
Natural History Museum of Los Angeles County
Naturalist Inside, Featuring Museum Calendar of Events

m
FORGING TB^: -

HORSE-HUMAN BOND



(0fr--

JOB DESCRIPTION:

SAVE THE PLANET.

Dr. Sylvia Earle's office covers two thirds of the Earth's surface. Her job is a little more difficult

to define. Marine biologist. Oceanographer. Botanist. Aquanaut. And explorer. She's spent more

than 6,000 hours underwater, discovering things we never knew existed. At 1,250 feet, she set

the world record for the deepest untethered, solo ocean dive. To Dr. Earle, it was just one more

thing in the endless pursuit of science.
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AFRICA
BY AIR AND THE GREAT RIFT

VALLEY • SEPT. 1 - 18. 2008

"* See preceding two pages

THE NATURAL EXPLANATION BY ERIN ESPELIE

reasons why you

should take

air safari to Africa

Experience the best wildlife

reserves of East AND Southern

Africa in a single journey ^ Save

time and fly in comfort by private

air to exotic places few travelers

see 3 Travel with Stanford

Professor Scott Pearson and

learn about Africa's people, their

culture, their history ^ Experience

game drives, night drives, walking

safaris, and star gazing with our

naturalist and wildlife expert

Fausto Carbone 5 Witness the

Serengeti migration; trek for

gorillas and chimps; visit remote

villages; boat on the sparkling

Okavango Delta; and walk beside

the thundering Victoria Falls

To iearn more about this

one-of-a-kind expedition, visit:

www.bushtracks.com/naturalhistory

Or call 1-800-995-8689

45USHTRACKS,EXPEDITIONS

I

eet Tramtracks (also known as

I #5727, or "Scar"). He's a nine-

year-old sperm whale that still lives

with his mother in the calm waters

where he was born, in the Carib-

bean West Indies a few miles off the

western coast of Dominica. In cetol-

ogy circles, he's a famous bloke.

For the past four years, only hurri-

cane season has kept Hal Whitehead's

research group (Dalhousie Uni-

versity in Halifax, Canada) from
respectfully observing Tramtracks

in his natural environment—along

with his mother, his half-sister, and

four other females. The scientists

fondly call the family the "Group
of Seven," or GOS. What they have

documented about the GOS is un-

precedented in its detail.

Unlike most giant land ani-

mals, whales cannot be constantly

watched. Deep dives, strong cur-

rents, and treacherous trade winds

have sunk some basic sperm-whale

behavior in a pirate's chest of sorts.

For example, you might expect that

high-seas cetologists know how a

calf gets milk from its mother. Not
so. Shane Gero, the primary re-

searcher tailing the GOS, set out to

map the specifics. But after spend-

ing forty-one days with the GOS in

2005, he was forced to reconsider the

assumption that a calf puts its mouth

to a nipple for milk. Instead, Gero

and his colleagues hypothesize that,

as unbelievable as it sounds, a mother

sperm whale injects milk into the

blowhole of a youngster, who then

surfaces to swallow and breathe.

One certainty is that sperm-whale

populations differ in their behavior.

The approximately 360,000 sperm

whales worldwide can be divided

up by dialect (different rhythms of

clicks) into several "acoustic clans."

Each clan has its own distinct ways

of traveling, feeding, and even

babysitting.

Receiving special permission to snor-

kel with the GOS, Brandon

Cole took this photo of Tramtracks.

Almost as soon as Cole slipped into

the water, about a hundred feet from

his subject, Tramtracks turned and

closed the gap between them to ten

feet. Initially Cole was thrilled at the

proximity, but as the whale became
more and more excited, questions of

safety bubbled up.

"I felt things were getting out

of control: I was worried that it

would bump me with its huge

head, or strike me with its tail. Not
out of malice, of course, but in the

spirit of play." So Cole hopped out

of the water and marveled at his

encounter, which had lasted less

than fifteen minutes.

Marvels indeed. The enigmatic

sperm whales prompted this ques-

tion from Herman Melville in Moby
Dick more than 150 years ago.' "Is it

not curious, that so vast a being

. . . should see the world through so

small an eye, and hear the thunder

through an ear which is smaller than

a hare's?" (See the slit just aft of the

eye.) Soon Tramtracks will likely be

turning those subtle yet keen eyes

and ears to strange new swimming
grounds, joining other adult bach-

elors or going solo, but undoubtedly

leaving mom behind.

After getting a bachelor's degree in marine biology from the

University of California, Santa Barbara, and conducting under-

water research on such topics as kelp forest ecology, Brandon Cole

now specializes in marine wildlife photography and writing. His

file of cetacean imagery is one of the most extensive in the world,

covering more than twenty species of whales and dolphins. His

Web site, www.brandoncole.com, showcases his portfolio.
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Second Edition

"A graphic, lucid account of the

Anasazi, Hohokam and Mogollon."—Science News
$24.95 paper / 224 pages / 150 illus.

Dramatic scenes from the natural

world combined with an explanation
of the science behind the storms

-.29,95 paper / 192 pages / 340 illus.

^5^ Thames & Hudson
ihamesandhudsonusa.com

Available wherever books are sold

nature.net by robert anderson

STORMY WEATHER

riT:

ONE THING I MISS, living in southern

California, is weather. Sure, it rains a
little in the winter, but I have yet to see
anything like the spectacular lightning

shows that would roll across New York
City, where I once lived, or my native

Virginia. On the Internet, however,

there is always a good storm brewing
at the site of the Convective Modeling
Group (redrock.ncsa.uiuc.edu/CMG/)

at the University of Illinois at Urbana-
Champaign. A leader in visualizing

the complex airflows that create huge
thunderheads and tornadoes, this group's

supercomputer simulations have been
used to illustrate IMAX films. For my guide

to this site and others about extreme
weather, please visit the magazine online

(www.naturalhistorymag.com).

ROBERT ANDERSON is a freelance science writer

who lives in Los Angeles.

WORD EXCHANGE

Too Good to Be True?

Convinced that the butterflies in

the images were dead specimens,

two readers wrote to lament our

publication of the photographs by
Gary Noel Ross that accompanied
his article "Diana's Mountain Re-
treat" [3/08]. In fact, none of the

insects were dead. However, the

male Diana and the beetle, in the

first two photographs, were chilled

in a cooler to inactivate them, then

repositioned on their native foliage.

Ross's goal was to illustrate his text

in a dramatic way with scenes that

occur in nature. The insects in the

other two photographs were not

manipulated at all: the female Diana
on a coneflower was photographed
at dusk with a flash, illustrating the

propensity of females to feed into

early evening, and the spicebush

swallowtail on the milkweed was
feeding naturally. Ross's self-portrait

was taken with the camera mounted
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on a tripod and set for delayed shut-

ter release. As a footnote, Ross

points out that recreating scenes is a

technique long employed by natu-

ralists, painters, and photographers.

Natural History does not have a

formal set of guidelines, but we pre-

fer a minimum amount ot manipu-

lation. Had we known more about

how the first two photographs in

question were taken we might have

chosen alternate ones or included

some clarification in the captions.

Or, we might not have: to some

degree, all photographs are artistic

products, involving at least the orig-

inal framing and subsequent crop-

ping, selection of a preferred image

from a photoshoot, and often the

adjustment of color, brightness, and

contrast. I would be happy to hear

our readers comment on this issue.

Vittorio Maestro

Editor in Chief

If the Glove Fits

In his otherwise delightful article

on the history of the use of digitalis

derived from foxglove, Druin Burch

['Hearts and Flowers," 2/08] has

overlooked what has been demon-
strated to be possibly the most bene-

ficial effect of this remarkable agent.

The digitalis glycosides are most ef-

fective in controlling the very rapid

heart rates seen in patients with atri-

al fibrillation, a common disorder in

the elderly. In fact, until about thir-

ty years ago it was the only effective

agent for the disorder. Many now
believe that, with respect to With-
ering's study of patients with dropsy,

digitalis may have benefited only

those who also suffered from atrial

fibrillation with a rapid heart rate.

Numerous studies in recent years

show that advanced systolic heart

failure patients without digitalis in

their medical regimens have suffered

measurable clinical deterioration.

More than two centuries later, there

is still a place for the drug.

David Sliaiider, M.D.
Denver, Colorado

ANI

WORU)

Druin Burch replies: This is an

excellent point, to which I'd add two

further thoughts. First, using digitalis

to slow the rapid heart rate of atrial

fibrillation makes patients feel much
better, which is of course a good

thing, but does not necessarily have

an effect on the patient's lifespan.

Historically, that effect on lifespan

probably appeared to exist, but many
medical theories that seem perfectly

reasonable turn out, when tested, to

be wrong. In the absence of good tri-

al evidence, doubt is always required!

The second issue is that of lingering

medical prejudices. We do have other

drugs to slow the heart, beta blockers

foremost among them. Undoubtedly

some people find digitalis suits them

better, but I suspect many doctors

choose to stick with foxglove simply

because it is what they have grown
up with. I have been guilty of this

myself Digitalis does remain useful,

all these years after Withering popu-

larized it, albeit differently than he

imagined. Its exact benefits, and the

best way to make the most of them,

are things we will continue to find

out more about.

Natural History welcomes correspon-

dencefrom readers. Letters should be sent via

e-mail to nhmag@naturalhistorymag.com or

byfax to 646-356-6511. AH letters should

include a daytime telephone number, and all

letters may be editedfor length and clarity.
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I THE COMPLETE HISTORY OF THE UNIVERSE

Brian May, founding guitarist of

Queen and a freshly minted astro-

physics Ph.D., joins forces with

Patrick Moore and Chris Lintott to

consider the history of the universe

from the Big Bang to Heat Death.

A dynarrtic tour of vokanic activity

across the solar system.
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Surviving
THE BODY OF EVIDENCE

A new exhibition tiirough May 3, 2009

You are a survivor.

Your body holds the

evidence.

The process of evolution

and its outcomes have had

a profound impact on every

aspect of your daily life.

And the process continues.

This exhibition comes with a

warning: Surviving: The Body of

Evidence will forever alter the way

you think about yourself, and the

world in which you live.

Major funding for this exhibition

provided by the National Science

Foundation

YEAR of

The University of Pennsylvania

partners with Philadelphia cultural

organizations to present a series of

special programs and events.

yearofevolution.org»

PeiinMuseuin
Jniversity of Pennsylvania Museum
)/ Archaeology and Anthropology

3260 South Street

Philadelphia, PA19104

(215)898-4000

museum. upenn.edu/surviving»
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SAMPLINGS

Eye-Spotting «

Some moths and butterflies

bear circular, high-contrast

marks on their wings that

have long been thought to

scare off predators by mim-

icking the eyes of the preda-

tors' own enemies.

Not so, say Martin Stevens

and two colleagues at the

University of Cambridge in

England, who argue the marks

work simply because they are

conspicuous. (Predators are

wary of prey with striking pat-

terns, as those patterns often

warn of toxic substances.)

To test their claim, the

team created artificial prey

using pieces of gray paper

marked with black-on-white

spots in various shapes,

sizes, and numbers; they at-

tached the paper "wings" to

dead mealworms, pinned the

worms to trees, and waited.

Two days later, they found

that the worms affixed to

"moths" with eye-mimick-

ing pairs of spots had been

9K^SM
lilustration of a peacock l

butterfly, Inachls io q

devoured by wild birds in

numbers equal to those as-

sociated with eye-catching

shapes: rectangles, single

large spots, and trios of small

spots. It was conspicuousness

that was doing the trick.

Why, then, do wing marks

look so much like eyes? The

answer may lie in the process

of wing formation. During

moth development, mole-

cules that cause wing cells to

produce pigment can easily

radiate from a central point,

resulting in circular designs.

Eye-like marks in the

animal kingdom are often

called "eyespots." Now,

Stevens recommends that

the words "wing spots,"

"tail spots," or "fin spots"

be used to designate them

instead. {Behavioral Ecology)

—Stephan Reebs

Masters of Disguise or Display?

In popular culture, chameleons are considered masters of dis-

guise. They can swiftly change their body coloration and thus

blend in with their environment. But chameleons can also alter

their appearance when expressing aggression and, in the case

of males, when courting a female. So, which has driven the

evolution of the chameleon's ability to change its livery—cam-

ouflage or communication?

If camouflage, one would predict that species living in environ-

ments with greater color variation—richer in shades of browns

and greens—should have a greater capacity to switch colors. But

when measuring color change in twenty-one species of dwarf cha-

meleons, Devi Stuart-Fox at the University of the Witwatersrand

and Adnan Moussalli at the University of KwaZulu Natal, in South

Africa, found little support for that prediction.

The investigators staged contests between males within

each species^^^nd, using algorithms that model visual sys-

tems, measured how conspicuous a chameleon would appear

to other chameleons—and to hungry wild birds. As seen

through chameleons' eyeS, as well as through the eyes of

Shivering Flirts

Show-off males are common among birds, but peacocks stand out

for their extravagantly long tail feathers adorned with dramatic

spots (let's not call them "eyespots"). There is general agreement

that long and elaborate trains have evolved as a result of female

preference, but a new study suggests that this selection may not

be operating anymore.

Mariko Takahashi of the University of Tokyo and three col-

leagues studied the sexual behavior of a feral population of the In-

dian peafowl, Pavo cristatus, in Izu Cactus Park, Japan. After seven

years, the team concluded that peahens are not sweeter on males

with longer trains, more symmetrical arrangements of tail spots,

or greater numbers of tail spots. Perhaps, say the ornithologists,

the differences between tail features have become too small for

females to notice.

Females did, however, spend more time with males that shook

their tails at them—a display called shivering. Is a shivering male

more attractive to a peahen these days? Takahashi's group warns

that high rates of shivering may be a consequence of a female hav-

ing already chosen a male, not a cause of it. So figuring out what's

hot to peahens and what's not may need more study. {Animal

Behaviour) —S.R.

their avian predators, the greater a chameleon's color spec-

trum, the more it stood out.

There is little doubt that chameleons in the presence of

predators can adopt the hue of their background and thus hide

themselves, but this study suggests that, at least in some spe-

cies, the lizards' striking color changes are first and foremost

signals, not cloaks. (PLoS Biology) —S.R.

Male dwarf chameleon, Bradypodian

transvaalense, displays for females.

tV May200'8
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SAMPLINGS

Preflight Packaging

A two-inch piece of amber discovered among thousands of oth-

ers at the muddy bottom of a French quarry is helping scientists

bridge a gap in their kriowledge of the early development of

feathers. The fossil dates to the Middle Cretaceous, around 100

million years ago, and encases seven beautifully preserved primi-

tive feathers of a type never before seen, together with various

arthropods and several types of microorganisms.

Vincent Perrichot of the Museum of Natural History in

Berlin, Germany, and four colleagues carefully cut the piece

into twenty-two fragments. From one of the fragments, they

isolated the ancient feathers and observed them in three di-

Rainy Workdays
This summer, storm chasers looking for the heaviest average

rainstorms in the southeastern United States should venture out

midweek in the afternoons.

So suggests a study by NASA meteorologist Thomas L. Bell

and five colleagues, who analyzed data gathered between 1998

and 2005 by the Tropical Rainfall Measuring Mission satellite, a

NASA spacecraft that uses weather radar and microwave imag-

ing to estimate U.S. rainfall south of latitude 40 degrees north.

The team reports that in the southeast—where rainstorms cover

more ground and disgorge more water than anywhere else in

the satellite's purview—rainfall follows a familiar daily cycle:

downpours in the afternoon. Intriguingly, the rain also follows a

weekly cycle. Maximum rainfall occurs in the afternoons Tuesday

through Thursday—when it's almost double that of Saturday, the

day of least rain.

Now, guess what? Air pollution—aerosol particles released

by traffic and industrial activities—also peaks midweek, accord-

ing to monitoring programs by the Environmental Protection

Agency. Correlation does not prove causation, Bell duly notes,

but he points to the fact that aerosols keep cloud droplets

small, allowing updrafts to lift them to greater heights. Higher

in the atmosphere they freeze, releasing more heat, and thus

intensifying storms. (Indeed, storm clouds grow higher in the

middle of the week.) This phenomenon is particularly likely

where air is moist and warm—exactly the conditions that prevail

on summer afternoons over the southeastern U.S. [Journal of

Geophysical Research) ' —S.R.
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mansions, using scans, microtomography,

and other sophisticated X-ray imaging

techniques at the European Synchrotron in

Grenoble, France. The feathers' primitive

feature—a flattened central shaft com-

posed of not-yet-fused barbs—differs from

those of all other feathers, both modern

and fossilized, providing evidence for a key

step in the evolution of feathers and thus

the ability to fly.

So whose feathers were they? Teeth from

two species belonging to a group of feath-

ered dinosaurs known as theropods were

found in the same quarry as the amber, rais-

ing the possibility that the feathers came

from a dinosaur. But the researchers would

rather not make that call based on isolated

feathers alone, since the feathers may well

belong to a primitive bird. (Proceedings of

the Royal Society B) —Harvey Leifert

Three-dimensional

reconstruction of a

primitive feather

Building Their Own Beds

When a female sockeye salmon is ready to spawn, she finds a spot

in stream gravel and sets about digging with her tail. The result is

a shallow but large depression, about ten inches deep and three

feet in diameter, wherein the female deposits her eggs. A recent

study reports that all those excavations add up to rival water ero-

sion as a shaper of streambeds.

A team of biologists and geologists led by Marwan A. Hassan

of the University of British Columbia, in Canada, studied the effect

of salmon digging in four mountain watersheds of the Fraser River

Basin, using sediment traps, magnetized particles as tracers, and

detailed channel maps. The researchers found that, on average,

salmon activity displaces a third to a half of the total sediments

that move within the streams in the course of a year. Water cur-

rents, especially during floods, are responsible for the rest. All that

hoeing has an indirect, beneficial effect; it loosens up streambeds,

letting in oxygen.

Salmon streams are often the targets of restoration projects.

Yet such efforts may miss the mark unless landscaping by the

streams' inhabitants is taken into account. (Geophysical Research

Letters) —S.R.
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A Project of American Anthropological Association
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A powerful, thought-provoking new exhibition, featuring film, still photography, interactive

components and local programming, invites visitors to explore race and racism in America

from the perspectives of science, human history and everyday experience. Free with regular

Museum admission.

Saturday, May 17, 11 am-4 pm

RACE: Exhibit Opening
Explore the RACE exhibit with our education staff and discuss its importance to Native American

communities in New England. Live entertainment includes storytellers Dr. Raouf Mama, Chief

Tom Porter and Consuelo Samarripa. Free with Museum admission at a special half-price rate for
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Pirates may not come across as the most

civic-minded folk, but a new study shows

that pirate crews operating in the late

seventeenth and early eighteenth centu-

ries adopted a democratic constitution

and a sophisticated system of checks and

balances before France, Spain, and the

United States—possibly even before Eng-

land's Bill of Rights was drawn up in 1689.

Peter T. Leeson, a professor of capi-

talism at George Mason University in

Virginia who is currently studying the

economic organization of pirate societ-

ies, says that becoming a pirate was a

rational choice: merchant marines could

make a mere fifteen to thirty pounds per

year, whereas an individual pirate could

net hundreds and sometimes thousands

of pounds in one successful attack. With

such high stakes, pirates needed an ef-

fective system to keep their captains

from becoming tyrants—an all too com-

mon phenomenon on the high seas. So

crews adopted written constitutions that

dictated how laws and leaders were cho-

sen. Those systems typically operated

^ THE WARMING EARTH

Sulfur Spritzer

In June 1991, IVlount Pinatubo in the Phil-

ippines erupted and spewed out an esti-

mated 17 million tons of sulfur dioxide into

the stratosphere, creating a global layer

of sulfuric acid haze that veiled sunlight

and temporarily dropped worldwide tem-

peratures by about 1 Fahrenheit degree.

