
B^ P1t^1

1 ^ /

ms\



You tell yourself that you

shouldn't love coins so much.

Then the new ones come out.

THE 2008 UNITED STATES MINT

PRESIDENTIAL $1 COIN PROOF SET™. JUST $14.95.

Every chief executive gets a chance to shine. The second set in this series features four pristine proof

coins, celebrating the fifth through eighth U.S. Presidents. Not to mention the only modern U.S. coins with

edge lettering. This series will continue with future sets, featuring Presidents in the order they served.

The Presidential $1 Coin Proof Set — it's where patriots and numismatists unite.

FOR GENUINE UNITED STATES MINT PRODUCTS,

VISIT WWW.USMINT.GOV OR CALL 1.800. USA. MINT.

GENUINELY WORTHWHILE

©ZOOSi^United StatBs-'Mii

UNITED STATES MINT



22 FACE-OFFS OF THE FEMALE KIND

Gangs of female blue monkeys battle for turf

revealing a complex social organization.

BY MARINA CORDS

COVER STORY

28 LETHAL FUZZ

Toxic hairs enable some caterpillars to travel

en masse In conspicuous processions.

BY TERRENCE D. FITZGERALD

Blue monkey fCercopithecus

mitisj on watch in western Kenya

\r
DEPARTMENTS

2 THE NATURAL MOMENT
Ptooey!

Photograph by Scott Linstead

6 nature.net

Body English

Robert Anderson

6 WORD EXCHANGE

10 SAMPLINGS
News from Nature

16 LIFE ZONE
Power-Plant Meitdowns

Olivia Judson

36 BOOKSHELF
Laurence A. Marschall

42 SKYLOG
Joe Rao

44 AT THE MUSEUM

48 ENDPAPER
Field Mouser

Shomita Mukherjee

ON THE cover: Process/ona/y cafe/'p;7/a/'('Ochrogastersp.j

feeds on a eucalyptus leaf in Victoria, Australia.

PHOTOGRAPH BY CRAIG BORROW/NEWSPIX



•^^^^^^^^^^^Hp£



:c%-^'^^

^^s^. ik 4' *i



^ See preceding two pages

THE NATURAL EXPLANATION BY ERIN ESPELIE

w:
fhen the barn owl shown here

opened its mouth, photogra-

pher Scott Linstead expected to

hear an ear-piercing shriek. But no

sound came out. Instead, after some

dry heaving, the owl coughed up a

roundish pellet.

Many bird species upchuck pellets,

or castings: lumps of indigestible left-

overs, trapped and trash-compacted

in the gizzard. Even songbirds will

spit up little wads of seed husks or

insect exoskeletons, and a shorebird

might hawk up a hunk of crab shell.

But owls, being rapacious and apt

to swallo\v their prey w^hole, are

particularly well known for ejecting

large, furry pellets chockablock with

bones, beaks, and claws. Those pel-

lets must be regurgitated before an

owl's next big meal.

Dissecting owl pellets and identi-

fying the birds' diet by the skeletal

remains has become a popular class-

room activity around the world. Bi-

ologists at Queen's University Belfast

and University College Cork recently

proved, ho\vever, that such dissec-

tions are no rote exercise: ten barn-

owl pellets offered up a whopping
fifty-three skulls of a mammal never

before found in Ireland, the greater

white-toothed shrew {Crocidiim riis-

siila) . Live trappings in Tipperary

subsequently confirmed that the

shrew is in fact a new Irish resident.

n April Linstead traveled from Canada

down to the talon of southern

Texas, just west of Corpus Christi,

to capture some native-wildlife por-

traits. There, a local rancher tipped

him off to a barn-owl nest inside an

abandoned hunter's blind. The avian

parents—probably mates for life, as

are most barn owls—were tending

three eggs, cushioned only slightly

from the wooden floor by feathers,

excrement, and shredded pellets.

At the sound of any approach-

ing vehicle, the male would fly off,

while the female alighted on what

seemed to be her favorite perch, in

a nearby tree. Linstead took advan-

tage of this predictability. He set up

his own blind—a camouflage pup

tent—about thirty feet away from

the perch, and instructed his assistant

when to drive by. On the day he

took this series of photos, the female

preened and stretched on her perch

for about forty-five minutes before

disgorging the pellet and flying off,

ready to hunt for the next meal.

Scott Linstead worked as an aerospace engineer and then as

a highschool physics teacher before transitioning to profes-

sional wildUfe photography. He hves with his wife, Stephanie,

in Maple Grove, Quebec. More of his work can be viewed at

wwwscottyphotography.coni.
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SOMETIMES GESTURES are critical. I

can remember when I was in the dentist's

chair having my wisdom teeth chiseled

from my lower jaw. I was breathing

laughing gas and had been shot full of

anesthetic, but somehow I could still

sense the intense pain. Unable to speal<,

I was saved by making the T-shaped

"time-out" sign with my hands. Such a

symbolic gesture is nonverbal, in the

sense of unspol<en. But we are constantly

using more subtle forms of nonverbal

communication, from unconscious

gestures to pheromones.

On the Internet, the Nonverbal Library

(www.linguaggiodelcorpo.it/biblio/),

maintained by Marco Pacori, an Italian

psychologist and psychotherapist, explores

a fascinating array of signals we broadcast.

For my guide to Web sites on nonverbal

communication, please visit the magazine

online (www.naturalhistorymag.com).

ROBERT ANDERSON is a freelance science writer

who lives in Los Angeles.

Slippery Specimen

Jamie James writes in "Burmese Mo-
torcycle Diaries" [6/08] that Joe Slo-

winski was the first to describe a new
species of cobra since 1922. I'm not

disputing this claim, but I do want to

point out that another cobra was de-

scribed after 1922, though probably

erroneously. In 1932 my father, Gerd

H. Heinrich, was on a bird-collect-

ing expedition in Indonesia. He had

been hunting at night when a snake

reared up in the beam of his flash-

light. Thinking it might be a cobra,

he fired off a shot that killed it. He
brought the dead but still writhing

snake back to his tent to play a prac-

Magical Seychelles., . with Aldabra Atoll

Explore the idyllic Seychelles, home to a vast diversity of flora and fauna. Walk along

beaches dotted with pink granite boulders and through forests of coco-de-mer palms.
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corals teeming with 850 species of fish.

Pnmordial Aldabra, a voyage highlight, is home to giant Indian Ocean tortoises, flightless

Aldabra white-throated rails, and emerald lagoons populated by rays. Join expert natural-

ists aboard the elegant, 56-passenger sailing vessel, Le Ponant, and discover one of the

world's most pristine natural wonderlands.

Please contact us for a brochure.

Ultimate Seychelles with Aldabra Atoll
|
February & March 2009

ZEGRAHM EXPEDITIONS
Tel: (800) 628-8747 |

www.zeco.com

tical joke on his wife and her sister.

Although they were not amused by

the prank, they were curious about

the snake's identity, and the party

brought it back to Germany with

them. In 1933 the zoologist Ernst

Ahl pronounced it to be a deadly co-

bra of a new species, which he named
Naja celebensis. Recently, however,

I have been in contact with Mark-

Oliver Roedel, the herpetologist of

the Museum of Natural History at

Humboldt University in Berlin, who
informed me that herpetologists now
believe the specimen was the com-

monly found—and nonpoisonous

—

Boiga dendrophila. The end result? No
cobra, no new species of snake—but

quite a snake hunt.

Bernd Heinrich

University of Vermont

Burlington, Vermont

Canid Kudos
I just had to com-

ment on the amaz-

ing talent ofMau-
ricio Anton. He
absolutely brought

to life the article

by Xiaoming Wang and Richard H.

Tedford "How Dogs Came to Run
the World" [7-8/08]. His illustrations

made a good story into a great story.

William Kremer

Watsonville, California

Erratum

In "Birds of a Different Feather," by

Eben Goodale, Amila Salgado, and

Sarath W. Kotagama [7-8/08], the

editors regret scrambling a few photo

credits. Please note these corrections:

page 25 (sunset): Amila Salgado;

page 26 and 27 (ashy-headed laugh-

ingthrush): Chinthaka Kalutota;

page 28 (Sri Lanka scimitar babbler):

Vimukthi Weetathunghe.

Natural History welcomes correspon-

dence from readers. Letters should be sent ina

e-mail to nhmag@naturalhistorymag.com or

byfax to 646-356-6511. All letters should

include a daytime telephone number, and all

letters may be editedfor leugth and clarity.
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raveling the Silk Roac
An AMNH/UNESCO World Heritage Expedition

April 12-27, 2009

Expedition Overview
AMNH Expeditions has partnered with the

UNESO World Heritage Centre to create World

Heritage Expeditions, a travel series exploring

the efforts for the conservation and preservation

of cultural and natural sites around the world.

Trace the path of the great caravans along the

old Silk Road, stopping as they did in the

oasis cities of what are now Uzbekistan and

Turkmenistan.

Enjoy one-of-a-kind experiences as you travel

this historic road of commerce and culture once

traversed by Alexander the Great himself.

Visit the UNESCO World Heritage sites of

Samarkand, the city known as the Crossroads

of Culture; Merv, the oldest city along the Silk

Route; and Itchan Kala, inner city of Khiva,

where legend has it that Shem, son of Noah,

discovered water in the desert and shouted

"Hey va!" at the discovery.

Program Rates

$8,695 double occupancy

$795 single supplement

Rales do not include the airfare to/Jrom your departure city.

Call AMNH at 1-800-462-8687 to reserve your

space through our no-risk provisional booking.
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Trip Itinerary

U.S./ TASHKENT
April 12-15

SAMARKAND
& SHAKRISABZE
April 16-17

SAMARKAND,
GIJDUVAN,
& BUKHARA
April 18

BUKHARA
April 19-21
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& TASHAUZ
April 22-23

ASHKABAD
April 24

DAY TRIP TO MERV
April 25

DAY TRIP TO NISA
April 26

ASHKABAD/ U.S.

April 27

Reserve Your Space

With Us Today!

1-800-462-8687

amnhexpeditions.org

in partnership with UNESCO's
World Heritage Centre ,

American Museum o Natural History ^
Expeditions

WHO YOU TRAVEL WITH MAKES A WORLD OF DIFFERENCE
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Greens Eat Their Greens
Bladderworts, carnivorous plants of the genus Utricularia, live

in water or soggy soil. To snare their snacks, bladderworts set

ingenious little traps, sometimes in the hundreds, among their

waterborne leaves. The traps maintain an internal pressure lower

than that outside; when passing prey triggers an exterior hair, a

trapdoor snaps open, and inflowing water carries the prey inside

to be digested.

Biologists have long noted algae among the insects, nema-

todes, and other minute animal prey in bladderwort traps. Are

the algae symbionts? Are they swept in accidentally with animals?

Or could bladderworts actually eat algae?

Raw Deal
when early humans mastered the use of fire, their immediate re-

wards were warmth, light, and protection from nocturnal preda-

tors. Investigators have assumed that our ancestors also quickly

realized the advantages of flame-cooked food—easy chewing

and digestion—though clear evidence has been hard to find. A
new study bolsters that idea, showing that we share our fond-

ness for cooked grub with our wild cousins, the great apes.

Victoria Wobber and her graduate advisor at Harvard

University, Richard Wrangham, along with a third colleague,

gave a choice between cooked and raw food to a number of

captive apes. Chimpanzees clearly preferred cooked carrots,

sweet potatoes, and beef over the raw alternatives. They did

not express any preference in the case of white potatoes and

apples—perhaps, the scientists say, because both remain

relatively unchanged by cooking. A few bonobos, gorillas,

and orangutans were also tested, and except for a penchant

for cooked beef, not many expressed a preference, but those

that did agreed with the chimps. The findings concur with re-

search showing that cats favor cooked meat and rats opt for

cooked starch.

If animals with no regular access to cooked food neverthe-

less prefer it, it is plausible that our ancestors would have

readily roasted their own victuals once they got the chance—

a

fine story to tell your guests around the barbecue this evening, it

{Journal of Human Evolution) —Stephan Reebs
,,,

10 NATURAL HISTORY September 2008

Bladderwort trap, magnified

25x, contains algae.

To advance the debate, Mari-

anne Peroutka of the University

of Vienna and several colleagues

analyzed 1,450 traps from four

species of Utricularia. More than

half the traps contained algae, often unaccompanied by animal

prey. In fact, algae constituted as much as 80 percent of trap con-

tents under certain conditions. Intriguingly, the softer the water

the plant inhabited, the more algae its bladders bore. Soft water,

low in minerals, supports less animal life than hard water does,

and Peroutka thinks bladderworts may compensate for the lack

of meat by eating more greens. Indeed, some of the entrapped

algae appeared semi-digested, as others have noted.

A few other carnivorous plants are known to eat plant matter,

so perhaps we should start calling them omnivores. {Plant Ecology)

—Ashok Prasad

Junk Food Diet
In the Baltic Sea, birds called

common guillemots raise their

young on herringlike fish called

sprat. In the 1990s, local sprat

became unusually abundant

after populations of their

main predator, cod, plunged

because of overfishing and cli-

matic changes. Yet during that

time, guillemot chicks grew

poorly. Why?

