the Camp 12 project out of readily available materials. Harm-

less organisms were grown at the facility, to see if signs of fermentation could be detected by satellite.
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The Best ofAll

Possible Worlds
The anthropic approach to cosmology asks, What makes the universe

compatible with intelligent life? Was it just the luck of the draw?

By Donald Goldsmith

Alfredo Castaneda, At the Midpoint of Our Life, 2003
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Cogito ergo sum," wrote Rene Descartes in

1641: "I think, therefore I am." Anyone
who has a thought, in other words, must

actually exist—quite a relief for those who had

their doubts. Three and a half centuries later scien-

tists and philosophers are investigating an intrigu-

ing, related question that Descartes passed over:

Sum ergo . . . ? What conclusions, if any, can be

drawn from the fact that we do exist?

Attempts to answer that question have given in-

creased support to a line of thought that scientists

and philosophers have termed the "anthropic prin-

ciple," the idea that the simple fact of our existence

offers fundamental insights and information about

the erltire universe. First named in 1973 by the cos-

mologist Brandon Carter, now at the Paris Observ-

atory in Meudon, France, the anthropic principle

can be better described as the "anthropic approach"

to the cosmos, examining the universe for what can

be deduced from the fact that we are here. (To em-
phasize that the "we" in question could be any

form of inteUigent Ufe, some prefer the term "bio-

phihc pife-loving] principle" to the terms "an-

thropic principle" or "anthropic approach.")

The anthropic principle rests on the assump-

tion—maintained by almost all physicists and cos-

mologists—that a single set of physical laws holds

true throughout the universe. All of modern cos-

mology, including the theory of the expanding uni-

verse, rests on that assumption. The principle itself

has at least two forms. One, called the weak an-

thropic principle, notes that for us to exist and thus

to observe the universe, the values of the parameters

that describe the cosmos must be consistent with

the fact that we have evolved within the universe.

The second version, called the strong anthropic

principle, requires that the basic parameters de-

scribing the cosmos—the strengths of fundamental

forces, for instance—cannot have random values,

but instead must have values that enable Ufe to de-

velop at some stage in cosmic history, hi other

words, no universe could exist that did not allow

the possibility of life.

What can either or both of these versions add to

science? Some scientists find them no more than a

tautology: We're here because we're here. Certainly

from a biological viewpoint, the fact that so many
possible sites for Hfe exist in the cosmos, and the tact

that Hfe as we know it thrives in a range of environ-

ments, suggest at most a weak connection between

cosmic conditions and the evolution ot lite on

Earth. The story of Hfe on Earth is the story ofhow
Hfe has evolved to be fit for our planet. The biolo-

gist Paul P. Ehiiich of Stanford University makes the

same point for the universe in general: "To say that

'the universe is fit for life,'" he writes, "has things

exactly backward: We are fit for the universe, not

the other way around. Had things been ditlerent,

we would have evolved difierently."

Yet some scientists—though certainly not aU

—

are convinced that the anthropic principle has in-

trinsic scientific worth. Certain facts, or clusters of

tacts, about the universe as a whole—once again, as-

suming that the same laws of physics hold sway

throughout its extent—suggest that the physical pa-

rameters ofour universe do not have random values.

Until recently, the "cosmic coincidences" most

frequently cited as being favorable to Hfe in-

cluded the foUowing three items:

• The development of structure in the universe

during its first biUion years gave rise to galaxy

clusters and to individual galaxies made up of

hundreds of bilHons of stars. That process de-

pended critically on minute deviations from a

totaUy smooth distribution of matter at the time

clumps of matter could first form, about

380,000 years after the big bang. If those devia-

Is it only a "cosmic coimideme" that

matter in the early universe was just

lumpy enough for galaxies to form?

tions had been a trifle smaller, galaxies would

never have formed as the universe expanded; if

they had been a bit larger, almost aU the matter

in the universe would have ended up in super-

massive black holes.

• The strong nuclear force holds protons and

neutrons together. If that force were more than

2 percent stronger than its actual value, protons

would bind themselves in pairs to form "di-

proton nuclei"—a state of matter that does not

occur in the universe we inhabit. In that case,

nuclear fusion during the first few minutes after

the big bang would have left nearly aU the pro-

tons in the universe bound up in cH-proton nu-

clei. Those nuclei would have quickh' become
deuterium nuclei (each made up of one proton

and one neutron) as one of the two flised pro-

tons turned into a neutron. The deuterium nu-

clei would then have rapidly paired off and

frised to form heHum nuclei, each made up of

two protons and two neutrons. As a result, most

of the ordinarv matter in the universe would
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ha\'e become helium, not hydrogen. In our

universe, about a quarter ot the ordinars' matter

did end up in hehum, but almost all the rest

remained in the form of protons (hydrogen

nuclei). A heUum-doniinated universe could

never have given birth to stars that generate en-

ergy by fusing hydrogen into hehum. Nor
could it have produced water, the solvent that

many scienrists think is essential to Ufe.

• E\'en more tormitously, the range ot condi-

rions inside stars happens to include those suit-

able for creating carbon nuclei. Each nucleus of

carbon's primary^ isotope includes six protons

and six neutrons. At the high temperatures in-

side aging stars, two heUum nuclei can move
toward each other fast enough to o\'ercome the

mutual repulsion of their positive electric

charges. If the nuclei collide, they become
bound together by the strong nuclear force and

fuse, creating a nucleus ofberyllium, which has

four protons and four neutrons.

Simple arithmetic suggests that one more
hehum nucleus could then fuse \\ith the ber\'l-

hum to make carbon (four protons plus rvvo

make six). The bers'lHum nucleus is unstable,

however, and seems far more hkely to decay

rapidly than to fiise \\ith another hehum nu-

cleus. Since carbon is in fact abundant, the fu-

sion must actually prevail, but whv?

In 1954 the EngUsh cosmologist Fred Hovle

argued that the existence ot large numbers of

carbon nuclei in the universe imphes a seren-

dipitous propertN' of the carbon nucleus. Spe-

cifically, Hoyle argued, a carbon nucleus must

be able to exist in an excited state in which its

energy closely matches the energy of the nu-

cleus formed when a heUum nucleus coUides

\\'ith a bers'Uium nucleus at the temperatures

(and therefore the impact speeds) common
within aging stars. The energy of the collision

produces carbon nuclei in a "resonant state,"

some ot \\-hich can shed excess energy to yield

a stable form ot carbon.

Soon after Hoyles prediction, nuclear scien-

tists discovered that carbon does indeed possess

such a resonant state. Because carbon is the

basic strucmral element that enables complex

molecules to form in \"irtually infinite variety, a

universe without carbon might ^^"eIl be a uni-

verse ^^"ithout Hte.

None of these three coincidences can be re-

garded as definitive for concluding that the

parameters ot the universe are not random. But

Rene Magritte, Les Memo/res d'un Saint, 1960

taken together, they seem to confirm the idea of a

"Goldilocks" universe: the conclusion that the uni-

verse must be "just right" for complex forms of life

to appear. Other examples of cosmic "fine tuning"

exist, but until recently none of them seemed to

add much to the anthropic argument. Then cos-

mologists found e\adence for a non-zero cosmo-

logical constant.

The cosmological constant was frrst introduced

by Einstein into the equations he created in 1917 to

describe the overall evolution of the cosmos. The
constant describes—to use today's terminology'

—

the amount of "dark energy-" that resides in each

cubic centimeter of apparently empty space [see

"Gravity in Reverse," by Xeil deGrasse Tyson. Decem-

ber 2003 /January 2004]. Dark energy, an im-isible

kind of energy, tends to make the universe expand,

so its effects become more pronounced with time.

As the cosmos expands, more space is born, \\ith its

own additional dark energy. The newly created

dark energy makes the universe expand even more

rapidly, which in turn gives birth to still more dark
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energy, . . . and so on. What the future holds in that

scenario, for a time so distant that almost all the

stars will have burnt themselves out, is a universe in

a state of runaway expansion, a cosmos so vast that

the matter in it will be entirely insignificant.

No observational evidence favored a cosmologi-

cal constant until the fmal years of the 1990s; in-

deed, the lack of evidence led Einstein to regard

his introduction of the cosmological constant as

the "greatest blunder" of his scientific life. Hence
most cosmologists tended to assume that the con-

stant must be zero; dark energy, they agreed, does

not exist. In 1998, however, astronomers an-

nounced that their observations of supernova ex-

plosions in far-otf galaxies show that the expansion

of the universe is actually accelerating. The accel-

eration implies not only that dark energy exists,

but also that it exists in such quantities that, it mea-

sured by its mass equivalent, it dominates all the

rest of the matter and energy in the universe by a

ratio of almost three to one. Anci the domination

of dark energy will only increase as time passes.

But why does the cosmological constant have the

value that now characterizes the universe? Cosmolo-
gists may know some day, but for now, as the physi-

cist Thomas Banks of the University of California,

Santa Cruz, and Rutgers University in New
Brunswick, New Jersey, has written, "Explaining the

value of the cosmological constant remains the out-

standing problem of theoretical physics." A relatively

straightforward calculation does yield a theoretical

value for the cosmological constant, but that value is

greater than the measured one by a factor of about
10'-°—probably the largest discrepancy between

theory and observation science has ever had to bear.

If the cosmological constant had a smaller value

than that suggested by recent observations, it

would cause no trouble (just as one would expect,

remembering the happy days when the constant

was thought to be zero) . But if the constant were a

few times larger than it is now, the universe would

have expanded so rapidly that galaxies could not

have endured for the billions of years necessaiy to

bring forth complex forms of life.

What makes this result particularly relevant to

the anthropic principle, besides adding one

more parameter to the hst of "cosmic coincidences"?

Its significance lies in promoting the concept of the

"multiverse," an idea that has been dear to cosmolo-

gists' hearts for several decades—perhaps because it

boggles the mind so thoroughly that ordinary people

tend to shake their heads for rehef or from disbeUef,

or possibly both. The concept suggests that what

people usually call the universe, traditionally defined

as everything that exists, actually amounts to just one

of an infinite number of universes. Taken together,

these multiple universes constitute an infinitely

larger multiverse (sometimes called the metauni-

verse). You might think that some of the universes

would run into each other, Hke cosmic bumper cars,

but the theorists who created the concept assure us

that such things cannot happen.

The anthropic approach fits together well with

the concept of the multiverse. Multiverse cosmol-

ogy suggests that each of the many universes comes

into existence with its own, randomly generated

parameters and laws that govern the motions and

interactions of space and matter. Many such uni-

verses, for instance, would be born with a cosmo-

logical constant so large that each ot them would

quickly expand into emptiness, leaving no chance

tor galaxies or stars to t'orm. Still other universes

might resemble our own cosmos more closely, but

have strong forces so much stronger than ours that

all their hydrogen would fuse into helium early on.

If we do live in a multixerse. it should surprise no
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one that we find ourselves in a particular universe

that enables us to exist—one in which the laws of

nature provide world enough and time for intelli-

gent life to evolve. The multiverse approach seems

to reduce the strong anthropic principle to the as-

sertion that at least one of these universes had to be

born with conditions that would allow life to exist.

The multiverse concept does not, of course,

arise from, or depend on, the fact that the cosmo-

logical constant has turned out not be zero. But

the recently discovered non-zero value does pro-

vide special impetus to the idea of a universe

within a multiverse. Many theorists already suspect

that even the finest minds on the planet may find

no other way to explain that value. Explaining the

strength of the strong nuclear force, or the fact that

carbon nuclei have a resonant state that enables

The anthropic principle, says the cosmologist

Lawrence Krauss, is an "excuse in the absence of

good science. . . . It's just a imy of killing time."

them to form readily in stars, may require "no

more" than a subtler application of the basic la^vs

ot physics. Cosmologists hope to do the same with

the cosmological constant, but so far all efforts

have proved fruitless. Some have concluded that

the anthropic approach to a multiverse has the best

chance of providing a satisfactory answer.

gent-design approach but do favor the anthropic

principle, probably the best known is the cosmolo-

gist Martin
J. Rees of the University ofCambridge.

Rees emphasizes that we have already adopted an

anthropic approach toward explaining some aspects

of our existence. The size of the Earth's orbit

around the sun, for instance, which plays a crucial

role in the existence of Hfe on our planet, does not

follow from any physical law: it just is what it is.

According to Rees, then, science must simply de-

cide which cosmic questions can be answered

without appeahng to an anthropic principle, and

which must, by default, be resolved by the an-

thropic approach.

A sizable group of cosmologists fmd Rees s atti-

tude a bit too easygoing. Though not actually

disgruntled about the anthropic principle, they

are, nonetheless, in P. G. Wodehouse's

phrase, far from being gruntled with it.