That hiccup in the modern trend toward

global warming has made some visionaries

sit up and take notice. Couldn't mankind,

they asked, counteract the warming ef-

fect of greenhouse gases by deliberately

injecting sulfur-based aerosols into the

stratosphere—above and beyond what we

already contribute by air pollution?

Curious, Philip J. Rasch, of the Na-

tional Center for Atmospheric Research

in Boulder, Colorado, and two colleagues

calculated how much particulate matter

on the basis of "one pirate, one vote." To

keep the captain's power in check, crew

members elected an independent quar-

termaster who had much of the author-

ity that captains would hold in times of

battle, while simultaneously looking out

for the interests of the crew.

Today's pirates, who operate mostly

off the coast of Africa and in the South

China Sea, are not nearly as civil, because

they spend little time together at sea and

therefore do not require an elaborate

system to govern their offshore criminal

behavior. {Journal of Political Economy)

—Brendan Borrell

would be needed for the job. Running

various computer models of climate

change, they found that 1.5 million tons

of sulfur released every year—15 percent

of the annual U.S. production—could

keep global temperatures stable in the

face of a doubling in carbon dioxide lev-

els. The released particles would have to

be small, however. Larger aerosols—of

the size produced by volcanoes—do not

scatter or trap sunlight energy as well,

and would require twice the dosage.

Alas such a geoengineering endeavor

would contribute to ozone depletion.

Therefore, as Rasch's group recognizes,

reducing greenhouse-gas emissions re-

mains society's best strategy to slow down

climate change. (Geophysical Research

Letters) —S.R.

Figurine head from JmESTWi

Mexico, A.D. 600-900

Scraping Bottom for Blue

blae,-wnich has endured the harSh climate

of southern Mexico on murals, pottery,

and sculptures. Archaeologists, however,

"^er determined how or where the pig-

it was manufactured, even though

,y ascertained its chemical composi-

tion in the 1960s. Now researchers sug-

gest that residents of Chichen Itza, an

archaeological site on Mexico's Yucatan

peninsula, ritually produced the pigment

right before offering human and material

sacrifices to the rain god Chaak.

While looking through artifacts at the

Field Museum of Natural History in Chi-

cago, Dean E. Arnold, an archaeologist

at Wheaton College in Illinois, discovered

a clay bowl, five inches in diameter, that

had been retrieved in 1904 from the Sa-

cred Cenote, a ceremonial well at Chichen

Itza. The bowl was flecked with bits of

palygorskite clay and indigo dye—the

chemical constituents of Maya blue—and

was filled to the brim with hardened

copal, an incense made from tree sap.

Arnold and four colleagues realized

that burning the copal could have pro-

vided the low, steady heat required to

form the durable chemical bonds in the

pigment—and that priests may have

daubed it on sacrificial victims prior to

cutting their beating hearts from their

bodies. Along with incense and more than

a hundred human skeletons, the well con-

tains a fourteen-foot layer of blue sedi-

ment. {Antiquity) —B.B.
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Clockwise starting top left: Prince Edward Island, Cabot Trail: Cape Breton, Louisbuig Lighthouse, W hale Watching, Halifax Waterfront

^995 Nova Scotia and Prince Edward Island 8 Days

Call Nowfor Choice Dates
Caravan makes it so easy - and so afford-

able - for you and your family to explore

the seaside villages, rugged coastlines, and

friendly culture of Nova Scotia and Prince

Edward Island, Your Caravan tour includes

most meals, all activities, all hotels, a great

itinerary, all airport transfers, all transporta-

tion and excursions within Nova Scotia and

Prince Edward Island.

Caravan.com. See Caravan,com for detailed

Nova Scotia and Prince Edward Island tour

information, including weather, tour videos,

airpot transfers, client comments, hotel

photos and frequently asked questions.

Join the smart shoppers and experienced

travelers who rely on Caravan to handle all

the details while you and your family enjoy

a well-earned, worry-free vacation in Nova

Scotia. Or, choose from one of our other

tours, priced at just $995, Call today.

t'Fve several times mentioned the

attractive price of $995 per person plus

airfare for a 10-day, fully-escorted trip to

Costa Rica offered throughout the year by

the distinguished Caravan Tours, Caravan

is now offering the very same $995 plus

airfare for similar 8-day or 10-day tours

of Mexico, Guatemala, Mt, Rushmore and

Yellowstone, Canada, California, and more

,,. highly affordable vacations."

— Arthur Frommer, Travel Writer

"Caravan Tours was excellent and Nova
Scotia and Prince Edward Island are a must

see!99

— (Client), Osier, Saskatchewan, Canada

"Caravan is ... very reasonably priced >?

— New York Times

Choose Your Tour-Only $995

9 days Canadian Rockies and

Glacier Park

8 days Nova Scotia and Prince

Edward Island

8 days Grand Canyon. Lake Powell

Zion. Bryce

8 days Mount Rushmore, Yellowstone

and Grand Tetons

8 days California Coast and

Yosemite Park

8 days New England Fall Colors

8 days Mexico's Ancient Cultures

8 days Mexico's Copper Canyon
Round Trip Train

10 days Costa Rica Natural Paradise

1

1

days Guatemala with Tikal and Copan

CaUNow
For Your

FREE
28-Page

Information

Guide

1-800-Caravan Caravan.com
MOST DEPARTURES $995 PER PERSON, DOUBLE OCCUPANCY, PLUS TAXES AND FEES.



alapagos
By William Conrod, witli Erica Bree Rosenblum

Some animals inhabiting the white gypsum

^

sand dunes of New Mexico shed their coiors

in iess than 7,000 years.

A
flash of movement caught my eye.

If the lizard had stayed still, I

might have stepped on it: its

color perfectly matched the dazzling

expanse of white sand. Good thing,

I thought, that rattlesnakes here in

south-central New Mexico aren't

white too. Three different species of

white lizards can be spotted on the

dunes from May through September.

That is, ifyou're looking for them.

I was standing on the world's

largest gypsum dune field, at White

Sands National Monument, where I

have worked as a biologist and land

manager for nine years. Looking up

from my feet, I gazed out across a

sea of snow-white dunes to a rugged

skyline of bare limestone mountains.

The dune field covers an area of 275

square miles, about half of which

is open to the public and managed
by the National Park Service. The
other half is military land, shared by

a missile range and Holloman Air

Force Base. Recent findings indi-

cate the dunes formed within the

past 7,000 years—a geological blink

of the eye. And that gives a useful

time frame for the rapid evolution of

lizards, like the one I saw skittering

across the sand.

Other creatures that, like the

lizards, are small and easily preyed

upon, have also tended toward light-

er colors. With a permanent change

of coloration, they can improve

concealment on the gypsum dunes

and thereby improve their chances

of survival, as well as their chances

ofproducing future generations that

will inherit the advantage. You can

see this on a short stroll from a park

road in New Mexico.

Gypsum is the stuff of plaster and

drywall: a common mineral also

known as hydrated calcium sulfate.

But why have some 8 billion tons of

it collected in a series of dunes lid to

forty feet tall? The "white sand" of

White Sands had its distant origin

when marine deposits were left by

an evaporating shallow sea in the

Permian period, 250 million years

ago. Some of those deposits were

uplifted about 10 million years ago

into mountain ranges that ring an

area known today as the Tularosa

Basin. Water leached gypsum out of

those mountains and carried the dis-

solved mineral down into the Basin,

where a large saline lake formed

during the cooler and wetter times

of the Pleistocene, within the past 2

million years.

The environment ultimately

changed about 10,000 years ago to

arid desert: the lake dried up, and

mineral residue was left on the val-

ley floor, forming crystalline gyp-
sum. The same process continues

today to a lesser extent, with min-

eralized groundwater reaching the

valley floor, drying, forming gyp-
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^^
sum, and blowing away to further

expand the dune field.

Large deposits ot pure crystal gyp-
sum are unusual because the substance

is water-soluble, meaning that streams

or rivers carry most of it away. But

the Tularosa Basin has no surface

outlet. Strong spring winds scour out

the valley-floor gypsum deposits and

move them downwind to where the

dunes formed as wind velocity abated.

The dunes are still very much on the

move: frequent plowing is required

every windy spring to keep the na-

tional monument's dune road open,

just as snow is plowed in colder areas.

In 2004, a geological team from

the University of Texas at Austin

and the Physical Research Labora-

tory of Navrangpura, India, deter-

mined a precise date for the forma-

tion ofWhite Sands. In a core-sam-

pling project, the team drilled down
through the gypsum and collected

lakebed sediment samples from

directly beneath the white sand.

Carbon material in the topmost lake

sediment was dated to 7,000 years

ago. That date marks the drastic

environmental change from lake to

desiccated dune field.

Knowing when the sand dunes be-

gan to accumulate tells us when

animals could have begun to adapt

to living in a white environment.

Between the 1920s and the 1960s,

biologists documented seven animal

species that had permanently white

coloration on the gypsum dunes,

with darker forms living nearby in

the desert off the dunes: three lizard

species, the Apache pocket mouse,

the White Sands woodrat (a subspe-

cies of the southern plains woodrat),

and two species of camel cricket.

With lizards, rodents, and insects

making a color change in a few

thousand years, something evolu-

tionary was definitely happening.

In the last decade, interest has

grown in using White Sands as

a natural laboratory. Stephen B.

Hager made the first detailed study

of the lizard species at White Sands

for his Ph.D. at New Mexico State

University, investigating color dif-

ferences and temperature regula-

tion of lizards on and off the dunes.

Erica Bree Rosenblum, with the

University of California at Berke-

ley at the time, next set out to un-

derstand differences among popula-

tions in an evolutionary context.

Rosenblum quantified the gradient

from light to dark in lizards of

three different species. She veri-

fied that white lizards have white

offspring, indicating that color at

White Sands is an inherited trait.

Furthermore, Rosenblum and her

collaborators identified a single

gene that seems to be responsible

tor light coloration in White Sands

lizards. This was an exciting find,

given that identifying the genetic

basis of an adaptive trait is still rare.

Rosenblum's experiments on
mate selection also told an inter-

esting story. In lab tests, white

males of the lesser earless lizard

{Holbrookia macuiata) distinctly pre-

ferred white females to brown fe-

males. Although brown and white

forms of the lesser earless lizard

are currently considered the same

species, they may be in the early

stages of speciation.

Natural selection can act as a

strong force in such "ecotones,"

or areas ot transition from one

habitat to another. Conditions

are considerably different on the

gypsum dunes than off them. Not
only background colors contrast

starkly, but also the types of plants

found there and how densely they

grow. That, in turn, influences the

lizards' prey and predators. Such

differences can drive rapid specia-

tion, particularly if coupled with a

preference for local mates, which

Be/ow /eft: Two /itt/e striped whiptails (Aspidoscelis inornataj on white gypsum sand at White Sands National

Monument. Below right: Two lesser earless lizards (Holbrookia maculataj, both females in "breeding colors,"

on the white sand. The darker lizards of both species were captured from a different habitat, adjacent to the dunes.
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can enforce genetic separation even

without the geographic separation

imposed by islands or mountain-

tops. White Sands is its own oasis

for rapid evolution.

President Herbert Hoover established

White Sands National Monu-
ment in 1933, proclaiming that his

reason for doing-so was to preserve

"the white sands and additional

features of scenic, scientific, and

educational interest." There was

little scientific understanding of the

area at that time. Yet preservation

for the sake of science and future

discoveries was a noble cause then,

and should be considered an equally

noble cause now.

The scenic beauty of the expan-

sive white sand dunes will always

draw visitors for inspiration and

recreation, but strong evolutionary

pressure in a changing environ-

ment may be the most important

scientific attraction at White Sands

National Monument. The light-

colored species and how they came

to be that way could become a

textbook example of rapid evolu-

tion. Who knows? Maybe the

rattlesnakes will be next.

William Conrod recently retired after

thirty-two years until the National Park

Seri'ice, hicluding^ nine years at White Sands

National Monument as the park biologist

and natural resource manager. Erica Bree
RosENBLUM received her Ph.D. from the

University of California at Berkeley, and

is currently an assistant professor of biology

at the University of Idaho. Her research at

White Sands continues.

NATURAL WONDERS
Trees
A Visual Guide

TONY ROOD and JENNIFER STACKHOUSE

This gorgeous reference explores the world of

trees from every perspective—from the world's

great forests to the lifespan of a single leaf.

With arresting color photographs, diagrams,

illustrations, and intriguing sidebars this unique

volume is a complete visual guide to the

magnificence of the arboreal world.

Downstream
Encounters with the Colorado River

KAREN HALVERSON
Foreword by William Deverell

"Halverson's photographic sojourn down,

beside and within the Colorado River is an

eloquent form of visual mapping; a journey

into the earth and into the spirit."

—Peter Goin, coauthor of

Black Rock and Arid Waters

Nature's Clocks
How^ Scientists Measure the Age of

Almost Everything

DOUG MACDOUGALL

"A lucid and engaging account of the scientific

revolution that changed the way we think about

our planet and ourselves."

—James Lawrence Powell, author of

Grand Canyon and Mysteries of Terra Firma

The California Deserts
An Ecological Rediscovery

BRUCE M. PAVLIK

"[Pavlik] captures the very essence of the

desert rather than simply cataloging and

describing it.... He makes this 'rediscovery' of

the desert as exciting as its initial discovery."

—Jeff Lovich, Deputy Director, U.S. Geological

Survey, Southwest Biological Science Center

Cutthroat
Native Trout of the West

PATRICK TROTTER
Second Edition

Cutthroat tells the full story of the genuine

native trout of the American West. This new

edition, thoroughly revised and updated after

20 years, is an essential reference for anyone

who wants to learn more about this remarkable

and beautiful fish.

Skin
A Natural History

NINA G. JABLONSKI

New In Paperbach—"Jablonski has an endear-

ing sense of humor that keeps the narrative

nimble.... A fascinating read."

—San Francisco Chronicle

At bookstores or www.ucpress.edu
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Xezo is now offering the Tribune limited-edition watcti

at the below-retail introductory price of $409.00 USD for a

limited time. Free shipping to U.S. customers. To order, visit

the manufacturer's Web site at www.Xezo.com or call

(800) 779-0102 within the U.S.
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GREEN GUIDE

NATIONAL GEOGRAPHIC

true green ITHE :

lELLOW
iORDER
GOES
GREEN

National Geographic's mission to

inspire people to care about the

planet is evident in six new titles

this season—from a science-based

global warning to the epic story of

planet Earth, to the chronicle of one

man's amazing journey walking,

listening, and learning. Plus, there

are three practical how-to guides

on living a greener lifestyle at

home or at the office. Authoritative

and eye-opening, practical and

hopeful, these books show green

in a new light.

PRESERVE OUR

PLANET
For more National Geographic "green" books, visit:

www.preserveourplanet.com/books

Available wherever books are sold or call 1 -888-647-6733

1 true gree
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yways
Follow Washington State's Cascade Loop to savor the views and

' local specialties that taste every bit as good as they look.
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Washington State

wmm. Feast your eyes

and palate on

the scenic and

savory delights

along the

Cascade Loop

Lake Chelan, one of Washington's many picturesque bodies of

water along the Cascade Loop

WINDING FOR 400 MILES THROUGH
the heart of the state, the Cascade

Loop heads east from the Pacific

Coast through the Cascades, along

the Columbia River and Methow Valleys, then

loops back west through the North Cascades

National Park and down to Puget Sound. You can

make the loop in a day, but you'll want to stop

and linger at the charming villages, vineyards,

and beckoning views along the way.

Start your journey with a breakfast of local

specialties at Seattle's 100-year-old Pike Place

Market, where salmon-tossing fishmongers add

entertainment to the market's colorful array of

fresh produce, cheeses and local arts. Then hit

the road and head for Leavenworth, a timber

tovra that has been transformed into an alpine

Bavarian village. Follow a lunch of authentic

German food with a wine tasting at one of the

local wineries, including Cascadia, SmaUwood's

Harvest and Icicle Ridge.

Continuing toward Wenatchee, the core of

Washington's apple country, you'U want to stop

at Ohme Gardens. These gracefuUy designed

gardens, located high on a

rock bluff, offer sweeping

vistas of the surrounding

Wenatchee Valley and

the Cascades.

The loop follows the

Columbia River, then

swings northwestward to

ascend the Methow River

Valley, reminiscent of the Old West, with its

corrals and weathered barns. Continue climbing

through the North Cascades, and you'U get still

another spectacular view from the Washington

Pass Overlook atop Liberty Bell Mountain. You'll

be surrounded by glacier-clad towering peaks,

with Ross and Diablo Lakes sparkling below.

Head down through the tulip country of

Skagit VaUey toward the coast and Puget Sound.

You'U cross soaring Deception Pass Bridge to

reach Whidbey Island and its beautiful Double

Bluff Beach. StroU along the beach to look for

seashells, or just watch the whales and ships

go by and the eagles soaring above. Wander the

wUd shoreline around Useless Bay, so-named by

early seafarers. Today's travelers wiU find plenty

to do and immense pleasure in completing then"

journey here.

Originally known as Icicle, the Bavarian-inspired town of

Leavenworth is situated against a backdrop of the

Cascade Mountains

For more information visit experiencewa.com or call 800-544-1800.



Mount St. Helens, Washington
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Right: Historic New
Castle, Delaware's

restored colonial capital;

below: Horseshoe crabs

spawn on Delaware Bay

beaches once a year

Delavv^are
DELAWARE'S COMMITMENT to historic

presentation and to the stewardship of nature is

evident m its historic landmarks and its coastline.

Delaware's Coastal Heritage Scenic Byway

Route 9 traverses 50 miles of the state's

carefuUy preserved shore, unparalleled on the

East Coast. The state's newest scenic byway wiU

take you along Delaware Bay, through historic

towns, pastoral farmland, coastal marshland

and refuges and unspoiled shoreline.

Begin your journey in historic New Castle,

Delaware's restored colonial capital on the

Delaware River. Walk the cobblestone streets

and visit the Dutch House, the Amstel House and

the Old Library Museum. Head south for moated

Fort Delaware, a Civil War-era fortress and

prison, where you can experience living history

programs that tell the stories of its Confederate

prisoners as well as its mighty Columbiad

cannon. For more saturation in the past, visit

the historic Houses of Odessa.

Venture along the route's generous stretches
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of unspoiled marshland, including the Thousand

Acre Marsh, the largest freshwater tidal wetland

in northern Delaware. Bird watchers will also

want to stop at Bombay Hook Wildlife Refuge,

recognized as one of America's 100 "Important

Bird Ai-eas" by the American Bird Conservancy,

and site of an annual Migratory Bird Festival.

Finish your journey near the state capital of

Dover with a combination of colonial and recent

history, perusing vintage aircraft at the Air

Mobility Command Museum and then the reUcs

housed in the John Dickenson Plantation, home
of one of the country's founding fathers.

^^ For more information click visitdelaware.com.
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Alabama's Gult Coast
ALABAMA'S SOUTHERN TIP is one of those places

where even first-time visitors find a connection

and Alabama's Coastal Connection Scenic

Byway is a treasure to those who discover it. Gulf,

bays, lagoons and bayous offer scenic \aews and

recreational opportunities for most every interest.

Wliile enjojing a stroll along the shore at sunset

or a quiet saU on the back waters suits some,

others may opt for more exciting recreational

opportunities like the offshore fishing that is a

popular pastime here.

History buffs will find plenty to explore, as well.

Historic Forts Gaines and Morgan stand united

around the mouth of Mobile Bay and teU the stories

of battles and soldiers of earlier times. Exceptional

museums chronicle the history of heritage of

several communities along the coast.

The Dauphin Island Audubon Sanctuary, Bon

Secour National Wildlife Refuge and Gulf State

Park pro^dde more than 12,000 acres of protected

lands along the coast. Weeks Bay National Estuarine

Research Reserve is one of only 29 such reserves

nationally and is literally where the soil meets the

sea. These vast natural assets are complimented by

smaUer municipal parks and trails and by the sites

along the Alabama Coastal Blrding TraU.