The answer may lie in the

"junk food hypothesis," which

holds that poor-qua/ity food

can hamper the reproductive

success of marine predators

just as badly as low-quantity

food. Henrik Osterblom, the

biologist from the Baltic Nest

Institute at the University of

Stockholm who studied the

guillemots, noted that sprat

were leaner when they were

abundant and had to com

pete for limited supplies

of zooplankton. The

lean sprat made

less-nutritious meals for the

guillemot chicks. The chicks'

parents tried to compensate

by bringing home more sprats,

but because they catch and

carry just a single fish at a time,

it was hard to keep up.

The guillemots aren't alone:

recent experiments have

shown that many marine fish-

eaters, including Steller's sea

lions and kittiwakes, either

can't raise healthy young or

can't maintain their own weight

when fed low-energy food,

however plentiful. With col-

leagues, Osterblom reviewed

all the papers he could find

on the subject and concluded

that the junk food hypothesis

could explain, at least in part,

recent cases of breeding fail-

ure among northern

marine predators.

(Oikos) —S.R.

Common guillemots
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Jurassic Undertakers
Dermestid beetles are well known in forensic

circles: they congregate on corpses to feed

and breed, and their presence and life stage

can help establish when the victim died.

Some species haunt natural history muse-

ums, where they can be pests (munching the

dead skin of stuffed animals) or helpers (en-

listed by curators to clean bits of tendon and

muscle off skeletons). Now, new evidence

shows that dermestids were recycling car-

casses as far back as the Jurassic.

Working with two collaborators, Brooks

B. Britt of Brigham Young University in

Provo, Utah, examined the 150-million-year-

old fossil of a Camptosaurus dinosaur and

observed that most of its bones bear minute

pits, grooves, bores, and scratches. Those,

the team established, are the telltale signs

of dermestid larvae that tried to get at the

bone marrow after the putrid dinosaur meat

ran out. The marks matched those made

by modern-day dermestids and not those

of any other insect scavengers, such as ter-

mites (which can consume an entire human

skeleton), mayfly nymphs, or moth larvae.

After examining 7,000 fossilized bones in

addition to the Camptosaurus's, Britt says

insect marks are common but often go un-

noticed. Insect activity could explain some

fossil mysteries, such as "dinosaur den-

tures"—teeth that are found side by side in

perfect order but without any supporting

jaw. Chances are, scavenging insects ate the

whole bone away before it could fossilize,

(/chnos) —S.R.

Dinosaur bone marked by scavenging der-

mestid-beetle larvae, below left, magnified

15x; adult dermestid beetle, below right,

helps clean a museum specimen.

Not So Slothful

Sloths have a reputation for sluggishness,

so nobody was surprised when a 1983

study reported that they sleep sixteen

hours a day—one of the highest values ever

recorded for any species. But the sloths

under scrutiny were living in captivity, a ne-

cessity given the complex and cumbersome

equipment needed to pick up sleeping ani-

mals' brain waves. Now, the development

of lightweight recorders has enabled the

first field study, which may force a redefini-

tion of the word "slothful."

Niels C. Rattenborg of the Max Planck

Institute for Ornithology in Seewiesen,

Germany, and seven colleagues captured

three adult brown-throated three-toed

sloths {Bradypus variegatus) in the jungles

of Panama. The team fitted small brain-

wave and muscular-activity recorders onto

the sloths' heads, then let them go. During

the next five days, the scientists were sur-

prised to find, the sloths indulged in just

nine and a half hours of sleep daily.

To elucidate sleep's still-mysterious

function, researchers often compare spe-

cies, and they try to correlate sleep time

with ecological conditions and physiologi-

cal traits. Rattenborg warns that captivity,

with its abundant food, lack of predators,

and attendant boredom, may permit ani-

mals to be abnormally drowsy, and so may

muddy scientists' understanding of their

natural sleeping habits. {Biology Letters)

—S.R.

n

'

Gut Reactors
Bacteria may be humble single-celled creatures, but they're sophisticated enough to

anticipate regular events, such as the arrival of day, thanks to their internal circadian

clocks. A new study shows that they can also anticipate and prepare for sporadic

events, as long as the events are reliably preceded by a signal.

What kinds of events? Well, to colonize the gut of a mammal, Escherichia coli must

first enter the warm-blooded diner's mouth, where the bacteria experience a tempera-

ture rise; a short time later, they end up in the intestines—a place with low oxygen

levels, as well as fierce competition from other microscopic settlers. Bacteria would do

well to anticipate low-oxygen conditions and begin to adjust meta-

bolically from the moment they enter the mouth.

Indeed, when llias Tagkopoulos, his graduate advisor Saeed

Tavazoie, and Yir-Chung Liu, all at Princeton University, cranked

up the heat on E. coli in the laboratory from 77 to 98.6 degrees

g Fahrenheit, the bacteria immediately deactivated genes involved

1 in aerobic respiration (which requires oxygen) and activated genes

I governing anaerobic respiration (which doesn't).

% Then the team repeatedly exposed a population of E. coli to a

rise in oxygen following a rise in temperature, a sequence unlikely

i to occur in nature. The bacteria's native low-oxygen response all but

i vanished within a hundred generations, confirming that their fore-

f sight is flexible and results from natural selection. (Science) —S.R.
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SAMPLINGS

Bee Brains
Honeybees are clever little creatures.

They can form abstract concepts, such

as symmetry versus asymmetry, and they

use symbolic language—the celebrated

waggle dance—to direct their hivemates

to flower patches. New reports suggest

that they can also communicate across

species, and can count—up to a point.

With colleagues, Songkun Su of Zhe-

jiang University in Hangzhou, China,

and Shaowu Zhang of the Australian

National University in Canberra managed

to overcome the apian impulse to kill

intruders and cultivated the first mixed-

species colonies, made up of European

honeybees. Apis mellifera, and Asiatic

honeybees, A. cerana. The researchers

confirmed that the two species have their

own dialects: foraging in identical envi-

ronments, the bees signaled the distance

to a food source with dances of different

durations. Remarkably, despite the com-

munication barrier, A. cerana decoded A.

mellifera's dance and found the food.

Also at the Australian National Uni-

versity, Marie Dacke and Mandyam V.

Srinivasan trained European honeybees

to pass a particular number of colored

stripes in a tunnel to get a food reward,

which was placed by a stripe. When

they removed the food, the bees still

returned to the same stripe. Next, they

D THE WARMING EARTH

Arm Wrestling
The oceans absorb about half the carbon

dioxide humankind releases into the atmo-

sphere, and seawater is consequently acidi-

fying. That's a big problem for shellfish, cor-

als, and certain other calcareous creatures,

because lowered pH dissolves their shells

and skeletons. Echinoderms—starfish and

their relatives—have calcium-based skel-

etons, too, and so researchers have assumed

they are likewise subject to slow dissolution.

Hannah L. Wood of the Plymouth

Marine Laboratory in England and two

co-workers decided to check. They took

brittlestars [Amphiura filiformis), removed

14 NATURAL HISTORY September 2008

In a mixed-species hive, a European

lioneybee (blue) gives directions to its

Asiatic (green) and fellow European (red)

hivemates.

mixed things up on the bees: they varied

the spacing of the stripes, and even re-

placed stripes with unfamiliar markers.

The insects consistently passed the same

number of markers to approach the for-

mer reward site, demonstrating that they

could count, up to four.

The studies burnish the impressive list

of honeybees' known cognitive abilities,

all achieved with a brain the size of a

sand grain. (PLoS One, Animal Cognition)

— Graciela Flores

an arm or two, and then, to test how acid-

ity affected regeneration of the lost arms,

exposed the animals to seawater that was

either normal (pH 8.0) or acidified (pH

7.7—the standard worst-case prediction

for the year 2100—and pH 7.3). To Wood's

surprise, the brittlestars ac-tcTany-r-egenr-^'

erated their arms faster in the acidified

seawater than in the normal stuff, showing

that they could lay down calcium effective-

ly even under adverse conditions.

But there was a hidden cost. Both intact

and regenerated arms had considerably

less muscle mass in acidified seawater than

Iced Punch
Wide rivers of ice, called ice streams, flow

through relatively slow-moving polar ice

sheets, en route to the sea. Glaciologists

had assumed that ice streams just creep

steadily along— until one was recently

shown to pack a powerful one-two punch,

generating seismic waves twice a day.

The seismic signals from Antarctica's

sixty-mile-wide Whillans Ice Stream areas

strong as those of a magnitude-seven earth-

quake, which could cause major damage in a

developed area. But, whereas an earthquake

of magnitude seven might last ten seconds,

the Whillans signals continue for ten min-

utes or longer. They resemble earthquakes

at glacial speed, says Douglas A. Wiens of

Washington University in St. Louis.

Wiens, with three colleagues, discovered

the signals after analyzing recordings from

seismographs located 600 miles from the

ice stream. To pinpoint the signals' cause,

they embedded GPS antennae on and near

Whillans. It's the ice stream advancing

abruptly, by about eighteen inches, that

causes the signals, the team discovered. In

turn, the advances are caused by a combi-

nation of ocean tides—which lift and lower

floating ice at the stream's outlet—and

pressure from ice upstream. One of the

daily slips is triggered by high tide, with a

second following five to twelve hours later.

[Nature] —Harvey Leifert

they did in normal seawater. The low-pH

animals consumed extra oxygen, so they

were working hard, and Wood thinks they

had to burn muscle to fuel the laborious

regeneration. Weakened arms would

undQ.»btedTy affect feeding and reprodu

ilOn. Th&s; even if it doesn't affect their

calcification, low pH stil%osts echino-

derms an arm and a leg. frroceed/ngs of

the Royal Society B) A —S.R.

Brittlestar (shown

somewhat larger

than life size
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LIFE ZONE BY OLIVIA JUDSON

Power-Plant Meltdowns
Our mitochondrial DMA is implicated in maladies

ranging from blindness and infertility

to cancer and dementia.

As a small child, patient "MBM"
used to sweat profiisely during the

night. By the age of seven, she sweated

so constantly she needed to change

her clothes several times a day. She

ate prodigiously, yet could not put on

weight. She was always exhausted. And
her muscles were weak. MBM had a

form of hypermetabohsm, a syndrome

usually associated with thyroid diseas-

es. But the cause

ofher symptoms

was different.

When she was m
her thirties, it was

finally traced to

her mitochon-

dria—those small

organelles that

generate energy

for the cell.

MBM's condi-

tion, the first

recognized case

of mitochon-

drial disease, was

diagnosed in the

late 1950s. Since

then, mitochon-

drial malflinc-

tions of one sort

or another have

been implicated

in a disturbing array ofhuman dis-

eases, from blindness to cancer. Some
estimates suggest that 1 out of 8,500

people is made sick by mitochon-

drial defects. For now, none of these

diseases can be cured.

A single cell may contain hun-

dreds, or sometimes thousands, of

mitochondria. The involvement of

those organelles in so many diseases

is due to the many roles they play

in the cell. For example, they are

involved in apoptosis, or programmed
cell death, a kind of suicide directive

whose failure is implicated in some

kinds of cancers. But of all the jobs

mitochondria do, the most important

is to provide power to the cell. Mito-

chondria are power stations in min-

iature, using oxygen to burn glucose

and other food molecules, turning

them into energy that is captured and

stored in the bonds of a molecule

known as adenosine triphosphate, or

ATP. Just as power outages can have

deadly effects on cities, so too they

can have deadly effects on bodies.

But to understand the health prob-

lems caused by mitochondria, one

must also look to their unorthodox

genetics, which are a direct legacy of

their evolutionary history.

Humans, like other animals, possess

not one genome, but two.The
main one—the one usually referred

to as "the human genome"—resides

in the nucleus of the cell.You get one

copy of it from your mother (via the

egg) and one from your father (via

the sperm) . It is arranged as a set of

linear chromosomes that altogether

encode about 20,000 genes.

The other genome takes the form

of a single circle and encodes only

thirty-seven genes. Instead of inherit-

ing it from both your parents, you in-

herit it only from your mother. And
instead of being inside the nucleus, it

is found inside the mitochondria.

Mitochondria were once free-hv-

ing bacteria. But at some point 1.5

billion years ago or so, their ancestor

took up residence inside another cell,

providing it with

energy in exchange

tor shelter. How
that happened, and

ho^^ the arrange-

ment spread, is not

yet understood.

But the transition,

the merging of

two hfe-forms into

one, was one of

the great events in

the history ot lite.

All plants, animals,

and fimgi are the

s descendants of that

j ancient Haison. If

- it had not hap-

i pened, perhaps

; Earth would stiU be

I home to nothing

but bacteria.

The most sig-

nificant legacy of the mitochondria's

bacterial past is that they have re-

tained their own DNA—well, some
of it. Although their genome retains

its ancestral form (circular DNA
is characteristic of most bacterial

genomes) , over the millennia many
of the original genes have been lost.

A mitochondrial genome is a rump
genome, a relic.When you're living

full-time inside another being, genes
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essential for free-living become
useless. If one of those genes is ac-

cidentally deleted, the loss does no

harm, and may even bring a benefit.

Smaller genomes can be copied

faster, so a cell can make new mi-

tochondria more quickly if it needs

extra energy.

Interestingly, however, many of

the original bacterial genes that have

disappeared from the mitochondria

have not vanished from the cell. In-

stead, they have been transferred into

the cell nucleus. How such transfers

happen isn't clear. One possibility is

that they result when a mitochondri-

on that is no longer needed is being

dismantled and its parts recycled. In

that process the mitochondrial DNA
is normally destroyed, but if it spiUs

into the ceU cytoplasm, bits may get

spliced into the strands of nuclear

DNA and become part of the main

genome. Whatever the details, over

the ages a substantial number of mi-

tochondrial genes have been added

to the main genome. And the process

is ongoing: the odds that a human
egg carries a new insertion are about

1 in 200,000.