The most prominent of the middle-

grounders, the physicist Steven Wein-

berg of the University of Texas in

Austin, provisionally accepts the an-

thropic principle as a disappointing last

resort, provoked by the failure to fmd a

better explanation for the value of the cosmological

constant. As Weinberg writes in his book Facing Up:

Satisfaction, of course, remains in the mind of

the beholder. Perhaps the most remarkable fea-

ture of the anthropic approach is its abihty to pro-

voke strong opinions and controversy, not only

among the public, but also—even more so

—

among cosmologists. A sampHng among the latter

shows that opinions run across a broad spectrum.

Unsurprisingly, the anthropic approach gets its

most favorable reception among those who seek to

explain the laws of nature in terms of "inteUigent

design": as the work of a creator whose goals in-

cluded bringing forth Ufe on Earth. But no one of

that persuasion needs a multiverse, and the chief re-

maining issue becomes one ofwondering why such

a wild and wacky universe was needed to bring

forth life on a single planet. Virtually no scientists,

however, are drawn to explanations that presuppose

inteUigent design, because all of science is moti-

vated by attempting to explain the cosmos without

invoking processes that Ue beyond the human abil-

ity to understand them.

Among the cosmologists who reject the inteUi-

I would personally be much happier ifwe could precisely

calculate the values of all the fundamental constants of

nature on the basis of fiindamental principles, rather than

having to think about what values are favorable to Ufe.

But nature cares little about what physicists prefer.

A third group of experts comprises those who
despise the anthropic principle. The cosmol-

ogist Michael S. Turner of the National Science

Foundation describes the anthropic approach as

"narcissistic" and a "principle of last resort." "Set

your goals high," he urges, "and try to solve cos-

mic puzzles on the basis of physics." The physicist

David Gross of the University of California, Santa

Barbara, notes that "science has managed to ex-

plain lots of other weird numbers—so why
shouldn't we expect eventuaUy to explain the cos-

mological constant and other key parameters?"

Unlike cosmologists who enjoy contemplating the

multiverse, Gross finds the concept irksome, since

it posits a multitude of universes with which we
can never interact, even in theory. Such a state of

affairs does not provide a firm basis for further sci-

entific research.

Perhaps the most outspoken opponent of the an-

thropic approach is the cosmologist Lawrence

Krauss of Case Western Reserve University in

Cleveland, who caUs the principle "always a sort of
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excuse in the absence of good science—never a

proof of anything. It's just a way of JdUing time." He
adds, "If we don't have a good idea about how to

explain the cosmological constant, let's say so!" He
derides the anthropic principle as "dangerous twice

over." For one thing, confusing its approach with

fundamental understanding may be "dangerous to

science"; furthermore, "the public will imagine that

science is no different from reUgion if [science] relies

on the principle to explain anything."

If you adopt the idea of the multiverse, the an-

thropic principle may seem

to furnish one of the oddest

proofs for the existence of God
yet promoted by human minds.

Could it be that for us to live on

our speck of dust within this

vast cosmos, a benevolent cre-

ator made an infinite number of

cosmoses so that one of them

would enable us to exist, some-

where within its confines?

Wouldn't it have been simpler to

skip some of the bells and whis-

des—to stick to one universe,

for instance?

Not necessarily. As the cos-

mologist Max Tegmark of the

University of Pennsylvania in

Philadelphia has wondered,

what seems so wasteful about

our puny existence in a multi-

verse made up of an infinite

number of infinite universes. Is

it space? But a single infinite

universe already wastes an infi-

nite amount. Is it matter? The
same objection appUes. Perhaps

it is the waste of information,

the additional description of

universe upon universe re-

quired in a multiverse. But

Tegmark points out that de-

scribing the totality of uni-

verses—the multiverse—may
be simpler than describmg just

one universe, just as describing

the full set of integers can be

simpler than specifying a subset

of them.

For now, the idea of a multi-

verse seems here to stay, at least

among cosmologists and so

long as they have no good ex-

planation for the cosmological constant. The an-

thropic principle likewise will continue to be de-

bated pro and con, as much on the grounds ofphilo-

sophical acceptance or repugnance as on the basis of

scientific logic. The debate will focus on cosmic is-

sues that Descartes apparendy never dreamed of

Einstein, though, met those issues head on,

when he said to his assistant:

What really interests me is whether God could have

created the world any differently; in other words,

whether the demand for logical simplicity leaves any

freedom at all. D

Giorgio de Clnirico, The Enigma of a Day, 1914
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THIS LAND

Delta Delights

Glacial meltimter, tides, winds, and waves

conspire to mold an Alaskan coastline.

By Robert H. Mohlenbrock

Two hundred fifty miles east

of Anchorage, the glacier-fed

waters of the Copper River

spread across a fifty-mile-wide delta

before emptying into the Gulf of

Alaska. The surrounding landscape is

alluvial fan and low-lying wetlands,

which extend inland as far as thirty-

seven iniles, all interleaved with

glacial moraines and spurs of the

Chugach Mountains to the north.

Although bordered by glaciers, the

delta is sheltered by the mountains

and faces the warm Alaska Current,

making its climate unexpectedly

moderate: summers are mild, winters

are cool but not cold, and all the sea-

sons are wet.

Largely under the management of

the Chugach National Forest, the

delta is a breeding ground or resting

place for 6 miUion migratory birds,

including American wigeons, dusky

Canada geese, green-winged teal,

mallards, northern pintails, trumpeter

swans, and western sandpipers.

Salmon—chinook, coho, and sock-

eye—run at various times from late

May through September, and Dolly

Varden char and cutthroat trout are

plentiful in the streams. Beavers,

black bears, brown bears, harbor seals,

moose, sea Hons, sea otters, and

wolves are among the local mammals.

The main obstacle to anyone who
wants to explore the delta is getting

there. To reach Cordova, the nearest

town, you can take a commercial

flight, then rent a vehicle locally.

Ferries in the Alaska Marine

Fed by meltwater

Tiedeman Slough

water in the foreg,

the Copper River

Highway system also

haul passengers and

vehicles to and from

Cordova year round.

My wife Beverly and

I had our van, so we
and van took the

eleven-hour ferry

ride from Seward.

The largest earth-

quake ever recorded

in North America,

rated at 9.2 on the

Richter scale, was

centered only 150

miles west of Cor-

dova. It struck at 5:36 P.M. on March

27, 1964, causing 115 deaths in

Alaska alone, 106 of them attribut-

able to the ensuing tsunamis. The
quake damaged the so-called Million

Dollar Bridge, built across the

Copper River in 1908, at the then-

exorbitant cost of about $1.5 million,

for the transport of copper ore by rail

to Cordova. (The bridge was later

converted to carry road traffic, and is

now preserved largely as a curiosity.)

The quake also lifted the entire

Copper River delta between six and

twelve feet, elevating large zones of

brackish marshes above the influence

of the tides.

The Copper River alluvial fan is

an outwash plain, that is, formed

from sediments deposited by glacial

meltwater. It is made up mostly of

streams, abandoned stream channels,

tree- or shrub-dominated terraces,

and scattered ponds. Inland, nearer
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from Sheridan Glacier, in the distance,

empties into Alaganik Slough (large body of

round), which lies within the southern reaches of

Delta.

the glaciers, the terrain is rougher,

with more distinct terraces. Peat

lands appear on the terraces wherever

a growth of sphagnum moss has ac-

cumulated in shallow depressions.

Closer to the sea, where the terrain is

smoother, forests of Sitka spruce and

western hemlock have developed.

Keith Boggs, an ecologist and the

manager of the Alaska Natural

Heritage Program at the University

of Alaska Anchorage, has defined and

described those and other plant com-
munities of the Copper River delta.

Within the marshland upUfted by

the earthquake, shrubs and trees now
grow on the levees that border ponds.

The ponds are three to four feet deep

and range in area from an acre to

more than ten acres. Tidal creeks stiU

form a branching pattern within the

uplifted marshland, nearly overflow-

ing their banks at high tide but often

turning into freshwater streams when
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the flow is reversed at low tide.

Fronting the area are sea cliffs as high

as six feet, which were formed prior

to the earthquake by the action of

ocean waves. Between the cliffs and

the sea, the rhythmic movement of

the tides is forming a new tidal marsh

that includes mudflats, tidal creeks,

tidal marshes, and tracts of shrubs.

Mixed in among the terraces, lev-

ees, and ponds are long, narrow

dunes formed by onshore winds fun-

neled upriver. They range between

twenty and 250 feet high and run as

long as nine miles. Although they are

wider and steeper upwind, vegeta-

tion grows on all sides; the tops,

however, are usually bare sand.

The wind as well as the ocean

currents and waves also create

beaches and back dunes at the edge

of the mainland. The same forces

have formed small barrier islands and

spits of sand offshore, which help

shelter the mainland. The beaches

are ideal for beach combing, clam-

ming, and observing brown bears

and other wildlife.

The forty-eight-mile-long Copper

River Highway, which extends east

of Cordova and ends at the Million

Dollar Bridge, provides an easy route

across the delta. The first section, a

twelve-mile stretch, is paved; the rest

is gravel. Along the way, visitors

have access in the Chugach National

Western sandpipers rest on the mudflats

during the/r spring migration stopover.

Forest to various campgrounds,

cabins, observation platforms, and

boardwalks. In addition, several side

roads and trails lead to close-up

views ot glaciers and other attrac-

tions. One side road, on the

approach to Million Dollar Bridge,

ends at an observation platform

overlooking Childs Glacier. The
glacier frequently calves huge chunks

of ice into the Copper River.

HABITATS

Outwash plain On alluvial soil, Sitka

spruce is the dominant tree, and

the ground is usually carpeted with

mosses. Shrubs include Alaska blue-

berry, devil's club, and saknonberry.

Oak fern and spinulose wood fern are

common, along with strawberryleaf

raspberry, threeleaf foamflower, and

twisted-stalk. Where conditions are

somewhat wetter, marsh horsetail is

common beneath a dense growth of

Sitka alder. If the soil is sometimes in-

undated by river water, either black

Cottonwood dominates above a shrub

layer of Sitka alder, or shrub-size Sitka

alder simply grows along with a fairly

continuous ground cover of bluejoint

(a grass). In ponds, Sitka sedge often

forms dense stands; other common
species are bluejoint, buckbean, marsh

five-fmger, and marsh horsetail.

Uplifted marsh Where there is satu-

rated peat, sweet gale grows above a

ground layer of Lyngbye's sedge or

Sitka sedge. Where the water level

fluctuates, Barclay's willow and

sweet gale tend to dominate above

an understory of buckbean, marsh

five-finger, and Sitka sedge, but un-

dergreen willow often abounds.

Mats of roots in the uplifted marshes

support a growth of Alaska bent

grass, bluejoint, Lyngbye's sedge,

threepetal bedstraw, and vetchJing,

usually with a substantial amount of

sphagnum. In areas where there are

permanent or semipermanent ponds,

the aquatic communities may be

dominated by buckbean, mare's tail,

marsh five-finger, or water horsetail.

Linear dunes Dune willow,

salmonberry, and Sitka alder grow

vigorously above common cow
parsnip, field horsetail, and lady fern.

Tidal marsh Lyngbye's sedge and

sweet gale occur throughout the tidal

marsh. In drier areas they are often

joined by Barclay's willow and under-

green wiDow, whereas wetter areas

often support Gmelin's buttercup and

pure stands of tundra alkali grass.

Barrier islands and sand spits

American dunegrass is usually the

first plant to colonize newly formed

sand spits and newly deposited sands

on the barrier islands, forming pure

stands around the bases of the slopes.

Common yarrow mixes in with the

grass upslope; higher up, fireweed

becomes a dominant species along

with bluejoint, lady fern, and sea-

coast angelica. Sometimes a zone of

Virginia strawberry occurs just below

the fireweed community. The highest

portions of dunes lifted by the 1964

earthquake support open Sitka

spruce forest with a thick under-

growth of moss.

Robert H. Mohlenbrock is professor

emeritus ofplant biology at Southern IlUnois

Uiiircrsity in Carbondale.
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REVIEW

Dad's Not Lost

But his steadfast refusal to ask for directions—despite the jokes—
need not be explained as an evolutionary trait of tlie luinian male.

By Deborah M. Gordon

Here u>e ate in our car

We've been driving ever so far.

We've been circling round and round.

Shall I tell you what we'vefound?

Dad's not lost.

No he's not,

Tliis is Daddy'sfavorite spot. . . .—"Dad's Not Lost" by Tom Paxton

Everyone knows the stereo-

ry-pe: Even when lost, men
grimly drive on without ask-

ing for directions. Evolutionary psy-

chologists would Hke to explain this

beha\aor by appealing to the roman-

tic lives of ancient hunter-gatherers

and, even further back, to the hip-

pocampus ofsmall rodents. The anal-

ogy between lost men and lost voles

may be silly but there seem to be

intriguing hnks bet\veen human
and animal behavior. In llliy Men
U'hn't Ask for Directions, Richard C.