A variety of accommodations are available,

making the shore accessible to those looking for a

campsite, a famOy-friendly beach house, a luxury

hotel or anything m between. Special events offer a

wide range of experiences mcluding music festivals,

historic re-enactments, sporting events and

celebrations of seafood, just to name a few

Whether families on the annual

vacation, couples seeking a secluded

getaway birders searching for that rare

sighting, or history buffs combing the forts,

all can find a connection here. Alabama's

Coastal Connection has much to share

and it beckons travelers to learn more

about Tlie Waters, Ways and Wildlife of

Alabama's Gulf Coast.

For more information visit AlabamasNaturalCoast.org or call 866-324-7776.

No wonder history buffs keep coming back.

Make plans to revisit history today. Click on

AlabaniasNaturalCoast.org or toil-f^^8^66.324.7776 now.

Mobile Bay Civil War Trail will prove to be unforgettable. With more than a dozen his

sites, including Fort Morgan, you can relive this seminal battle of the Overland Camp

And with the carefully preserved personal artifacts and handwritten accounts of ship

captains, fort commanders and common soldiers, you'll hear their voices and

their words coming back to speak to you. Over and over again.
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wi.

GULFrSHORES

Mobile Bay



Natural History Magazine
May 200S

HOOFPRINTS

Since their domestication, horses have transformedpeople's lives-

leaving a subtle trail ofclues along the way.

by Sandra L. Olsen
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NAZAR AND I WERE PERCHED ON THE
EDGE OF A THIRTY-FOOT RIVER TER-
RACE, GAZING DOWN AT HIS HERD
OF HORSES ON THE OPPOSITE BANK

of a shallow river. They were drinking and grazing in

total harmony, heads bobbing and tails switching as if to

an unheard melody. Beyond stretched the velvety, sage-

green steppe, interrupted by the occasional peak or dark

patch of pines. Once again that panorama had lured me
back to northern Kazakhstan—that, plus the mystery of

how, where, and when horses were first domesticated.

For Nazar and 1 were resting on a 5,000-year-old settle-

ment, now known as Botai, that promised to shed light on

that critical event. Botai's inhabitants had the same food

preference as modern Kazakhs—horsemeat and perhaps

mare's milk—and they herded horses to survive. Indeed,

unlike the modern herders, they ate little else.

Admittedly, Nazar's people have lived in this region for

only about 1,100 years: the Kazakh language and culture

likely originated farther east, in Siberia, However, they

are part ofthe larger tradition ofhorse pastoralism, which

extends across most ofthe Eurasian steppes, from Ukraine

to Mongolia. Duringmy years ot archaeological excavation

here, from 1994 to 2002, it therefore made sense for me
to watch and learn trom the local practices. Along with

Bruce A. Bradley ofthe University ofExeter, in England,

I led teams principally from Kokshetau University and

North Kazakhstan University. Many members of our

crews were ethnic Kazakhs.

I could see that Nazar and the one other herder from

his village led a quiet life, with little human interaction.

They were shy and hesitant in the company of the ar-

chaeological field crews. But the two men would emerge

confident and powerful when mounted on the tall gray

Russian stallions they rode to oversee their herd of 250

smaller, bay-colored Kazakh horses. The herders' life may
seem tranquil compared with the stresses ofurban dwell-

ers, but it is quite arduous. The herd must be taken out

to graze on natural vegetation, and tended through the

night, even in the dead ofwinter, here where temperatures

often plummet to a bracing —50 degrees Fahrenheit. (That

does not include the wind chill factor, which takes on new
meaning when one rides a horse at full gallop!)

It might seem unduly cruel for the horses themselves,

having to scratch through the winter ice and snow to

find enough of the sparsely spaced, shriveled Artemisia

and feathergrass to survive, until you realize that wild

horses thrived near the Arctic Circle durina: the last ela-

cial maximum of the Pleistocene epoch, the Ice Age that

ended about 11,500 years ago. Horses, it seems, are quite

well adapted to a cold, dry environment.

YEARS OF EXCAVATING THE BoTAI CULTURE,
AT THE SETTLEMENT OF BoTAI ITSELF

and at two smaller village sites of the same antiquity,

have taught me a great deal about how horses and humans
torged their enduring bond. The sites' configurations and

artifacts speak volumes ifyou can figure out how to inter-

pret them. To do that, I had to fall back on the experience

of my Kazakh friends and crew. I watched the herders

and their dogs rounding up the horses, the local women
milking the mares to make koiiiniss, a mildly fermented

sSS. Paleolithic cave paintingfrom Lascaux, in southwestern

^ France, datesfrom about iy,ooo years ago, when wild horses

were human prey. Oppositepage:A horse herdgrazes on the

steppes ofnorthern Kazakhstan, a region that may have been

among thefirst where the animals were domesticated.

beverage that is a community favorite, and villagers pre-

paring horsemeat in various dishes. Gradually I came to

understand that those traditions illuminated the lives of

their predecessors in the Copper Age, when people made
tools of stone, bone, and more rarely, copper, but not yet

of bronze or iron.

I saw Botai for the first time in 1993. Discovered only

a decade earlier, it had been partly excavated under the

direction of Kazakh archaeologist Victor Zaibert, then of

the Petropavlovsk Pedagogical Institute (which later became

North Kazakhstan University), who claimed to have found

the first domesticated horses. The odds that Botai was the

very first or the only place where horses were domesticated

were incredibly small. But Botai was clearly an ideal place

to begin to unravel that mystery. We archaeologists must
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Horses in northeastern Kazakhstan, notfarfrom the

where nuclear weapons were tested by the Soviet Union

-called Semipalitinsk Polygon,

resign ourselves to never finding the first stone tool ever

knapped by humans or the first instance of making fire.

Such ephemeral incidents leave few, if any, traces in the

archaeological record, and even if they do, the chances are

small that we will stumble upon them. We have to settle for

pushing back the dates ofimportant episodes to as close to

the origin as possible and focusing in on the regions where

they might have happened.

Botai and its smaller sister village sites, Krasnyi Yar and

Vasilkovka, were inhabited about 5,300 years ago, not long

after horse domestication is thought to have occurred. They

are located in the heart of the natural range of the tarpan

{Eqmis ferns), the wild horse that was the likely ancestor

of the domestic horse. No other prehistoric culture we
know of focused so utterly on-a diet and economy based

on the horse. More than 90 percent of the animal bones

from Botai sites are derived from horse, with only a scat-

tering of domestic dog and such wild game as aurochs

(wild cattle), moose, red deer, and saiga antelope.

MANYANIMALS—DOGS, CATTLE, GOATS, PIGS,AND
SHEEP—WERE DOMESTICATED before the horse,

but breeding that one species of livestock was a seminal

event. Horses stand apart because of their versatile roles in

human society, which came to include dairy production,

transportation, haulage, plowing, sports, warfare, religion,

and status. It is difficult to place those functions in order of

importance, but the horse's part in warfare does rise above

the rest in its effects on geopolitics and human history.

Horse-drawn chariots were not used in battle on a large

scale until 1500 B.C., in the Near East, and cavalries only

supplanted chariots by around 900 B.C. But you need only

recite a short list ofancient empire builders—^Alexander the

Great, Attila the Hun, Genghis Khan, Charlemagne, and

Napoleon Bonaparte—to realize they all relied mightily on

their cavalries. Indeed, more than two millennia later, we
even know details about Alexander's trusted mount Bucepha-

lus. Legend tells us that, as a youth, Alexander tamed this

wary animal when no one else could, and that Bucephalus

was a dark stallion with a large white star on his forehead

and one blue eye. Bucephalus died of injuries received in

the Battle of the Hydaspes, in June of326 B.C.

Before humans forged such partnerships with horses,

the interactions were those of predator versus prey. Ice

Age hunters in Europe, Asia, and North America tracked

and even drove horses, dispatched them with spears, and

butchered them for food. In France and Spain, lively images

of the forebears ofour domesticated horse adorn the cave

sanctuaries ofearly hunters, dating from late Ice Age times,

some 12,000 to 30,000 years ago. The European depic-

tions, which reveal that horses were greatly sought-after

prey, also show that the ancient wild horse had a dun coat,

erect mane, and stripes on the withers and legs. In those

features, as well as in its stocky conformation and broad,

massive head, it closely resembled the Przewalski's horse

{Eqtius przewalskii), a relative that nearly became extinct

but which has been restored in limited numbers to Asiatic

preserves. But based on evidence from chromosomes and

mitochondrial DNA, the Przewalski has been ruled out

as the ancestor of the domestic horse, so by a process of

elimination, the most likely candidate was the tarpan.

The tarpan, unfortunately, is extinct. As the Ice Age

drew to a close and global warming shifted ecological

zones all over the world, the animal's natural habitats—the
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Circulardepressions atthe^,ooo-year-oldsettlementofKrasnyi

Yar hint at the presence ofhouse pits (top). Magnetic gradi-

ent imaging, a remote-sensing technique employed by David
Maki, ofArchaeo-Physics in Minneapolis, Minnesota, revealed

anomalies below the ground surface (secondfrom top). These

enabledarchaeologists to map housefoundations, corralpostholes,

and other settlementfeatures (thirdfrom top), and to create a

rendering ofhow Krasnyi Yar once looked (bottom).

large expanses ofcold, dry steppe—began to contract and

be replaced, often by deciduous forests. As the vegetation

changed, so did the species of large herbivores living in

a region. Cold-adapted animals shifted northward as far

as possible, but eventually the largest of them all, the

mammoth, went extinct. Reindeer persisted in the higher

latitudes, but horse populations dwindled significantly,

reduced to small enclaves sprinkled across the continent.

Only on the Eurasian steppe from the Carpathian Mountains

of Hungary across to Kazakhstan, and in a small part of

northern Europe, did the tarpan survive. By about 9,000

years ago, it seems to have vanished from France, England,

Spain, Italy, and the Near East; when the horse begins

to be reintroduced into those regions 4,000 years later, it

is most likely as domesticated livestock. The last tarpan

finally died in Ukraine in the winter of 1918-1919.

Archaeologists have heated debates about where and when
horses were domesticated for the first time. For many years,

textbooks cited Dereivka, a 6,000-year-old site in Ukraine

excavated in the 1980s, as having the strongest early evidence.

The "smoking gun" was a horse skull, found in a sacrificial

pit, that had wear on the lower premolars likely caused by

champing at the bit. But many archaeologists, including

me, puzzled over how bit wear could have formed when
the earliest metal bits found in that region did not appear

for another 3,000 years. David Anthony, an anthropologist

at Hartwick College's Yager Museum ofArt and Culture in

Oneonta, New York, had the skull itselfradiocarbon dated,

and demonstrated that it was in fact an intrusive Iron Age
offering—dating from sometime between 700 and 200 B.C.

Dereivka should not be taken off the short list ot possible

early domestication sites, but it has been stripped ofthe most

concrete evidence for its claim to fame, opening the field to

competing sites across the Eurasian steppe.

Apart from, possibly, the dog and the pig, no other

animal has provoked such contention over the "where"

and "when" of its domestication. That is because the wild

progenitors ofmany other domesticated animals had more

restricted ranges, which meant that the potential places for

domestication were much more restricted. The Eurasian

steppe is probably the largest terrestrial ecological zone in

the world, stretching across thousands ofmiles. With few

geographic barriers, it has long served as an open freeway

for travel by animals and humans.

The ability of archaeologists to identify the timing

of domestication often depends on detecting skeletal

changes that appeared not long after the process began.

One example is the shortened muzzle of the dog, com-
pared with that of the wolf Others are smaller tusks on

the domestic pig and smaller horns on domestic cattle,

goats, and sheep than on their wild relatives. The overall

body size often changes, too, as people selectively breed

to make the animal more tractable, and less dangerous to

handle. The aurochs, the ancestor ofour domestic cattle,

was a formidable beast: bulls could be seventeen hands,

or 5.75 feet high, at the withers, with a horn span some
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Modern horses, zebras, and asses

belong to the genus Equus, the only

surviving genus in a once diverse family,

the Equidae. Based on fossil records,

the genus appears to have originated in

North America about 4 million years

ago and spread to Eurasia (presumably

by crossing the Bering land bridge) 2

to 3 million years ago. Following that

original emigration, there were additional

westward migrations to Asia and return

migrations back to North America, as well

as several extinctions oiEquus species in

North America. The last prehistoric North

American horses died out between 13,000

and 11,000 years ago, at the end of the

Pleistocene, but by then Equus had spread

to Asia, Europe, and Africa.

Animals that on paleontological

grounds could be recognized as subspecies

of the modern horse originated in North

America between 1 million and 2 million

years ago.When Linnaeus coined the

species name, E. cahallus, however, he only

had the domesticated animal in mind. Its

closest wild ancestor may have been the

tarpan, often classified as E.ferus; there

is no evidence, though, that the tarpan

was a different species. In any case the

domesticated horse probably did not arise at

a single place and time, but was bred from

several wild varieties by Eurasian herders.

In recent years, molecular biology has

provided new tools for working out the

relationships among species and subspecies

of equids. For example, based on mutation

rates for mitochondrial DNA (mtDNA)

Ann Forsten, of the Zoological Institute at

the University of Helsinki, has estimated

EccE Eauus
By Jay F. Kirkpatrick .and Patricia M. Fazio

that E. caballus originated approximately

1.7 million years ago in North America.

More to the point is her analysis of£.

lambei, the Yukon horse, which was the

most recent Equus species in North

America prior to the horse's disappearance

from the continent. Her examination of£.

lambei mtDNA (preserved in the Alaskan

permafrost) has revealed that the species is

genetically equivalent to E. caballus. That

conclusion has been further supported by

Michael Hofreiter, of the Department of

Evolutionary Genetics at the Max Planck

Institute in Leipzig, Germany, who has

found that the variation fell within that of

modern horses.

These recent findings have an

unexpected implication. It is well known

that domesticated horses were introduced

into North America beginning with

the Spanish conquest, and that escaped

horses subsequently spread throughout

the American Great Plains. Customarily,

such wild horses that survive today

are designated "feral" and regarded as

intrusive, exotic animals, unlike the

native horses that died out at the end

of the Pleistocene. But as E. caballus,

they are not so alien after all. The fact

that horses were domesticated before

they were reintroduced matters Utde

from a biological viewpoint. Indeed,

domestication altered them Httle, as we

can see by how quickly horses revert to

ancient behavioral patterns in the wild.

Consider this parallel. To all intents

and purposes, the Mongolian wild horse

(£. przewalskii, or E. caballusprzewalskii)

disappeared from its habitat in Mongolia

and northern China a hundred years ago.

It survived only in zoos and reserves. That

is not domestication in the classic sense,

but it is captivity, with keepers providing

food and veterinarians providing health

care. Then surplus animals were released

during the 1990s and now repopulate a

portion of their native range in Mongolia

and China. Are they a reintroduced

native species or not? And how does their

claim to endemism differ from that oi E.

caballus in North America, except for the

length and degree of captivity?

The wild horse in the United States

is generally labeled non-native by most

federal and state agencies dealing with

wildlife management, whose legal mandate

is usually to protect native wildlife and

prevent non-native species from having

ecologically harmfiil effects. But the two

key elements for defining an animal as a

native species are where it originated and

whether or not it coevolved with its habitat.

E. caballus can lay claim to doing both

in North America. So a good argument

can be made that it, too, should enjoy

protection as a form of native wildlife.

Jay F. Kirkpatrick, who earned a Ph.D. in

reproductivephysiologyfrom the College of

Veterinary Medicine at Cornell Ujiiversity,

has studiedfertility controlfor wild horses. He
is the director ofthe Scie?ice and Conservation

Center at ZooMontana, in Billings. Patricia

M. Fazio, a researchfellow at the Science

and Conservation Cotter, earned her Ph.D.

in environmental historyfrom TexasA&M
University. Her interests include reproductive

physiology, the monitoringofwild horse

ranges, and the evolution ofequids.
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eight feet across! But early horses' skeletons provide no

such obvious transition in morphology or size. Ancestral

male horses had no horns or tusks, and even their canine

teeth were relatively small in the wild state. It is only by

about 1200 B.C. that some change is noticeable in the

domestic horse's skull and stature.

Another tool archaeologists use to identify livestock is

the relative frequencies of different age and sex groups

in a collection of animal remains—the so-called mortal-

ity pattern. For example, did many of the animals die

as juveniles, or did they live to a ripe old age? (Ages are

largely determined from the teeth.) Livestock herds are

generally managed by culling most of the males before

they reach reproductive maturity. By then, as meat anmials,

they have reached most of their full adult body weight. In

addition, the herds are easier to control with fewer adult

males competing tor the females; the pastoralists can save

the males with the most desirable qualities for breeding.

Unfortunately, with horses, particularly once they began

to be ridden, such clues to domestication break down.
Stallions were preferred over females for riding by nearly

every culture through time, except by people m Arabia.

The stallions are slightly bigger and more aggressive, which

is advantageous in hunting and battle. Further, females

distract the males when they enter estrus, and they have

to care for their foals for a period of months after birth,

so they complicate missions in which groups must ride

over long distances. As a result, the mortality pattern of

ancient domestic horses often fails to show significant

culling ofyoung males.

To further compound the situation, recent mitochon-

drial DNA studies suggest horse domestication may have

occurred many times; or at the very least, many female

lineages (which are the source of mitochondrial DNA)
were drawn upon from the wild populations across the

steppes to supplement small domestic herds.

r#
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GIVEN ALL THOSE LIMITATIONS OF THE ARCHAEO-
LOGICAL RECORD, HOW CAN ARCHAEOLOGISTS

make progress in identitying where and when domestication

began? Our team's approach has been holistic—piecing

together as much evidence as

possible, whether direct or more

circumstantial. We also take an

upside-down approach. If the

prehistoric horse bones are dif-

ficult to decipher, then why not

look at the settlement and traces

of the human lifestyle for evi-

dence that they were influenced

by horse domestication?

As already mentioned, the

Botai primarily used horses

for tood. The high frequen-

cies ofbutchering marks made
by stone knives on the bones

^
"T^E Horse," a special exhibition at The American

Museum ofNatural History, prem teres May 17 and remains

on view untilJanuary 4, 2009. It covers 50 million years of

the animal's evolution and shows how the horse transformed

human art, culture, and civilization.
"^ e
tell us that. Compared with the Neolithic hunters who
preceded them, the Botai people left behind fewer bones

from other game animals. And they also differed by liv-

ing in large, permanent settlements. The earlier hunters

had small transient camps or home bases of one to a few

houses. Botai has more than 160 houses, Krasnyi Yar 54,

and Vasilkovka 44. The houses, made ofadobe and roofed

over with saplings and clay, were semi-subterranean. They
were arranged in rows along streets and around small plazas.

Most of the houses had their corners oriented toward the

cardinal directions [see illustrations on page 29].

But to play devil's advocate, couldn't these have been

communities of horse hunters? Imagine that for decades,

if not hundreds ot years, a large concentration of people

fixed in one place focused on hunting just one type of

game in the surrounding region. Eventually, they would
exhaust local v/ild horse herds, making it necessary to go

farther and farther afield to find prey. Even if small bands

of hunters left the village periodically on long-distance

missions on foot, they would not be able to return home
with enough meat on their backs to feed the whole com-
munity. Surely they would broaden their dietary scope

and take more deer or wild cattle; but we don't see that

happening at Botai. In addition, wouldn't they be selective

in what parts ofa horse carcass they carried back over long

distances? But we find bones from the whole horse, even

the heavy pelvis and skull, indicating that the animals

were probably killed nearby or in the village.