Some of those transferred genes

have evolved new functions in their

new environment, and no longer

have anything to do with the opera-

tions of the mitochondria. But oth-

ers are involved in making proteins

that the mitochondria need to do

their job; such proteins are made
in the main part of the cell and

then delivered to the mitochondria.

Indeed, most of the proteins that the

mitochondria need to function are

encoded by genes in the nucleus.

The activity of genes in the nucleus

is even required to copy the mito-

chondrial genome: mitochondria no

longer have the equipment to copy

their own DNA.

Fish, birds, reptiles, amphibians, and

mammals have the same set of

mitochondrial genes, in more or less

the same order. That suggests that

further losses are harmful, and the

circular genome has evolved to be

as small and streaniHned as it can be

while still doing its job. Even so, the

genome is still susceptible to muta-

tions, and if an organism inherits a

mutated version, the result in some
cases can be disease.

Sperm need a large and ready

supply of energy in order to swim to

meet an egg. To this end, a sperm cell

has a belt of mitochondria—a sort of

power pack—between its head and

its tail. Faulty mitochondria are thus

one cause of male infertihty. How-
ever, when a sperm enters an egg, the

mitochondria it carries are destroyed.

Hence, in most animals, mitochon-

dria are inherited only from the

mother. (There are occasional excep-

tions.A few species—such as some
mussels and clams—regularly deviate

from a strict pattern of maternal in-

heritance. Also, accidents can happen:

even in species such as humans that

have this strict pattern, a few of the

father's mitochondria may, once in a

while, escape destruction.)

Being inherited only from the

mother means that some human
mitochondrial diseases are expected

to be much more severe in men than

in women. The reason is that, as far

as the mitochondria are concerned,

men are an evolutionary dead end.

Mitochondria that interfere with a

female's abOity to survive and repro-

duce will not be passed on to the

next generation. But mitochondria

that interfere with a male's abihty to

survive and reproduce suffer no such

penalty: they wouldn't have been

passed on anyway. Male infertility, for

example, is not a problem from the

mitochondria's point of view.

Although many mitochondrial

diseases do not, in fact, seem to im-

pact males more than females, Leber's

hereditary optic neuropathy—a sud-

den bhndness owing to degeneration

of the optic nerve—is an example of
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one that does. More than 80 percent

of those who get it are men, most of

them between the ages of fifteen and

thirty-five. The disease usually affects

both eyes, and the ability to see is

typically lost over a period of about

four months.

This disease was first described in

1871, but because of its association

with men, it was initially assumed to

be a classical sex-linked disorder, like

red—green color blindness or hemo-
philia, diseases tied to mutations on

the X chromosome. (Women have

two copies of the X, but men only

have one, which means that harmful

mutations on the X are more likely

to affect men.) It was a century later,

in 1972, that mitochondria were

considered as a possible cause, and

the first mitochondrial mutation

associated \vith the disease wasn't

discovered until 1988.

Three mitochondrial mutations

are commonly implicated in Leber's

hereditary optic neuropathy. Having

any one of them predisposes you to

the disease. However, those mutations

are not the whole story: simply hav-

ing one does not guarantee blindness

in your future. And even if blindness

strikes, though there is no cure, there

is a chance of spontaneous recovery.

With one of the mutations, only 4

percent of patients get lucky. But

with either of the other mutations,

the odds of a reprieve are better:

around 22 percent for one of the

mutations and between 37 and 50

percent for the other.

The direct inheritance of defective mi-

tochondria is just one of the ways

that mitochondria can cause disease.

Several diseases, for instance, result

from chunks ot the mitochondrial

genome being newly inserted into

the main genome. Such insertions

can be damaging if they interrupt

the function of another gene—say,

if the new piece ofDNA lands

smack in the middle of a working

gene's code for a vital protein. One
example is an unusual case of

Pallister-HaU syndrome—a rare dis-

ease with symptoms that include ex-

tra fingers and toes, unusual growth

of the brain, and a malformation

of the airway. Usually, the disease

is caused by ordinary mutations in

a gene in the main genome called

GLO. This is a "transcription fac-

tor"—a type of gene that regulates

the switching on and off of certain

other genes. But one documented

patient owes his symptoms to a snip-

pet of mitochondrial DNA that has

arrived in one of his copies of GLI3.

Because many genes in the nucleus

are essential to the proper work-

ings of the mitochondria, defects in

those genes also can—and do—cause

mitochondrial diseases. For instance, a

mutation in one gene causes a kind of

paraplegia; mutations in several others

cause Leigh syndrome, a severe brain

disease. In such cases, however, the

inheritance of disease follows a clas-
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sical genetic pattern rather than the

firom-the-mother-only inheritance ot

defects in the mitochondrial genome

itself. (Complicating matters even fur-

ther, however, some instances of Leigh

syndrome appear to be caused by

defects in the mitochondrial DNA.)

Perhaps the most

significant cause

of mitochondrial

disease, however,

lies not in the ge-

netic faults some
people inherit

from their parents,

but in the muta-

tions most people

accumulate in

growing numbers

of their mitochondria as they age.

Mutations of any sort are particu-

larly likely to happen when DNA
is being copied. And in the course

of a lifetime, mitochondrial DNA
gets copied a lot—far more than the

DNA in the nucleus. Nuclear DNA
is duplicated only during cell divi-

sion. Mitochondrial DNA is copied

whenever the cell makes new mito-

chondria—which can be often. Add
to that the mitochondrial genome's

proximity to the metaboHc furnace,

which spews damaging free radicals,

and its lack of some of the protective

mechanisms for DNA proofreading

and repair that have evolved in the

nucleus, and it's no surprise that this

beleaguered little wreath of genes has

a far higher intrinsic rate of mutation

than the nuclear genome.Worse still,

any mitochondrial genome that suf-

fers a large deletion will be small-

er—and thus easier to copy quickly.

Copies of the faulty genome can

then start to become more common.
Initially, none of this matters much.

There are so many mitochondria in

each cell that a faulty genome here

or there won't have much impact.

But as time goes by, the proportion

of faulty mitochondria rises. Eventu-

ally, some cells will contain a large

number of faulty mitochondria, and

will thus lack the power to carry

out their jobs. Among people under

forty, most muscle cells contain intact

mitochondrial DNA; ten years later,

muscle cells start to show a wide vari-

ety of mutations in the mitochondrial

genome. Certain types of neurons also

build up mitochondrial mutations

with age.The older you are, the more

such mutations you are likely to have.

It has long been known that mi-

tochondrial mutations are associated

with a variety of progressive diseases,

from Parkinson's (a degenerative

disease of nerve cells) to heart disease.

But until recently, direct evidence

that mitochondrial defects were actu-

ally causing the diseases was lacking.

This is beginning to change. Recent

experiments show that mice bred to

have mutations in a gene called PolG

(which is in the nucleus) accumulate

extensive deletions in their mito-

chondrial DNA. Apparently as a result

of those mitochondrial deletions, they

age much faster than normal mice.

Another Une of evidence comes from

injecting human fibroblast cells with

mitochondria from old rat-liver cells:

the human cells quickly degener-

ate. (Young rat-liver mitochondria

have no such effect.) And evidence

is growing that your brain works less

well the more deletions you have in

the mitochondria in your neurons.

People from different parts of the

world have different mitochondrial

genomes: there is non-pathogenic

variation here, just as there is in any

other set of genes. (Paleoanthropolo-

gists have famously calculated that all

those variants are descended from a

single type that existed about 140,000

years ago in an East African woman,
whom they have dubbed "mitochon-

drial Eve.") Some of those variants,

however, may predispose their bearers

to particular diseases, because they are

prone to accumulating deletions at a

faster rate. In other words, some mi-

tochondria that frmction

perfectly well early in

life may be more likely

than others to develop

problems later.

On the flip side, other

variants may be more
robust or have favorable

effects. Some Europe-

ans have mitochondrial

genomes that appear

to protect them from

Parkinson's disease, and

others enjoy greater protection from

severe dementia, such as Alzheimer's.

Japanese centenarians tend to have

a specific mitochondrial genotype,

which is not found at particularly

high frequencies in the younger

population; that suggests it is a factor

m their long hves.

Although there are nutritional and

other treatments that can ameliorate

the symptoms of some mitochondrial

diseases, it doesn't look as though

we'U have a cure for many of them

anytime soon. But one day, perhaps,

the techniques of gene therapy will

address, at least, heritable mitochon-

drial defects—the ones inherited via

the egg. Experiments in mice suggest

that such an approach is possible. The
procedure involves taking the nucleus

from an egg that has abnormal mi-

tochondria and placing it in an egg

with normal mitochondria, from

which the nucleus has been removed.

A mouse with such genetic inheri-

tance grows up free of mitochondrial

disease. But the day when such a

technique could be used in humans is

probably still a long way off.

Olivia JuDSON, a research fellow in the

Dh'isicii of Biology at Imperial College

London, is the author of Dr.Tatiana's Sex

Advice to All CreationiThe Definitive

Guide to the Evolutionary Biology of

Sex (Owl Books. 2003).
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Face-offs
of the Female
Kind
Turf battles between

gangs of female blue

monkeys reveal a complex

social organization.

BY MARINA CORDS

rgent, low-pitched growls emanate from dense foli-

age in the Kakamega Forest in western Kenya. The

growls are punctuated by birdlike chirps and, every

so often, a deep, resonant boom. The sounds get

.
I
louder as two groups of blue monkeys, which are

V
, ,V gray and black rather than blue, face off across an

invisible line in the tangle of branches. Each group is about

forty strong. In the front lines are adult females, the size ofhouse

cats, literally shoulder to shoulder, glaring and threatening. The

opposing phalanxes move in parallel, sometimes pushing forward,

sometimes retreating. Individual "soldiers" join and leave the front

ranks; behind them, others—adult females, the juveniles, and the

group's one resident male—chirp and growl in support, or simply sit

and watch. Still others, usually at a distance from the commotion,

seem completely unconcerned and uninvolved in the battle.

In my fieldwork on blue monkeys {Cercopitheais mitis) , my colleagues

and I have witnessed fierce encounters ofthat kind every month or so,

while less dramatic confrontations, such as a couple ofanimals growling

at their neighbors, occur every day or two. What's in dispute is territory,

territory that contains the fruits, insects, flowers, and leaves that make

up most ofthe diet ofthese monkeys. The battles are remarkable both

for the ganglike cohesiveness they bring to what can otherwise seem a

scattered, unconnected group, and for the intensity of the aggression

that can erupt among females with normally peaceful demeanors. For

it IS the females that participate in these turfwars, grabbing and biting

their opponents when aggressive threats are not enough.
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Chimpanzees, our close relatives, are sometimes

compared to politicians: they engage in power plays;

they use diplomacy; they assign perks to various posi-

tions in a complicated social hierarchy. Blue monkeys,

which seem calmer and less prone to form coalitions,

appear to be more egalitarian. And yet my study of the

group dynamics ofterritorial battles, and how these may

figure into the way a group later splits into smaller new

groups, has revealed unexpected complexity in blue

monkey social structure. As in some human political

organizations, those on top may depend more on those

at the bottom than first meets the eye.

^^^.

v^VV^A

A ma/ejuveni/e b/ue monkey, the size oi a cW\huak\ua, looks into

the distance in his Kakamega Forest home in western Kenya.

Juveniles sometimes watch but seldom join in intergroup territo-

rial aggression. Juveniles participate less often in fights than do

adults, and male juveniles less frequently than female juveniles.

THE FEEDING TERRITORIES OVER which blue monkeys battle

are often so specific that a person could draw lines to

demarcate them: this tree belongs to this group, the

next tree over doesn't. Groups can coexist peacefully

very near one another as long as each stays on its side

of these imaginary lines.

Territorial behavior occurs in many animals that defend

feeding grounds, breeding areas, and in a few cases, court-

ship arenas. Among primates, territorial defense isjust one

way a group cooperates to compete with the neighbors.

Not all primates are territorial in the way blue monkeys

are, defending a specific piece of land. However, many

primate groups react aggressively toward neighboring

groups wherever they meet. Biologists would not call

such populations territorial, but there is nevertheless

cooperative defense of resources.

Quite a few researchers have investigated what certain

primate species fight over; less often have they looked

at how group members differ in their participation. Of

those studies, almost all involve species in which the males

S"d«"
v^ ''.Ethiopia

"""^""l^^Oi., Somalia^
^ Uganda i y-'

Rwanda^,-', /gi-r ' y
pern. Rep. ,-#,< Burundi 'n/

^IVIoizambique

J
Swaziland

Blue Monkey Range

Cm. Stuhlmanni

All other

blue monkeys
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do most ot the fighting. My study focused on the question

ot why certain individual females did the fighting.

At first glance, it seems unfair that only some members of

a blue monkey group would fight to defend a food supply

that benefits all the group members—an effort that econo-

mists call "collective action for a public good." Indeed, those

monkeys that sit out the battles are getting a free ride. As
a matter of fact, any individual monkey would seem well

advised to avoidjoining an intergroup battle: it's a way to get

the benefit (more food) without paying any cost (potential

injury or even death).