Francis suggests that physiological

explanations ot behavior—about

how brains work—are often more in-

formative than accounts of why the

beha\nor evolved.

Evolutionary ps^xhologv; which fo-

cuses on the evolution ofhuman cog-

nition, emerged in the 1980s out of

sociobiolog\v a perspective that en-

compasses all beha\ior. Both sociobi-

olog\-, which the evolutionary' biolo-

gist Edward O. Wilson of Harv-ard

University' introduced in the 1970s,

and evolutionar\- ps\"cholog)' adhere

to the idea that everv' characteristic of

every species is adaptive—that is, each

characteristic has enhanced reproduc-

tive success. Apphed to explain the

evolution ofhuman beha\ior, the idea

proceeds with appealing but mislead-

ing sunpHciD.': 7\nimals are depicted as

doing something people also do. Next

comes an account of the evolutionarN'

advantage of the beha\dor for the ani-

mals. The conclusion is that it is

natural, and therefore ine\dtable, for

people to behave that way, too.

Ever since sociobiolog^' was intro-

duced, critics such as the the late

Stephen Jay Gould and evolutionary

biologist Richard C. Lewontin ot

Harvard Umversit\- have pointed out

that the basic reasoning of sociobiol-

og\- and evolutionar\? psychologN-

relies on mistaken evolutionary think-

liliy Men lion !

Ask for Directions:

Tlte Seductions of Sociohiology

by Richard C. Francis

Princeton University Press, 2003,

$29.95

uig. Not all characteristics ot organ-

isms, the critics note, come about as a

result of natural selection. Before nat-

ural selection can operate, there must

be some original variation among in-

di\iduals in a trait, such as good versus

poor spatial abihtN^. Furthermore, the

trait must be genetically inherited, and

one or another version of it must en-

able some indi\dduals to reproduce

more than others. But there are plenty'

of traits around today that don't satisfy

those criteria. Some traits have simply

accompanied other traits that natural

selection did favor, some are sriU

hanging around as a result of a related

trait in some distant ancestor, and

some may persist purely by accident.

The most general objection to the

idea that all traits are adaptive is that it

results in stories about evolution that

cannot be proved WTong. If someone

develops a good reason that natural

selection led to a certain trait, the ex-

planation may be accepted merely be-

cause it is plausible or comforting or

clever. If someone else gives a good
counterargument to the explanation,

a different adaptive reason can always

be invented.

Critics of sociobiologv' have also

pointed out another problem: the dit-

ficult\' of estabHshing genetic inheri-

tance of a trait. The action of genes

depends both on the development

and the en\ironment of the organism.

Behavior, ftirthermore, is social, de-

veloped in the context of our interac-

tions with others. Children imitate

the behavior of the adults they Hve

with, and everyone modifies beha\ior

according to circumstances. A man
might be woUing to ask for directions

at some times but not at others.

Now. m H 7;y Men M»(/ Y Ask for

Directions, Richard C. Francis takes on

evolutionary psychology' and sociobi-

ologs' from a new perspective—as a

neurobiologist. He describes accounts

of how sexual behavior works—par-
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Arthur Tress, Role Models, 1992

ticularly the neural and hormonal
processes involved in the behavior

—

to rebut simple adaptive explanations

for its evolution. He contrasts ques-

tions about what goes on inside an

animal's body with questions about

why natural selection favored a cer-

tain behavior. Francis shows that the

answers to the "why" questions ot

evolutionary psychology ignore plau-

sible, alternative "how" explanations.

Each chapter of the book describes

one aspect of sexual behavior,

outlines the adaptive explanation tor

it, and then otfers a ditlerent account,

on the basis of the physiolog)' behind

the behavior. Francis otten argues that

a particular behavior is a consequence

of bodily processes rooted in evolu-

tionary history, processes already in

place when the behavior arose. Some
sexual behavior, for instance, is a con-

Psychological

niindedn0»$

sequence ot ancestral physiological

pathways, rather than an innovation

selected for its own sake.

Why, for example, do women ha\e

orgasms? According to the convoluted

stories of e\'olutionary psychcilogists.

because sperm enters the uterus more

etFiciently during orgasm, it is adap-

tive tor women to be able to influence

whose sperm can fertilize an egg,

\\hich thev can do b\' choosiiiiz; with
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whom they have an orgasm. Francis

then describes an alternative explana-

tion for female orgasm suggested by

Elisabeth Lloyd, a philosopher of sci-

ence at Indiana University in Bloom-

ington, and others. Their idea is to

look at the constraints imposed by de-

velopment: the cUtoris is derived from

the same ancestral genitals as the

penis. Natural selection for the ejacu-

lation of sperm has favored the male

orgasm, and having a clitoris leads, as

does having a penis, to orgasms.

Most examples in the book are

about animal, not human, behavior.

(Francis's own research has focused on

the astonishingly varied and flexible

sexual behavior of fish.) He explains

why fish change sex, and how some

cichlid males can change from being

small males without territories to

large, dominant males with terri-

tories, and then back again. Those

changes are probably not determined

by natural selection on territorial be-

havior, Francis explains. Instead, they

can be traced to the gonadotrophin-

females, who stay home and let the

males come to them. But, Francis

reasons, in rodents the hippocampus

is the site of GnRH production. To

develop male gonads, a male must de-

velop a larger hippocampus as well.

Thus hippocampus size is related to

sexual development, not to naviga-

tion, and there is no reason to imag-

ine that selection on spatial ability has

favored the large hippocampus of

male rodents.

For some kinds of sexual behaviors,

Francis combines physiological

and adaptive explanations. He traces

the weird sexual anatomy of female

hyenas, whose clitoris looks like a

penis, back to selection for female

dominance. Female dominance, he

notes, may be adaptive among hyenas,

and selection for dominance would

select for unusually high levels of

androgen hormones in the develop-

ing female fetus. The female sexual

anatomy thus need not be adaptive at

all; instead, it probably originated as

step by step. In one section titled

"Testosterone Rex," he outlines the

effects of testosterone on the brain. In

a few pages he debunks the idea that

testosterone makes men behave as

they do. He notes that the action of

testosterone actually depends on its

access to the brain's receptors for es-

trogen. And its action, in turn, de-

pends on which genes have been

turned on during early development.

"Testosterone itself does not organize

anything," he concludes:

The credit for the organizing that gets

done as a result of testosterone's organiz-

ing effects should go primarily to the tar-

get tissues. . . . Next in importance, if we
are ranking the developmental actors

with respect to the magnitude of their

causal role, are the androgen receptors.

Testosterone comes in a distant third.

The descriptions Francis offers of

animals and their behavior are

vivid. Naked mole rats, he writes, are

"shaped like late-season yams that

have begun to sprout. . . . They seem

Francis debunks the idea that testosterone makes men behave as they do.

Its action actually depends on its access to the brain's receptors for estrogen.

releasing hormone (GnRH) and its

effects on the brain and body.

In another chapter Francis outlines

research on sex differences in spatial

ability, which investigators have stud-

ied in many animals, including kanga-

roo rats, voles, and people. The stud-

ies have discovered that males do
better than females in various tests of

spatial abiUty (though Francis argues

that the data on people are dubious).

In kangaroo rats and some vole spe-

cies, investigators have found that

male brains have a shghtly larger hip-

pocampus. Evolutionary psycholo-

gists maintain that natural selection

has promoted a large hippocampus in

niale voles and kangaroo rats because

spatial ability provides more repro-

ductive advantages to males, who
move long distances to mate, than to

just a by-product of high female levels

of androgen.

Francis gives a similar explanation

for the exceptional mimicry of

mockingbirds, suggesting that mim-
icry itself was not favored by natural

selection. Mockingbirds belong to a

lineage of birds that learn new songs

throughout their lives. In some
members of the lineage, males learn

the song to which females are most

receptive. Mockingbirds share with

the rest of their lineage the neurolog-

ical structures that make this learning

possible. Francis suggests that in

mockingbirds, this capacity leads to

learning all the time, not just during

mating behavior.

Francis is at his best when explain-

ing physiological processes: his expla-

nations are clear, straightforward, and

to have been plucked from the womb
much too early and then freeze-

dried." His sarcasm is usually light-

hearted. In what Francis calls the

"Fred and Barney" story—the names

refer to characters in The Flintstoiies—
he recasts the account of the behavior

of our hunter-gatherer ancestors in-

voked by evolutionary psychologists:

the men go out hunting while the

women stay home cooking and

cleaning. The story is supposed to ex-

plain why men don't ask for direc-

tions: the idea is that women back

then strongly preferred sexual part-

ners who didn't get lost on the hunt.

If sons inherited the spatial abihties of

their fathers, and women persisted in

this preference, not getting lost would

increase—until somehow, now, men
prefer not to appear lost. Along with
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this far-fetched story, the imat!;ined

Hves of Fred, Barney, and then- friends

have also been invoked to explain,

Francis writes:

Why we are so prone to kill each other

and why we die for each other, why we
exhibit fidelity to our mates and why we
are adulterous, why we court and why we
rape, why we are doting parents and why
we commit infanticide, why we are ethi-

cal creatures and why we are sociopaths,

why we have rock stars, why we have art,

why we have religion, why we have lan-

guage, and why we wage war.

All -this may seem a heavy burden to

put on Fred and Barney.

Francis's emphasis on "how" rather

than "why" questions points to

the direction in which evolutionary

biology will move. As more is learned

about how organisms work, explana-

tions based on physiological and eco-

logical processes will replace hand-

waving stories about how natural

selection might have worked.

But I think Francis concedes too

much when he accepts an adaptive

explanation, it plausible, as probably

correct. Empirical testing of evolu-

tionary hypotheses is difficult, but not

impossible. At least sometimes, it is al-

ready possible to do more than decide

which explanation is more appealing.

Research in evolutionary ecology can

demonstrate how natural selection is

acting now. The hope is that the more

data available on the ways natural se-

lection is currently working, the more

reahstic will be the stories of how it

happened in the past.

Unfortunately, only the choir

—

people such as Gould, Lewontin, or

Lloyd—seems to hear the preaching by

critics ofsociobiology and evolutionary

psychology', it is hard to explain why

—

in spite ot so much intellectual energv'

devoted to demonstrating the mistakes

of sociobiology and evolutionary psy-

chology—the scientific rebuttals have

had so little effect. Simplistic evolu-

tionary explanations seem to crop up

hke a pernicious fungus around every

new discovery in behavioral science.

Does the persistence of adaptive ac-

counts of human behavior merely re-

flect a collective fondness for explana-

tions that are easy to understand, and

comfortable because they justify the

status quo?

Francis offers a different reason for

the current addiction to adaptive ex-

planations. He suggests that the need

for "why" answers is analogous to

paranoia, to a delusional belief in the

operation of an external force. Just as

the paranoid thinks someone is always

out there, trying to hurt him, so evo-

lutionary psychologists think some-

thing is out there, making everything

happen for a reason. That belief

comes close to religious faith, and m
biology Francis traces this belief back

to William Paley, the nineteenth-cen-

tury theologian who argued, against

Darwin, that God, rather than evolu-

tion, creates species. Perhaps, Francis

suggests, evolutionary psychology is

best understood as religious faith

dressed up as science.

Deborah M. Gordon is a professor of

hiolofiictil sciences at Staiifoni University and

tlie antlior of Ants at Work: How an Insect

Society Is Organized (Norton & Company,

October 2000)".
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BOOKSHELF By Laurence A. Marschall

Locust: The Devastating Rise

and Mysterious Disappearance

of the Insect that Shaped

theAmerican Frontier

by Jeffrey A. Lockwood

Basic Books. 2004: S25.00

Among the more than 30 million

items in the National Collections

of Insects and Mites of the Smithson-

ian Institution is a pair ot nondescript

specimens: two dark grasshoppers ot

the species Melaiwpliis spretus, com-
monly known as the Rocky Moun-
tain locust. In the 1800s vast armies of

these creatures rose up every few

years, roUing across the Great Plains

and leaving nothing but ruin in their

wake. Their approach was heralded

only by an eerie grayness. Then the

horizon disappeared beneath an ad-

vancing cloud of blackness, while a

deafening buzz swelled out of the

gloom. Frontier farmers ran tor cover,

choking and flailing at the air. The lo-

custs shredded fields of ripening

wheat, stripped the wood from the

handles of farm tools, ate the very

clothes off of farmers who ventured

[ja0f»^--^'

Grasshopper plague, exaggeration postcard, early 19005

outdoors to drive them away. There

were reports of trains unable to move,

because the rails were greased for

miles by the bodies of crushed locusts.

The devastation was biblical. A
trained observer measured one swarm
in Nebraska to be at least 110 miles

wide. The swarm included an esti-

mated 3.5 trilUon insects. No wonder,

then, that the homesteaders viewed the

locusts as the \vrath of an angry God.