Moreover, circular arrangements of possible postholes

suggested a number ofenclosures at the Krasnyi Yar settle-

ment. By taking twenty-five soil samples within one such

enclosure and comparing them with soil sampled from

outside it and from far away from the site, geologists Mi-
chael Rosenmeier and Rosemary Capo, ofthe University
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Ayoung girl rides ho < the steppe in northeast Kazakhstan

of Pittsburgh, discovered obvious differences. When the

soil chemistry was analyzed, the area inside the enclosure

proved much higher in phosphates, indicating a dense

concentration ofmanure. Because the Botai had no cattle

or sheep, it was clear that this was a horse corral.

Our colleagues Charles French and Maria Kousoulakou,

of the University of Cambridge, also identified horse

manure in the collapsed remains of houses from Botai

and Krasnyi Yar. This probably reflects a practice found

even today among Kazakhs, Mongols, and others on
the Eurasian steppe: they layer their roofs with livestock

manure as a means of insulation.

The Botai lacked bronze or iron technology, as mentioned

earlier. Even so, it is reasonable to conclude that they used

simple bridles, hobbles, lassoes, whips, and other tack made
from rawhide thongs, as North American Plains Indians

often did. Prehistoric rawhide does not survive 5,000 years

in a site like Botai, which is shallow and lies out in the

open, but tools used to inanufacture thongs do. Abundant
in all of the Botai settlements is a type of notched tool

made from the lower jawbone of a horse; high polish and

fme striations along the notch suggest the tool was used to

work over strips of rawhide to prevent stretching during

use. Horse herders require more thongs than nearly any

other society, with the exception ofpolar peoples, who use

them for sleds, snowshoes, and fishing equipment.

THE HORSE HISTORICALLY HAS HAD A CLOSE
ASSOCIATION WITH THE SuN GoD ALL ACROSS

the Eurasian steppes and in hido-European cultures. There

are enormous religious sites in Mongolia, called khirigsiiiirs,

dating from Bronze Age times, from about 1500 to 500

B.C., where hundreds or even thousands of horse heads

and necks are buried beneath mounds of stones. In most

cases the heads were carefully arranged to face southeast,

where the rising sun emerges over the horizon in late

autumn. Presumably that is the season when they were

slaughtered. Mongols and Kazakhs usually do most of

their horse slaughtering in the late autumn. At that time

ofyear, horsemeat is most fatty and nutritious and can be

frozen in boxes outside the home for several months.

Although they lived at an earlier time, the Botai villag-

ers also used horses for religious purposes: fourteen horses

were sacrificed and placed in a grave that contained two
men, a "woman, and a child—perhaps to provide them with

food for the afterlife. But the most telling discovery for us

was at Krasnyi Yar: a house encircled by ceremonial pits

containing horse heads and necks. We believe the house

belonged to a shaman. Most of the skulls pointed to the

southeast, but one clearly pointed to the northeast, indicat-

ing a spring sacrifice. To learn that the horse was linked

with the Sun God, the most powerful god in the Eurasian

pantheon, as much as 5,000 years ago, was strong proof

that the animals had begun to shape human society.

Sandra L. Olsen is co-curator of "The
Horse," a special exhibition that will open at

the American Museum of Natural History on

May 17, 2008. A zooarchaeologist, Olsen is a

curator of anthropology at the Carnegie Mu-
seum ofNatural History, in Pittsburgh, and an

adjunct associate professor at the University of

Pittsburgh. She has examined the roles that wild

and domesticated animals have played in the

lives ofvarious prehistoric peoples, from the American Southwest

to much of Western Europe, Russia, and Central Asia.

Wei links related to this article can hefotmd at
•www.nattiralhistorymag.com
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With your donation of $100

or more you will receive a

beautiful certificate ofadoption,

personalized with your name

and your chosen species of

butterfly, plus a butterfly fact

sheet describing your butterfly.

As your contribution grows,

so do the possibilities! With a

gift of $300 or more you will

see your name in flight,

colorfully featured on the

2008 Wall ofWings.
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Every contribution is a generous one, and with your

heip this spring we will greet over 9,000 young visitors

forfree schoolfield trips to the Pavilion ofWings.

For more information, please visit

www.nhm.org/adoptabutterfly or call (213) 763-3426.
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A LETTER FROM THE PRESIDENT
A Commitment to

Science one
Education

Dear Friend,

From often humble and homegrown roots, science and education departments at

the Natural History Museum of Los Angeles County have evolved greatly over time.

Entomology was one of the original disciplines of the Museum when it opened its

doors in 1913. Though it started with a small assortment of beetles, the department

has grown into a renowned resource, with holdings of, and research on, specimens

from around the world. Its collection of 5.7 million insects is one of the largest on

the West Coast.

Objects and specimens are the Museum's cornerstone, but it is not enough that they exist under our

auspices. We must also make them accessible. To that end, the Education Department was formed in 1940.

Today, with a busy slate of activities, day camps and outreach. Education reaches hundreds of thousands of

children and young adults each year.

As our science and education departments grew, they did not grow apart. The month ofMay illustrates how
they collaborate to support programming and exhibits. On the South Lawn, our Education Department

manages the Pavilion ofWings where our visitors interact with free-flying butterflies. Inside the Museum,

the Discovery Center's Insect Zoo allows close observation of local and exotic insects. In both exhibits,

our Entomology Department and Curator Brian Brown ensure the science is sound. Then Brent "the Bug

Guy" Kamer and a team of gallery interpreters can do what they do best— put a fun and relatable spin on

science, and effectively relay the wonders of the insect world.

From May 17-18, we welcome the 22nd annual Bug Fair, the weekend event that combines Museum science

with visiting vendors, artisans, and bug world aficionados. Here too, the Entomology Department's staff

provides specimens and knowledge, manning booths that display their research and answering our visitors'

questions. Kamer provides a network ofbug enthusiasts and his trademark knack for de-mystifying insects,

both ofwhich make the event come alive.

When scientists and educators work together, our visitors are getting the best ofboth worlds— foundational

scholarship and interpreters who can inspire anyone, no matter their age or experience. We hope you will

join us.

Sincerely,

Jane G. Pisano

President and Director

"Our mission is to inspire wonder, discovery and

responsibility for our natural and cultural worlds''
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New format! Junior Scientist is for 6-10 year-olds and their families. All programs are FREE with paid

Museum admission. No reservations are required, but start times may be delayed for some attendees based

upon the popularity of the program. Please check in at the Museum's south doors. For more information about

Junior Scientist, please contact the Discovery Center at (213) 763-3230.

Weekends at NHM is mode poss/b/e by a grant from the Ralph M. Parsons Foundation.
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t's a buggy month,
May. The Pavilion ofWings is open on

the Natural History Museum's South

Lawn and the wildly popular Bug Fair

unfolds May 17-18. But there are also

entomological activities behind the scenes

— from a backyard biodiversity

experiment to the rescue of 1,000

imperiled millipedes. As has become a

bit of a Naturalist custom, we devote this

month's issue to a few ofthe Museum's

entomological endeavors.

One of these iTanspired in a Brentwood

backyard. Though many assume the

discovery ofnew species is only possible

in faraway, exotic locales, Museum
Entomology Curator Brian Brown is

known to brag that he can find

undescribed fly species in even the most

local of environs. Eventually Museum
Trustee and entomology enthusiast

Miriam Schulman challenged him to do

just that— and better yet, invited him to

go to work in her backyard. Brown set up

a tent-like Malaise trap outside the

Schulmans' home, and on the night of a

Fellows event they hosted, he sorted

through the accumulated sample under a

video-microscope.

Even smack in the middle of suburban

Los Angeles, there were surprises. The

first was an interesting looking phorid fly

fliat turned out to be an undescribed

species of the genus Megaselia, new to

science. A second belonged to the species

Megaselia scutellaris, previously known
only from Europe, and therefore a new
continental record for the species. A
third phorid that Brown found came from

the genus Chonocephalus, which he had

never seen on the west coast of North

America before. Brown sent it to

an English colleague, an expert on the

genus, who revealed that this fly,

Chonocephalus bentacaisei, was a species

previously chronicled only in Madagascar,

the Canary Islands and the Comoros

'
. '-'''Ul

After setting up this Malaise trap in a Brentwood

backyard, Entomology Curator Brian Brown

found one fly species new to science and two

species never before seen on the west coast of

North America. Pfioto by Miriam Schulman

Islands. A tiny fly that normally makes

its home in the islands off Africa, in other

words, had made its way to Southern

California.

"One of the Museum's primary missions

is exploration to find new things, and

when we are talking about insects, this

discovery can take place nearly any-

where," Brown says. "We already know

most of the world's birds and mammals,

but for six-legged creatures it is still a

largely unexplored planet."

Brown's third fly wasn't the only new-

comer from Africa. In early February,

Associate Manager of Entomological

Exhibits, Brent "the Bug Guy" Karner, got

a call from the United States Department

of Agriculture. That's not particularly

unusual— USDA officers frequentiy

contact him when they have questions

about confiscated animals, and the

agency is also in charge of issuing

permits for the Museum's Insectary,

Insect Zoo and Pavilion of Wings. But

this time they had a problem— three

crates containing over 1,000 giant

African millipedes, seized at LAX.

Ranging in size from six inches to nearly

a foot, these wild-caught creatures were

as hungry as they were shy, and now in

need of a foster home.

Though the Museum occasionally takes a

box or two of confiscated insects, a cache

this large is unusual. But because we

boast an impressive containment site,

there was room, and permits, for all the

animals. With his Living Collections staff

and a couple of volunteers, Karner moved

the millipedes into spacious new homes

and supplied them with mushrooms,

apples, oranges, lettuce and even chalk

(for calcium carbonate) to eat. Had the

Museum not accepted them, their futures

were bleak— the USDA would have

disposed of them, as is required by law.

In the space of a couple of weeks, by

enlisting a huge network of insect world

contacts, Karner found homes for all of

them. They'll be picked up by, or shipped

to, zoos, insectaries, museums and

nature centers all over the country. "I

certainly can't stop the millipede trade,

but I can try to let people know what it's

really like," Karner says. "The millipedes

reminded me of the importance of what

we do here and what we stand for, even if

it means some extra effort."

—Kristin Friedrich



things to do at the museums

THlnMAS^^^ THE TrEX lab

Uj NATURAL HISTORY MUSEUM

Ongoing

Visit the Thomas the T. rex Lab, the

NHM's own working paleontological

laboratory devoted to the preparation

of our most famous Tyrannosaurus

rex. With a skeleton that is nearly

70% complete, this fossil was a rare

discovery and now an integral part of our

remarkable T. rex growth series. As the

Lab's work continues, it will surely unlock

mysteries about this fascinating species

— how and where it lived, grew and died

Director's Gallery, Second Floor.

Pairillm of lA)m(^

[5j NATURAL HISTORY MUSEUM

Through Sept. i, 2008

Enter a world of free-flying butterflies in

this enclosed, lush habitat. More than 30

species — including giant swallowtails,

monarchs and the American Painted

Lady— flutter throughout the grounds.

Separate admission ticketing applies.

Members receive FREE tickets.

FIRSTI FRIDAYS
Uj NATURAL HISTORY MUSEUM

Friday, May 2, 2008; 5:30 pm - 10 pm

Once a month, the Museum stays open

late for dinner, discussion, live music and

more. Join Dr. Leah Krubitzer, from UC
Davis' Department of Psychology and the

Center for Neuroscience, for a discussion

about what accounts for the differences in

behavior among mammals. The Dodos

and other special guests play live, and DJs

Carlos Nino and Morpho ofdublab.com

spin. More information at www.nhm.org/

firstfridays.

cnlte

club

Ladybugs and Butterflies!

Hey 3-5 year olds, this club's for you!

Uj NATURAL HISTORY MUSEUM

Sunday, May 11, 2008

10:15 ^rn - 11:15 3"^

Sprout the seeds of knowledge and fun.

Let's visit our gardens where we will meet

and release some helpful bug friends.

You will hear buggy stories and even

take home your very own seedling! For

y^ year olds and a participating adult. All

programs free with paid Museum admission.

Events available on a first come, first served

basis. No reservations required; check

in at Museum's south doors. For more

information, call (21^) j6yED/\l].

^^^^^

Insect Investigation

[Jj
NATURAL HISTORY MUSEUM

Saturday, May 24, 2008

10:15 ^rn - 11:30 am

There are more insects than any other

kind of animal on Earth, so being an

insect investigator means that there is

always something new to discover! Help

us examine the amazing world of insects

as you become a Jionior Entomologist,

observing our six-legged neighbors and

exploring the Natural History Museum
through new (compound) eyes. The

junior Scientist program isfor 6-10 year

olds with a participating adult. Free with

paid Museum admission. Check in at the

South Doors. For more information, call the

Discovery Center at (21]) ySy^i^o.

Fossil Hunting in

Silverado Canyon

OFFSITE

Saturday, May 10 & 31, 2008

Sel

fos^^^^B^^^P^RT^sTCoUections
Mani^^^rMalacology, and LouElla

Saul, former Collections Manager of

Invertebrate Paleontology and current

Museum Research Associate. This rich

fossil site is a great place to learn the

basics of fossil excavation along side

Museum scientists. Bring a bag for your

best finds! Participants provide their

own transportation. Grades 2 and up,

accompanied by an adult. Members $2g;

General Admission $^g.
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Mary Ellen's Tea Party

fyi WILLIAM S. HART MUSEUM

Saturday, May 17, 2008; 12:30 pm

The Friends of Hart Park and Museum
present the second annual Mary Ellen's

Tea Party, where guests indulge in

a variety of refreshments including

specialty teas, scones with cream,

assorted finger sandwiches and delicious

desserts. It makes a great Mother's Day

gift, so order soon! Tickets are $40 per

person. For more information and ticket

reservations, please call the William S. Hart

Museum at (661) 2^4-4^8^.

Uj NATURAL HISTORY MUSEUM

Saturday - Sunday, May 17 - 18, 2008

10 am -
5 pm

The Museum's hugely popular Bug Fair

is North America's largest celebration

of our multi-legged friends. In addition

to many live specimens, many of which

visitors can touch and hold, the Fair

features animals for purchase and an

endless array of bug-related toys, gift

items and art. Staff from our Research

and Collections department will be at

interactive tables where visitors can ask

questions and discuss science. FREE
with Museum admission.

SCAVEMfiER'S

SAIAKI
FOR PATRON FAMILY MEMBERS!

He Knows Sea Shells

[Jj
NATURAL HISTORY MUSEUM

Saturday, May 24, 2008
II am: Family Tour

Noon: Adults Tour

MoUusks are one of the most diverse

groups of invertebrates on Earth (second

only to insects). Join Malacology

Collection Manager Lindsey Groves

for a behind-tlie-scenes tour of one

of the largest collections of mollusks

in the nation. This tour will feature

representatives of most of the major

classes of mollusks including rare

and common species, large and small

varieties, and weird and bizarre forms.

This monthly program isfree with Patron

Family Membership ($18^ annually).

RSVP today at (iij) y6]-]426.

FARMERS
80 YEARS SERVING AMERICA

Gets you back where you belong.*

Weekend programs at the Natural History Museum
are supported by a major grantfrom Fanners

Insurance Group.

Additional supportfor Family and Children's

Programs is provided by the Ralph M. Parsons

Foundation, Avery Dennison Foundation and The

Gaiy Saltz Foundation.

Birding Safari:

A Fellows Family Adventure

OFFSITE

Saturday, May 31, 2008: 9:30 am - 2 pm

Join Ornithology Collections Manager

Kimball Garrett and explore the Bolsa

Chica Ecological Reserve wetiands,

which contain 300 acres of one of the

nation's best birding sites. You might

see endangered birds such as Belding's

Savannah Sparrow and the California

Least Tern. After a picnic style lunch,

you'll embark on a behind-the-scenes

tour of the Wetiands and Wildlife Care

Center of Orange County and learn about

bird rehabilitation. For more information,

contact (2ij) y6]-]p6 orfellows@nhm.org.

BioBlitz

OFFSITE

Friday - Saturday, May 30 - 31, 2008

noon to noon

Chart the species that live in the Santa

Monica Mountains during BioBlitz, a

24-hour inventory event. Sponsored by

National Geographic and the National

Park Service, teams of scientists,

naturalists and volunteers will comb the

mountains' more than 150,000 acres,

observing and recording as many species

as possible. There will be junior ranger

activities, a "scientist tent," booths and

demonstrations. The BioBlitz itself

is noon to noon; it's followed by the

Celebrate Biodiversity Festival, which

runs on Saturday until 6 p.m. Free

for Museum members or visitors with paid

Museum admission, though registration is

required. Free transportation to andfrom the

site will be provided by the National Geographic

Society in partnership with the Museum on

Saturday. Call (21j) j6;}-ED4U to register.
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(sold out)
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activities

atNHM
Page

Museum

*-j
time activity

1 1 :00 am* Live Animal Presentations/Family Programs

1 :00 pm Story Time

2:00 pm Museum Hall Tour

3:00 pm Live Animal Presentations/Family Programs

1:00 pm

2:15 pm

Hancock Park and Pit 91 Tour

Gallery Adventure Tour

*These activities fake place on Saturdays and Sundays only

location

Discovery Center

Discovery Center

Dueling Dinosaurs

Discovery Center

Page Museum
Page Museum

TvTo tl 1 ro 1 '°° Exposition Blvd
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MlllStOry www.nhm.org

USeUm 213-763-DINO

, 90007

of Los Angeles County 21 3-763-3569 (nv hearing impoired]

Page Museum
La Brea Tar Pits

5801 Wilshire Blvd.

Los Angeles, CA 90036
www.farpits.org

323-934-PAGE

r « WILLIAMS.

MUSEUM

24151 Son Fernando Rd.

Newhoii.CA 91321

www.tiartmuseum.org

661-254-4584
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EMPATHY AND SOCIAL CONNECTED

MARCO lACOBONI

r"i i~~i '"T^hat do people really do all day, every

\ I I ^ \ I I day? We "read" the world. And much
\ If ^'» \f I of the world consists of other people.

\ ' ' I ' / When a tennis player raises his rac-

--I *-- quet, for example, you know instantly

whether he's going to take a practice swing or throw
his racket across the court in anger. We all make doz-

ens—hundreds—of such distinctions every day. It is,

quite literally, what we do, usually without a second

thought. It all seems so ordinary.

In fact, it's extraordinary—and even more extraor-

dinary that it feels ordinary! We achieve our very

subtle understanding of other people thanks to certain

collections of special cells in the brain called mirror

neurons. They are at the core of how we navigate

through our lives. They bind us with each other,

mentally and emotionally.

Mirror neurons are incredibly powerful; "vicarious"

would not be a strong enough word to describe their ef-

fects. When we watch movie stars kiss onscreen, some
of the cells firing in our brains are the same ones

that fire when we kiss our lovers. And when we see

someone else suffering or experiencing pain, mirror

neurons help us to read her or his facial expression

and make us viscerally feel the suffering or the pain

of the other person. Those moments, I will argue, are

the foundation ofempathy (and possibly ofmorality).

Research on mirror neurons gives anyone interested

in how we understand one another some remarkable

food for thought.



Consider the teacup experiment I published an

account of in 2005 [see iUustration on following^

page]. Test subjects are shown three video

cHps involving the same simple action: a hand

grasping a teacup. In one clip, there is no context for the

action, just the hand and the cup. In another, the subjects

see a messy table, complete with cookie crumbs and dirty

napkins—the aftermath of a tea party, clearly. The third

video shows a neatly set table, in apparent readiness tor

the tea party. In all three video clips, a hand reaches in to

pick up the cup. Nothing else happens, and the grasping

action observed by the subjects in all three versions of

the experiment never changes. Besides the difference in

context, there is only one other variation: in the "neat"

scenario the cup is full, whereas in the messy one the

viewer cannot tell if the cup contains liquid.

Do mirror neurons in the brains of the subjects notice

the differences in context and in the contents of the cup?