The most severe wounds I've seen a female sustain in

my twenty-nine years of study occurred during a group

battle. For more than an hour, members of the front lines

had taken each other on, sometimes

grappling fiercely in a tangle as a roar

of growls, chirps, and loud screams

erupted. When the losing group fi-

nally retreated, I moved forward to

get a closer look. Normally monkeys

are wary of people, so I was amazed

that I could come within six feet of

an adult female. She was breathing

heavily as she lay prostrate on some low

Kamba, an adult female, nurses

one of her daughters—a one-

and-a-half-year-old. Females with

young infants take part in fights

rarely, if at all.
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branches, just level with my eyes. Her body was covered

with flecks of blood—she must have been bitten all over,

severely and repeatedly. Only after lying perfectly still for

a half hour did she pull herself together and slowly move
off to a safer distance.

More recently, in another prolonged, loud, and vi-

cious group fight, another female had the skin ripped

off the back of her calf, starting from the knee. The
skin bunched down at her ankle like a frilly bobby sock,

leaving the red calfmuscle fully exposed; eventually she

limped away, though carefully and in obvious pain. Both

of those animals survived their injuries, but that was a

matter of chance: open wounds in a tropical environ-

ment can become infected and lead to death.

And yet, ifevery monkey chose to

take a free ride to avoid such risks', no

cooperative territorial defense would

occur, and all would lose out. This

dilemma is what economists refer to

as a "collective action problem." Evo-

lutionary biologists think in a parallel

manner, because natural selection

should act on animal decision making

in a way that maximizes individual fit-

ness. In other words, natural selection

should favor selfish and self-protective

decision making, which maximizes an

individual's chances to survive and re-

produce. Iftaking a free ride offers the

best deal to the individual, collective

action should always fall apart.



Above left: Spike, an adult female blue monkey, makes what the

author calls a "hate face," a threatening facial expression that is usually

accompanied by aggressive growls in a confrontation. Above: a mother,

Lolita, whose tail is up in the air, is groomed by her daughter. Lobster.

Another daughter, London, sits to mom's left. Mothers are sometimes

prevented by lower-ranking females from joining splinter groups that

include their offspring.

To understand from an evolutionary perspective why
some members of a group of blue monkeys fight even

though others ride free, it seems that there must be addi-

tional important factors that a simple model ofcooperation

does not take into account. For one thing, individual group

members are not identical: one might expect some differ-

ence in participation if the costs and benefits of territorial

defense are not the same for all potential participants.

OVER A FIVE-YEAR PERIOD, my colleagues and I monitored

individuals' participation in territorial encounters in five

study groups of the blue monkey subspecies Cm. stuhl-

nianni in the Kakamega Forest to see if such disparities in

individuals' costs and benefits offered a compelling expla-

nation for divergences in participation. As noted before,

adult females regularly joined the fray, while adult males

engaged infrequently—and when they did, it was mostly to

vocalize from the back lines. (Although each blue monkey

group usually contains only one resident adult

male, an influx ofmale adults sometimes swells the

group during the three- to five-month breeding

season.) Juveniles were less likely than adults to

get involved in the intergroup aggression; gener-

ally, however, the older the juveniles were, the

more likely they were to join in. At every age,

juvenile females participated more than juvenile

males—foreshadowing the adult pattern.

We can in fact begin to explain these results

in terms of the relative costs and benefits of

participating in intergroup battles. From an

evolutionary perspective, the relative reproduc-

tive success offemale mammals is limited mainly

by access to food: enduring a pregnancy, and in

particular, lactating to support a growing infant,

are energy-intensive life stages limited to adult

tcmales. Thus females have especially much to

gain from defending a source offood, and it makes

sense that they are more involved than males in

defending feeding territories.

In contrast to females, the relative reproduc-

tive success of male mammals depends mainly

on their access to female mates, at least in cases

I where paternal care is minimal (as is the case in

^ blue monkeys) . When male primates participate in

§ intergroup aggression, they are usually defending

i mates, not food. Some exceptions to this gener-

i alization have recently been discovered: Eastern

black-and-white colobus monkey males seem to

defend feeding areas directly, for example. But

researchers believe this may actually be a way
to attract potential mates, rather than a defense

of feeding grounds for their own sake. In blue

monkeys, however, males are obviously less in-

volved in battles between groups than females

are, and it seems clear that defending food sources is not

one of their strategies for attracting mates.

The age-related difference in participation, by contrast,

may reflect the differing risk to individuals. Given the

potential for extreme violence, smaller and more vulner-

able individuals may be less inclined to take a risk. Not
only juvenile monkeys, but also females with infants,

are less likely to take part in intergroup aggression. This

observation is also consistent with the idea that individu-

als make decisions based on their personal risks: a female

carrying an infant is probably less agile in the branches,

and agility is at a premium in the fast-moving action of

escalated encounters.

Why, then, do females ofhigher rank in the dominance

hierarchy participate more in territorial battles than do

those of lower rank? Rank structure in blue monkeys is

linear: ifA is dominant to B and B is dominant to C, then

A is dominant to C as well. In that respect blue monkey
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hierarchies resemble those of many other Old World
monkeys, such as the rhesus macaque and the baboon.

What's different is that blue monkey rank structure is less

"in your face": dominance interactions are rare, especially

those more aggressive ones in which there is a clear loser.

Instead, dominance is revealed over the long term by how
a lower-ranking individual will tend to avoid a higher-

ranking one or withdraw in her favor. It's a muted dance

of approach and retreat in which the dancers perform

occasionally. In fact, only after piecing together years of

observations to detect repeated patterns did we perceive

a hierarchy in blue monkeys at all.

RANK IS GENERALLY A POOR PREDICTOR offemale blue monkey
behavior, so we had not expected dominance rank to play a

role during territorial battles. For example, females ot lower

rank do not travel more or farther to get food, do not spend

The six primate species pictured liere engage in intergroup aggression, usually

over territory. Those in the top row—(left to right) redtail monkey, ringtailed lemur,

patas—mainly rely on the females to do the fighting. Males do most of the fighting

in the species in the bottom row (left to right): black howler monkey, brown

capuchin, and bonnet macaque.

MALE FIGHTING SPECIES

more time feedmg, and do not have a lower-quality diet than

those of higher rank. Nor do they occupy spatial positions

in trees (at the edges of a tree's crown) or in the group as a

whole (on the edge of the group) that would expose them
more to predators. Most important, there is no evidence that

they breed less successfully: neither the rate at which they

produce offspring nor the survival of their infants suffers

compared with that of higher-ranking females.

If high-ranking females possessed an advantage in any

of those ways, one might understand their greater par-

ticipation in group battles: they are the animals with the

most to gain. But for blue monkeys there must be a more
subtle explanation.

I can suggest two possibilities. The first is that participa-

tion in cooperative territorial defense is traded for other

social services. Here behavioral biologists use another

economics analogy: the idea that cooperative exchange

can involve multiple "currencies." At the simplest level,

one animal takes on the risks ofan intergroup battle, while

another pays back with a different social good. In some

primate species, teaming up in aggressive alliances to sort

out squabbles within a group is a significant service pro-

vided by friends, but in blue monkeys this seems too rare

to be important. Other obvious contenders

are social grooming, or perhaps tolerance

while feeding: a monkey is allowed to feed

undisturbed, rather than be chased away by

a higher-ranking group member. And, for

reasons that are as yet unclear, high- and

low-ranking animals "play" with differ-

ent currencies. At present we don't know
whether such exchanges occur, but our

team is monitoring exchange in all three

currencies (territorial fighting, grooming,

and feeding tolerance) to find out.

When two animals exchange services

with each other, reciprocity is direct: I give

something to you, and you pay me back in

some way. But reciprocity can also be indi-

rect, when an individual provides services

to another and is paid back (whether in

the same currency or not) by a third party

or parties. In theoretical models, indirect

reciprocity can persist when individuals

have reputations, and when their fate in a

marketplace of social partners depends on

their reputations. Both theoretical models

and experiments with human players sug-

gest that investment in reputation occurs.

For example, human subjects will donate

to a public good ifdoing so enhances their

reputation, and ifothers can use information

about their reputation to make decisions

about cooperating with them in the future.

So, contribution to the public good can

eventually bring benefits to the contributor, lessening

the temptation to ride free. Whether nonhuman primates

attend to reputations or practice indirect reciprocity is,

however, currently unknown.
The second potential explanation for why high-ranking

females fight invokes the theory of "reproductive ske^^^"
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An adult female stashes some Solanum mauritianum, a plant in the potato and deadly

nightshade family, in her cheek pouches. Such fruits, along with insects, and flowers, are at

stake in intergroup blue monkey battles over territory.

This theory was originally devised to explain how repro-

duction is distributed among the members ofa society. One
might ask, for example, why high-ranking individuals do

not aWays prevent lower-ranking ones from reproducing.

A possible answer to this question is that lower-ranking

individuals have something the members of higher rank

need. For example, perhaps the social unit needs all of its

members alive and well for any ofthem to reproduce suc-

cessfully. If so, a higher-ranking individual might need to

give up some control over reproduction to keep lower-

ranking individuals around. Without such an incentive,

the latter might go elsewhere.

That general idea may indeed apply to blue inonkeys.

Specifically, high-ranking females may need to keep low-

ranking ones around to cope effectively with the aftermath

of group fissions. Blue monkey groups tend to split when
they reach fifty to seventy members. The reasons for

such divisions are not well known in this species, but the

consequences seem clear. The two new daughter groups,

which are seldom the same size, engage in a series ofintense

intergroup battles to divvy up the original territory.

In fact, that is when territorial boundaries—normally

stable over generations—change the most. Invariably, the

smaller daughter group ends up with the smaller parcel

ofland, which may not be big enough for its needs. That

new home range seldom includes the most visited portions

of the original group's range, and it often includes areas

that were relatively infrequently used.

The fact that there are different consequences for large and

small daughter groups is one piece of the puzzle. Another

is that lower-ranking females appear to have some control

over how the group divides. They may choose not to join

higher-ranking females in a new group, for example; in

addition, they may actively and

collectively exclude higher-

ranking females. In one fission,

we witnessed lower-ranking

females harassing a higher-

ranking matriarch that tried

to join their subgroup. She

was highly motivated to join

it, as It included almost all of

her many offspring. In the face

of repeated, targeted threats

and chases by lower-ranking

females, however, she ended

up with the smaller subgroup

offemales, all higher ranking

than she was. She was thus at

the bottom ofthe hierarchy in

her new group, and separated

from all of her family except

her young daughter—and this

position seemed to be imposed

on her from below.

Presumably it is in the best interest of high-ranking

females to join the larger subgroup during a group fis-

sion, but they risk being abandoned by lower-ranking

individuals looking for a better situation elsewhere. If

high-ranking individuals take on a greater share of ter-

ritorial defense, they may create the staying incentive

needed to retain a loyal following, thus ensuring the

most advantageous outcome.

Our field research continues to investigate such questions

ofsocial structure by focusing on the behavior ofindividuals

and their exchanges with one another, both one-on-one

and in the context ofgroup territoriality. This may prove to

be a long undertaking, as some ofthe relevant social events

occur rarely. Escalated attacks happen only once a month
or so, and group fissions take place on average only once

in ten years. With females living as long as thirty years or

more, perhaps one should expect social lives that play out

over a protracted period, but that presents scientists with

a challenge. It's a good thing that human researchers live

longer than their subjects!

Marina Cords is a professor of ecology,

evolution, and environmental biology at

Columbia University. Her research fo-

cuses on the social behavior, ecology, and

reproduction of non-human primates,

especially Old World monkeys. She has

led a field study of blue monkeys in the

Kakamega Forest since 1979, in which

she combines behavioral observations

ith laboratory-based investigations ofDNA and hormones.

Web links related to this article can be found at

vtfWW.naturalhistorymag.com 1
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Bag-sheher moth caterpillars fOchro-

gaster lunifer} from Australia feast on a

eucalyptus leaf. Opposite page (top to

bottom): oak processionary caterpil-

lars {Thaumetopoea processionea)

•on a host tree in Europe; buck moth

-caterpiV/ars fHemileuca maia;, found

fn'd^^t^rn North America; moon moth

caterpillars (Lortomia cyniva), found in

Venezuela; processionary caterpillars

(Eusejasia chrysippe; cong^-e^at/ng on a

leaf of the Micohia tree in CcataiRica.
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Toxic hairs enable some caterpillars to venture

forth in conspicuous processions.

BY TERRENCE D. FITZGERALD

An
epidemic of itchy, burning rashes,

irritated eyes, and sore throats

struck Belgium in the spring of

2007. Victims' reactions were

severe enough to rally firefighters and

dozens oftroops—armed with gas-flame

torches—to scour the northern country-

side in search ofthe culprits. That summer

a similar outbreak in west London set

people to coughing and scratching, and

the U.K. forestry commission launched

its own extreme counterattack to blunt

a recurrence this year.

What's responsible? Fuzzy caterpillars.

Oak processionary caterpillars {Thatiineto-

poea processioned), to be exact: they wreak

havoc on anybody unlucky enough to

cross their path. Considered tree pests

as well, because they defoliate oaks, oak

processionaries sport an armament of

poisonous hairs. The fine, stiff, sharp-

pointed bristles readily penetrate skin,

releasing a toxin on contact from their

hollow cores. In response to the toxin,

thaumetopoein, a victim's body releases

histamine, which raises itching, red welts.