More pragmatic souls devised ways

to fight back, patenting devices Hke the

King Suction-Machine, a horse-drawn

contraption that vacuumed locusts into

a chamber where they were hurled to

their deaths against a wire screen and

blown into bags for disposal. But noth-

ing proved effective. It is no e.xaggera-

tion to say that locusts were a critical

factor in limiting growth on the Amer-
ican frontier, as well as in allocating

public resources—as important to con-

sider as climate, railways, and the strug-

gle with Native Americans.

Yet the two insects in the Smith-

sonian collection are notable for

another reason: they were the last liv-

ing specimens of the Rocky Mountain

locust. Because major infestations were

sporadic and unpredictable, no one in

the 1890s had noticed that the locust

populations were in decUne. Norman
Griddle, a Canadian naturalist who
collected the two museum specimens

in 1902, had no way of knowing that

the little dark grasshoppers would

never be seen again. Yet, as if the

prayers of the pious had been an-

swered, the Rocky Mountain locust

disappeared from the face of the Earth.

To the admittedly small

company of grasshopper

lovers (doubtless more nu-

merous now, however, than

in the 1800s), the disappear-

ance of the Rocky Mountain

locust remained one of the

great biological puzzles of all

time. Had some inadvertent

environmental insult made it

impossible for the locusts to

survive? Had the settlers' in-

fernal contraptions and pesticides ac-

complished their intended task after

all? Had the locusts transformed (as

some insects have been known to do)

into an alternate form—a different-

looking, more benign grasshopper?

The mystery was finally solved by

Jeffrey A. Lock^vood, an entomologist

at the University ofWyoming m Lara-

mie, who, after considerable searching,

found frozen remains of locust swarms

m remote glaciers in the Rockies.

With modern techniques, Lockwood
and his collaborators could rule out

many of the old theories. Finally, over

the decade ot the 1990s, a satisfying

picture of the fate of the insect

emerged. Lockwood deserves credit,

not only for his scientific acumen but

for being a first-rate writer of natural

history, and I wiU not spoil a great

story by giving away his best lines. Suf-

fice it to say that he has brought the

Rocky Mountain locust to Ufe, thank-

fully only on the pages of this lucid

and eminently entertaining book.

OurAffair with El Nino

by S. George PbiLvider

Princeton University Press, 2004;

$26.95

For centuries, residents of Peru's

arid coast have welcomed a warm-
ing of the normally frigid offshore wa-

ters, which comes every few years at

Christmastime. They called it El Niiio,

Spanish for the baby Jesus. Fishermen

still look to El Niiio's arrival as a tem-

porary respite from their work; most

of their edible catch thrives best in

colder waters. But when the waters of

El Nino are particularly warm and

linger longer than usual, the etiects on

local climate can be memorable. "The

desert becomes a garden," recalled a

visitor in 1891. "The soil is soaked by

the heavy downpour, and within a few

weeks the whole country is covered by

abundant pasture." Residents have re-

ported armies of yellow-and-black

water snakes floating in balmy swells,

along with bobbing armadas ot ba-

nanas and coconuts.

These mysterious effects hinted that

El Nifio was somehow connected

with events far from the shores of

Peru, and that, indeed, turned out to

be the case. During the International

Geophysical Year (actually an eigh-

teen-month period from July 1957

until December 1958), a worldwide

collaboration to collect data on the

state of the planet, oceanographers first
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Farmer walking on cracked earth, a consequence of El Nino, in Vietnam

recognized the phenomenon for what

it was: Peru's El Nirio was just the east-

ernmost edge of a strip of unusually

warm water that periodically over-

spread the equatorial Pacific. What's

more, they discovered. El Niiio has a

sister phenomenon. La Niiia, a period

of unusually cold waters that seemed

to alternate with El Nifio.

At the same tinie, meteorologists

recognized characteristic shifts in the

patterns of prevailing winds accom-

panying the seasonal temperature

changes. Within a few decades El

Nino's influence had been linked to a

wide variety of weather and climate

changes thousands of miles from its

origin: the arrival of monsoons in

India, the severity of winters in the

United States, the intensity of droughts

in southern Africa. Today scores of

buoys continuously monitor wind and

water conditions across the Pacific,

updating El Nino's vital signs (check

out www.pmel. noaa.gov/toga-tao).

There's a danger, though, warns S.

George Philander, a geoscientist at

Princeton University: all the supposed

linkages can get pushed too far. ha the

popular mind El Nino has become the

whipping boy for any change in cli-

mate that seems out of the ordinary.

The real phenomena. Philander ex-

plains, are far more complex. As elabo-

rate as computer models of climate are

today, they can only begin to approxi-

mate how water temperatures affect

winds, how winds affect ocean cur-

rents, how increasing

carbon dioxide alters

baseline ocean tem-

peratures, and how a

host of other factors

combine. Climatolo-

gists are only begin-

ning to turn today's

weather data into a

reliable guide to the

climate of the future.

El Niiio is not just

an oceanographic and

meteorological curi-

osity. It has also come
to prominence at the

right time for focusing attention on

the complexities of global climate. En-

vironmental science and pohcy will

turn to El Niiio both as a stardng point

for research and as an object lesson on

the connectedness of nature.

Walden Pond:A History

by IV. Barksdale Mayinmi

Oxford University Press. 2004;

$35.00

Asked to name the most important

bodies of water in the U.S., an

Australian schoolboy in the 1940s

Usted the Great Lakes, the Mississippi

River—and Walden Pond. That's

mighty impressive company for Wal-

den, a freshwater lake outside Con-

cord, Massachusetts, that is popular

with residents of the western Boston

suburbs as a picnic area, fishing hole,

and bathing site. Measured by its area

(barely sixty acres, depending on sea-

sonal rainfall) or commercial value,

Wilden Pond surely isn't worth much
more than any similar plot of real es-

tate in New England. Yet the school-

boy was right: it is hard to think of

a place of greater importance to the

intellectual and spiritual development

of the U.S.

A centurv and a half has passed since

Henry David Thoreau wrote Walden;

or, Life ill tlie Woods, a chronicle of the

author's two years of "deUberate living"

in a small cabin on the lake's northeast
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shore. But that brief liistorical connec-

tion has made Walden Pond a holy

shrine of the enviromnental move-
ment. W. Barksdale Maynard, an

arcliitectural historian, begins his ex-

haustively researched narrative with

Thoreau s first \isii to the shores of

the pond, at age ibur, in 1821. May-
iiards real ston; though, is the some-

times rocky history of the pond's

"beatifacation." which he brings up to

the present day

Even before Thoreau s essay, Walden

Pond exerted a magnetic appeal on
writers such as Ralph Waldo Emerson,

who saw^ the pond and its surrounding

territory as an American counterpart

to England's Lake District. There,

William Wordsworth and other Eng-

lish Romantic poets advocated rustic-

ily, in the form of rough-hew^l

cottages and quiet countrj' lanes, as

an antidote to the corruption ofindus-

trial cT^'ilizarion. Concord, even wilder

and more rough-hewn than the Eng-

lish countr%"side, was a natural pulpit

irom which Emerson could preach the

""Transcendentalist" gospel of nature,

urging his contemporaries to leave the

busde of ciU' life and seek peace and

spiritual renewal among the pines.

Mapiard puts Thoreau's great

work squarely in die context of

the Concord Transcendentalists, and

show's how the modem conser\"ation

movement took root along the shores

ofWalden Pond. IValdcn Pond was not

written as an en\Tromnental tract. But

it is easy to see the pond as a micro-

cosm of the struggle between conser-

vation and development an3T\'here on

the planet.

Even in the 1840s the pond w-as vis-

ited frequently by fishermen and

w?oodcutters, and Thoreau could hear

the rumble of the Boston-to-Fitch-

burg railroad as it passed along the

western shore. After Thoreau left, his

hunible house was moved, and later

torn dowm. Local memory of the site

began to fade. In the late 1800s devel-

opers established a commercial picnic

grove and amusement park along the

raUwav at one end of the lake, and

Walden Pond and its surrounding

woods faced continuing tlireats from

local developers right through the

twentieth cenmry.

Yet in those same years Thoreau's

essays were becoming part of the

canon ofAmerican arts and letters. As

the countr\' grew and development

advanced, a largely successftil eftbrt to

preser\'e and protect Walden Pond was

carried on by the heirs of the Tran-

scendentalists. Early on the pre-

ser\'arionists included such Concord
landowiiers as the Emersons, but,

eventuaUx^ a host of people, uispired

bv Thoreau's wxirings were moved to

Wa/den Pond

help: from the ant expert. Edward O.

Wilson ofHarvard LJniversin,; to Don
Henley, a singer and drummer with

the Eagles.

Books about the histor\" ot tamous

places seem destined for souvenir

shops, where they may be purchased

to sit on h\dng-room bookshelves,

tanread. It w^ould be a shame ifMay-
nard's book were to share this tate. for

it is important, illuminating, and of

great narrative appeal. So read this

IMildai, perhaps after you've reread

Thoreau's, at the shores ot the pond

or ocean ot your choice.

Laurence A. MiRSCH-iiJ-, author ofThe
Supernova Stor\', w the ]\IK. T. Salim pro-

fessor of physics at Gcrtysbiiro College in

Pamsyhania, and director of Prcjcct CT.F.A,

which produces widely used simidaiioii soft-

ware tor educdtion in astronomy.
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Olympian Sites

By Robert Anderson

The Ohiiipic Games are rooted in

something far more ancient than

the first footraces held at OKTiipia in

the eighth century B.C. Many people,

it seems, are namraUy dra\^^l to phy-

sical superlatives—strongest, tastest.

fittest. Independently, ancient cultures

evolved formal competitions to show

off these attributes. A thousand years

earlier, EgNptian athletes swam in the

Nile and played tug of ^^-ar and gym-
nastics (see www.touregypt.net/historical

essays/ancsportsindex.htm). In the New
World, Mesoamericans competed in

ballgames—often to the death—as early

as 1500 B.C. (seewww.ballgame.org).

Yet it is the Greek tradition of

competition we celebrate. To search

the Internet for information about the

first OKinpic Games, start at Rodney
Polasky's site (www.archaeolink.com).

Click on "Ancient Civihzations" and

search the list of speciahzed topics

for "Ancient Olympic Games." Po-

lask\-, an archaeologist and Web pub-

lisher, presents an impressive register

of Olympic-related links.

First on the list is a Unk to a page

fi-oni a special exhibit posted at "The

Perseus Digital Library;" at Tufts Uni-

versit\". Among other things, the page

describes all the ancient sports in de-

tail, including chariot racing and the

panaatioii (a combination of boxing

and wTesding, spelled paiikmricii on the

Web site). [See "Il'ir/; Hands and Swifi

Feet." by David C. Young, page 24]

When you re rired of tuning in to

the remote past, you can fast-for\^ard

to the 2004 games (www.athens2004.

com) and pre\'iew tliis summer's events

and venues in and around Athens.

Since the re\'i\"al of the games in

1896, science has played an ever-

larger role in helping athletes gain a

critical competitive edge. In 1996,

when the summer games were held in

Atlanta, a site kno^^n as "The Whv

Files." maintained by the University-

of W'lsconsin-Madison. addressed the

subject with what is still the best

general introduction to the topic. On
the site is a special fourteen-page sec-

tion called "Sport science meets the

Ohinpics" (whyfiles.org/019olympic).

Today's professional athletes can

combine the latest innovations in sci-

ence and technology- to scrutinize

their own performances and find out

what it takes to \\"in. To see one ex-

ai-nple of how it's done, go to the site

of the pioneering sports biomechanist

Gideon B. Ariel (www.sportsci.com). A
former discus thrower and member ot

/ ir.e page or onicial report tor the first

Olympic Games, Athens, Greece, 1896

the Israeli Ohnnpics team, Ariel owns

a company specializing in computer-

ized performance-enhancement prod-

ucts. Take a look at the site's collection

of \"ideo segments (www.sportsci.com/

media). They include "The Pertect

Jump." a ghmpse of Bob Beamon's

world-record-shanering long jump in

1968, and Carl Le\\-is"s quest to beat

it in the 1984 OhTnpics. (Le\Ais never

did. but Mike Po\A-eU outjumped Bea-

mon by nvo inches in 1 99 1
.)

How- do athletes—even the ones

with access to the latest tech-

niques and technologv—stack up

against the rest ot the animal king-

dom? You can find world and Olym-
pic records for people on a page ot

the official OhTiipics site (www.olympic.

org); just enter "Olympic records" or

"world records" on the site's search

engine. And Petra H. Lenz. a neuro-

biologist at the University- of Hawai'i

m Honolulu, has tracked animal

Ohnipians (www.pbrc.hawaii.edu/~Epe

tra/animaLolympians.html). On her site

I learned that human beings don't even

hold the record for being the fastest

primates; that tide belongs to the patas

monkeys, which can sustain running

speeds as fast as thirt\'-four miles an

hour. (Compare that wdth the speeds of

the fastest human runners; sprinters

have reached a speed—albeit for only

an instant—ofjust over 26.5 miles an

hour; the fastest average speed clocks in

at a litde more than nvent)"-three miles

an hour.)