Most definitely. When a subject observes the grasping

scene with no context at all, mirror neurons are the least

active. The neurons are more active when the subject

watches the after-tea-party scene, but they are most active

during the neat, full-cup scene. Why? Because drinking is

a much more fundamental intention for us than cleaning

up. The teacup experiment—now well known in the field

of neuroscience—belongs to a wealth ofrecent empirical

evidence suggesting that our brains are capable ofmirror-

ing the deepest aspects of the minds of others at the fine-

grained level of a single brain cell. Reading the intention

of others is only one example of the kinds of distinctions

that can be made with a remarkable lack of effort. We do

not have to draw complex inferences or run complicated

algorithms. Instead, we use mirror neurons.

Mirror neurons were first discovered in the brains of

monkeys, where they are concentrated in two linked

areas, called the ventral premotor cortex and the inferior

parietal lobule, that are important for selecting appropriate

motor behavior. Mirror neurons make up approximately

20 percent ofthe neurons in those regions, which lie close

to the primary motor cortex, the area of the brain that

sends electric signals to the muscles. In humans, however,

mirror neurons may be located in many more regions of

the brain, in varying amounts. (I hope to publish new
findings about their location soon.)

Mirror neurons seem to have nothing in common with

deliberate, effortful, and cognitive attempts to imagine

When an observer watches an athlete swing to hit a forehand,

so-called mirror neurons that fire for a swinging motion discharge

in the observer's brain. The same mirror neurons would fire if the

observer were performing the swinging action himself, but in that

case, pure motor neurons controlling his arm muscles would also

fire. The observer thus experiences something similar to what the

tennis player does when he hits the ball, regardless of whether the

observer has ever played tennis.
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being in somebody else's shoes. So how do they

actually predict the action that will follow an

observed scene? How do they let us understand

the intention associated with such an action? My
hypothesis is this: we activate a chain ofmirror

neurons when we watch an action. This chain of

neurons can anticipate a whole sequence—say,

reaching for the cup, grasping it, bringing it to

the mouth—and so can simulate the intention

of the human we are watching.

Mirror neurons in such a chain may be of

different types. One kind—so-called strictly

congruent mirror neurons—respond to identi-

cal actions, either performed or observed. For

instance, a strictly congruent mirror neuron

fires both when a monkey grasps an object with

two fmgers, in a "precision" grip, and when
that same monkey sees another primate grasp-

ing with a precision grip. A different mirror

neuron, also strictly congruent, fires when the

monkey grasps v\^ith its whole hand as well as

when the monkey sees somebody else grasping

in the same fashion.

Other mirror neurons, however, show a less

strict correspondence between performed and

observed actions. Those are known as broadly

coiignieut mirror neurons. They fire at the sight

of actions that may not be identical, but that

achieve similar goals. For instance, a broadly

congruent mirror neuron may fire when the

monkey is grasping food with its hand, and also

when the monkey sees somebody else bringing

food to the mouth.

An important subset ofthe broadly congruent

type of mirror neurons fire in anticipation of

logically related actions. These logically related

mirror neurons, as they are logically called,

are probably the neuronal elements needed to

understand intentions associated with observed

actions. I see you grasping a cup with a cer-

tain kind of grip, and my grip mirror neurons

fire, the strictly congruent ones. So far I am
only simulating a grasping action. However,

given that the context suggests drinking, my
logically related mirror neurons, the ones that

code for the action of bringing the cup to the

mouth, fire even before the cup is brought to

the mouth. By activating this chain of mirror

neurons, my brain is able to simulate the inten-

tions of others.

Why do soine cells fire for actions that are

logically related? No one knows for sure, but

it's likely that mirror neurons "learn" from

experience—such as when babies watch or

interact with their caregiver. Suppose a baby
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Three video clips involving the same simple action of grasping

a cup were shown to test subjects: in the first, the action occurs

against no background (left): in the second, the background is a

messy table complete v^ith cookie crumbs and dirty napkins, imply-

ing the aftermath of a tea party (middle); in the third, the context is

a neat tabletop, in apparent preparation for a party (right). The neat

scenario suggests that the intent behind grasping the full cup is to

drink, whereas the messy scenario suggests an intent to clean up.

The blue bars under the images represent the relative amount of

activity of the observer's mirror neurons. Based on context, mirror

neurons can distinguish intention. The activity of the observer's

mirror neurons is greatest for the neat scenario—almost double the

amount in the messy one—because drinking is a more fundamental

intention than cleaning up. ^^ \
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sees a caregiver's hand put food on the table, and then

the baby grasps the food to eat. Grasping food and

seeing food placed become associated in the baby's

brain. It's not that the mirror neurons know there is

a logical connection between the two actions; rather,

the baby-caregiver interaction links the two as part

of a sequence.

i" ~% ' ~ '

J II \ ' .' I irror neurons help explain an essential char-

I !\'lj
I
acteristic of humans: we have an instinct

L J 1-' l-l to imitate one another—to synclironize our

bodies, our actions, even the way we speak to each

other. This synchrony we enjoy with others often has

an emotional component. For example, a study of

how an interviewer's warmth impacts an interviewee's

reaction showed that warm interviewers—those that

leaned forward, smiled, and nodded—elicited similar

movements, smiles, and nods from interviewees.

Such motor mimicry seems to play not only a commu-
nicative role, but also a perceptual one. Psychologist Ulf

Dimberg ofUppsala University in Sweden demonstrated

exactly that by studying the activity of facial muscles

of subjects looking at pictures ofhappy or angry faces.

When subjects were observing happy faces, activity

increased in the cheek muscles that contract to smile;

when they were observing angry faces, activity spiked

in brow muscles that contract in anger.

Why all the mimicry? The answer comes from a

study led by Paula M. Niedenthal, an American social

psychologist who is director of research at Universite

Blaise Pascal in France. In her experiment, two groups

of participants were asked to detect changes in the

facial expressions of other people. The key was that

one group was prevented from freely moving their

own faces by holding a pencil between their teeth.

The pencil severely restricts the ability to smile, frown,

and make most other facial expressions—just try it.

Therefore, the pencil hinders mimicry. Surprisingly,

the participants holding the pencils between their

This arricle was adapted from Mirroring People: The New Scietice ofHow We Connect

'ith Others by Marco lacoboni, ©2008. Reprinted with permission of Farrar,

Straus, and Giroux. All rights reserved. On sale in bookstores in May.

teeth were much less successful in detecting changes

in others' emotional facial expressions than were

participants who were free to mimic the expressions

they observed. Mimicking others is not just a way of

communicating nonverbally; it helps us to perceive

others' expressions (and therefore their emotions) in

the first place.

I believe that mirror neurons provide an auto-

matic simulation (or "inner imitation") of the facial

expressions of other people, and that the process

of simulation does not require explicit, deliberate

recognition of the expression mimicked. Mirror

neurons send signals to the emotional centers lo-

cated in the limbic system of the brain, and thus

trigger emotions appropriate to the observed facial

expressions—the happiness associated with a smile,

the sadness associated with a frown. Only after we
feel the emotions internally are we able to explic-

itly recognize them. When a participant is asked to

hold a pencil between his teeth, the motor activity

required by that action interferes with the motor
activity triggered by mirror neurons to mimic the

observed facial expressions. The subsequent cascade

of neural activations that would lead to explicit

recognition of emotions is also disrupted.

If mimicry indeed supports recognition of emo-
tions, then it follows that good imitators should also

be good at recognizing emotions, and so endowed
with a greater empathy for others. The tendency

to imitate others and the ability to empathize with

them ought to be correlated. That is exactly the

hypothesis tested by the social psychologists Tanya

L. Chartrand and John A. Bargh, then ofNew York

University. In one experiment of theirs, the subjects

were asked to choose the most stimulating pictures

from a set of photographs. They were videotaped,

and their motor behavior was measured. An experi-

menter pretending to be another subject sat in the

same room with every real subject. (In experimental

jargon, the posing subject was the "confederate.")

While the real subject was choosing a picture, the

confederate was engaged in a very deliberate ac-

tion, either rubbing his face or shaking his foot.

Analyzing the videotapes, Chartrand and Bargh

discovered that subjects unconsciously mimicked the

action of the confederate. Subjects sharing the room
with the face-rubbing confederate rubbed their own
faces more than subjects who shared the room with

shaking confederates, and vice versa.

In a second experiment, Chartrand and Bargh tested

Red area shows location of mirror neurons in the ventral premo-

tor cortex, the part of the brain responsible for coding object-

oriented movements such as grasping, holding, and manipulat-

ing. This region lies adjacent to the primary motor cortex, which

sends electric signals to the muscles.



the hypothesis that one of the functions of the "cha-

meleon effect," or mimicry, is to increase the likeli-

hood that two individuals will readily get along. Again,

participants were asked to choose pictures in the company of

a confederate pretending to be another participant. This time

the participant and confederate took turns describing what

they saw in various photos. All the while, the confederate

either imitated the spontaneous postures, movements, and

mannerisms ofthe subject or kept a neutral posture. At the

end ofthe interactions, participants were asked to complete

a questionnaire to report how much they liked the other

participant (that is, the confederate) and how smoothly

they thought the interaction had gone. You can predict

the results by now: the participants who were mimicked by

the confederates liked those confederates much more than

the participants who were not imitated. Furthermore, the

mimicked subjects rated the smoothness of the interaction

higher than the participants who were not imitated. Clearly,

imitation and "liking" tend to go together.

In their final, most critical experiment, Chartrand and

Bargh tested the hypothesis that the more you mimic oth-

ers, the more you are concerned about other people's feel-

ings—that is, the more empathy you have. The setting was

the same as in the first experiment, with the confederates

either rubbing their faces or shaking their feet. The novel

aspect, though, was that the participants also responded to

a questionnaire that measured their empathic tendencies.

Chartrand and Bargh found a strong correlation between

the degree ofimitative behavior displayed by a participant

and his or her tendency to empathize. The more the subject

imitated the face rubbing or the foot shaking, the more
empathic an individual that subject was. These results

suggest that it is in large part through mimicry that we
are able to feel what other people feel, and so to respond

compassionately to their emotional states.

The well-designed studies of Chartrand and Bargh are

compelling, andjoin a host ot others. For example, couples

tend to have a "higher facial similarity" (they look more

alike) after a quarter century of married life than at the

time oftheir marriage. Moreover, the happier the marriage,

the higher the couple's facial similarity. That's no surprise,

really. Loving, sharing, and living together makes a spouse

somewhat like a second self Such examples point to the vital

role of mirror neurons in our interactions with others.

College, London, made a series of observations about

children with autism that are very suggestive in the light

ot the later discovery of mirror neurons. Hobson was

convinced that the main deficit in autism was emotional,

not cognitive, and that it lay in the children's inability to

"identify" with the emotions of others. To explore this

hunch, Hobson devised a series ofexperiments that tested

the ability of children with and without autism to notice

facial expressions and to imitate behaviors associated with

emotions—two skills vital to social communication and

bonding that we now think may depend on normally

functioning mirror neurons.

With his colleague S. Jane Weeks, a psychologist then

at the Institute of Psychiatry in London, Hobson showed

children with and without autism pictures of women or

men, wearing either woolen caps or floppy hats, and making

either happy or gloomy faces. The children were asked to

sort the pictures based on how they differed. Obviously,

the children could have chosen to sort by gender, hat, or

facial expression. The first time, both the non-autistic

children and those with autism used gender to sort the

pictures. Weeks and Hobson then asked them to sort the

pictures again, this time without regard to gender. Here

came the difference: non-autistic children picked facial

emotion as the sorting factor, whereas children with au-

Because "mirroring" is essential for empathy and

social connection, impairment of the capacity

to mirror can have profoundly negative con-

sequences. In the late 1980s, psychiatrist and

developmental psychologist R. Peter Hobson at University

An individual with autism mould have a hard time perceiving the

happy demeanor of another person. That's because a deficit in

the mirror neuron areas of his brain makes it hard to notice and

identify with emotions in others, and thus impedes the formation

of social connections.
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tisni picked the hat. Such results encouraged Hobson m
his conviction that the problem for children with autism is

the missing emotional connection.

To test whether imitation deficits in children with autism

are linked to their inability to resonate emotionally with

other people, Hobson and his colleague Anthony Lee of

the Tavistock Clinic, London, came up with an experi-

ment in which children could imitate both what people

did to accomplish a goal and the "style" with which they

conducted themselves. Initially the children—divided

into one group with autism and another without—were

not even told to imitate Lee, who simply said, "Watch
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this." Then he performed simple actions with a number
of objects. For example, he strummed a stick along a pipe

rack, making a graceful and gentle strumming action for

half ot each group, and a harsh strumming for the other

half of each group. After a break, the children were al-

lowed to use the stick and pipe. What did they do? All

the children strummed the stick along the pipe rack, but

only the non-autistic children imitated the harsh or gentle

style that Lee had adopted in front of them.

It should come as no great surprise, then, but serves as

important proof that at least six different laboratories

using a variety of techniques for studying the human
brain have recently confirmed deficits in mirror neuron
areas and their interactions with the limbic system in

individuals with autism.

Our growing knowledge of the powerful neu-

robiological mechanisms underlying human
sociality provides an invaluable resource not

only for understanding and helping children

with social deficits, but also for helping all of us learn

how to increase empathy in our lives and in the world.

My hope is that a more explicit understanding of our

empathic nature will become a factor in the deliberate,

reflective discourse that shapes society. For instance, our

knowledge of the basis of human sociality can help us

open ourselves to other cultures without losing touch

with our own.
People often say that they are moved to sadness when

they watch a tearjerker film; they are moved to joy when
their child hits a home run or performs in a recital. In

a literal sense, they are indeed "moved." Their mirror

neurons are subtly activating the matching muscles in

their faces and bodies. There is something like physical

contact, like a beautifully synchronized partner dance,

when we orchestrate motions and emotions in our minds

while watching someone else.

People seem to have the intuition that "being moved"
is the basis of empathy, and thus of morality. We have

evolved to connect deeply with other human beings. Our
new awareness ofhow literally this is true can and should

bring us even closer to one another.

^---,

Marco lacoboni is a neurologist and neuro-

scientist oiigin.illy from Italy. Today he is

at the David Geffen School of Medicine at

University ofCalifornia, Los Angeles, where
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Lovelace Brain Mapping Center. His brain-
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POOR NUTRIENTS, THIN SOILS,
AND A HELPING OF HEAVY
METALS MAKE FOR RICH, YET
VULNERABLE PLANT COMMUNITIES

GARDEN ON
'I H J U K S
By SUSAN P. HARRISON and ARTHUR R. KRUCKEBERG

n 1872 a journalist from the Napa Reporter ven-

tured to a remote mine at the northern tip of

Napa County, California, far from the area's

fertile wine-growing valley. At the time, the

so-called Knoxville Mine was a major producer

of mercury that was used to extract gold from

the California Mother Lode, a 120-mile-long bonanza

of ore to the east. After a steamy and sulfurous descent

to a depth of220 feet, the journalist emerged to describe

the surrounding landscape as "a terrible waste of God's

country, for as far as the eye could reach it presented a

terribly broken aspect being nothing in fact but a jumble

of hills and canyons covered with sage brush."

If the journalist had been a naturalist, he might have

recognized that the "waste" was an expanse of shattered

serpentine, an unusual, mostly greenish rock, and that the

"sage brush" harbored neither sage (plants in the genus

Salvia) nor sagebrush {Artemisia). Instead, an unusual mix
of stunted shrubs and rare herbs was growing on the soils

worn from those particular rocks. Unwittingly, in fact,

the journalist surveyed a prime example of one of the

harshest natural substrates on Earth.

Today, the jumble of hills and canyons is alive with

activity. Researchers at the McLaughlin Reserve, a field

station administered by the nearby University ofCalifornia,

Davis, are learning how plants cope with the inhospitable

serpentine soils. The researchers transplant species from one

soil to another to check whether they've adapted to local

conditions; they measure how much water the plants can

extract from the rocky ground; and they build rainproof

shelters to test how climate change might affect the soil-

restricted plant species. As they work, gunshots and the roar
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of four-wheelers and dirt bikes pierce the air from nearby

pubhc lands, as the wasteland also attracts a hard-playing

weekend crowd. The conjunction ofsevere landscapes, rare

plants, unsolved evolutionary puzzles, and less-than-gentle

land use is emblematic ofthe ways that serpentine alters the

web of terrestrial life, wherever it appears.

Bl
nakes are at the root of the word "serpentine,"

I from the Latin serpens. The association is most

I obvious in the resemblance between serpentine's

I
mottled surface and the skin of snakes, which

I may be what led the Greek physician Dioscorides

I' to recommend pulverized serpentine rock as an

antidote for snakebite—not a prescription you'd want to

rely on in an emergency. The rock can be beautitul, and

the typical green forms in particular are often fashioned

into jewelry and sculpture or used as an architectural

enrbellishment.

Serpentine rock (serpentinite to the geologist) belongs to

a family ofrocks known as the ultramafics, which are largely

composed of iron magnesium silicate. Ultramafics from

the Earth's upper mantle emerge at mid-ocean spreading

centers, where new oceanic crust is forming and tectonic

plates are moving apart. In the presence ofwater,

such ultramafics as dunite and harzburgite may
be transformed into serpentine.

In 2000, scientists discovered the so-called

Lost City, a cluster oftowering, bizarrely shaped

carbonate formations in the Atlantic abyss [see

photographs on this page] . The formations arise

from mineral-rich hydrothermal vents produced

^vhere extensive faulting has stripped a\vay the

upper layers ofthe crust, thus exposing ultranaafics to sea-

water. The Lost City vents are powered not by volcanism

(as are sulfurous "black smoker" vents), but by heat and

gases from the chemical reactions that form serpentine.

The waters around them are relatively cool, alkaline, and

abundant in hydrocarbons, such as hydrogen and methane.

Indeed, the wealth ofhydrocarbons—molecules essential

to life—have led scientists to speculate that serpentine

vents played a role in how life on Earth arose.

Opposite page: Fragments of serpentine rock and
photos of the McLaughlin Reserve in northern California.

Right: Towers of carbonate formations found in the

Atlantic abyss, dubbed "The Lost City," arise from

hydrothermal vents powered by chemical reactions that

form serpentine.

Serpentine and its ultramafic relatives are slow to join

the terrestrial world. As part ofthe mantle underpinnings

of new ocean crust, they move outward from spreading

centers in the ocean floor until they reach the edge of a

continent. There they maybe forced down, or "subducted,"

beneath the lighter continental plate. But some ofthe rocks

escape subduction and get scraped onto the edge of the

continental plate, like a berm scraped up by a bulldozer.

That helps to explain why serpentine outcroppings are

generally small areas within large expanses of other rock

types. Yet naturalists have encountered them on every

continent, m every major biome, and at every altitude

from sea level to alpine [sec map on foUowlng page]

.

Where serpentine turns up on land surface, chemical

and physical weathering transform it into soil. Serpentine

soils have a nearly universal set of attributes—what the late

Swiss soil scientist Hans Jenny called the "serpentine syn-



drome"—that profoundly affects the plants

that grow on them. They're deficient in

calcium and other essential nutrients, such

as nitrogen and phosphorous. They contain

large amounts ofmagnesium, which inter-

feres with the uptake ofwhat little calcium

there is. They usually have high levels of

the heavy metals nickel, chromium, and cobalt. And they're

often rocky and shallow and thus very dry.

Plants have evolved a variety ofways to cope with ser-

pentine soils' atypical and stressful chemistry. In the 1940s

and 1950s, Richard B. Walker, who is now a professor

emeritus of botany at the University of Washington in

Seattle, conducted a series of experiments in which he

altered the amount of calcium in test plantings. Plants

endemic to serpentine soils thrived on the low calcium

levels, while non-serpentine species grew poorly. The
serpentine plants evidently have adapted to make efficient

use of what little is available. In addition they may have

developed ways to cope with the excess magnesium that

inhibits the uptake ofcalcium: they either exclude it when
they take up water and minerals trom the soil or sequester

it in their tissues.