Particularly sensitive people can suffer a

much more serious, life-threatening reac-

tion termed anaphylaxis.

Surprisingly, few of the victims in the

outbreaks actually touched or saw the

caterpillars. The hairs can be unavoidable

on a windy day, floating invisibly in the

air for more than a mile. High concentra-

tions of the airborne hairs are common
because the caterpillars live in large sibling

groups—often ofa hundred or more—and

can achieve high population densities. The

caterpillars move about in head-to-tail

bodily contact, forming snakelike lines

as long as twenty feet, a peculiar form of

collective locomotion termed procession-

ing. While this is an effective means of

staying together, brazen marches render the

insects conspicuous to predators, requiring

strong defense against attack. Hence, the

hairs—lots of them.

People all over the world have come
into contact with the dozens of

species of processionaries that have

evolved around the world. In West

Africa, for instance, inhabitants have

eaten the Anaphe caterpillar for many
generations. They deal with the hairs

by singeing them as the caterpillars are

roasted over a fire. Eating one or two of

the tasty caterpillars is ofno concern.

But making regular meals of them, it

turns out, often leads to serious symp-

toms; difficulty in speaking, impaired

consciousness, rolling eyes, staggering,

and tremors. Only recently has it been

established that thiaminase, an enzyme

in the caterpillar's body, destroys the

victim's vitamin Bl. The resultant vita-

min deficiency, now known as seasonal

ataxia, was responsible for about 70

percent of hospital admissions in Ikare,

Nigeria, in August 1993. Fortunately,

the symptoms disappear quickly with

vitamin supplements.

The most dangerous of the pro-

cessionaries is the South American

Lonomia. In Brazil, a seventy-year-old

woman suddenly fell into a coma after

she placed a slipper on her foot. Hid-

den within was a Lonomia caterpillar.

Doctors found lesions on her left foot

where hairs had penetrated her skin.

The toxin had triggered intracerebral

hemorrhages, from which she died

seven days later. More and more people

are being exposed to the hazard because

of deforestation and a decline in the

caterpillar's natural enemies. An anti-

lonomic serum, ifinjected in a timely

manner, can save victims' lives.

Central America has suffered in

recent years from female moths in

the processionary genus Hylcsia. The

moth, like that of some other spe-

cies ofprocessionaries, has poisonous

spicules on its abdomen, allowing it

to carry on the nasty business of its
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childhood. In 2005, Trinidad shut down offshore oil rigs

when the moths fluttered about lights that burned through

the night; the spicules broke from their abdomens, drifted

invisibly through the air, and fell onto the exposed skin

of the victims.

Animals as well as humans fall victim to processionar-

ies. Veterinarians are accustomed to treating curious pets

that molest caterpillar processions or nests; the unfortunate

animals often suffer necrosis of their tongues, requiring

that affected parts be cut out to save their lives. In Austra-

lia, the processionary Odirogaster is the prime suspect in a

recent rash ofaborted foals: there is growing evidence that

if pregnant mares ingest fragments of hairs left behind as

the caterpillars march over the ground, their fetuses may
die. Although the exact mechanism remains uncertain, the

hairs may irritate the mare's gut, which allows pathogenic

bacteria to invade the bloodstream.

While it is mostly because of their impact on human
health that processionaries have attracted the attention

of scientists, I was drawn to them for a wholly different

reason. My interest was piqued after reading a series of

essays on the pine processionary caterpillar {Thaumetopoea

pityocampa) written more than a hundred years ago by

the renowned French naturalist Jean-Henri Fabre. Fabre

conducted remarkably detailed studies ofthe larva and the

moth, which he recorded in his encyclopedic ten-volume

Souvenirs Entomologiques.

In January 1896, Fabre wondered what would happen

if the first caterpillar in a procession could be made to

follow the last, creating a complete circle. He soon had his

answer, for by chance a procession crawled onto a palm

pot in his greenhouse and formed a circular procession

around its rim. To his amazement the caterpillars circled

for seven days before breaking free. Factoring in rest breaks

during the cold nights, Fabre calculated, conservatively,

that the caterpillars marched for eighty-four hours, circling

the rim 335 times. He attributed the circling behavior

to blind instinct, stating that the caterpillars lacked "the

rudimentary glimmers ofreason that would advise them
to abandon it." His account of the circling procession is

one of the best known of all insect stories, because it is

viewed as a metaphor for mindless living. The story

has been endlessly retold by inspirational speakers

who see in it the folly of blindly following the ,^

crowd, striking off with neither a goal nor a

leader, or confusing activity with progress.

I pondered Fabre's account, not from the

point ofview ofone searching for inspiration,

but from that of a scientist who had spent

nearly all of his working years investigat-

ing the behavioral and chemical ecology
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of social caterpillars. In truth, I doubted that caterpillars

could be endlessly trapped in a circular procession merely

because they adhered to an instinct to follow each other;

something else was at work here. I also wondered, as had

Fabre, how the caterpillars managed to form and maintain

processions in the first place. Fabre observed that each

caterpillar lays down a fme thread of silk as it marches

along. Although he never formally tested his hypothesis,

he felt that the caterpillars sensed those strands, leading

them to trail one behind the other. Fabre was an acute

observer, but he died long before the discovery ofthe role

ofpheromones in orchestrating the collective behavior of

social insects. My research with other species of social

caterpillars suggested that a previously undetected

pheromone might be essential to the formation ofpro-

cessions. Thus, I set ott on a study ofthe behavioral

ecology ofthe pine processionary, which lives in

southern Europe and northern Africa.

When I initiated my investigation, I was

fully aware ofthe caterpillar's toxic nature.

Insatiable experimenter that he was, Fa-

bre reported that he suffered severe

rashes when he poured extracts

ofthe caterpillar onto his skin.

One of his contemporaries,

attempting a similar ex-

periment, experienced a

j*^''r<'cF:*'

much more dangerous anaphylactic response and reported

that "not only my hands, my arms, my legs, but my whole

body became the seat ofinsupportable itching; soon my face

swelled, my eyes puffed up and I had to give up writing my
remarks." After suffering a severe conjunctivitis when a tiny

fragment of a caterpillar's hair fell onto my eye, I found it

necessary to move with caution in the field and to confine

the caterpillars in my laboratory to a room fitted with air

filters. Nonetheless, there were few days during my studies

when I didn't have to deal with an itching dermatitis.

I

conducted my field studies m C
I Spain, where the life cycle of

pine processionary begins in

early August, when the moth
lays up to 300 or so eggs on

pine needles. Soon after they

hatch, the tiny caterpillars con-

struct a flimsy silk nest around

a few pine needles. That nest is

abandoned after a short while, and

over the next month the caterpillars

collectively build a succession ot nests

at new sites in the branches of the

tree. Their nomadic nesting habits

end after their second molt, when
they initiate the construction of a

SPRING

MVi

Pine processionary moths lay eggs on the

\ ^|bC needles of pine trees every August. When
the young larvae hatch, they construct

and abandon a succession of small nests

at different spots on their home pine

tree. After two molts they build a large,

permanent nest (center) that is formidable

to intruders, thanks to toxic hairs strewn

throughout, and that provides good
shelter through the winter. In March the

caterpillars leave their nest in search of

a site where they can bury themselves

underground, spin cocoons, and metamor-

phose. Adult moths emerge in August.
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dense and virtually impenetrable silk nest they will inhabit

for the rest oftheir larval lives. The permanent nest stands

apart from the caterpillar's food supply, and they march

from it to feeding sites on the host tree, returning home
hours later with full guts. It is with the initiation of the

permanent nest and the long marches that the caterpillars'

hairs, until now soft and harmless, grow into stiff, toxic

bristles. Their nest becomes littered with those bristles,

fortifying it against attack by would-be predators.

A striking feature of the pine processionary's life cycle

is that the insect spends the winter in the caterpillar stage.

Since insects are ectothermic, producing no body heat, one

would expect that they would lie immobilized in their nests

on cold winter days. To determine how the caterpillars fared

during winter, I set up activity monitors near nests in mid-

February. The monitors projected invisible infrared beams

across pathways the caterpillars used when they foraged.

When the beam was interrupted by a passing caterpillar,

the signal was sent to a data logger, time-stamped, and

later uploaded to a computer for analysis.

During the week ofmy study, temperatures in the af-

ternoon reached average highs of 63 degrees Fahrenheit,

but plummeted rapidly to below freezing after sunset. Yet

the monitors revealed that the caterpillars only left their

nests after dark and returned before dawn. One morning I

observed that water had turned to ice in a pot left outside

overnight, and I was sure I would

find that the caterpillars had spent

the previous night snug in their

nests. But the data loggers revealed

that they had been active outside

their nests until the temperature

dropped below 28 degrees, at which

point they became immobilized. As

soon as the first rays of the morn-
ing sun struck them, their bodies

warmed, allowing them to make
their way back to the nest, and by -- '"-'^-^'^-^

9 A.M. all were home.

The study revealed that the caterpillar has one of the

lowest "chill-coma" temperatures (the temperature when
all activity ceases) ever documented for an insect. It is

likely that selection pressure from daytime predators ac-

counts for that seemingly strange behavior. For not all

predators are put off by the pine processionary's toxic-

ity. Remarkably, the hoopoe, the great tit, and the great

spotted cuckoo are all able to feed on the caterpillars

without ill effect.

Although the nest serves as a secure retreat, it has another

equally essential function. During sunny days, it traps solar

radiation. Thermo-sensitive probes I placed in nests in

February registered as high as 100 degrees during the day.

Heat trapping warms the caterpillars enough during even

the coldest days to enable them to efficiently metabolize

the food they've collected during their nightly forays.
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In early March the caterpillars take their last meal, an

event followed by a grand procession. Up to now they have

confined their forays to the host tree, but on this occasion

they march down to the base ofthe tree and set offover the

ground in a snaking procession. The leader advances, goaded

on by the mass of caterpillars that push from behind. The
caterpillars are in search of a place to spin their cocoons.

Along the way they test the ground, seeking loose soil, and

eventually they bury themselves side by side several inches

underground to undergo metamorphosis. The timing is

right because the nests would be much too hot to occupy

in the torrid summers that characterize much oftheir range.

The pupating processionaries stay underground until Au-
gust, when, as moths, they burrow up through the soil [see

ilhistmtioii on preceding two pages] . Children who uncover one

of the communal crypts while digging in sand in the sum-

mer become inadvertent victims of the caterpillars' hairs.

The abandoned nests, too, continue to spew toxic particles

into the air well into the summer.

My
goal was to determine how the pine larvae are able to

maintain their orderly processions. First off, I found

that the caterpillars left behind a persistent trail. I did this

by marking the precise course of a procession with pins

and then releasing single, uninitiated caterpillars along the

pathway. That simple test revealed that individual caterpil-

lars followed the procession when
released as long as a full day after

the procession had passed.

Next I tested Fabre's hypothesis

that the strands of silk the cater-

pillars lay down as they march are

the basis for the trail: I temporarily

plugged the tips ofthe silk-spinning

apparatus, the spinneret, of each

member of a group of caterpillars.

That had no effect on their ability

to line up and follow one another,

or on the ability of a caterpillar

introduced to the trail hours later to follow its path. The
trail was an invisible one.

Further investigation revealed, as I had suspected, that

processionaries mark their pathway with a pheromone

secreted from the underside of their abdomens. When I

sealed the suspected site ofpheroinone secretion, as well

as the spinnerets, the caterpillars did not leave a persistent

trail that a lone latecomer could follow. Nevertheless, they

still formed and maintained processions. That suggested

tactile stimulation—caterpillars brushing each other

from behind—was the ultimate basis for the formation

and maintenance of processions. To test that, I had to

sacrifice a caterpillar and pull its eviscerated skin over

the end of small stick, making a model of a caterpillar.

With the model, I found I could lead a procession in

any direction by moving it slowly in front of the leader.
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New York Times article, right, publislied

July 6, 1913, chronicles the power in num-

bers of migrating caterpillars. Opposite

page: French stamp commemorating the

entomological work of Jean-Henri Fabre,

issued in 1956.

Moreover, I was able to do the same

with a model made from a completely

unrelated species of caterpillar.

Iftactile stimuli alone are adequate to

allow the caterpillars to march in line,

what then are the functions of the silk

pathway and the trail pheromone? I

concluded that the sticky silk, bonding

to the smooth branches ofthe host tree,

gives the caterpillars' feet extra traction.

And the persistent pheromone serves to

guide the caterpillars back to the nest

after their nighttime feeding foray (and

also enables laggards to catch up). The
caterpillars discriminate between old

and new pheromone trails and between

trails made by different numbers of individuals. That

facilitates efficient and coordinated movement between

the nest and distant feeding sites.

During their final over-the-ground procession, however,

the caterpillars rely solely on tactile stimuli to stay together.

(The leader has no foreknowledge ofwhere to go, but may
use the Sun for direction.) I learned this by rapidly remov-

ing single, centrally located caterpillars from their places

in line, dividing processions in two. The new leader of a

rear contingent would swing its body in a frenetic search

for the caterpillar that had been snatched away, then end

up striking off independently in a new direction. None
succeeded in bridging the gap I had created. Either the

caterpillars do not lay down a pheromone trail during these

terminal marches or the rough terrain renders it too spotty

to be a useful guide.