"OceanLink" (oceanlink.island.net/

records. html), maintained by the Bam-
field Marine Sciences Centre in

Bamfield, British Columbia, has data

for many marine-animal record

breakers, in a number of categories:

the fastest fish, the Indo-Pacific sail-

fish, has been clocked at 68.18 miles

an hour, whereas the sea horse ambles

along at about one foot per ininute

(0.01 miles an hour).

At "The University" of Florida

Book of Insect Records 2003" (ufbir.

ifas.ufl.edu). investigators have tracked

the medal winners in the sr^-legged

category-—^irom the fastest flyers and

runners to the insect with the shortest

reproductive hfe. A species of Aus-

tralian tiger beede wins the gold for

running speed, at 5.6 miles an hour.

If any of these sites pique your in-

terest for the latest experiments in

animal locomotion, check out a site

maintained by Robert J.
FuU. a biolo-

gist at the Umversit)- of Cahfornia,

Berkeley (polypedal.berkeley.edu). To

hear FuU's lecmre on his experiments

with giant cockroaches and cen-

tipedes, and to watch the insects run-

ning on a treadmill, click on "Intro to

Bob FuU's Projects" and then on the

"locomotion" icon.

Robert Axdersox is a freelance science

iiriter lirini! in Los Anodes.
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prisoners in American custody, are fa-

vorably impressed with the "honesty,

openness, unfettered access" manifest

in our treatment of this incident.

Some may even quote polls indicating

that the great majority of Americans

support our present war effort rather

than our being "deeply divided," as

Mr. Brown suggests. I do not claim to

know that there is merit in these

comments, only that there is much
room for discussion and pubUc debate.

Charles Zimmerman

Annapolis, Maryland

Bravo to Peter Brown for his editorial.

Democracy, sharing, and truthful de-

duction are the very processes thanks

to which good science happens. They

are being debased and comproinised

in tandem as each new attack on the

environment, for example, is disguised

by monikers that suggest just the op-

posite of what will be the result.

Mark Sealey

Valencia, California

Animal Magnetism

Robert Zimmerman's article "Deep

Impressions" (3/04), regarding the

interior of the Earth, got me won-
dering: How would a reversal of the

Earth's magnetic field affect the

behavior of birds and other animals

with "natural compasses" in their

heads and bodies? The geologic

record indicates that reversals in

magnetic polarity happen quickly

and frequently, relative to the pace

of organic evolution.

Paul D. Neiiwald

Martinez, California

Answers to "Birds of a Feather ..." puzzle

(page 71):

F - Swarm of eels

D - Crash of rhinoceroses

N - Kindle of kittens

B -Knot of toads

I - Unkindness of ravens

H - Parliament of owls

C-Army of caterpillars

t\/J-Convocation of eagles

L - Snnack ofjellyfish

K - Singular of boars

J -Pod of sea lions

A - Romp of otters

E -Gaggle of geese

G - Pride of lions

Robert Zimmerman replies; No
one can predict the exact conse-

quences. But according to James L.

Gould, an ethologist at Princeton

University, if the polarity reversal is

slow, there should be little effect on

migrating birds. But if the transition

is fast—a few years or less—many
birds would have trouble remaining

oriented. That birds have continued

to thrive through any number of re-

versals, Gould suggests, is probably

the best reason to think that mag-

netic-pole flips are not rapid.

Andromeda Strain?

As Charles Liu reported in his "Out

There" column ("Gas Guzzlers,"

4/04), the discovery of low-mass gas

clouds around the Andromeda galaxy

is truly groundbreaking work.

Because Andromeda is so close to the

Milky Way, however, it is exceedingly

difficult to determine the distance to

the gas clouds. Instead of orbiting

Andromeda, they may be on the out-

skirts of the Milky Way or associated

with the stream of gas being pulled

from the Magellanic Clouds. Only

when analogous gas clouds are found

around more distant galaxies will as-

tronomers be certain that such clouds

are associated with the formation of

galaxies. Such observations are ex-

tremely difficult, and may have to

await the development of more so-

phisticated instruments.

Daniel J. Pisano III

Australia Telescope National Facility

Epping, New South Wales, Australia

Amendment: Because of an editing

error, the distance from the pitcher to

home plate was misstated in Adam
Summers's column "A Fly in the

CurvebaU" (4/04). The prescribed

distance—measured to the rear point

of the plate—is sixty feet, six inches.

Natural History welcomes correspon-

dence from readers. Please send e-mail to

nhmag@naturalhistorymag.com All let-

ters should include a daytime telephone

ruimber, and all letters may be edited for

length and clarity.
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OUT THERE

T\vinkle, Twinkle,

Microlens
In trying to probe the dark niancr surrounding

the Milky Way, astronomers have conjirnied

the identity of a nearby gravitational lens.

By Charles Liu

In
the eariy 1990s a team of as-

tronomers led by Charles Alcock

at the LawTence Livermore Na-
tional Laboratory began a pioneering,

multiyear study of unseen matter in

our Alilky Way. They scanned mil-

Hons of stars in the sky night after

night, watching and waiting for signs

of "microlensing"—^gravit}?-induced

magnification of background stars by

small, massive objects passing in front

of them. No one knew for sure how
many such events the team W'Ould see.

Some predicted that the search might

not yield even a single microlensing

event (including one young graduate

student who now writes this column).

Now, older and hopefUly wiser, I

and my fellow naysayers cheerfiilly

admit we w^ere wrong; the experi-

ment was a grand success. After eight

years of painstaking obser\"atioiis, Al-

cock and his collaborators recorded

several dozen microlensing events, all

caused by planet- or star-size bodies

within the "dark halo" ofunseen mat-

ter that envelops our galaxy. A few

dozen microlensing events may not

sound like a lot. but it was a large

enough sample to help open a new
frontier of astronomical research, and

in the process coin a spiiiy new
acxonym; MACHO, w^hich stands for

'massive compact halo object."

Since those early days, more than a

thousand microlensing events have

been recorded b^- research groups

m
Marcel Duchamp, To Be Looked at (from the

Other Side oithe Class) with One Eye, Close

to, ior A!mos:t an Hour, 1 91

8

around the world. Recently, astron-

omers reached another milestone in

the study of microlensing. One ot the

earhest MACHOs detected, which

caused an event dubbed LMC-5, has

now been positively identified—lift-

ing an anon^Tnous, faint red star into

the hmehght of astronomical fame.

The Milky Way has an ellipsoidal

"bulge" ofstars at its center, about

15,000 hght-years long and 5,000

hght-years high, which is bisected by a

flat disk of stars and gas 100,000 light-

years across and about 1,000 light-years

thick. (You'll get the idea ifyou imag-

ine a pizza with a plum stuck through

the center of the crust.) The Sun. with

Earth orbiting around it, resides in the

disk, about midway between the bulge

and the disk's edge.

The bright, familial- shape ofthe disk

and bulge is enveloped by a spherical

cloud of sparsely scattered stars called

the stellar halo, which extends some

50.000 to 100.000 light-years from the

center of the galax^'. The disk, bulge,

and stellar halo in turn are all embed-

ded in the center of a structure called

the dark-matter halo (or dark halo),

whose extent is still not definitively

knowTi: what is known, though, is that

the dark halo dwarfs the galaxs's other

components in both size and mass.

7\s its name suggests, the dark halo

emits no Hght. Astronomers know of

its existence from its gravies' alone:

without the dark halo, our galax\?'s disk

would not be stable. The structure and

composition of the dark halo is one of

the outstanding puzzles in astron-

omy—^though astronomers suspect that

about a fifth of its mass is comprised of

small, massive bodies. But ifno one can

see it, how can astronomers figure out

what it's made of?

Since gra\it\' is the one measurable

feature of the dark halo, Alcock and

his colleagues decided to probe it \\ith

gra\itational lensing [see "Tlie Quest

for the Golden Lens," by Charles Liu,

September 2003]. The random orbital

motions of its small, massive bodies,

the investigators reasoned, would oc-

casionally put those dark bodies di-

recdy in front ot a distant star. As a

body moved into, then out of, the line

of sight between the star and Earth, its

gra\it\' would temporarily act Hke a

telescope lens. As seen from Earth, the

background star would brighten, then

fade away, over a period ot days or

weeks, in a pattern predicted by Ein-

stein's general theon,' of relati\iD,'.

In principle, gra\itational lensing is

simple: a massive object bends space

much the way a heaw bowling ball

w-Quld bend a trampohne if it were

rolled around on the springy surface.

Light beams passing through bent

space bend too. almost as if they were

focused by a magnifying glass. The
de\il, of course, is in the details. Solv-
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ing the equations ot general relativity

can lead to a morass of difficult math-

ematics—and the natural "magnifying

glass" created by an intervening dark

object may act more like the thick

glass at the base ot a bottle ot soda pop

than like a carefully polished lens. To

understand exactly what happens in a

microlensing event, theoretical models

are compared with the observed data

to see which initial mathematical con-

ditions lead to the best match with the

magnification pattern. Rarely, alas, is

enough information available—either

theoretically or observationally—to

afford an unambiguous interpretation.

Fortunately, the observational data

on LMC-5, a microlensing event

recorded m the direction of the Large

Magellanic Cloud, were exquisitely

detailed. In January 1993, an unre-

markable bluish star in the cloud,

nearly 200,000 light-years from Earth,

began to grow noticeably brighter,

and reached its peak on February 5, at

nearly fifty times its usual brightness.

Then it slowly faded, returning to its

normal, unremarkable brightness by

mid-March. Unmistakably, the event

was caused by microlensing.

The next step was to find the mass

and distance of the intervening dark

object. On May 13, 1999, Alcock and

his team made a color-composite

image of the location of the LMC-5
event with the Hubble Space Tele-

scope, and discovered a faint, red star

almost right on top of a bright, blue

star. Their angular separation was less

than one-seventh of an arc-second

—

the equivalent ot viewing a penny

from ahiiost twenty irdles away. The
faint, red star, the team concluded,

was the likely lensing object, because

it would not have moved far in the in-

tervening six years, though, of course,

it was no longer in the hne of sight of

the blue background star.

That conclusion, however, led to

another problem. The luminosity and

spectral characteristics of the red star

showed that it is about 1 1 percent the

mass of the Sun, at a distance of about

2,000 light-years from Earth. The

mathematical models of the microlens-

ing event, however, told an entirely

different story: the estimated lens mass

would be only 4 percent the mass of

the Sun—smaller than any known
star—and it would lie only 6(.)0 light-

years from Earth. The nature of the

LMC-5 lens remained indeterminate.

Now, theory and observation have

finally converged. Andrew Gould, an

astronomer at Ohio State University in

Columbus, reworked the gravitational-

lens equations and showed that a sec-

ond, previously unrecognized solution

to the equations exists, which places

the lensing object at a distance of

2,000 light-years rather than 600. A
few weeks after Gould's result was

pubhshed, Andrew Drake at Princeton

University, Kem Cook of Lawrence

Livermore National Laboratory in

Cahfornia, and Stefan C. Keller at the

Austrahan National University in Can-

berra pubhshed new measurements of

the LMC-5 object, again made with

the Hubble telescope. The new mea-

surements confirmed that the red star

was moving in a way consistent with

Gould's calculations.

What those findings mean is that

the MACHO that caused the LMC-5
lensing event is indeed this unnamed
red star. It's the first definitively con-

firmed identity' of a MACHO lens.

Ironically, the first confirmed "mas-

sive compact halo object" isn't a

galactic halo object at all. At a distance

of 2,000 light-years, in the direction of

the Large Magellanic Cloud, this faint

httle red star actually lies in the out-

skirts of the Milky Way disk—one

among billions of other nondescript

dwarf stars, traveling in an unremark-

able orbit within the galaxy. As so

often happens in life, it owes its fame

to chance: for 75.6 days in 1993, it was

in the right place at the right rime.

Charles Du is a professor ofastrophysics at the

City University ofNew Yorii and an associate

at the American Musenm of Natural Histoiy.

"A voyage of discovery"*

"You may not have a chance

to travel to the corners of

the globe to see all of the

evidence for yourself, so do

the next best thing and let

Mathez and Webster take

you on a voyage of discovery

through their engagingly

written and beautifully

illustrated book. —Brian .

Skinner, author of Ttie^

Blue Planet*

The story of how Earth works, inspired by the imaginative exhibit at'

New York City's American Museum of Natural History.