Nickel is also abundant in some serpentine soils, and

certain species can take it up and store very high levels of

it in their tissues—sometimes more than 1 percent ot their

dry weight. Such plants, mostly serpentine endemics, are

known as hyperaccumulators, and they occur most often

in the tropics, where nickel levels are particularly high.

Some—such as Berkhcya coddii (a South African member
ofthe aster family)—are deliberately grown on nickel-rich

soils, then harvested and burned to collect the mineral

for industrial use or to remove it trom contaminated sites.

Not much is known, however, about how cobalt and

chromium affect plants.

Another adaptation is evident in the leaves of many
serpentine plants, which are small,

thick, grayish, hairy, wax-coated,

or spiny—or a combination thereof

Those features generally help mini-

mize water loss and conserve nu-

trients. It's hard to say whether the

plants are responding to an actual

water shortage or compensating for a

scarcity of nutrients, or both. Attila

Borhidi, a botanist at the Univer-

sity of Pecs in Hungary, calculated

that the leaves of plants growing

on serpentine are similar in their

size, thickness, and spininess to the

leaves ofplants growing on normal

soils that receive twenty inches less

rain every year.

With such physiological challeng-

es, it's no surprise that the hallmark

ofserpentine vegetation worldwide is its slow growth. Ser-

pentine vegetation thus takes longer to recover after a fire,

and planned burnings must be used cautiously, ifat all. In

addition to slow growth, the plants tend to be stunted and

sparse compared with vegetation on surrounding soils—

a

distinction that often makes for a patchwork landscape. If

a region's dominant vegetation is closed-canopy conifer

forest, for example, nearby serpentine might support open

pine savannahs; if the dominant vegetation is oak wood-
land, intrusions ofserpentine might host shrublands (also

called chaparral); if grassland dominates, then serpentine

might consist of open, rocky barrens; and so on.

Paradoxically, serpentine that supports spare woody
vegetation often has an abundance of species, which
thrive in the open, sunny understories. Indeed, in spite

ofthe stresses, some plants have adapted to serpentine so

successfully that they grow nowhere else. In California

alone, about 12.5 percent of the state's 2,000 endemic

species are restricted to serpentine, and many are quite

showy. In the tropics. New Caledonia (in the Pacific)

and Cuba vie for world championship; each island has

more than 900 known serpentine endemics [see photo-

graphs on page 44]

.

Serpentine is soft and weak, and has usually been shat-

tered by tremendous tectonic forces during itsjourney to

Earth's surface, so it readily forms vast masses of sharp-

edged scree that drift down hillsides. That is the most

barren of serpentine habitats, where only the hardiest

plants can survive. The same rock characteristics, how-
ever, allow underground water to move through cracks in

the masses of shattered rock instead ot through pores in

rock, as it does elsewhere. When such water encounters

an impermeable layer, it may emerge at a slow but steady

rate, often enabling small wetlands to flourish within

otherwise desolate serpentine areas. These contrasting

habitats support some of the rarest serpentine endemics.

Regions Containing Serpentine Rocks

Age of rocks (billions of years)

1.0 to 0.5

0.5 to 0.25

Less than 0,25
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such as the Snow Mountain buckwheat {Eriogoiiuiii iieivii

Iosuih) and the swamp larkspur {Delphinium uliginosu\n

esides the wealth ot endemics, serpentines support

numerous species that range \videly elsewhere.

Within some of those species, though, there are

marked ditterences in populations growing on

and offserpentine. The common yarrow, Achillea

"3 iiiillefoliiiw, for instance, has genetic races that grow
well or poorly on serpentine soils.

Jewelflowers of the genus Streptanthus neatly illustrate

the evolutionary path from mere tolerance to obligate

growth on serpentine soils. At one end of the spectrum

is S. glandulosus, which is widespread both on and off

serpentine soils; one race of that species is tolerant of

serpentine soil and one is intolerant. Other species have

taken a further evolutionary step: after living on ser-

pentine for many generations, their "tolerant"

races became genetically isolated from their

parent populations. A striking example is the

delicate, maroon-petaled Tiburonjewelflower,

S. niger, found only on a sliver ofserpentine on

the Tiburon Peninsula, just across the bay from

San Francisco.

An alternative pathway to serpentine ende-

mism is the stranding of a species on serpen-

tine outcrops following climate changes. In Norway, for

instance, the sandwort Arenaria norvegica was widespread

during the ice ages, when forests were temporarily absent.

When torests later recolonized southern Scandinavia, the

sandwort was confined to serpentine, the only place it

could remain free from competition with trees. In treeless

northern Scandinavia, however, the sandwort still occurs

on other soils.

In addition to plant life, serpentine habitats support

characteristic microorganisms, plant-dependent insects, and

even some birds and mammals. The role of the microbial

biota, including bacteria and fungi, in serpentine habitats

is becoming an active field of study. Researchers would
like to know if microorganisms have evolved tolerance

to the demanding properties of serpentine, and if they in

turn partly account for serpentine tolerance in plants. That

certainly seems to be the case with the longspur lupine,

Ltipiims arbitsttis, a legume from the western United States

that bears nitrogen-fixing Rhizobiiini bacteria in its root

nodules. The strain oiRhizobiitin particular to the longspur

lupine has evolved its own tolerance to the deviant chem-
istry of serpentine soil. Researchers are also examining
whether ubiquitous fungi that are symbiotically linked to

the roots ot their host plants, mycorrhizae, have any role

in serpentine tolerance.

Herbivorous insects on serpentine must cope with the

unusual chemistry of their food—and high nickel levels

are particularly demanding. At first, scientists thought

hyperaccumulation in plants simply reflected the plants'

Jewel flower, Streptanthus polygaloides, is a hyperaccumu-

lator of heavy metals, which keeps most pests away. Yet a

few creatures, such as the jewel bug fMelanotrichus boydij

seen above, can tolerate the high levels of nickel and

spend their lives feasting only on serpentine vegetation.

own way of coping with nickel-rich soil. But Robert S.

Boyd, a plant ecologist at Auburn University in Alabama,

and his colleagues had another idea. Through a series of

tests they established that hyperaccumulator plants have the

extra advantage ofdeterring most herbivores. Only insects

that spend their lives on serpentine vegetation can tolerate

grazing on the hyperaccumulators. Insects that tolerate

such a high-nickel diet have now been documented in

California and New Caledonia. Those herbivores, it seems,

have won the coevolutionary race—for now, at least!

^ uman activities have taken their toll on serpentine

landscapes worldwide. Miners scoop up large

swaths ofserpentine soil to remove nickel in New
Caledonia and Cuba. They have also extracted

chromium in Oregon, gold and mercury in

Calitornia, and asbestos in Vermont, from within

or near serpentine formations. In recent years, off-road

vehicles have damaged serpentine areas in California and
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elsewhere, while urbanization threatens the endemic-rich

serpentine of the San Francisco Bay Area. Geochemists

have proposed strip-mining vast quantities of serpentine

in an effort to sequester carbon dioxide emitted by power

plants. The serpentine would be ground up, dissolved in

sulfuric acid, and mixed with lye to produce a cocktail

that readily reacts with carbon dioxide; the byproducts

are magnesite (a useful building material) and sulphur

dioxide, which could be recycled. This daring idea has

yet to be implemented on a large scale.

Fully halfofCalifornia's 200 or so serpentine endemics

are considered rare or endangered; their natural rarity is

often compounded by human disturbance. The harsh-

ness ofserpentine soils has the fortunate effect ofkeeping

many invasive introduced species at bay. But in California,

at least two widespread exotic grasses—wild oat {Aveiia

fatiia) and soft chess {Bwnnis hordeaceus)—have evolved

serpentine-tolerant races in the two centuries since their

arrival from the Mediterranean region. More ominously,

a newer invader from southern Europe, barbed goatgrass

{Ae£;ilops triundalis), appears capable of moving into some

of the state's most pristine serpentine habitats, where it

excludes nearly all natives.

Historically, the United States has reserved its highest

levels of land protection for scenic wonders such as the

Grand Canyon or Mt. Rainier. The U.S. Forest Service

and the U.S. Bureau of Land Management oversee the

majority ofserpentine lands in the West, and those agen-

cies have only slowly come to appreciate them enough
to extend a degree of protection. In eastern North
America, the only major preserve with serpentine is

Gaspe Provincial Park in Quebec. Elsewhere, serpentine

preserves are limited to a handful spread about in Great

Britain, Switzerland, Italy, and Cuba, with not even one

preserve for the rich serpentine flora ofNew Caledonia.

Serpentine habitats provide one of the most compelling

environments for the study of natural selection and the

origin of new species—but they are fragile and often

neglected. We who study them can only hope that the

botanical richness of these "wastelands" will become
more widely known and cared for.

Susan P. Harrison is a professor ofconserva-

tion biology at the University ofCalifornia,

Davis. She has studied how the distribution

ofserpentine outcrops affects plant diversity

and the persistence of rare plants. She is

coauthor of Serpentine Geoecohgy of Western

North America: Geology, Soils, and Vegetation

(Oxford University Press, 2007). Arthur R. Kruckeberg is emeritus

professor of botany at the University of Washington in Seattle. His

studies, particularly of flora in the western U.S., are cornerstones in

understanding serpentine ecology. The books he has written include

Introduction to California Soils and Plants: Serpentine, Vernal Pools, and

Other Geobotanical Wonders (University of Californial Press, 2006).

Web links related to this article can be found at

w/wvv.naturalht^tti^ymag.com

Plants of serpentine

soils: Euphorbia

helenae, a

hyperaccumulator

from Cuba (a):

Senecio hesperius,

a ragwort from

California (b); a

cobra lily, Darlingtonia californica (c),

and a wild onion, Allium falcifolium (d),

both endemic to California and Oregon;

and three species endemic to Cuba,

Melocactus actinacanthus (e), Escobaria

cubensis (f), and Casearia crassinervis (g).
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THIS LAND BY ROBERT H. MOHLENBROCK

Northern white cedar, above, produces small

woody cones. Right: Cedar Bog Nature Preserve

Cool Scene
A bog in Ohio is a reminder of tiie last ice age.

I

orthern white cedar bogs are

1 common in Canada and in the

northern parts of some adjacent

states, notably Michigan, Wisconsin,

and Minnesota, but they rarely turn

up farther south. One outlier of this

boreal ecosystem, however, is the

centerpiece of the Cedar Bog Nature

Preserve in w^estern Ohio, operated

by the Ohio Historical Society. It is

a relict habitat, a leftover from the

environmental changes that came

after the last ice age. Between about

30,000 and 12,000 years ago, ice

covered most of modern-day Ohio.

When the glaciers retreated north-

ward, such evergreen trees as north-

ern white cedar—tolerant of the

cold, boggy conditions—colonized

the area. Then deciduous forests.

along with tongues of grassland that

extended from the west, took over

the region. But in depressions where
temperatures are relatively cool and

cold-water springs maintain a stable

water table, plant species such as

white cedar have retained a roothold.

Although the white cedar bog
occupies only about a tenth of the

428-acre preserve, the habitat was

once much larger. It was reduced in

1912, 1915, and 1929 by nearby ditch

digging and dredging of the Mad
River, to drain land for farming and

deepen the river.A small spring-fed

stream known as Cedar Run flows

north to south in the eastern side of

the preserve, and most of the white

cedars grow there. The water level in

the bog varies only a few inches dur-

ing the year, assuring a stable water

supply, and the soil is consistently

cooler than in the surrounding habi-

tats.A study conducted in the winter

ot 1966-1967 recorded soil tem-

peratures in the white cedar bog that

regularly fell below freezing during

a seventeen-week period, while sur-

rounding soils never dropped below

32 degrees Fahrenheit.And as far as

surface temperatures go, on average

there are only 84 frost-free days annu-

ally in the bog, while the surrounding

areas average 153 frost-free days.

The northern white cedar spe-

cies in the bog—also called arbor

vitae—is not a true cedar. Native to

the Old World, true cedars, such as

the cedar of Lebanon, belong to the

genus Cednis. They fall within the

pine family, because their needles

grow in clusters, Uke those of pines

and larches.The white cedars found

in North America have tiny, scale-like

CO
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White cedar bog Plants

commonly found growing

beneath the northern white

cedar trees include bishop's-

cap, Canada mayflower, jack-

in-the-pulpit, partridgeberry,

rue anemone, sharp-lobed

hepatica, starflower, and

swamp thistle. The habitat is

also home to such orchids as

lesser purple-fringed orchid,

oval ladies'-tresses, small

green wood orchid, and small

yellow lady's slipper.

Marl meadow Sedges include

needle beakrush and two
spikerushes (none of which

are rushes) and seaside

arrowgrass (which has

grasslike leaves but is not

a grass). Two other species

in the habitat are fringed

gentian and white camas.

Bog meadow Scattered

among the hummocks of

grasses and sedges are small

shrubs of shrubby cinquefoil

and swamp birch. The many

wildflowers Include bog
goldenrod, Canada burnet,

fringed gentian, grass-of-

Parnassus, grass-pink orchid,

Ohio goldenrod, queen-

of-the-prairie, showy lady's

slipper, sticky tofieldia, white

turtlehead, wingstem, and

round-leaved sundew, a

carnivorous plant.
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Columbus

Michigan lily

leaves that are not borne in clusters.

These trees actually belong to the

cypress family.

Northern white cedar {Thuja occi-

dentalis), which grows in the north-

eastern U.S. and Canada, has flattened

branchlets, produces small woody
cones, and has light-colored to white

wood. In many of those respects it

resembles both the Atlantic white

cedar {Cliainaecyparis thyoides—thyoi-

des means "Uke Thuja"), found in the

eastern U.S. from Florida to Maine,

and a member of its own genus,

T plicata, found in western states and

Alaska. The latter species has pale-

reddish heartwood, and its common
name—understandably but unhelp-

fully—is western red cedar. I say

unhelpfully, because the eastern red

cedar, a member of the genus Juiiipe-

nis (also in the cypress family), differs

dramatically: it does not have flat-

tened twigs, and it produces berrylike

fruits instead of cones.

Many of the white cedars in the pre-

serve are quite old—perhaps 200

years or more. The soil beneath them
is moist, pooHng occasional surface

water during rainy spells m spring

and fall. Most of that soil and any

exposed white cedar roots are covered

by mosses and hverworts. Among
other plants that thrive on the forest

floor are various orchids.

Near the stands of white cedar

trees are three habitats with shal-

low standing water. Where there's a

three- to four-foot-thick underlying

layer of marl—a lime-rich soil—

a

mucky habitat known as a marl

VISITOR INFORMATION

Cedar Bog Nature Preserve

980Woodburn Road

Urbana, OH 43078

800-860-0147

ohsweb.ohiohistory.org/places/nw02

and www.cedarbog.org

meadow develops. Meadow zones

without marl are called bog mead-
ows. Dominated by sedges and cold,

alkaline ground water that rises to

the surface, both habitats are more
accurately termed alkaline fens. Col-

lectively they contain the vast ma-
jority of the forty-two Cedar Bog
species that are listed by the state as

threatened, potentially threatened,

and endangered. In transitional areas

between the white cedar bog and

the two kinds of meadows are zones

dominated by shrubs.

Immediately west of the white

cedar bog is a swamp forest, and

west of that forest, at slightly higher

elevations, is a deciduous hardwood
forest. The latter falls within the

preserve boundaries but is not a

wetland habitat, as are the others.

Robert H. Mohlenbrock is a distin-

guished professor emeritus ofplant biology at

Southeni Illinois University Carhondale.

Shrub community Among
the shrubs are alder-leaved

buckthorn, blue-leaf willow,

gray alder, gray dogwood,
ninebark, poison sumac, pussy

willow, red elderberry, and
swamp birch.

Swamp forest The higher

terrain contains American

basswood, American

hornbeam, black ash, red

maple, tulip poplar, and wild

black cherry. Beneath those

trees are a mix of upland and

wetland species, including

goldenglow, Michigan lily,

purple meadow rue, and white

snakeroot. In lower elevations

the forest is made up of black

ash and red maple above a

ground layer dominated by

two ferns—cinnamon fern and

silvery spleenwort.

Hardwood forest Large

American beech and sugar

maple trees are joined

by chinquapin oak, Ohio

buckeye, pignut hickory, red

maple, shagbark hickory, and

slippery elm. Wildflowers

include American germander,

bluestem goldenrod, hairy

pagoda plant, putty-root,

Solomon's-seal, spring beauty,

star sedge, white avens, wild

blue phlox, wild geranium,

wild ginger, woolly blue violet,

and zigzag goldenrod.
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Rewind the Clock. Uncover the Story ofHuman
Origins 2.5 Million Years Ago

Find the Clues to Human Achievement with a Pioneer in Anthropology

Where do we come from? How did

our ancestors settle this planet?

How did the great historic civi-

lizations of the world develop? How does

a past so shadowy that it has to be pains-

takingly reconstructed from fragmentary,

largely unwritten records make us who and

what we are?

Human Prehistory and the First

Civilizations brings you the answers

that the latest scientific and archaeologi-

cal research and theorizing suggest about

human origins, how populations devel-

oped, and the ways civilizations spread

throughout the globe.

Prehistory—meaning human socie-

ties without writing or widespread written

records—lasted until Western culture and

industrial society completed their global-

ization in the 20th century, so the topic

of a course that begins with some very old

fossils is more current than you may think.

You learn about dozens of archaeologi-

cal sites all over the world and learn about

stone-tool making, mammoth hunting, and

temple building as you explore man's earli-

est origins and the earliest civilizations.

This is a world tour of prehistory with

profound links to who we are and how we
live today.

About Your Professor

Brian M. Fagan is Professor of Anthro-

pology at the University of California at

Santa Barbara, where he has taught since

1967. Born in England, Dr. Fagan earned

his B.A., M.A., and Ph.D. in Archaeology

and Anthropology from Pembroke College,

Cambridge.

Professor Fagan is the recipient of a

Distinguished Teaching Award from the

University of California at Santa Barbara.

His other awards include the Public Service

Award ofthe Society ofProfessional Archae-

ologists and the Public Education Award of

the Society for American Archaeology. He
was a Guggenheim Fellow in 1973.

About Our Sale Price Policy

Why is the sale price for this course so

much lower than its standard price? Every

course we make goes on sale at least once

a year. Producing large quantities of only

the sale courses keeps costs down and
allows us to pass the savings on to you.

This also enables us to fill your order

immediately: 99% of all orders placed

by 2 pm eastern time ship that same day.

Order before June 20, 2008, to receive

these savings.
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About The Teaching Company

We review hundreds of top-rated

professors from America's best colleges

and universities each year. From this

extraordinary group we choose only those

rated highest by panels of our custom-

ers. Fewer than 10% of these world-class

scholar-teachers are selected to make The
Great Courses. We've been doing this

since 1990, producing more than 3,000

hours of material in modern and ancient

history, philosophy, literature, fine arts, the

sciences, and mathematics for intelligent,

engaged, adult lifelong learners. If a course

is ever less than completely satisfying, you

may exchange it for another, or we will

refund your money promptly.
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31. Pueblos and Moundbuilders
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The Mystery of the
Missing Antimatter
By Helen R. Quinn and Yossi Nir

Princeton University Press,

2008; $29.95

There was a time, around the 1960s

I and 1970s, wiien it was easy to tell

a particle physicist from a cosniolo-

gist: the former studied the smallest

things in nature, the latter the largest.

But more recently, particle physicists

have come to view the Big Bang
as a particle experiment of cosmic

proportions, an accelerator far more
powerful than any they could ever

create on Earth, and cosmologists

have realized that they must study the

small bits ofthe cosmos to understand

its large-scale formation.

That is why Helen R. Quinn and

Yossi Nir, both eminent particle physi-

cists, have written a book about one of

the most mysterious properties of the

cosmos at large: the virtual absence of

antimatter. The laws of microphysics

tell us that, just after the Big Bang,

every particle had a mirror twin, op-

posite in charge but equal in mass. For

each electron there was an antielectron,

for each quark an antiquark, and for

every neutrino an antineutrino.