And what of Fabre'S caterpillars that circled endlessly around

the rim ot a pot? My suspicion was that the caterpillars

were not adhering blindly to their instinct to follow each

other, but were in effect physically trapped on the rim. I

tested this by arranging for caterpillars to make a circular

trail on a flat surface rather than on the rim ofa pot. I placed

seventeen inside a circular arena on a tabletop. The caterpil-

lars soon arranged themselves against the wall of the arena

and commenced marching in an unbroken, head-to-tail

circular procession. After halfan hour I removed the arena,

freeing the caterpillars from any physical constraint. If Fabre's

interpretation had been correct, the caterpillars should have

continued to circle for days, or until they grew exhausted.

But in fact, they continued in a circle for a short time (on

average inmy experiments, only two minutes), then marched

offin a straight line. When I tried the same experiment with

CATERPILLARS THAT DELAY TRAINS
The Long Island Road Found It No Joke to Extern^inate

the Thousands of Little Insects That Swarmed on the
Ralls and Stalled Trains, but Finally Succeeded.

caterpillars younger than those used by Fabre, I learned that the

young ones are more dependent on the trails. Their circular

processions lasted an average of two and a half hours. One
group circled continuously for twelve hours—a remarkable

performance, but far short of the seven days.

But what does keep caterpillars marching around a

rim? I once climbed the ninety-one steps of the Temple
of Kukulkan at Chichen Itza and found, as have many
others, that going up the steep staircase is much easier

than coming down, which is quite scary. Fabre's circling

caterpillars likely found themselves in a similar predica-

ment, weighing their secure footing on the rim ofthe pot

against a plunge down its steep and smooth sides. In one

famous case of similar entrapment, the New York Times

reported that in June of 1913, teeming hordes of another

social species, the forest tent caterpillar, climbed onto the

tracks of the Long Island Rail Road. Rather than go up
and over, the caterpillars showed the same reluctance to

descend as had Fabre's. The rails were soon covered with

the slippery remains oftens ofmillions ofcaterpillars, until

eventually the wheels of locomotives spun in place!

lv,4-VVV\»

Terrence D. Fitzgerald studies the be-

havioral and chemical ecology of social

caterpillars. Most recently, his interest

has turned to processionary caterpillars,

which have taken him to Mexico, Costa

Rica, and Spain. Fitzgerald teaches at

the State University of New York at

Cortland, where he is a distinguished

professor of biology.
Web links related to this article can be found at

\Arww.naturalhistorymag.com

September 2008 natural history



He was a

hardworking farm boy.

She was an

Italian supermodel.

He knew he would

have just one chance

to impress her.

The fastest and easiest

way to learn ITAUAN .

Arabic • Cliinese (Mandarin) • Danish • Dutcli • English (American) • English (British) • Farsi (Persian) • French • German • Greek

Hebrew • Hindi • Indonesian • Italian • Irish • Japanese • Korean • Latin • Pashto • Polish • Portuguese (Brazil) • Russian

Spanish (Latin America) • Spanish (Spain) • Swahili • Swedish • Tagalog (Filipino) • Thai • Turkish • Vietnamese • Welsh

Only Rosetta Stone uses Dynamic Immersion to teach you a language

quickly and efficiently without tedious translation, mindless memorization

and boring grammar drills. It's the world's leading language-learning

software.

• You'll experience Dynamic Immersion as you match real-world images

to words spoken by native speakers so you'll find yourself engaged, and

learn your second language like you learned your first... for a faster,

easier way to learn.

• Our proprietary Speech Recognition Technology evaluates your speech

and coaches you on more accurate pronunciation. You'll speak naturally.

• And only Rosetta Stone has Adaptive Recall,™ that brings back material

. to help you where you need it most, for more effective progress.

See the world in a whole new way. Get Rosetta Stone

—

The Fastest Way

to Learn a Language. Guaranteed.

Call

(877) 247-0144

Use promotional code nhs098 when ordering.
Offer expires December 31, 2008.

SAVE 10%!

100% GUARANTEED
SIX-MONTH MONEY-BACK

Level 1 Reg. ^2i9- gL RosettaStone^

NOW $197
""-^

Level 1&2 Reg. $359
NOW $323

Level 1,2&3 Reg. $499
NOW $449

©2008 Rosetta Stone Ltd, All rights reserved. Patent rights pending. Pfices are subject to change withaut

notice. Six-Month Money-Back offer is limited to product purchases made directly from Rosetta Stone and

does not include return shipping. This offer does not apply to Rosetta Stone Online Of Audio Companion~

purchased separately from the software product. All materials included with the product at the time of

purchase must be returned together and undamaged to be eligible for any exchange or refund.

RosettaStone'?



Live your life,

Love your bath tub
%7'^
%

Put the smile back into

bathing with a Premier

Walk-In Tub.
If you struggle taking your bath, talk to us

at Premier about our extensive range

of walk-in tubs.

• Enjoy a relaxing bath again, without the fear of

slipping or falling.

• The walk-in door feature allows

easy access and exiting at all

times when taking a bath.

Hydrotherapy jets option to

soothe aches and pains.

^

CALL NOW
TOLL FREE

1-800-578-2899
SOURCE CODE 60098

Please send me a FREE Premier

brochure today!

Name
' Care in Bathing

Telephone

Address

City State

Zip

Send to: Premier Bathrooms Inc, 2330 South Nova Rd

South Daytona, Florida 32119 CODE 60098



BOOKSHELF BY LAURENCE A. MARSCHALL

Thousand Mile
Song: Whale Music
in a Sea of Sound
by David Rothenberg

Basic Books,

2008; $27.50

Philosopher David Rothenberg, the

author of Why Birds Sing, has now
turned his ear to the sea. Enchanted

by the siren call of the humpback
when it first reached human ears in

the late 1960s, he has interviewed a

selection of artists and scientists who
share his fascination with the vo-

calizations of whales and dolphins.

That's not all: because he is also a

jazz musician of some note, he has

tried to communicate with ceta-

ceans directly, joining the undersea

chorus on his clarinet via an ampli-

fier and submerged speakers, and

listening for a response.

Although cetaceans are fellow

mammals, they inhabit a world as

alien to us as another planet. Not
surprisingly, some of that strangeness

rubs off on the humans Rothenberg

interviewed. Why else would an

otherwise ordinary individual like

Paul Knapp spend twenty winters on

a raft in the Caribbean listening to

whale songs through a hydrophone

and inviting strangers to listen? Yet

for those of us who are content to

admire a snippet ofwhale music on a

CD, aficionados like Knapp serve as

interlocutors between species.

Many whales can click, grunt, or

squeal, but only two species, bow-
heads and humpbacks, actually sing

structured songs. The humpback
song is by far the most complex,

lasting up to twenty-three hours, a

vocalization longer than that of any

animal in the world except perhaps a

U.S. senator in full filibuster. Scien-

tists who have analyzed the spectra of

these songs describe them as a series

of extended, repeated phrases that

end with similar syllables or patterns

of rising and falling tones—rhyming,

at least to cetacean ears.

To human ears, the song of the

humpback whale sounds other-

worldly, yet strangely appealing.

Judy Collins recorded "Farewell to

Tarwathie" in 1970 accompanied by

a chorus of humpback background

singers, and her album Whales &
Nightingales quickly rose high on the

charts. When, that same year, Alan

Hovhaness incorporated recorded

whale songs into a classical piece,

"And God Created Great Whales,"

the New York Times critic comment-
ed, "His whales spoke profoundly."

Profoundly, yes, but what are they

saying, exactly? Do the songs aid in

attracting females? If so, then why
do female humpbacks, which do not

sing, show so little evident interest in

the songs of the males? Do the songs

aid in navigation? In fostering group

cohesion? In warning of dangers? No
one that Rothenberg interviewed

seems to know the answer.

As to the vi'hales themselves,

they seem to have cooperated with

Rothenberg only grudgingly, if at

all. The author barged in, unin-

vited, on several cetacean jam ses-

sions, most notably among belugas

along the coast of the White Sea,

in the remote Russian Arctic, and

among male humpbacks near the

shore of Maui, Hawaii. You can

listen to interspecies riffing on the

CD that accompanies the book,

and you can even watch Rothen-

berg playing with beluga whales

on YouTube (just Google Rothen-

berg beluga). I'm not sure there's

any call-and-response going on,

though Rothenberg seems to think

so. But musically? Judge for your-

self: as Duke Ellington said, "If it

sounds good, it is good."

Flat Earth: The
History of an
Infannous Idea
by Christine Garwood and Thomas Dunne

St. Martin's, 2008; $27.95

Everybody l<nows that the Earth is a

sphere. In fact, despite popular

myths about Columbus's defiance

of a supposed flat-Earth establish-

ment, the roundness of the Earth

has been conventional wisdom
for almost 2,500 years. In ancient

Athens, Aristotle cited the always-

circular shadow of the Earth on

the Moon during a lunar eclipse as

just one of several proofs that we
live on a globe, and around 200

B.C. the scholar Eratosthenes, using

the lengths of shadows at different

locations in Egypt, calculated the

Earth's circumference with remark-

able accuracy.

One would think that Christine

Garwood would find mighty slim

pickings for a history of flat-Earth

dissent. On the contrary, she's as-

sembled an entertaining rogues'

gallery of Victorian eccentrics and

modern-day fundamentalists who
resist evidence virtually anyone

else vv'ould find conclusive. Even
in an era of daily satellite photos

from space, you can still find a

few serious anti-globe partisans by

Googling^af Earth.

Garwood's flat-Earthers employ a

peculiar brand of inverted logic to

bulwark their odd beliefs. Samuel

Rowbotham, who lectured and

wrote widely about the flat Earth

in the mid-1800s under the pseud-

onym "Parallax," described the

Earth as a flat, stationary disk cen-

tered on the North Pole, ringed at

its outer edges by an impenetrable

barrier of ice. The Sun circled

overhead, only a few hundred

miles up, and the Moon and stars

were luminous bodies not much
farther away. If challenged dur-

ing a speech, Rowbotham would
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confidently cite abstruse technicali-

ties or invent spurious data. What
caused day and night if the Earth

did not turn? The "expansion and

contraction of the solar path" and

a "special law of perspective."

Since we can't see the North Star

from south of the equator, isn't the

Earth round? Not so: on 23 Janu-

ary, 1862, the North Star was seen

from a spot 23 degrees south of the

equator. The speaker's resolve in

the face of tough counterclaims was

enough to persuade at least a few

members of his audience.

In one of the more poignant

episodes of her book, Garwood
recounts the story of Alfred Rus-
sel Wallace, the great naturalist

and contemporary of Darwin, who
accepted a wager of ;£500 to prove

that the Earth curved. The test,

with two presumably independent

judges, was to see if two markers

at the same exact height above a

straight canal in England, six and

three miles from a telescope, would
appear to line up when viewed

through the telescope. Wallace

knew that the far marker would
appear lower than the middle one,

owing to the Earth's curve down
and away. And so it did; but in a

stunning exercise of doublethink,

one of the judges—who turned out

to be a partisan of Parallax—inter-

preted what he saw as confirm-

ing just the opposite. The ensuing

brouhaha was embarrassing to Wal-

lace, and, if anything, strengthened

the hand of the contrarians.

Some of Garwood's characters

were charlatans, to be sure. But a

good fraction seem to have been

genuine believers, most often bibli-

cal literalists who found satisfaction

in holding fast to a view not shared

by what they regarded as an intel-

lectual elite. If that sounds a bit like

contemporary creation science, I'm

sure there's something to be learned

from Garwood's book: that while

good ideas eventually prevail, bad

ideas never die.

Titan Unveiled:
Saturn's Mysterious
Moon Explored
by Ralph Lorenz and

Jacqueline Mitton

Princeton University Press,

2008; $29.95

When the Huygens probe entered

the atmosphere of Saturn's

largest moon. Titan, on January

14, 2005, there was no one at the

controls, and it was nail-biting time

at the European Space Operations

Center in Darmstadt, Germany,
where data from the probe was to

be received. Since radio signals

take more than an hour to travel

between Saturn and Earth, detailed

landing instructions had been load-

ed into the probe's computer prior

to its 1997 launch aboard NASA's
Cassini spacecraft. Mindful of re-

cent space failures, most notably the

1999 disappearance o( Mars Polar

Lander during the final stages of its

descent, the mission scientists were

understandably apprehensive.

Hurtling downward, Huygens

slamined through Mach 1 about

100 miles above Titan's surface and

marked its arrival with the firing

of a small "drogue" chute out of its

backside. Catching air, the drogue

pulled out a larger parachute, slow-

ing the probe to a leisurely 164 feet

per second and allowing the craft to

jettison its heat shield, still glowing

from the friction of its encounter

with Titan's atmosphere. A while

later, after a series of last-minute

maneuvers and deployments, Huy-

gens touched down, the first human
artifact to land on the satellite of

another planet. Operating remark-

ably close to plan, it began trans-

mitting a variety of measurements

to Cassini for relay back to Earth,

including pictures of a hazy, rock-

strewn plain. A few hours later, just

as jubilant astronomers in Darmstadt

were receiving the first radio trans-

missions, the lander sent out its last

packet of data, its batteries exhaust-

ed and its mission accomplished.

Ralph Lorenz, one of the sci-

entists who waited nervously in

Darmstadt on that day, has teamed
with veteran science journalist

Jacqueline Mitton to convey both

the human and scientific drama of

remote robotic space exploration.