97 color photos, 101 illus., full color tlrroughout

COLUMBIA UNIVERSITY PRESS
columbia.edu/cu/cup 800-944-8648



For free information from the

advertisers listed below, circle the

corresponding numbers on the

attached postage-paid card. Mail

card, fax it to 856-380-4101, or visit

us at www.naturalhistorymag.com.

If the card is missing, mail your

request to: P.O. Box 9000,

Maple Shade, NJ 08052.

ADVENTURE LIFE JOURNEYS
Small group travel in the Andes,

Amazon, Galapagos, Patagonia,

Antarctica, and Central America.

Expert local guides lead our

cultural and ecological explorations

and naturalist cruises.

ADVENTURES ABROAD
Adventures Abroad offers small

group tours to 1 10 countries. Our
tours are part education, part

exploration and a complete

holiday.

ALABAMA GULF COAST
Spectacular beaches. Outstanding

accommodations. And warmed by

sunshine, history, culture and

unspoiled natural beauty.

AMAZONIA EXPEDITIONS
Aw/ard-winning Jungle Lodge in

the Tamshiyacu-Tahuayo Reserve,

show/n to have the greatest

diversity of mammals in all of the

Amazon.

AMERICAN CRUISE LINES
Enjoy scenic and culturally

enriching 7 night cruises through

the smooth waters of the inland

passages along the eastern U.S.

seaboard.

ATHENA PUBLICATIONS, INC.

Athena Review, journal of

archaeology, history and exploration,

invites you to send for more

information on a free issue.

BELIZE TOURIST BOARD
Catch the Adventure! From rainforest

resort to Barrier Reef. Belize is only 2

hours from the USA. Belize. Mother
Nature's best kept secret.

8 BERMUDA TOURISM
Bermuda. It's not just a pretty island.

It's a paradise served on fine bone

china.

CALVERT COUNTY, MD
Discover a place where there are still

places to discover...just an hour from

Washington, DC. Catch a glimpse of

Southern Maryland's heritage and

history and experience fabulous

festivals and extraordinary events.

10 CANON USA
Canon USA offers a full line of

consumer imaging products from

35mm, APS and Digital Still cameras.

Analog and mini DV camcorders,

Image Stabilization Binoculars and

Direct Photo Printers.

11 CAPE MAY
Come and relax on our pristine

beaches, stroll the promenade, take a

tour of Cape May, its hundreds of

Victorian homes, and learn our history.

12 CHARLES COUNTY, MD
It's for the birds! Take a hike! Hunt

I
for fossils, golf, fish, shop. Experience

the wild side of the Potomac where

eagles soar.

13 COLONIAL WILLIAMSBURG
Step back in time and experience

Colonial Williamsburg, Virginia's 18th

century restored colonial capital,

where visitors of all ages can revel in

activities. Including Historic Area

walking tours, character

reenactments, museum exhibits and

first-class resort amenities.

14 DORCHESTER COUNTY, MD
Destination Dorchester - Home to

world-renowned Blackwater National

Wildlife Refuge, excellent paddling,

I

cycling, fishing and hunting; explore

I

the heart of Chesapeake Country on

Maryland's Eastern Shore.

15 FREDERICK COUNTY, MD
I
Maryland's Crossroads of History.

Antiques, Battlefields, Covered

Bridges, Parks, Wineries and more
close to Gettysburg and DC.

16 GALAPAGOS TRAVEL
Specializing in comprehensive,

educationally-oriented,

professionally-led natural history

tours of the Galapagos Islands.

Spend 11 or 1 5 days touring all the

significant outer islands.

17 GARRETT COUNTY, MD
Experience the hushed quiet of

western Maryland's mountains -

hike forest trails, paddle rivers and

seven lakes, 90,000 acres of

parkland. Over 600 rental homes
I plus inns, hotels.

18 GEVALIA KAFFEE

I

Experience the pleasure of Gevalia

Kaffee. Order a Trial Shipment for

just $16.95 and receive a free

coffeemaker.

19 INCLINATOR CO. OF AMERICA
Inclinator's Elevette" residential

elevators provide convenience for

people and add value to homes.

i

They can be designed into new
1
construction or added to existing

homes.

20 JOHNS HOPKINS UNIV. PRESS
Celebrating 150 years of publishing

for the world. Books about nature

and science.

21 KOLIBRI EXPEDITIONS
Birding Peru and South America.

Birdwatching and culture. Special

tours to see hummingbirds and

I

parrots. Endemic and threatened

species. Budget or comfort trips.

More birds!

22 LAUREL HILL PRESS
Get the full story on "The Greatest

Show on Earth" - nature's dazzling

I display of fall color across our



ADVERTISEMENT

ItJVmREADERSERVICE
NAME

ADDRESS

CITY STATE ZIP

CARD OFFER EXPIRES SEPTEMBER 15. 2004

For free information from 1 23 4 56789 10

the Reader Service advertisers,

^;,^Utt,= ^^..^^„^„^;r,„ k=r. Il 12 13 14 15 16 17 18 19 20
Circle the corresponding numbers

on this postage-paid card. Include
ji 22 23 24 25 26 27 28 29 30

your name and address. Then

mail card, fax it to 31 32 33 34 35 36 37 38 39 40

856-380-4101, or visit us at

www.naturalhistorymag.com. '•'' "2 ^3 44 45 46 47 48 49 50

51 52 53 54 55 56 57 58 59 60

0704



NO POSTAGE
NECESSARY
IF MAILED

IN THE

UNITED STATES

BUSINESS REPLY MAIL
FIRST-CLASS MAIL PERMIT NO. 14 MAPLE SHADE, NJ

Postage will be paid by Addresseemm
PO Box 9000

Maple Shade NJ 08052-9600

III.mImI.IImmI.Im.MI.I.mIImIIm.II.mIIm.I



ADVERTISEMENT

I

eastern deciduous forests - books, 33

I

videos, and now DVD.

23 L.L. BEAN
Setting the standard for quality

outdoor gear and apparel since

1912.

34
24 LINDBLAD EXPEDITIONS

Expedition travel by the family that

pioneered expedition travel.

LITTLE ST SIMONS ISLAND
Exclusive 10,000 acre Georgia island 35
paradise, private 7-mi. pristine

beach, natural history tours, birding

and recreational activities galore,

gourmet regional cuisine and

gracious accommodations await just

30 guests.

36
MILA TOURS TO LATIN AMERICA
Deluxe private tours: Machu Picchu,

Lake Titicaca, Nazca Lines Amazon
Jungle, Coica Canyon! Extensions:

Galapagos & Easter Islands. Info sent

via email only. Please include your

email address. 37

MONTGOMERY COUNTY, MD
Experience transportation history

along the C & O Canal and the

National Capital Trolley Museum. So

many things to do with easy access

to the nation's capital. 38

NEW BRUNSWICK, CANADA
Leave your footprints on the ocean

floor, next door in New Brunswick,

Canada! Send for your free

information today.

39
29 NEW YORK STATE

A New York State vacation is

j
everything you want it to be . . . and

more! Call for a FREE travel guide.

NORTH CAROLINA OUTER
BANKS 40
Pristine Beaches. Fishing. History. For

FREE Travel Guide & Getaway Card

good for seasonal values.

NORWAY
Norway is nature at its most

spectacular. A land of cosmopolitan 41

cities, charming towns, ancient

Viking ships and breathtaking

coastal voyages.

32 NOVA SCOTIA
Yes, please send me my FREE 400

page Nova Scotia Doer's & Dreamer's 42
Travel Guide - packed with

everything I need to plan and book

my vacation.

ORIENT LINES
Explore Scandinavia and Russia.

Cruise to the Mediterranean's most

glamorous playgrounds. Enjoy luxury

at sea, aboard the elegant mid-sized

ships sophisticated travelers prefer.

PACIFIC DELIGHT TOURS
Discover China and the majestic

Yangtze River on a deluxe escorted

vacation featuring the ships of

Victoria Cruises.

PETER DEILMANN CRUISES
Enchanting 7 to 1 1 -night luxury

cruises on Europe's most majestic

rivers. Magnificent scenery. Pre-Post

cruise stays. All-inclusive tours also

available.

POCONO MOUNTAINS
Free Official Vacation Guide. Info

on natural areas, state parks, places

to stay, attractions and events.

Enjoy bird watching, river trips,

hiking and more.

PRINCE GEORGE'S COUNTY, MD
Wonderful museums and historic

sites, the National Wildlife Sanctuary,

affordable accommodations and

much more. All just minutes from

Washington D.C.

PROMPERU
Peru has it all. Fascinating history, as

the land of the Incas, incredible

nature with more than 1 ,800 species

of birds and colorful traditional

culture. Come to Peru.

QUEBEC MARITIME
Nature destination par excellence, Le

Quebec maritime is a vast land

whose shores are washed by the

Gulf St. Lawrence and the St.

Lawrence River.

S&S TOURS
S&S Tours specializes in Copper

Canyon with other Mexico trips

focusing on whale watching,

butterflies and colonial history. Costa

Rica and Peru.

ST. LAWRENCE CRUISE LINES
Canadian River Cruise Vacations.

Spend 5 or 6 nights aboard a

classically designed riverboat cruising

the calm waters of the St. Lawrence

and Ottawa rivers.

TALBOT COUNTY, MD
Talbot County's five beautiful rivers,

602 miles of shoreline, unique

charming hamlets St. Michaels,

Oxford, Tilghman Island and Historic

Easton offer a timeless treasury of

natural beauty and history.

43 TARA TOURS
Tara Tours specialize in travel to

Central and South America since

1980. Free brochures and quotes.

44 TIAA-CREF
For over 80 years, TIAA-CREF has

' helped the world's sharpest minds

look forward to a secure and

rewarding future. Find out how
TIAA-CREF can help you achieve

your financial goals. Log on for

ideas, advice and results.

45 TOURISM NEWFOUNDLAND &
LABRADOR
Newfoundland and Labrador. We
offer our visitors the natural

wonders of whales, icebergs and

seabirds framed by our dramatic

seascape and landscape and

unique culture.

46 TOYOTA
For more information on Toyota

innovations and technologies that

positively impact the world in which

we live.

47 VISIT BRITAIN
Visit Britain in 2004. Architectural

masterpieces, gardens, vibrant

cities, treasure and timeless

traditions await you. Also enter for

j

your chance to win a free trip.

48 WEST VIRGINIA
Get away to relaxing surroundings,

fascinating history and unforget-

table adventures. Escape to Wild

and Wonderful West Virginia.

49 WILDLAND ADVENTURES
Authentic worldwide cultural and

natural history explorations for

active and inquisitive travelers. Free

travel planners.

50 WORCESTER COUNTY, MD
Maryland's only seaside county.

Visit Assateague Island National

Seashore. Kayak, canoe, bird watch

or golf. Stay in one of our many
Bed & Breakfast Inns.

51 ZEGRAHM EXPEDITIONS
Offers small-group expeditions to

remote locations around the world.

Expertly led and staffed, our

programs provide the finest

adventure travel experience

imaginable.



At the Museiun
American Museum S Natural History^

Young Naturalist Awards 2004
A RESEARCH-BASED ESSAY CONTEST FOR STUDENTS IN GRADES 7-12

TO PROMOTE PARTICIPATION AND COMMUNICATION IN SCIENCE

Each year American Museum of Natural History scientists

endeavor to gain more knowledge about genetics, the

accelerating expansion of the universe, plate tectonics

that shapes Earth's surface, and the biodiversity of Earth's liv-

ing things. They travel across the planet to places as far away

as the Falkland Islands and as close as Central Park in New

York City observing, collecting, and documenting what they

find. Their observations are recorded in field journals that they

refer to again and again, long after the expeditions are over.

The Young Naturalist Awards program challenges students to

embark on their own scientific expeditions. For this year's con-

test, students were invited to choose a topic in the area of

biology. Earth science, or astronomy First, students planned an

expedition that would provide original observations, or data, to

help them address their questions and formulate new questions

about their topic. Then they shared their questions, experiences,

data, and analysis through narrative essays that included draw-

ings, maps, and/or photographs that illustrated their research.

Included here are descriptions of and excerpts from the winning

essays. Full-length versions of the winning essays and informa-

tion on how to enter the contest are published on the Mu-

seum's Web site (www.amnh.org/youngnaturalistawards).

The Young Naturalist Awards are made possible by a generous grantfrom

The J. P. Morgan Chase Foundation.

Gopher Tortoises: My
Endangered Fellow

Floridians, by Dawn

Edwards (Altamonte

Springs, Florida; Grade j)

Curious about the bur-

rows she saw on a trail

ride. Dawn Edwards in-

vestigated the habitat of a

Florida neighbor—the go-

pher tortoise.

"Through my travels

around Florida, I have

seen rapid construction

and population growth. The

impact of our actions on our

animal neighbors must be

considered. It is important to

raise awareness by educating

the public. In order for future

generations to enjoy animals

like our fellow Floridian, the

gopher tortoise, we must

keep them safe now. We have

the technology to learn and

share information if only we

all work together."