And presumably it should have

stayed that way. Particles and an-

tiparticles are created in pairs and

destroyed in pairs; when an elec-

tron and an antielectron collide, for

example, both vanish in a flash of

light. Such fundamental symmetry
means that, as the universe expands,

the balance sheet for matter and

antimatter shouldn't change. Yet

the balance today is skewed toward

matter—in fact, there is almost no

antimatter in our known universe

—so it must have shifted sometime,

probably after the first few instants

of ultrahot homogeneity, leaving

behind a universe ofmatter particles

with no anti-"twins" to annihilate

them. How that happened is not yet

clearly understood.

The most likely explanation lies

somewhere deep in the physics of

fundamental particles, a theory that

cannot yet adequately describe the

earliest moments of creation. We
know that the answer must involve

some tiny asymmetry in the way
the laws of physics operate under

extreme conditions, which would
produce more particles of regular

matter than antimatter. Although
a consistent mathematical theory

of such conditions has not yet been

developed, it's one ofthe most active

areas of theoretical physics today.

Quinn and Nir have a daunting

task explaining the ongoing work in

nonmathematical terms, which may
make their book hard going for those

whose last exposure to physics was in

high school. Still, ifyou liked read-

ing cosmologist Steven Hawking's

A Brief History of Time, or particle

physicist Brian Greene's The Elegant

Universe, you will find The Mystery

ofthe Missing Antimatter !in absorbing

scientific \vhodunit.

Continued on page 52
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^^ Effects of stress reversed

by amazing new medical device.

Now you

can enjoy the

pleasures of

stress-free

living and feel

younger in just

1 5 minutes a day.

It's surprisingly

easy with the

remarkable new medical device called

the StressEraser.

This medical breakthrough actually

reverses ergotropic tuning; the harmful

process that causes your nerves to

respond faster and more strongly to

stress; making you feel it more easily,

more quickly, more intensely.

Medical Discovery

Leads to Breakthrough in

Reducing Stress.

Medical

researchers now

know that the

harmftil effects of

ergotropic tuning

are intricately

connected to the biological mechanisms

of breathing. More

importantly, they learned

that you can actually

regulate the stress-

producing activity of this

system by regulating this

basic bodily fiinction.

To do this, Helicor,

Inc. has developed the

amazing StressEraser that

measures the effects of

breathing and guides the

user to control this basic

biological activity.

Compact and easy to use -

takes just 15 minutes a day.

The StressEraser is designed to fit

in the palm of your hand and is simple

to operate. All it takes is a relaxing 15

minutes right before bed each night to

adjust your breathing; then set it aside.

BEFORE: StressEraser indicators show
the presence of physical and emotional

stress and/or strained breathing.

AFTER 15 MINUTES: Hannful stress

levels significantly reduced after using

StressEraser cues to synchronize your

breathing.

\

Your system will continue to reverse

the effects of the stress you've built up all

day - while you sleep!

Erase stress while you
sleep and feel good again

in 30 Days.*

Within two weeks you will begin to

feel a difference all day long. And within

a month, you will feel like

you did when you were

young, before the stresses

caused by ergotropic tuning,

became part of your life.

The StressEraser

Guarantee:

Try the StressEraser

before bed FREE for

30 nights and Helicor

guarantees you will feel

good again or simply return

it. No questions asked.

"The StressEraser is a ground-
breaking achievement in the area
of stress reduction and biofeedback."

Robert Reiner, Ph.D.

Exec, Director. Behavioral Associates

Faculty, Dept of Psychiatry, NYU Medical Center

"I tried it., a pretty remarkable tool."

"Now you don't have to use a $3000
machine at your doctor's."

Forbes

"You feel so relaxed yet focused."
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"9 out of 10"
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"...my forehead, neck and
shoulders felt more relaxed"

CALL NOW FOR YOUR
30 DAY FREE TRIAL*

866-858-5900
www.stresseraser.com

'

If not completely satisfied customer

pays only for shipping and handling.

Free Trial of the Sti-essEraser is

available only on telephone orders.
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Amazon Expeditions
My Quest for the Ice-Age Equator

by Paul Colinvaux

Yale University Press,

2007; $32.50

Paul Colinvaux may be in his seventies,

but he still has the spirit of a young

Turk. Throughout this feisty and often

inspiring memoir of his life as a plant

ecologist runs a constant stream of

argumentation. As he states repeatedly,

Colinvaux is convinced that during the

last ice age, which ended about 10,000

years ago, the climate of the Amazon
forest was not too different from what

it is today. That, Colinvaux hastens to

state, runs contrary to the orthodox

view that during ice ages the Amazon

became a much drier place, with only a

few "refuges" ofrainforest surrounded

by semiarid grassland.

Colinvaux begs to differ with con-

ventional wisdom, largely on the basis

of evidence he and his colleagues

have gathered from lake bottoms and

swamps along the equator. The method
he employs sounds fairly straightfor-

ward, but in practice it's extremely

difficult: First you find a remote lake

whose bottom has been collecting

sediment for tens ofthousands ofyears.

Then you paddle a rubber dinghy out

into the lake, hoping for no sudden

storms, and sink a coring tube as deep

into the lake bottom as you can to

extract an undisturbed sedimentary

sequence. Safely back in the lab, you

examine each layer in the core for

evidence ofthe age and type ofvegeta-

tion that lived in the vicinity when the

layer was laid down. A wide variety

of chemical and physical techniques

help at this stage, chief among them
radiocarbon dating of organic mate-

rial and a close analysis of the types

of pollen found in the layer.

The difficulty ofsurveying ice-age

sediments along the equator is so great

that the project took Colinvaux nearly

forty years, first to find the proper

lakes, then to reach them, and finally

to learn to recognize and analyze the

pollen they contained. Colinvaux has

rappelled into the craters of extinct

volcanoes, feasted on roast caiman a

hundred kilometers from the nearest

human habitation, and battled mites,

mosquitoes, and (worst ofall) customs

agents. He's backpacked and helicop-

tered into virtually inaccessible spots

encumbered by a full complement

of rubber rafts, sounding gear, and

drilling pipe.

You don't need to share his obsession

to understand both the difficulty of

this enterprise and the care and passion

with which he carried it out. And best

of all, thanks to this welcome book,

you don't need to break a sweat to ac-

company him on his journeys.
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Hard Work and a
Good Deal
7776 Civilian Conservation Corps in

Minnesota

by Barbara W. Sommer

Minnesota Historical Society Press,

2008; $27.95

The Emergency Conservation Work
Program, popularly known as the

Civilian Conservation Corps (CCC),

was one of the first established and

most fondly remembered programs ot

the New Deal. Proposed to Congress

on March 21, 1933, its aim was to put

jobless young men to work on the land.

By the summer ofthat year there were

already over a thousand CCC camps

scattered around the nation, and over

a quarter million recruits had moved

into barracks where they lived frugally

and labored hard.

Doubtless there were those who re-

garded the CCC as a form ofwelfare in

disguise. But its environmental impact

was far more important and lasting than

its economic effects. In Minnesota,

the focus of oral historian Barbara W.
Sommer's study, theCCC came at a time

when the conservation ideals ofTeddy

Roosevelt's era were only beginning

to take root. Logging ofthe 1800s had

turned vast northern forests into rocky

wastelands. In the southern part ofthe

state, intensive farming had stripped

the land of grass and woodland. State

forests had been established, and soil

conservation agencies existed, but they

were still small and poorly funded.

The CCC brought discipline, direc-

tion, and most important, manpower,

to the conservation tasks at hand. The

"boys," as they called themselves, set

up nurseries to grow seedlings and

went out in platoons to plant and

prune. The combined camps even-

tually planted over 120 million trees

statewide. Brigades of CCC work-

Coiitiiuied on page 56
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ADMIRAL FARRAGUT'S
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(with table top tripod) from us only $59.95
(Why pay more?)

* BUT READ THIS MESSAGE FOR AN EVEN MUCH BETTER DEAL.

WTien Admiral Farragut ("Damn the torpedoes; full

speed ahead!") fought his legendary na\al battles he

used a telescope just like this to monitor the movements of the

enemies' fleets. This beautiful optical instrument, a faithfiil

replica ofthe famous original (except that Admiral Farragut

was made of brass - ours is fiilly chromed over its pure

brass body), is about 5" long in its collapsed position

and 13" when extended to full operating length.

Enlargement is 25x. which means that it brings

e\erything 25-times closer, and in needle-sharp focus, than

ifviewed with the unaided eye. Compare that to binoculars,

which usually give you not more than 6x or perhaps 8x

magnification. .ADMIRAL FAiyiAGUT'S TELESCOPE

comes with a belt-loop \inyl carrying case. There is also a

table-top ttipod for extended observations. This beautiful

instrument is something you always wanted but tliought you

couldn't afford. It is a small luxury that you will really enjoy

and that will give you wonderfiil service for many years.

It is now available from us at a most affordable price.

And here is the even better deal; Buy hvo

TELESCOPES for S119.90 and we'll send you a third one

with our comphments - absolutely FREE!

The optics ofAdmiral

Farragut s Telescope are
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Fanagut 's Telescope comes with a vinyl
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Antarctic islands aboard the 110-passenger Clipper
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acrobatic dusky dolphins, sunning fur seals, and the

leviathan sperm whale. In addition, discover stunning

Milford Sound and the World Heritage Site of Fiordland

National Park, charming Christchurch and Dunedin, and

unique elfin forest habitats.

New Zealand & Its Sub-Antarctic Islands

December 5-21, 2008

Please contact us for a brochure:

ZEGRAHM & ECO EXPEDITIONS

Tel: (800) 628-8747
|
(206) 285-4000 www.zeco.com
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lo, one of Jupiter's moons,

cruises the planet's surface.

t'S not very often that Mercury is easier to see than

dazzUng Venus. But Mercury begins May in the

midst of its best evening apparition of the year for

northern observers. It's an easy to see naked-eye

object, while Venus is hopelessly hidden deep in

the glow of sunrise all month. Mercury sets an

hour and a half after sunset on the 1st; by the 14th

it is setting nearly two hours after the Sun.

As it happens, one ofJupiter's four largest moons
is as big as Mercury, and another one is even

bigger, though they are too far from us to be seen

without binoculars or a small telescope. The Giant

Planet's main moons are, in descending order of

size, Ganymede, Callisto, lo, and Europa. They are commonly known as the

Galilean satellites, because they were first described by Galileo in 1610. (Nearly

sixty smaller moons also orbit the planet, two-thirds ofthem discovered only in

the past decade, thanks to advances in digital imaging and computer analysis.)

Sky watchers in the eastern United States and Canada who look at Jupiter

on the night ofMay 21 -22 are in for a surprise: all the Galilean satellites

will be briefly hidden. From 11:51 p.m. until 12:10 a.m. eastern daylight

time (EDT), lo and Callisto will be eclipsed by Jupiter's shadow, while

Europa is passing in front of the planet and Ganymede is behind it. Such a

coincidence happens only about twenty-five times per century.

Joe Rao (hometown.aol.com/skywayinc) 15 a broadcast meteorologist and an associate and

lecturer at the Hayden Planetarium in New York City.
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May Nights Out

1 and 2 Look for Mercury low above the

west-northwest horizon about an hour

after sunset; nearby are the Pleiades

(discernable through binoculars), the

V-shaped Hyades star cluster, and,

seemingly part of the Hyades, the

orange star Aldebaran.

3 High in the south-southwest as

evening twilight ends, Saturn Is set to

resume its direct (eastward) motion

against the background stars. The ring

system is at its maximum tilt toward us

for the year.

4 Mars, well up in the western sky as

darkness falls, moves into a straight line

with Pollux and Castor, the "twin stars"

of Gemini.

5 The Moon is new at 8:18 a.m. EDT.

6 A thin crescent Moon sits a couple of

degrees above and slightly to Mercury's

right, low in the west-northwest before

they both set at evening twilight's end.

11 The Moon waxes to first quarter at

11:47 p.m. EDT

14 Mercury reaches its greatest eastern

elongation, or apparent distance, from the

Sun, 22 degrees. After sunset it remains

in sight for nearly two hours, setting three

minutes after full darkness descends.

19 The Moon becomes full at 10:11 p.m.

EDT

21 For viewers in the eastern U.S, and

Canada, Jupiter briefly appears without

moons, low in the southeast (see

story above). The phenomenon ends

at 12:10 A.M. EDT (May 22), when

Ganymede pops out from behind

Jupiter Farther west, Jupiter will not

rise until after Ganymede has emerged.

27 The Moon reaches last quarter at

10:57 p.m. EDT
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Swim at HomeTM

When exercise is a pleasure, fitness is easy.

Swim or exercise against a smooth current adjustable to any speed in a unique pool measuring

only 8' X 1 5'.The compact size makes the dream of pool ownership practical in small spaces.The

Endless Pool® is simple to maintain, economical to run, and easy to install inside or out. Think

of it as a treadmill for swimmers.

Already

: about the r

For a FREE DVD or Video, call 800.233.0741, ext. 6305
or visit us at: www.endlesspools.com/6305
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Continuedfrom page 53

ers also labored at soil conservation,

building stone dams to trap topsoil in

outwash gullies, planting windbreaks

to prevent wind erosion, and more.

There's nothing like the CCC
nowadays. The last camp in the U.S.

closed in 1942 as prosperity reduced

the number ofrecruits and the national

priorities of\vartime came to the fore.

But the marks of the CCC remain in

park buildings and wilderness roads,

wmdbreaks and trailside shelters, revi-

talized forests and reclaimed farmland.

And, thanks to Sommer, the words and

photographs of a generation ot CCC
workers bring this history of the land

often thousand lakes to life.

LaUKEXCE a. MARSCH.iLL is IV.K.T.

Salim Professor ofPhysics at Gettysburg Col-

lege in Pennsylvania, and director of Project

CLEA, u'liicli produces widely used simula-

tion softwarefor education in astronomy.
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Having Math Problems?

WE CAN HELP!
SUBJECTS:
• BASIC MATH
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PROBLEMS

•PRE-ALGEBRA
• ALGEBRA 1&2 ^
•ALGEBRA WORD PROBLEMS
•ADVANCED ALGEBRA
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Algebra, Unit Conversions, and ^
Probability/Statistics.

VISIT OUR WEBSnt

TOVIEWSANIPlf

VIDEO CLIPS OF

EVERY tflUBSE #1 Rated Math &
Physics Tutorial DVDs

All topics taught entirely through

Raise grades or your money back

877-MATH-DVD

Visit: MathTutorDVD.com/nh

mm Mori 800 442-6441 /mediopt@aol.com

lachine
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$14,615

The ROM machine delivers an extraordinary cardiovascular,

strength and flexibility workout in exactly 4 minutes per day.

ROM works all ttie major muscle groups through their full range

of motion utilizing the science of High Intensity Interval Training.

Precision engineered and manufactured in California since 1990.

Order a FREE DVD:

www.FastExercise.com
or call (818) 787-6460

Auctic TraveF

"

• Craftedfrompremium

SolidHardwoods

rĤH • Shipfully assembled

Store your

DVDs & I

[^SORI
For afree c

Call 800-89

CDs,

Books
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5-5241 or

,
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30-day moneyback
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warranty

visit: wwHisoricccom
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Auction closes: May 23,View & Bid NOW!

AuctionMasters.com
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ADVENTURE TRAVEL/TOURS
1. ADVENTURE LIFE JOURNEYS
Cultural and ecological explorations in the

Andes, Amazon, Galapagos, Patagonia,

Antarctica, and Central America.

2. ADVENTURESMITH EXPLORATIONS
Explore nature up close and in style aboard

luxury yachts, small ships and wilderness lodges

with adventure travel experts.

3. AMAZONIA EXPEDITIONS
Award-winning Jungle Lodge in the Tamshiyacu-

Tahuayo Reserve, shown to have the greatest

diversity of mammals in all of the Amazon.

4. AMNH EXPEDITIONS
Experience the world's greatest wildlife areas,

archeological sites and cultural treasures in the

company of AMNH scientists and researchers.

5. BUSHTRACKS
Tailor-made adventures by private air to exotic

destinations in Africa, India, and South America

—

including expert guides and educational experiences.

6. CANODROS
Canodros offers up-scale services in Ecuador

with the Galapagos Explorer II and Kapawi.

Memorable and enriching experience of the

culture and natural history.

7. GALAPAGOS TRAVEL
Comprehensive, educational, professionally-led

natural history tours of the Galapagos Islands. 1 1
-

or 1 5-day tours of all the significant outer islands.

8. NOMADIC EXPEDITIONS
Nomadic Expeditions offers authentic cultural,

adventure and natural history experiences in

Mongolia, Siberia, China, Tibet and Bhutan.

9. PHOTOEXPERIENCE.NET
Photographic workshops in Cusco—Peru, Machu
Picchu and the Peruvian Amazon! Insider-access,

sociable groups and truly experiential.

10. SOL INTERNATIONAL
We specialize in South America, offering

programs to areas where wildlife abounds and

indigenous communities are unspoiled.

11. WILDERNESS TRAVEL
Trekking expeditions, wildlife safaris, hiking and

sea kayaking worldwide. 30 years of experience,

superb itineraries, expert leadership. Free Catalog.

12. ZEGRAHM EXPEDITIONS
Offers small-group expeditions to remote

locations. Our expertly led programs provide the

finest adventure travel experience imaginable.

CRUISES
13. AMERICAN CANADIAN CARIBBEAN LINE

Cruise historic American waterways and

Caribbean to places usually only accessible by

private yacht. Spectacular itineraries, casual,

100 guests, byob.

CANADA
14. PRINCE EDWARD ISLAND
Come experience our unique red cliffs and

parabolic sand dunes and hike or bike the

Confederation Trail across our Island.

INTERNATIONAL TRAVEL
15. BELIZE
Catch the Adventure! From rainforest resort

to Barrier Reef. Belize is only 2 hours from the

USA. Belize. Mother Nature's best kept secret.

16. GATE 1 TRAVEL
Gate 1 Travel offers escorted tours, European river

cruises, independent vacations and customized

international vacation packages for less!

17. INDIA TOURISM
India offers incredible experiences for travelers

on journeys of self-discovery! Come visit India

for an experience that is truly incredible!

18. PROMPERU
Peru has it all. Fascinating history, as the land

of the Incas, incredible nature, more than 1,800

species of birds and traditional culture.

INVESTMENT MANAGEMENT
19. CALVERT—INVESTMENTS THAT MAKE A
DIFFERENCE®
Nation's largest family of mutual funds

integrating rigorous financial analysis with

corporate integrity, environmental impact.

20. THE SPECTRA GREEN FUND
Supporting sustainability by investing in

dynamic, innovative companies. Green: good for

the environment; good for business.

MARYLAND
21. ALLEGANY COUNTY
300 Years of American history is alive in Allegany

County. Discover the original Gateway to the West.

22. CAROLINE COUNTY
Small town charm, rich heritage and nature's

adventures among majestic Chesapeake

landscapes; Spend this Weekend with Caroline!

23. CARROLL COUNTY
Quaint villages, festivals, scenic biking and hiking.

Antique shops, country inns, fine restaurants.

24. CHESAPEAKE BAY MARITIME MUSEUM
Located in historic St. Michaels, the Museum
boasts ten waterfront exhibits, working boat

yard, and the largest collection of Bay boats.

25. DORCHESTER COUNTY
Home to Blackwater National Wildlife Refuge;

explore the heart of Chesapeake Country.

26. FREDERICK COUNTY
Maryland's Crossroads of History. Antiques,

battlefields, covered bridges, parks, wineries

and more close to Gettysburg and DC.

27. KENT COUNTY
A scenic peninsula on the Chesapeake Bay,

offering fishing, boating, kayaking, small

beaches, great shopping, and museums.