His firsthand experience, expressed

in a series of bloglike entries, makes
one appreciate the compromises

that have to be made to design

instruments that are durable, light-

weight, and effective; the program
glitches and course corrections that

force well-laid plans to go astray;

and the ingenious ways in which

Earth-bound engineers turn tech-

nical problems into research op-

portunities. Above all, Lorenz and

Mitton reveal a world, perpetually

covered with thick ocher clouds,

about which practically nothing was

known prior to the Cassini mission.

Thanks to the Huygens landing,

and to repeated approaches by the

Cassini orbiter, we now understand

Titan is a unique place, shaped by

geological and meteorological forces

that are, in some ways, frigid ana-

logues of terrestrial ones. Up close,

we see features that resemble dune

fields, river channels, lake beds, and

mountains, albeit barren, desolate,

and cold ones in comparison with

Earth's. At temperatures near—289

degrees Fahrenheit, ice plays the

role of rock, methane drizzles from

the clouds, and liquid hydrocarbons

carve winding channels across the

surface. The all-too-brief Hwy^eMi-

mission is now over, but Cassini,

still in orbit around Saturn, swings

by every now and then. Although

Lorenz and Mitton had to end their

account at press time, the unveiling

of Titan continues to this day.

Laurence A. MARScaiu. is W.K.T.

Sahm Professor ofPiiysics at Gettysburg Col-

lege in Pennsylvania, and director of Project

CLEA, which produces ii'idely used simulation

softwarefor education in astronomy.
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lupiter sliines high above the south-

U ern hori/on at dusk, making it

September's most prominent planet.

It is enthroned in the constella-

tion Sagittarius, the Archer, just

to the upper left of the eight stars

that form a pattern known as the

Teapot. What, you might ask, does a

teapot have to do with a mythologi-

cal centaur drawing a bow?
Forty-seven constellations, includ-

ing Sagittarius, bear the names of

mythological figures that the ancients

saw in certain bright patterns of stars.

Other constellations were defined

in the seventeenth and eighteenth

centuries, with names such as "mi-

croscopium" and "telescopium."

Modern star atlases, following the

precedent set by the International As-

tronomical Union in 1930, recognize

eighty-eight constellations in total,

and draw boundaries between them

so that every bit of sky is unambigu-

ously assigned to one ot them. The
Teapot falls within Sagittarius, but

it has no official status as a constel-

lation. It is one of the many striking

patterns of stars called asterisms. (In

fact, some of the Teapot's stars are

shared with another asterism called

the Milk Dipper, a ladle that appears

to be dipping into the Milky Way.)

SEPTEMBER NIGHTS OUT

I Mercury, Venus, and Mars spend much

of September clustered close together

—

unfortunately they are hard to see against

the bright evening twilight. Scanning

the western horizon through binoculars,

about fifteen to thirty minutes after

sunset this evening, you might pick out

the three planets forming a right triangle,

with Mercury at the bottom, Venus to

Mercury's upper right, and Mars off to

Mercury's upper left. Below and left of

the triangle is the narrow crescent Moon,

approaching three days past new.

7 The Moon waxes to first quarter at

10:04 A.M. eastern daylight time (EDT).

II Venus and Mars are separated by only

0.3 degree.
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The Teapot (red lines) and the Milk Dipper

(yellow lines) are two simple patterns

that connect stars in the constellation

Sagittarius, the Archer, whose traditional

figure is suggested fay an illustration from

a seventeenth-century star atlas. The blue

lines define the portion of the sky that mod-
ern astronomers assign to the constellation.

Asterisms are often more familiar

than their host constellations. They
also can include stars from more

than one constellation. For instance,

the Summer Triangle comprises the

brightest stars in three different con-

stellations: Vega (in Lyra, the Lyre),

Deneb (in Cygnus, the Swan), and

Altair (in Aquila, the Eagle). That as-

terism lies nearly overhead soon after

darkness falls on September evenings.

Joe R.40 (hometown.aol.com/skywayinc)

is a broadcast meteorologist and an associate

and lecturer at the Hayden Planetarium in

New York City.

12 Venus is within 3.6 degrees of

Mercury.

15 The Moon becomes full at 5:13 a.m.

EDT. As the full Moon closest to the

autumnal equinox (for the Northern

Hemisphere), it is called the Harvest

Moon.

22 The Moon wanes to last quarter at

1:04 a.m. EDT. At 11:44 a.m., the equinox

takes place, as the Sun crosses the

celestial equator (Earth's equator

projected against the sky) from north to

south. Autumn begins in the Northern

Hemisphere and spring begins in the

Southern Hemisphere.

29 The Moon is new at 4:12 a.m. EDT.
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In
the past few years, cutting-edge tele-

scopes, satellite imaging, and unmanned

spacecraft have led to a fascinating series

of discoveries about our own solar system.

New Frontiers: Modern Perspectives on

Our Solar System provides a visually stun-

ning and richly detailed exploration of these

incredible new discoveries and their impact

on how we perceive the solar system.

Dr. Frank Summers updates the age-old

picture of the solar system you've probably

seen—a diagram with the Sun and plan-

ets in a neat line—with what he calls the

"2P'-century solar system" consisting of six

concentric circles representing the families

of objects in our solar system: the Sun, rocky

planets, the asteroid belt, giant planets, the

Kuiper belt, and the Ooit cloud.

While exploiing the diverse characteristics

of these families, you- develop the founda-

tions that underlie earlier views of the solar

system. Then, after investigating the evolu-

tion of knowledge about the solar system as

revealed during the stunning advances of the

space age, you delve into the current revolu-

tion in our knowledge.

As modern perspectives continue to grow,

they lead to controversial changes in estab-

lished thought, such as the reclassification

of Pluto as a dwarf planet, as well as amaz-

ing discoveries like thousands of icy worlds

beyond Neptune and planetary systems vastly

different from our own.

Complete with detailed diagrams, amaz-

ing computer animations, and spectacular

images from telescopes and spacectaft, these

24 enlightening lectures give you new ways

to perceive the secrets of the solar system

and may just permanently alter how you

think about your celestial neighborhood.

About Your Professor

Dr. Frank Summers is an astrophysicist

in the Office of Public Outreach at the

Space Telescope Science Institute (STScI)

in Baltimore, Maryland, where he presents
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the findings of the Hubble Space Telescope

and developments in general astronomy to

the public through various media and edu-

cational outlets. He received his M.S. and

Ph.D. in astronomy from the University of

California at Berkeley.

Dr. Summers was a key member of

the scientific advisory committee for the

Academy-Award nominated IMAX film

Cosmic Voyage. He also directed, co-wrote,

and created the 3-D visualizations for the

IMAX short film Hubble: Galaxies Across

Space and Time, which won the Large

Format Cinema Association's Best Short

Film Award in 2004.
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DDVD $69.95 (std. price $254.95) SAVE $185!

plu-i SIO shipping, processing, and Lifetime Satisfaction Guarantee

D Check or Money Order Enclosed

* Non-U.S. Orders: Additional shipping charges apply.

For more details, call us or visit the FAQ page on our website.

** Virginia residents please add 5% sales tax.

Charge my credit card:

n H—

Account Number

Name (please print)

Maiung Address

Citv/State/ZIP

Phone (Ifwe have quatiom regardingyour order—requiredfir inteniariojial ordm)

D FREE CATALOG. Please send me a free copy of

your current catalog (no purchase necessar)').

Special offer is available online at \v\s'W.TEACH 12.com/4nh

Offer Good Through: October 17. 2008



At the Museum
American Museum S Natural History ^^ www.amnh.org

Into The Field
The Young Naturalist Awards essay contest promotes

student participation in scientific research.

For II years now, students in

grades 7 through 12 in the

United States and Canada have

taken up the challenge put to them by

the American Museum of Natural His-

tory: turn your curiosity about biology,

Earth science, or astronomy into a care-

fully researched science project and

write about the results. This year, the

judges—a team of scientists, educators,

and science writers and editors—chose

13 winners from 600 entries. Here are

thumbnail sketches of the 2008 win-

ners' projects and brief excerpts from

their essays:

Irrigation or Evaporation?

by Jacob Polfer (Grade y)

Jacob compared the rate of evaporation

in the lake near his Florida home to the

amount of lake water used by home-

owners for irrigation. Although his

findings were inconclusive, Jacob now
discounts irrigation as the main cause

of dramatic drops in lake water levels.

"My family lives in a nice house on

Lake Catherine . . . Every so often—like

after a hurricane—it goes up a great

deal, but then quickly drops again! Now
the lake is very low and every dock is

three or more feet out of the water."

The 200S Young Naturalist Awards winners with Meg McDonald, President ofAlcoa Foundation, the

contest sponsor; Rosamond Kinzler, Senior Director, National Centerfor Science Literacy, Education

and Technology; and Rob DeSalle, AMNH, Curator, Institutefor Comparative Genomics.

River Crossings: Effects on Wildlife in

and around the Fort River,

by Annie Vernick (Grade y)

Annie wondered whether the many
water crossings in her town posed bar-

riers to local wildlife. Using the Mas-

sachusetts River and Stream Crossing

Standards, Annie proved that most of

her town's crossings inhibit wildlife

and fail to meet the state's standards.

"The most challenging part ofmy field-

work was measuring the dimensions

of the crossings, which were often long

and difficult to reach. The most enjoy-

able part was going into the river, feel-

ing its energy and seeing the life forms

in and around it."

Nesting Preferences of the Alfalfa Leaf-

cutting Bee, by Russell Babb (Grade 8)

A beekeeper, Russell came upon infor-

mation about solitary bees that led him

to wonder about their nesting habits.

After doing background research and

talking to bee experts, he decided to

conduct an experiment to determine

where solitary bees prefer to nest.

"I can't believe it! Solitary bees have

already started nesting in the wooden

blocks. Fifty-one holes have been

filled. I can tell because there are tiny



cut-up pieces of leaves in the holes. I

think the bees are making a place to

put their larvae."

Investigating the Effect of Silver

Nanoparticles on Aquatic Organisms,

by Eric Keen (Grade 8)

Eric tested concentrations of silver

nanoparticles, used in commercial

products, on four aquatic organisms.

He saw that, while some died from

the exposure, silver nanoparticles

promoted growth in others, but, at

higher concentrations, prevented

reproduction.

"An ever greater quantity of silver

nanoparticles is finding its way into

wastewater and eventually our rivers

and streams, where little is known

about the possible adverse effects on

aquatic organisms."

A Study of the Filtration Capabilities of

the Eastern Oyster (Crassotrea virginica)

and Soft-shell Clam (Mya arenaria),

by Alexandra Day (Grade g)

Eastern oysters {Crassotrea virginica)

were once so plentiful they could filter

the entire Chesapeake Bay in three to

four days. Alexandra wondered if other

species, like the soft-shell clam (Mya

arenaria), could filter water as well or

better. She found both species equally

improved the water.

"My research indicated that M. arenaria

is a plentiful species, so I expected that

locating twelve specimens would be a

simple task. Sadly I was mistaken . .

.

My exposure to the profound decline of

this species strengthened my resolve to

improve bay water quality."

Colors Within: A Study ofthe Pigmenta-

tions in Deciduous and Broadleaf

Evergreens,

by Megan Guerrero (Grade g)

Surprised by the many trees in her new
home state ofTexas that did not change

color, Megan discovered, through

experimentation, that broadleaf ever-

greens showed a higher intensity of

the same pigments found in deciduous

trees, even though the pigments were

not outwardly visible.

"The trees are preparing for a whole

new season of life to begin. The change

of colors during this magical season is

more than a beautiful landscape, for it's

the colors within that provide the food

for life itself"

Birds of a Feather Feed Together,

by Sarah Barlow (Grade lo)

Intrigued by the birds of western

Albemarle County, Virginia, Sarah

experimented to find a seed mixture

that would induce multiple visits, and

provide maximum variety with

minimal waste.

"The housing development that I live

in is close to a wooded area, but other

houses surround my home and my
yard does not have any mature trees. .

.

Although a diverse number of species

visited the feeders, I wonder ifmy data

would have been altered or affected if

other species had come."

Grasshoppers in the Rockies:

Surmounting Alpine Challenges,

by Michelle Bayefsky-Anand (Grade lo)

Before a field trip to the Canadian

Rockies as part of a summer course,

Michelle learned that grasshoppers

were abundant in the chilly alpine

meadows. She wondered what adapta-

tions would allow them to live in this

severe environment.

"Even in August, at 1,980 meters,

it snowed as I bushwhacked up the

mountain through a dense fog to a

subalpine site. But as soon as the

sleet stopped, the grasshoppers

began hopping."

Gestural Communication by a Group of

Western Lowland Gorillas,

by Jennifer Draiss (Grade 11)

At the Congo Gorilla Forest exhibit at

the Bronx Zoo in New York, Jennifer

studied the auditory, tactile, visual,

and olfactory signals of 11 gorillas. She

documented a repertoire of44 distinct

gestures, two ofwhich have not been

seen in any other group.

"As I walk past the window, I hear a

loud bang coming from my right. I

turn, and see a small gorilla pressed

against the window looking at me. I

hear a few more bangs, and see that

three more gorillas have come to the

window, eagerly looking to see who has

come to visit them."