A Comparison ofthe Bishee

and Morenci, Arizona, Copper

Ore Deposits, by Amanda

Duron (Tucson, Arizona;

Grade j)

Intrigued by mineral sam-

ples from her home state of

Arizona, Amanda Duron ex-

plored the geology of two

local copper ore deposits.

"I found that the geology of

the Morenci and Bisbee areas

was very similar in certain re-

spects. Although both areas

contained various rock forma-

tions within various time

zones, I was able to simplify

these formations and group

them into: base rock, older

sediments, porphyritic intru-

sion, younger sediments, and

recent sediments. I found

these five major classes in

both areas. I now understand

many of the natural processes

that took place over millions

of years."

The Growth Patterns of

Aspens, by Elsie Baum

(Littleton, Colorado; Grade 8)

Admiring the beauty of

aspen groves led Elsie Baum

to wonder whether the dia-

meter of the trees became

smaller the further they were

from the grove's center. She

examined several groves to

find out.

"Knowing that a grove is all

one organism and that it

spreads using 'shoots' from

its root system, I believed that

it would spread outward, with



the oldest and thickest trees

nearer to the center and the

younger, skinnier trees closer

to the perimeter. So now,

when I go up into the moun-

tains and see the aspen trees

gently swaying to some

unheard melody written by

the wind, I will see beyond the

soil to the mass of compact

roots and beyond the present

grove to the grove as it grows

and expands into the future."

Afpectus Lunae: Does the

Moon Rotate on Its Axis?,

by Olwia Crugan (Alexandria,

Pennsyhania; Grade 8)

Gazing at the night sky,

Olivia Crugan wondered if the

Moon, like the Earth, rotates

on its axis. She made nightly

observations and conducted

an experiment to find out.

"I have learned much in the

past few months about the

Moon, from its countless

myths to its countless facts. I

have also learned how to use

a telescope and have gotten

hands-on experience with the

scientific method. I have been

introduced to a new field, as-

trophysics. And, best of all, I

have an unbeatable excuse to

stay up late."

Life in a Vernal Pool, by

Yan Hui Lye (Houston, Texas;

Grade g)

When a sudden rainfall

turned a patch of muddy earth

into a vernal pool, Yan Hui Lye

explored the characteristics of

^^K..

the pool and the animals that

depend on it.

"I found a lot of mosqui-

toes flying on the surface of

the pool on the first day As

the days progressed, more

and more mosquito larvae

were seen. Later, the larvae

metamorphosed into pupae.

On the eighth and ninth days,

mosquitoes were again seen

flying on the surface of the

pool. I realized I had just wit-

nessed the complete life cycle

of the mosquito."

The Mystery ofa Lifeless Creek:

Investigating Dissolved Oxygen

and Fecal-Coliform Bacteria, by

Anna Taylor

(Melrose Park, Pennsylvania;

Grade g)

Anna Taylor has lived near

the creek her whole life, yet

she has never seen any ani-

mals in or near it. She investi-

gated the health of the creek

to find out why

"I have many memories of

the creek. When I was

younger, my friend and I

would eagerly pull on rubber

boots and splash into the

creek and follow it down-

stream. However, for all the

years I have lived by it, I can-

not remember a time when it

contained aquatic life. All the

signs of a healthy aquatic

environment were and are

nonexistent. I desired to find

out how polluted the creek

really was."

Explaining the Divergence of

the Marine Iguana Subspecies

on Espahola Island in the Gala-

pagos Archipelago, by Alexan-

dra Hoeft (Burke,

Virginia; Grade to)

When she learned she

would be participating in a

once-in-a-lifetime trip to the

Galapagos, Alexandra Hoeft

began exploring how the

unique marine iguana of

Espahola Island evolved.

"As the gentle spray of slow

waves misted my panga boat,

I scanned the low coast of

Espafiola Island, attempting

to see beyond the wall of the

surf I was looking for the red

and turquoise backs of the

Espatnola race of marine

iguanas. With a curtain of

mist hanging over the lava-

rock shore, however, the

marine iguanas were impossi-

ble to spot, making my excite-

ment mount in anticipation."

The Impact ofPlant Density

and Diversity on Animal Popu-

lations in a Sonoran Desert

Environment, by Lauren

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



Ferrigni (Paradise Valley,

Arizona; Crade 10}

Lauren Ferrigni wondered

what impact the removal of

dry vegetation would have on

desert fauna. She conducted a

study of plant and animal den-

sity and diversity to find out.

"Adjacent to my home is an

acre of undisturbed desert

flora and fauna. Because of

the abundant wildfires that

have plagued Arizona during

the last two years, our neigh-

borhood association required

that all dry vegetation be re-

moved from residential prop-

erties. The purpose of my

study was to determine

whether Sonoran desert flora

densities and diversities

would have any impact on the

densities and diversities of

desert fauna."

Effects ofNitrate, Phosphate,

and Hydrogen Ion Concentra-

tion on Synedra ulna: Diatoms

as Indicators ofWater

Composition, by Robyn

Strumpf (Northridge,

California; Crade n)

Robyn Strumpf investigated

whether Synedra ulna could

be used as an index to mea-

sure the effects of nitrate,

phosphate, and hydrogen ion

concentrations in her area's

water supply.

"Though my data was in-

conclusive as to specific

effects of changed chemical

levels on the ratio of Synedra

ulna, I found myself fulfilled

after the completion of my

experimentation. Perhaps

someday, through persistent

curiosity questioning, and

investigation, I will be able to

make a noteworthy contribu-

tion to the field of science. My
research has motivated me to

continue working toward my

goal of becoming a scientist."

Morphologic Variation in the

Common Periwinkle, by Emily

Tupper (Harpswell, Maine;

Crade n)

Her avid interest in marine

environments led Emily Tup-

per on a quest to determine

whether the form and size of

periwinkles is affected by their

shoreline location.

"With seals and orcas off

the list, I became needy for a

research fix. I took a walk to

my little cove. I bent low and

picked up a periwinkle. I

hummed to it as I filled my

lungs with fresh air. Then the

circuit was completed. The

electricity ran as excitement

through my veins. I scram-

bled to ask my mom. After

some careful rounds of nego-

tiation, the proposed periwin-

kle laboratory was approved

for immediate construction in

my basement."

jQue Vivan las Serpientes

Muertas!, by Nathan Yaussy

(Sunbury, Ohio; Crade 12J

It began as a simple sci-

ence fair project. Nathan

Yaussy would conduct a road

mortality survey of snakes in a

local wildlife area to see if new

locations of endangered

snakes could be found. Four

years later, he is still at it.

"In the first year, I had my

first encounter with the east-

ern Massasauga rattlesnake.

I was not ready for it when it

came. My dad and I came

upon it cautiously. When it

started rattling at us, there

was no mistaking what it was.

We recorded the necessary

data, but there was one prob-

lem: I also had to move the

snakes offthe road to save

them from cars."

The Mysterious Peregrine

Falcon, byJessica l-laines (St.

John, New Brunswicl<, Canada;

Crade 12)

While hiking along the Bay

of Fundy, Jessica Haines en-

countered a peregrine falcon,

a bird that had all but disap-

peared from the New
Brunswick area. Was a nesting

site close by? Jessica investi-

gated to find out.

"When we reached the ex-

pected location of the nest

site, we were greeted by the

distinct cry of a peregrine fal-

con. We found an area with a

nearly clear view of the cliff

face. I had to balance on the

edge of the cliff with one or

both hands firmly grasping

the branch or trunk of a tree.

From this precarious posi-

tion, it was possible to see

that the peregrine falcons

indeed had a nest."



Museum Events
American Museum S Natural History^
EXHIBITIONS Sid Jacobson Jewish Community Center: HAYDEN PLANETARIUM Volcanoes of the Deep Sea

Frogs: A Chorus of Colors
Family and Children's Agency, Inc.; Stam-

ford Jewish Community Center.
PROGRAMS Through July 16

Through October} TUESDAYS IN THE DOME
This delightful exhibition of Point Lobos Virtual Universe: Bugs.' A Rainforest

more than 200 live frogs from Through January 200^ Structure of the Adventure

around the world explores the John Daido Loori, scientist,

photographer, and Zen master.

Milky Way
Tuesday, y/6, 6:]o-j:}o p.m.biology of these popular am-

phibians, their importance to explores notions of scale in the Clustering in the Universe Starry Nights
ecosystems, and the threats dramatic land- and seascape Tuesday, 8/3, 6:]o-y:}o p.m.

Live Jazzthey face in the world's chang- of Point Lobos State Reserve

ing envir6nments. in California with these striking This Just In. . .

With appreciation to Clyde Peeling's abstract photographs. July's Hot Topics Norman Hedman's
Reptiland.

This exhibition is made possible by the Tuesday, 7/20, 6:}0-'j:}0 p.m. Tropique
generosity of the Arthur Ross Foundation. August's Hot Topics

Exploratorium/AMNH Tuesday, 8/17, G:],o-'j:}op.m. Friday, 7/2

Closed August 25-21 Vital Variety: A Visual 5:30 and 7:00 p.m.

Fun, hands-on displays clus- Celebration of Invertebrate Celestial Highlights: Rose Center for Earth

tered around four natural sci- Biodiversity August Is Meteor Month and Space

ence themes—Earth processes. Through Spring 200^ Tuesday, •j/2'j, 6:}0-y:}0 p.m.

rotation, mirrors and illusion. Invertebrates, which constitute The Triangle and Ceri Allen Trio

and pendulums—encourage more than 80 percent of the Square

audiences of all ages and all Earth's known species and Tuesday, 8/ji, 6:}o-y:}o p.m. Friday, 8/6

levels to investigate and play. play a critical role in the sur- 5:30 and 7:00 p.m.

Exploratorium/AMNH is funded in part vival of humankind, are the PLANETARIUM SHOWS Rose Center for Earth
by a grant from the Small Business

subject of these beautiful SonicVision and Space
Administration. For information on

accessibility, call 212-769-5100. close-up photographs. Fridays and Saturdays, y:}0.

8:^,0, and g:}op.m. Tune in to the 5:30 set live

Seasons of Life and Land: GLOBAL WEEKENDS Hypnotic visuals and rhythms on WBGOJazz88,
Arctic National Indigenous Peoples Day take viewers on an unforget-

Wildlife Refuge Sunday, 8/8, i:oo-y}op.m. table ride through fantastical
Stflrry Nights is made possible by

Lead Sponsor Verizon and
Through September 6 Films, discussions, and perfor- dreamspace. Associate Sponsors CenterCare

Stunning large-format color

photographs by conservationist

Subhankar Banerjee focus on

mances celebrate the indige-

nous peoples of Australia,

SonicVision is made possible by generous

sponsorship and technology support

from Sun Microsystems, Inc.

Health Plan, Constellation

NewEnergy, and WNBC-TV.

New Zealand, the Philippines,

the interdependence of land. and other Pacific islands. The Search for Life:

water, wildlife, and humanity Are We Alone? INFORMATION
in Alaska's Arctic Refuge. FAMILY AND Narrated by Harrison Ford Call 212-769-5100 or visit

CHILDREN'S PROGRAMS Made possible through the generous www.amnh.org.

Art for Heart Signed Tour of support of Swiss Re.

Through September 26 Exploratorium/AMNH TICKETS AND
Paintings by children who lost Saturday, y/iy, 1:4^-2:4^ p.m. Passport to the Universe REGISTRATION
loved ones in the attacks on Narrated by Tom Hanks Call 212-769-5200,

New York City's World Trade Signed Tour of Frogs: Monday-Friday,

Center on February 26, 1993, A Chorus of Colors LARGE-FORMAT FILMS 9:00 a.m.-5:oo p.m..

and September 11, 2001, create Saturday, 8/21, 1:4^-2:4^ p.m. LeFrak Theater or visit www.amnh.org.

a powerful and poignant Lewis ei Clark: A service charge may apply.

memorial. Dr. Nebula's Laboratory: Great Journey West

Made possible by/thanks to: Lower Man- Wind and Water Opens July 17 All programs are subject to

hattan Development Corporation; White

& Case LLP; Toys'R'Us: 92nd Street Y;
Saturday, 8/y, 1:00-2:00 or change.

Jewish Community Center Metro West; ^00-4:00 p.m.

The CONTENTS OF THESE PAGES ARE PROVIDED TO NATURAL HiSTORY BY THE AMERICAN MuSEUM OF NATURAL HlSTORY,



THE SKY IN JULY AND AUGUST By Joe Rao

Mercury is tough to see in July. The

period from the 6th until the 22nd

offers obsen"ers the best chance to see

the planet; binoculars make it much
easier. On those evenings the planet

shines above the west-northwestern

horizon and sets about sevent\-tlve

minutes after the Sun. At the same

time, though, it fades by half, from

magnimde —0.6 to 0.2. Mercun," passes

just 0.2 degrees north of Mars on the

evening of the 10th and glows more

than six times brighter than the Red
Planet, which is hkely to be \'isible

only through binoculars, it at all. On
the 26th Mercury reaches its greatest

apparent angular distance from the Sun

for the year, 27 degrees to the east of

our star. Nevertheless, for northern

obser\-ers the elongation is unfavor-

able, because Mercun,- is well to the

south of the Sun and not far above the

horizon at sunset.

Throughout August, Mercury is

approaching inferior conjunction; it

passes between our planet and the

Sun on August 26. Hence the planet

cannot be seen all month.

Venus, the brightest ot all planets, is

quite spectacular as July begins; it rises

in the east-northeast just as dawn
breaks. It is still rather low in the east-

northeast when it fades away in the

growing light of day. As the month
progresses, it rapidly leaps upward

into high dawn briUiance. By the 14th

Venus is rising in total darkness while

shining at its greatest briUiancy (naag-

nimde —4.5). A telescope shows it as

a thick crescent. Venus shines so radi-

andy that in clear air it remains easily

visible to the naked eye even after

simrise, if you carefiiUy note where to

look before dawn.

During August, Venus rises one and

a half to r\vo hours before the start of

morning twilight, mounting a Uttie

higher in the eastern sky- with each

passing day. Those watching for Per-

seid meteors [see below] can enjoy the

sight of Venus and the nearby crescent

Moon on the mornings of the 11th

and 12th. Venus reaches greatest west-

ern elongation from the Sun, 46 de-

grees, on the 17th.

Mars shines in stark contrast to its ap-

pearance last sununer. when even.--

body was ^vatching it as it made its his-

torically close approach to Earth. This

summer the Red Planet is preoy much
on hiatus. Although still an evening

object, its much too close to the Sun

to be readily \dsible. Nevertheless, you

might look for it on the evening ofJuly

10, when it passes \\ithin less than halt

a frill Moons diameter ofMercmy.

Jupiter is the brightest of the evening

planets in early July. Anyone with a

clear -^-iew to the west can"t miss it in

the fading nvihght. But Jupiter is

heading down toward the horizon,

finishing a yearlong apparition that

peaked late last winter. By the end of

Jul\- the planet is wTapped in the haze

ot the western horizon while evening

twTlight is still bright. Jupiter stands

well to the lo\\er right of the crescent

Moon on the evening of the 21st.

In August, Jupiter continues its fast

departure into the west after sundo\Mi.

As the planet tades. you may need

binoculars to pick it out of the bright

tA\"ihght glare; in the end. though, the

glare wins out. The planet is invis-

ible throughout the fmal week of

the month.

As July begins, Saturn, too, is lost in

solar glare, and it reaches conjunction

\\ith the Sun on the 8th. It re-emerges

above the east-northeastern horizon

about one and a halfhours before sun-

rise by the end of the month.

During August, Saturn becomes

easier to see. By midmonth it rises in

the constellation Gemini, the twins,

about two and a half hours before the

Sun, so the planet is well abo\e the

eastern horizon as da\Mi breaks. On
the morning of the 13th it seems to

hover about five degrees to the right

of a crescent Moon.

InJuly the Moon waxes ftill on the 2nd

at 7:09 .-^.M. It wanes to last quarter on

the 9th at 3:34 A..vi. and becomes new
on the 17th at 7:24 A.M. It waxes to

first quarter on the 24th at 11:37 P..M.,

and becomes ftiU tor a second time in

July on the 31st at 2:05 P.M. The sec-

ond ftill Moon in a calendar month is

sometimes called a blue Moon—as in

"once in . . .

.""

In August the Moon wanes to last

quarter on the 7th at 6:01 P..\i. and be-

comes new on the 15th at 8:24 P.M. It

waxes to first quarter on the 23rd at

6:12 A.M. Our satellite waxes fiiU on
the 29th at 9:22 p.m.

The most famous of all meteor show-

ers, the Perseid meteor shower, is ex-

pected to peak on the night ofAugust

11—12. It never fails to pro\"ide an

impressR'e display and. because of its

summertime appearance, most mete-

ors seen by those who are not astron-

omy buffs are Perseids. The Perseids

are fast and bright and often leave

persistent trails. Unfortunately for

people who go to bed early, the best

views are fi-om midnight until the first

hght of dawn. If the skies are clear,

find a place fr'ee of bright hghts and

tall obstructions, look overhead and

toward the northeast, and you could

see as many as fift\- to a hundred

shooting stars an hour.

The meteors are known as Perseids

because they appear to shoot outward

from the constellation Perseus. The
Finnish astronomer Esko L^^ninen sug-

gests that a short-Hved burst—lasting

perhaps forrs^ minutes—ot high Perseid

acti\it\' might take place on August 1

1

at 4:50 P.M., as the Earth passes ven.'

close to a trail of dust that was shed by

Comet Swift-Tuttle—the source of

the Perseids—in 1862. If an\T:hing un-

usual takes place, obser\-ers from east-

ern Europe to western China are in

the best position to see it.

The Earth reaches apheHon. its farthest

point from the Sun, onJuly 5 at 7 .A.M.

Our star is 94,507,582 miles away.

.4// exact rimes are expressed as eastern

daylight time.
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ENDPAPER

Birds of a Feather

.

Right: they flock together. No question, animals live in groups,

_ and people have been naming the groups for nearly as long as

they've been naming the animals themselves: herd of elephants, pack of

dogs, school offish.

That suggests a word-matching puzzle. But forget herd, pack, or

school—no challenge there. We've assembled some names below for

groups of animals that, unless you've been training for crossword tourna-

ments recently, will seem decidedly odd. Yet most of them can claim an

ancient pedigree, having captured the fancy of Ust makers as far back as

the fifteenth century. Other names have a basis in the animals' behavior.

So here's a twist on the usual

matching game: instead of pairing

a collective noun with an animals'

name, match the group name to

the photograph of the animals to

which the name corresponds.

Swarm

Crash

Kindle

Answers are on page 67.
Knot

Unkindness

I^SH^B!B1 N
Parliament
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American Museums
5 Discovery Toi

anuary

B New Year's in St. Petersburg: Featuring the Tsar's Ball at

Catherine Palace — December 27 - Januan- 3, 2005

The Galapagos Islands Aboard Isabella II

Januarv' 10-19, 2005

Wildlife of the Serengeti & Ngorongoro Crater

Januaiy 16-28, 2005

Wolves & Wildlife of Yellowstone

Januan- 22-28, 2005

Southeast Asia Unveiled: Laos, Vietnam & Cambodia

Januar)- 22 - Februan- S, 2005

Land of the Maya: Guatemala, Belize & Honduras Aboard

Nantucfeet Clippci'— Januar}- 24 - Februar)' 4, 2005

New Zealand by Land & Sea Aboard Clipptr Odyssey

Januar)' 26 - Februar)- 7, 2005

February

Unforgettable India: An Expedition by Private Jet

Februan- 5-28, 2005

Gorilla Trekking in Uganda

Februar)- 13-25, 2005

Antarctica Aboard Hanseatic

Februar).- 13 - March 3, 2005

Kingdom of the Monarch: Mexico's Great

Butterfly Migration— Februar)- 27 - March 4, 2005

March
Baja Whale Watch Aboard Yorktown Clipper

March 2-10, 2005

Rail Journey Through Southern India: Featuring the

Deccan Odyssey Train— March 3-18, 2005

April

fl Coral Reefs & Oceans of the World by Private Jet

Apnl 7-28, 2005

April (continued)

Ancient Kingdoms of the Red Sea Aboard Le Ponant

April 9-24, 2005

Cruising the Mighty Mississippi: From Memphis to

New Orleans Aboard Delta Queen— April 7-16, 2005

Southern Africa's Great Rail Journey Aboard Rovos Rail

April 11-26,2005

Springtime in Japan Aboard Clipper Odyssey

April 13-27, 2005

May
Along the Dalmatian Coast Aboard Pcregri?ie Mariner

May 3-11, 2005

England, Ireland & Scotland Aboard Polar Star

May 4-21, 2005

Tibet & Bhutan: Featuring the Gyantse Horse &
Archery Festival— May 17 -June 3, 2005

A Trans-Atlantic Crossing Aboard Queen Mary 2

May 18-28. 2005

Journey through the Trans-Caucasus: Georgia, Armenia

& Azerbaijan— May 28 -June 17, 2005

Early Man to Contemporary Civilization: Coastal Europe

Aboard Clippa' Adventurer— May 30 -June 13, 2005

Passages of Mind & Spirit: The Way ofJapanese Monks

& Poets

June
Ethnology & Cultural Traditions of Siberia, Mongolia &

Tuva— June 10-28, 2005

Borneo Adventure — June 12-26, 2005

Belize Family Adventure— June 18-26, 2005

Family China— June 18 -July 2, 2005

The Greek Isles: A Family Voyage Aboard Pantheon

June 21 -July 2, 2005

Baltic Exploration: Estonia, Latvia & Lithuania

Contact D
e our Complete 2005 Pro

tovery Tours at 800-462-8687



ATURAL History ^
B Preview Schedule

Ml
R?v

Cultural History & Archaeology of Ukraine

July 8-22, 2005

European Countrysides by Private Jet: England, Ireland

& France— July 15-24, 2005

Bali, Komodo & Flores Aboard Sea Safari

July 17-29, 2005

Family Galapagos Aboard Santa Cruz

July 24 - August 2, 2005

The Russian White Sea Aboard Hanseatic

July 24 - August 11,2005

August
Malta to Nice Aboard Sea Cloud— August 3-13, 2005

The Legendary Trans-Siberian Railway: From

Vladivostok to Ulaanbaatar — August 3-20, 2005

Arctic Spitzbergen, Iceland & Greenland Aboard

Hanseatic Augvist 9-25, 2005

The Kimberly: An Adventure in the Australian Outback

Roy Chapman Andrews' Mongolia

Safari Sketching in Southern Africa & Namibia

September

Lost Cities of Central Asia: Archaeology in Uzbekistan

& Turkmenistan — September 1-16, 2005

The Fossil Trail: Dinosaurs & Human Origins by Private

Jet September 3-24, 2005

The Viking Trail: Iceland, Greenland, Labrador &
Newfoundland Aboard Polar Star— September 6-24, 2005

China & the Yangtze River Aboard President

September 12-29, 2005

Vietnam & Cambodia Aboard Clipper Odyssey

September 20 - October 6, 2005

Hungary & Romania: From Bucharest to Budapest

September 21 - October 8, 2005

September (continued)

Newfoundland & Nova Scotia: From St. John's to Halifax

Aboard Polar Star— September 22 - October 5, 2005

Kilimanjaro Challenge: A Trek to the Summit

September 26 - October 8, 2005

October
The Silk Road by Private Train: From Beijing to Moscow

October 6-26, 2005

Malta, Libya & Tunisia Aboard Sea Cloud

October 19-31, 2005

Belize to Peru: Through the Panama Canal Aboard

Polar Star— October 19 - November 6, 2005

Polar Bear Watch on Canada's Hudson Bay

October 29 - November 3, 2005

China & Burma: Featuring The Legendary Burma Road

From Kumning, China to Rangoon, Burma

October 30 - November 17, 2005

Earth Orbit: Inside the U.S. & Russian Space Programs

Inside Dubai & Oman

November
The West Coast of South America: Peru, Chilean Fjords

& Argentina Aboard Polar Star— November 4-24, 2005

Indian Ocean Odyssey: Madagascar, Seychelles &
Mauritius Aboard Hanseatic

November 13 - December 2, 2005

Egypt & Jordan by Private Plane

November 4-20, 2005

December
Family Tanzania: A Safari in the Serengeti

December 18-30, 2005

Family Costa Rica — December 21-30, 2005 ^^^<^>

IW.u i d e or to
769-5700 and reference code DTNH05



IF YOU'RE GOING TO RUN OUT OF SOMETHING,

LET IT BE AIR, NOT FILM
When he was 12 years old. David Doubilet placed a Kodak Brownie Hawkeye camera into a rubber

bag and began shooting life underwater offthe coast ofNew Jersey. Today, he is one ofthe world's

leading underwater photographers. David often stalks his photographic prey for hours underwater,

painstakingly lighting them under conditions photographers above sea level can't even imagine. It

is through David's eyes and brilliant lighting techniques that the monochromatic world beneath

the sea has been discovered and colorfully presented to those living so far above its surface.

ROLEX
OYSTER PERPETUAL SUBMARINER DATE - WWW.ROLEX.COM
ELER CALL 1-800-367-6539. ROLEX i OYSTER PERPETUAL AND SUBMARINER DATE ARE TRADEMARKS.

NEW YORK