Juvenile Blue Crab Cannibalism,

by Lauren Hickey (Grade 11^

Focused on helping rejuvenate the

blue crab population, a species vital

to the Chesapeake Bay ecosystem,

Lauren tested whether cannibalism

in juvenile blue crabs increases with

population density. Her results proved

her hypothesis.

"No longer on field trips do we focus on

the great aspects of the largest estuary

in the world. Instead, we convey a mes-

sage to our children that this bay is sick

and dirty and nearly beyond help."

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



Providing Habitat for Threatened Dry-

marchon corais couperi Utilizing Simu-

lated Gopherus polyphemus Burrows,

by David Futch (Grade 12)

Eastern indigo snakes inhabit gopher tor-

toise burrows, an option on the decline.

David's experiment showed that, over

time, simulated burrows closely aligned

to natural burrows were able to provide

an alternative habitat for multiple species.

"After hearing of the decline of the in-

digo snake, I visited Bok Tower, a local

nature conservatory in Lake Wales,

Florida, that has about twelve indigo

snakes on the property. The director

of horticulture, David Price, suggested

the idea of a 'snake box.' I was hooked."

Resilience of a Red Sea Fringing Coral

Reef under Extreme Environmental

Conditions: A Four-Year Study,

by Zaki Moustafa (Grade 12)

While diving in the Red Sea, Zaki made

an amazing discovery: a fringing coral

reef just offshore. He worked to iden-

tify the species living there, determine

the reef's health, catalog natural and

human influences, determine water-

quality characteristics, and share his re-

sults with the scientific community.

"I sat gazing out at the Red Sea's dis-

tinct and beautiful waters, majestic

mountains jutting upwards from the

desert landscape behind me. Little did I

know that very day would give a higher

sense of meaning and accomplishment

to the next four years ofmy life."

Anthropogenic Radionuclides in the

Estuarine Environment near a Boiling

Water Nuclear Reactor,

by Anastasia Roda (Grade 12)

Anastasia checked for anthropogenic

radionuclides (radioactivity) in water,

sediment, and marsh samples at 42
sites near a boiling water nuclear re-

actor near New Jersey's Barnegat Bay

and her results showed higher levels

of radioactivity near the reactor.

"Many beautiful streams and creeks

drain into the bay from the mainland,

each with its own special character.

The bay is home to an incredibly di-

verse wildlife population, and until re-

cently, it had supported a thriving fish-

ing industry."

The full-length essays and information on

how to enter the contest can be found on the

Museum's Web site at

www.amnh.org/youngnaturalistawards.

The Young Naturalist Awards program is

sponsored by Alcoa Foundation.

OLogy: New and Improved
Take a good thing and make it better. That was the

goal of the designers of OLogy, the Museum's

award-winning Web site for children. And they have

done just that—with a new look, exciting new features, and

searchable connections to a wealth of scientific information

and current happenings at AMNH.
First created in 2000 by the National Center for

Science Literacy, Education, and Technology, part of the

Museum's Education Department, OLogy provides a fun-

filled introduction to science for children 7 through 11, a

critical period, say the experts, during which most children

develop a keen interest in science or not. The main

intention of the recent redo was to bring more of the great

OLogy content up front to help kids quickly see and find

what they're interested in.

To that end, a newly-added search capacity allows visitors

to jump directly to specific content. Also, the OLogies

—

paleontology, archaeology, and biodiversity, etc.—which

were once reached through a simple homepage menu are

now organized into topical channels, akin to television

channels, through which visitors can choose a variety of

feature stories and activities. A conscious effort was made
to bring more of the Museum experience to the forefront,

too, with specific OLogies for temporary exhibitions, a

feature called "At the Museum," and links to the same

jasEUM Natural HistoRV^

compelling Science Bulletins videos one might see on a

visit to the Museum or on the Science Bulletins Web site.

Of course, the site still offers such popular original

features as interactive games, quizzes, puzzles, "stuff to do"

away from the computer, and links to other science sites, for

example, NASA for Kids or Scholastic Science Explorations.

Children can also still sign into their own privacy-protected

homepages to collect interactive digital OLogy cards and

create projects for the OLogy Hall of Fame.

OLogy can be reached through a link at the bottom of the

Museum's homepage at www.amnh.org, directiy at

www.amnh.org/ology, and from within temporary exhibition

Web sites by clicking, naturally enough, "For Kids."
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The Horse

Through January 4, 20og

This exhibition reveals the

powerful and enduring bond

between horses and humans,

and explores the origins

of the horse family, which

extends back more than 50

million years.

The Horse is organized by the American

Museum of Natural History, New York

(www.amnh.org), in collaboration with

the Abu Dhabi Authority for Culture

&. Heritage; Canadian Museum of

Civilization, Catineau-Ottawa;

The Field Museum, Chicago; and the

San Diego Natural History Museum.

The Horse at the American M useum of

Natural History is made possible, in part,

by the generosity of Rosalind P. Walter

and the Eileen P. Bernard Exhibition Fund.

Additional support has been provided by

an anonymous donor.

Lizards ei Snakes: Alive!

Through January ^, 20og

Meet over 60 live lizards and

snakes, and discover some of

their remarkable adaptations.

Lizards el Snakes: Alive! is organized

by the American Museum of Natural

History, New York (www.amnh.org), in

collaboration with the Fernbank Museum

of Natural History, Atlanta, and the San

Diego Natural History Museum, with

appreciation to Clyde Peeling's Reptiland.

Saturn: ImagesJrom the

Cassini-Huygens Mission

Through March ig, loog

Stunning images reveal details

of Saturn's rings, moons, and

atmosphere.

The support of the National Aeronautics

and Space Administration is appreciated.

Special thanks to the Cassini imaging

team, especially those scientists at Cornell

University's Department of Astronomy,

along with the staff of Cornell University

photography. The Eastman Kodak

Company of Rochester, NY, printed the

images.

On Feathered Wings

Through May 25, loog

This striking photography

exhibition showcases the

majesty of birds in flight.

The presentation of both Saturn and Or?

Feathered Wmgs at the American Museum
of Natural History is made possible by the

generosity of the Arthur Ross Foundation.

Unknown Auduhons:

Mammals ofNorth America

Through January 18, 20og

Gorgeously detailed depictions

of North American mammals

by John James Audubon, best

known for his bird paintings.

Major funding for this exhibition has

been provided by the Lila Wallace-

Reader's Digest Endowment Fund.

Public programs are made possible, in

part, by the Rita and Frits Markus Fund

for Public Understanding of Science.

HAYDEN PLANETARIUM
PROGRAMS
TUESDAYS IN THE DOME
Virtual Universe

Our Nearest Neighbors

Tuesday, g/2, 6:}o p.m.

Celestial Highlights

Planets in the Autumn Sky

Tuesday, g/30, 6:}o p.m.

These programs are supported, in part,

by Val ard Min-Myn Schaffner.

LECTURES
At Saturn: Tripping

the Light Fantastic

Monday, g/i^, y:}0 p.m.

With Carolyn Porco, Director of

Cassini Imaging Central Labora-

tory for Operations (CICLOPS).

HAYDEN PLANETARIUM
SHOWS

www.amnh.org

Cosmic Collisions

Journey into deep space

to explore the hypersonic

impacts that drive the

formation of our universe.

Narrated by Robert Redford.

Cosmic Collisions was developed in

collaboration with the Denver Museum
of Nature & Science; GOTO, Inc., Tokyo,

Japan; and the Shanghai Science and

Technology Museum.

Made possible through the generous

support of CIT

Cosmic Collisions was created by the

American Museum of Natural History

with the major support and partnership

of the National Aeronautics and Space

Administration's Science Mission

Directorate, Heliophysics Division.

IMAX MOVIES

Sea Monsters:

A Prehistoric Adventure

Funded in part by the National Science

Foundation, Sea Monsters: A Prehistoric .

Adventure was produced by National

Geographic Cinema Ventures.

LATE NIGHT DANCE
PARTY
One Step Beyond

For featured performers and

dates, visit

ww/w.a mnh.org/onestepbeyond.

One Step Beyond is presented by Flavorpill.

INFORMATION
Call 212-769-5100 or visit www.amnh.org.

TICKETS AND REGISTRATION
Call 212-769-5200, Monday-Friday, 9:00 a.m.-5:oo p.m., or

visit vTOAv.amnh.org. A service charge may apply All programs

are subject to change.

BRILLIANT TRADITION

Become a Member of the

American Museum of Natural History

You'll enjoy many valuable benefits, including unlimited free

general admission, discounts on programs and in shops,

subscriptions to Natural History magazine and Rotunda,

our Members' newsletter, and much more!

For further information, call 212-769-5606

or visit www.amnh.org/join.

These colorful 16-inch-tall

dolls were made by artist

Esther Mahlangu, who
has been called a "living

icon" of South Africa's

Ndebele culture. She

learned the craft of this

beautiful beadwork as a

young woman.

Retail; $175.00 eoch

Members; $157.50 each

www.amnhshop.oom or 1-800-671-7035

The CONTENTS OF THESE PACES ARE PROVIDED TO NATURAL HiSTORY BY THE AMERICAN MuSEUM OF NATURAL HiSTORY.
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Field MousSr By Shomita Mukher

A
piercing shriek shattered the silence

of the hot summer night in Saris-

ka Tiger Reserve, a protected area of

northwestern India. In the headlights

ofmy vehicle I saw a small cat and a

pair of golden jackals circling around

a dead peafowl. In a flash, with an-

other loud scream, the cat leapt onto

the back of one of the jackals and

jumped off, spurring both jackals

to flee, tails between their legs. The
triumphant cat picked up its bounty

and went into the bushes to feast.

That was no house cat, I knew, but

a wild cousin: the jungle cat,

Felis cliaiis, a species that ranges glob-

ally from Turkey to Vietnam. With
long legs, a short tail, a broad nose,

and enormous ears ending in little

tufts of hair, the jungle cat looks

somewhat like its larger cousin, the

caracal. As it happens, the jungle cat

and the caracal overlap in parts of

India, including Sariska, occasion-

ally leading even seasoned wildlife

enthusiasts to mistake one for the

other. The competition with caracals

and other cat species in India keeps

jungle cats in Sariska small, weighing

on average ten pounds; jungle cats in

Israel, in contrast, average twenty-

two pounds.

"That brief "face to muzzle" encounter

I occurred more than a decade ago

when I was investigating Sariska cat

life for my doctoral dissertation. It was

one of the few jungle cat sightings I

made. Most of the time I contented

myself with tracks in the dirt, bird

kills, scratch marks on trees—or

scats. I found that rodents provided

up to 70 percent of the cats' daily

energy intake. Inside Sariska they

often dined on the spiny-tailed

mouse and the Indian gerbil. But

the highly adaptive animals also

hunted in the agricultural fields ad-

joining the reserves, where house

mice and black and brown rats out-

number the native species.

Irrigated agriculture, especially in

the western regions of India, has sure-

ly benefited the jungle cat: the water

supply and boost in rodent populations

are both advantageous. Yet, in north-

ern India, jungle cats litter mainly

during winter, which coincides with

harvest. No doubt many kittens are

lost during that period, as machinery

and people move through the fields.

It was in a sugarcane field that I

found two five-day-old jungle kit-

tens, abandoned by their mother dur-

ing harvest time. I raised them, and

in the process realized how little I

had known about the species' behav-

ior. Their affinity to water was strik-

ing: when summer came, they would

sit in a tub of water, taking their toys

in to play. What I found particu-

larly impressive was their repertoire

of calls—they meowed, chirped,

purred, gurgled, growled, hissed, and

barked. Indeed, both were females,

and when in estrus, they barked a lot.

I

UCh has changed since I finished

I my study in Sariska Tiger Re-
serve. Poachers have extirpated the

tigers, and leopards have taken over

as the "big cats" for now. Confront-

ed with increasing human density,

conservation even of an animal as

small and seemingly common as the

jungle cat is not assured. Although

the species is protected under Indian

law, the Wildlife Protection Society

of India has reported the seizure of

more than 3,000 jungle cat skins

from poachers during the last decade.

As for the kittens I kept, I'm unsure

of their fate. One escaped when she

was in estrus and the other I released

into the wild when she was about nine

months old. I had hoped to track them

with radio collars, but a lack of fund-

ing prevented it.

Shomita Mukherjee completed her master's

degree and Ph.D. through the Wildhfe

Institute ofIndia, with a focus on the ecology

and conservation ofsmall cats. She is currently

doing post-doctoral research at the National

Center for Biological Sciences, Bangalore.

Jungle cat near Sariska 1
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ALAIN HUBERT
LORATION HAS A NEW PURPOSE

i

.Arctic Ocean Traverse - North Greenland, 2007:

Jhree hundred miles from the nearest land, the Arctic

n laps at the edge of the sea ice, only yards

Alain Hubert's feet. While previous explorers

,

—' ice manv meters thick, Hubert finds

iere the Ocea 3uld normally be

nulti-year ice pack. Dogged by i

conditions, Hubert is repeatedly'

ative route across the now

ers from his goal, each

bverV of fractured ice leads him to fear

orst. June 14th, 2007: Alain Hubert and

oer's 1 06-day crossing ends, but the

')ert continues his quest

!e cause of this change in the ice.

OYSTER PERPETUAL EXPLORER II

FFICIAL ROLEX JEWELER CALL I
-800-367-65 3YSTER PERPETUAL AND EXPLORER 1

1
ARE TRADEMARKS.
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