28. MARYLAND VACATIONS
Beaches, mountains, big cities, small towns. Maryland

has so many things to do, so close together.

29. MONTGOMERY COUNTY
Experience transportation history along the C&O
Canal and the National Capital Trolley Museum.

So many things to do.

30. ST MARY'S COUNTY
Potomac River lighthouses, Chesapeake Bay

seafood, and maritime history. Cozy inns,

waterside dining and fantastic festivals.

31. WORCESTER COUNTY
Maryland's only seaside county. Visit

Assateague Island National Seashore. Kayak,

canoe, bird watch, golf, bed and breakfast inns.

MISCELLANEOUS
32. ATHENA REVIEW
Athena Review, journal of archeology, history

and exploration, invites you to send for more
information on a free issue.

33. ENDLESS POOLS
Swim or exercise in place against a smooth

current adjustable to any speed or ability. Installed

indoors or outdoors. Request a free DVD.

34. MASHANTUCKET PEQUOT MUSEUM
AND RESEARCH CENTER
The Pequot Museum brings to life the Native

American and Natural History of New England

through engaging interactive exhibits.

35. ROSETTA STONE
Rosetta Stone® teaches languages quickly and

easily. Order risk-free with our 6-month money-

back guarantee. Visit our website to save 10%!

U.S. TRAVEL
36. ALABAMA GULF COAST
Spectacular beaches. Outstanding

accommodations. And warmed by sunshine,

history, culture and unspoiled natural beauty.

37. ARIZONA. THE GRAND CANYON STATE.

A wonder of the world and some of the most

exhilarating signature scenery on the planet.

38. DELAWARE TOURISM OFFICE
Discover natural history from life-sized

dinosaurs to tiny fossils. Explore cultural

treasures, wildlife areas and birding hot-spots

in Delaware!

39. MISSOURI RIVER COUNTRY
Montana's Missouri River Country—Explore

unspoiled land. Fishing, hunting, wildlife, birding,

and dinosaur museums. Free Travel Planner.

40. TUCSON
A wonder of the world and some of the most

exhilarating signature scenery on the planet.
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Introducing the world's simplest, cellphone experience — with service as low as $10 a month*

It doesn't play games, take pictures,

Jgl^ or give you the weather
TheJitterbug developed with Samsung.

It's the cellphone that's changing all the rules.

No
Control

For people like me, who want a cell phone that's easy to use. Over the years,

cell phones have become smaller and smaller with so many complicated features.

They are harder to program and harder to use. But the Jitterbug® cell phone has

simplified everything, so it's not only easy to use, it's easy to try. No crowded

malls, no waiting in line, no confusing sales people, or complicated plans.

Affordable and convenient cell phone service is only a toll-free phone call away.

Questions aboutJitterbug? Try our pre-recorded

Jitterbug Toll-Free Hotline 1-866-427-1479

The new^ Jitterbug® cell phone makes calling simple!

• Large, bright, easy to see display and buttons

• Comes pre-programmed and ready to use right out of the box

• No contract required

• An operator is always available to help you, and will call you by name
• Push "Yes" to call directly from your personal phone list

• Soft ear cushion and louder volume for better sound quality

• Separate Volume Up/Down button on cover of phone

• Hearing aid compatible

• Familiar dial tone confirms service (no other cell phone has this)

• Service as low as $ 1 a month*
• Access help wherever you go

Available in a simple

12-hutton Dialphone

and an even simpler

3-button OneTouch

phonefor easy access

to the operator, the

number ofyour

choice, and 911.

Service as low as $10 a month and a friendly 30-day return policy**. If you've ever wanted the

security and convenience of a cell phone, but never wanted the fancy features and minutes you don't

need... Jitterbug® is for you. Like me, you'll soon be telling your friends about Jitterbug®. Call now.

r

Why pay for minutes you'll never use!

Simple
30

Plan'

Simple

60

Plan'

Monthly Price $15.00 $20.00

Included Minutes/Month 30 60

Operator Assistance 24/7 24/7

911 Access FREE FREE

Long Distance Calls No add'l charge No add'l charge

Nationwide Coverage" Yes Yes

Trial Period 30 days 30 days
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brought to you

"^teSIREET"
•^ for Boomers and Beyond"'

> See
^ 1998 Ruffin MiU Road
Colonial Heights, VA 23834

Au hundreds of

- , ^ other innovative
-"

I products for Boomers and

Beyond™ at www.firstSTREETonline.com

Call 1-800-704-1211 for a Free Catalog.

Jitterbug® Cell Phone item# Bu-4722

Call now for our lowest price.

Please mention promotional code 35531.

I -866-540-0297
www.jitterbugdirect.com

IMPORTANT CONSUMER INFOR^'lATION: Subject to Customer Agreement, select

calling plans, and credit approval. Other chaises and restrictions may apply. Screen images

simulated. Coverage and sen'ice not available e\'ery'\vhere. Copyright © GreatCall, Inc. jirrerbug

and GreatCall are trademarks of GreatCall. Inc. Samsung is a registered trademark of Samsung

Electronics America. Inc and its related entities. *Not including government taxes, assessment

surcharges, and set-up fee. "Applies to phone and monthly service charges only, provided call
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tAll plans require the purchase of a Jinerbug phone. In addition, there is a one time set up fee

of $35. ttjifterbug will work almost e\ef)'where in the U.S. where cellular service is available

from most of the major carriers.
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Athena Review

Journal ofArchaeology: Histoiy, and Exploration

Looting of
Archaeological

Sites
Case studies : Central America, Italy,

Greece. Alaska, and .\tahanistan

Also: GiaecoRoman thealeis

Subscriptions: 4 issues: S20 (US)

S30(Can)S40(oveisas)

For a free trial issue on Homo eiecnts
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Athena Publications
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Adventure [IFE

Galapagos Islands
j

natural history cruises

t ^" for groups and Individuals

800-344-6118 adventure-llfe.com

Sou«t« J
Unique Nature and Cultural Programs

Amazon & Galapagos Cruises, Brazil & Argentina

Marshes, Patagonia, Machu Picchu, and more

^^International Tours
800-765-5657

info@sclintl.com solintl.com

Adventure

'South & Central Ameniea
Travel Specialists 1
800-344-6118 adventure-life.com

GALAPAGOS ...The Trip of a Lifetime
Specializing in comprehensive, professionally-led.
natural history and photo tours of the Galapagos islands.
Monthly departures on 14-16 oassenaer vachts_

(800) 969-9014 • www.galapagoslravel.coi
783 Rio Del Mar Boulevard, Suite #49. Aptos, CA 95003

Costa Rica
10 Day Tour
Call for Choice Dates

Caravan makes it so easy -

and so affordable - for you and your
family to explore the magnificent

rainforests, beaches and volcanoes of
Costa Rica. Your Caravan Costa Rica
tour includes all meals, al! activities,

all hotels, all airport transfers, and
all transportation within Costa Rica,

Choose Your Tour— Only $995
10 days Costa Rica Natural Paradise

1

1

days Guatemala with Tikal and Copan

8 days Mexico's Copper Canyon Train

8 days Grand Canyon, Zion, Bryce

8 days California Coast FREE
8 days Canadian Rockies Info

Fully Escorted Tours Since 1952
Guide

Caravan.com 1-800-Caravan

Discover tht Alps

^*'Superb Itineraries
.'' Expert Trip Leaders ^,

30 Years Experience (^^^vy.

ILDERNESS TRAVEL
www, wi Id ernesstra.vel.com
Free Catalog 1-800-368-2794

- Sf.'f j2

ExceptionalAdvenUii-es to Mongolia.

NoM,\Drc cxprditionS

1-800-998-6634

www,NomadicExpeditions,com

S?\\ Ac/yeijfuri^mith^^^ EXPLORATIONS
Expedition Cruises with Offset Emissions

Small Ships andYachts with Expert Guides

Alaska, Baja. Costa Rica. Caribbean

Galapagos, Antarctica & More

AdventureSmithExplorations.com 866-270-2875
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WATERWAYS

>»?:,• :>
r- Great Lakes

Erie Canal
Canada
& more

Casual
5-15 Nights

g^^^.^ '' ' '^ Historic Ports

r~L"- - Only 100 Guests
- --gr,!-^ - Great Camaraderie
;---'V"^ Expedition-Style US Flag

Go Where The Big Ships Cannot

American Canadian Caribbean Line

800-556-7450
www.accl-smallships.com

AMAZON
Award winning lodge in Peru's Tamshiyacu-

Tahuayo Reserve, shown to have the greatest

mammal diversity in the Amazon. Customized

itinerary, from soft family to wilderness camping.

Featuring the Amazon's longest zipline canopy

access. In business since 1981. References avail-

able. Customized economical tours to Cusco and
other sites in Peru as well.

AMAZONIA EXPEDITIONS
800-262-9669 www.perujungle.com

www.peruandes.com



EXPLORING SCIENCE AND NATURE

Around the Country

ARIZONA
Mesa

Arizona Museum of

Natural History

Through September 28:

"Feathered Dinosaurs and

the Origins of Flight."

Fossils of feathered dino-

saurs from Liaoning, China,

are displayed, along with

life-size reconstructions and

new findings about the evo-

lutionary relationships be-

tween birds and dinosaurs.

53 North Macdonald

480-644-2230

www.azmnh.org

Phoenix

Arizona Science Center

Ongoing: "Wired for

Thought: The Developing

Brain." What does current

research tell us about how
the brain grows and changes

over time? This exhibition

explains what science has

discovered about the brain

in early childhood, teen

years, and adulthood. Visi-

tors can perform activities

based on scientific experi-

ments that study how the

brain changes and adapts in

response to biological and

environmental conditions,

including substance use and

abuse.

600 East Washington Street

602-716-2000

www.azscience.org (5)

CALIFORNIA

Los Angeles

Natural History Museum
OF Los Angeles County
Ongoing: "Hall ofGems
and Minerals." Dig into this

expansive suite of galleries

and discover the science

behind the beauty of Earth's

treasures. Presenting min-

eralogy basics and mining

practices, as well as speci-

mens you can touch, the

exhibition is a dazzling de-

Coastal dinosaurs gather at the beach in one of the 12 major new
murals by artist William Stout in the "Fossil Mysteries" exhibition at

the San Diego Natural History Museum.

light. Don't miss the Hixon

Gem Vault and its stunning

collection of diamonds,

emeralds, rubies, sapphires,

and other rare gemstones.

Exposition Park

900 Exposition Boulevard

213-763-DINO

www.nhm.org (f)

San Diego

San Diego Natural

History Museum Ongoing:

"Fossil Mysteries." Dioramas,

fossils, models, murals, and

plenty of hands-on activi-

ties tell the changing story of

the bioregion encompassing

southern California and Baja

California in this exhibition

spanning 75 million years

of history. Examine fossil

clues—^just as scientists do

—

to answer questions about

plants and animals (includ-

ing dinosaurs), changing

environments, evolution,

extinction, and more.

Balboa Park

1788EIPrado

619-232-3821

www.sdnhm.org®

COLORADO
Denver

Denver Museum of

Nature and Science

Through June 8: "Gold."

Some of the world's largest

and most spectacular gold

nuggets are on display in this

exhibition, along with cul-

tural artifacts such as gold

records, Oscar and Emmy
statuettes, and a Kentucky

Derby trophy. The show

also illustrates historical

and current processes of

prospecting, mining, and

refining. Brilliant gold ob-

jects document the various

ways people have valued

and used gold—in art,

culture, fashion, and reli-

gion—across continents

and through time.

2001 Colorado Boulevard

800-925-2250

www.dmns.org®

CONNECTICUT
New Haven

Peabody Museum of

Natural History

Through July 19:

NATURAL HISTORY May 2008



"Las Artes de Mexico."

Spanning more than 3,500

years of art and culture

across a broad spectrum of

Mexican life, this exhibition

features pre-Columbian ar-

tifacts from the celebrations

and rituals of Mayan, Aztec,

and other civilizations; folk

art from the time of the

Spanish conquest and colo-

nization, including Catholic

iconography; and modern

works from artists such as

Miguel Covarrubias and

Diego Rivera.

Yale University

170 Wliitney Avenue

203-432-5050

www.peabody.yale.edu ®

FLORIDA

Gainesville

Florida Museum of

Natural History

Through September 7:

"Inside Africa." Discover

the many facets of Africa's

people, animals, lands, and

rich cultural history. Inter-

active displays, multimedia

presentations, and a collec-

tion of artifacts help illumi-

nate the biological, cultural,

and human diversity of the

world's second largest conti-

nent. See a goatskin tent

used by the semi-nomadic

Tuareg people ofthe Saha-

ran region; discover what

scientists are learning about

gorilla families, and peer

through binoculars to see

videos of them playing in

the wild; walk through a

re-created slave ship and

hear the stories of enslaved

people; and much more.

University of Florida

Cultural Plaza

SW 34th Street and Hull Road

352-846-2000

www.flmnh.ufl.edu (S)

Tampa

Museum of Science and

Industry (MOSI)

Ongoing: "Disasterville."

Hold on tight in this new
permanent installation that

vividly simulates floods,

hurricanes, tornadoes,

wildfires, and other natural

disasters in the unfortu-

nate town of Disasterville.

The interactive exhibition

explains the science be-

hind each threat, as well as

constructive steps you can

take to prepare your own
home for nature's fury. The

WeatherQuest area provides

an innovative role-playing

experience, in which teams

form TV news crews that

investigate and report on the

crises as they unfold.

4801 East Fowler Avenue

813-987-6100

www.mosi.org (S)

® MEMBERSHIP HAS ITS REWARDS

Institutions marked with ® participate in

the Passport program run by the Association

of Science-Technology Centers (ASTC). If you're a mem-
ber of a participating museum or science center, you may

receive free admission at more than 300 other institutions

around the world.

See www.astc.org/passport for more information.

Visitors discover facets of desert living—including the stamina and

strength needed to lift a heavy water bucket from a 98-foot well

—

in the "Inside Africa" exhibition, now at the Florida IVluseum of

Natural History.

HAWAII

Honolulu

Bishop Museum
Opening May 17:

"Whales: Wonders of the

Ocean." Spanning more

than 50 million years, this

exhibition explores the

mammals' ancient history

as land animals, subsequent

adaptations, and modern

behaviors including swim-

ming, feeding, reproduc-

tion, respiration, and vocal-

ization. See lifelike, full-size

robotic models move the

way that real whales do;

hear a whale's heartbeat;

discover how to identify the

animals by their markings,

fins, and tails; and much
more.

1525 Bernice Street

808-847-3511

www.bishopmuseum.org (f)

ILLINOIS

Chicago

The Field Museum
Through July 6: "George

Washington Carver." Arti-

facts, videos, and hands-on

activities help tell the story

of the scientist, educator,

and humanitarian in this

new exhibition. See actual

equipment he used in his

lab, and discover how his

work contributed to today's

organic farming methods

and current research on

plant-based fuels, medi-

cines, and everyday prod-

ucts. The show also includes

oral histories told by people

whose lives were changed by

Carver's revolutionary ideas

and agricultural techniques.

1400 South Lal<e Shore Drive

312-922-9410

www.fieldmuseum.org (?)
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MASSACHUSETTS
Cambridge

Harvard Museum of

Natural History Through

June 30: "Looking at

Animals: Photographs

by Henry Horenstein." A
selection of sepia images

of terrestrial and aquatic

animals make the strange

intimate and the familiar

strange with unusual views

of favorite and exotic crea-

tures. The exhibition invites

visitors to look closely and

examine details they might

never have noticed before,

from the stippled pattern of

a lizard's scales to the wild

striping on a turtle's leg to

the folds of skin encircling

a Komodo dragon's eye, and

much more.

26 Oxford Street

617-495-3045

www.hmnh.harvard.edu

MISSOURI

Saint Louis

Saint Louis Science Center

Ongoing: "DNA Zone."

Dedicated to exploring bio-

technology and genetics, this

exhibition enables visitors

Ring-tailed lemur is one of the

many live animals visitors can see

in the naturalistic environment of

the "Explore the Wild" outdoor

exhibition at the Museum of

Life and Science in Durham, N.C.

to learn how genetic traits

are passed from generation

to generation. They can also

explore the science behind

some of the biggest news of

the day—from discoveries

about the human genome to

the uses ofDNA testing in

criminal investigations.

5050 Oakland Avenue

800-456-SLSC

www.slsc.org®

NEW MEXICO
Albuquerque

New Mexico Museum of

Natural History and

Science Ongoing:

"STARTUP: Albuquerque

and the Personal Computer

Revolution." Historical ar-

tifacts, interactive exhibits,

and videos in this new per-

manent exhibition explain

how microcomputers devel-

oped—and how they trans-

formed society. From early

electronic computer toys

such as Hasbro's Think-A-

Tron, through an early per-

sonal computer (the Altair

8800), to today's advanced

hardware and software, the

show traces the PC indus-

try's Albuquerque roots and

subsequent growth.

1801 Mountain Road NW
505-841-2800

www.nmnaturalhistory.org J

NEW YORK
New York

American Museum of

Natural History Ongoing:

"Discovery Room." De-

signed for families with

children ages 5 to 12, this

unique gallery covers every

major field ofthe museum's

scientific research activi-

ties, from anthropology to

zoology, and can serve as a

springboard for exploring

the exhibitions in the rest of

the building. Try to find all

the birds, insects, reptiles,

and mammals that live in an

African baobab tree; make

your own collection of ar-

thropods, minerals, or skulls

from a specimen cabinet;

put together a life-size cast

model of the 14-foot-long,

Triassic reptile Prestosiichiis;

and much more.

Central Park West at 79th Street

212-769-5100

www.amnh.org

Tupper Lake

The Wild Center, Natural

History Museum of the

Adirondacks Ongoing:

"Living River Trail." Follow

a river's course from the

mountains down to the

marshlands, and along the

way discover bog, forest, and

stream ecosystems. You'U also

find the plants and animals

that live in these environ-

ments, including Uve river

otters and rare brook trout

species.

45 Museum Drive

518-359-7800

www.wildcenter.org

NORTH CAROLINA
Durham
Museum of Life and Science

Ongoing: "Explore the

Wild." This new, six-acre

woodland and wetland

habitat is also a big outdoor

science exhibition, where

you can put yourself in the

shoes of a wildlife biologist.

Use zoomable and infrared

cameras, microscopes, and

computer kiosks to inves-

tigate the animals, plants,

and tiny life-forms teeming

in water; take a stroll down
the boardwalk and look

for animal tracks and wild

birds; or visit the habitats of

the exhibition's black bears,

endangered red evolves, and

three lemur species.

433 West Murray Avenue

919-220-5429

www.ncmls.org ^

Raleigh

North Carolina Museum
OF Natural Sciences

Through December 28:

"Dead Sea Scrolls." Telling

the story of one of the 20th

century's greatest archaeo-

logical finds, this exhibition

explores the history ofthe

oldest kno\vn biblical manu-

scripts and related artifacts.

On display are 12 original

scrolls from the settlement

ofQumran near the Dead

Sea, representing portions of

the books of Genesis, Isaiah,

Deuteronomy, Exodus, and

others, and graphic panels

that explain these ancient

texts. The show also presents

coins, pottery, and other

artifacts from Qumran and

a variety of exhibits that

explain the science and

technology behind the ex-

cavation, conservation, and

interpretation of the scrolls,

n West Jones Street

877-4NATSCI

www.naturalsciences.org®

OHIO
Cincinnati

Cincinnati Museu.m Center

Through September 1:

"Bodies." Authentic, pre-

served human specimens

provide a rare window to

the inner workings of our

bodies in this new exhibi-

tion that features more than

250 organ, partial-body, and

full-body specimens. Visi-

tors gain an understanding
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of the body's muscular,

respiratory, skeletal, and

other systems, and can also

learn about common medi-

cal conditions—such as

arthritis, colon cancer, lung

cancer, and obesity—by ex-

amining their effects on the

human body.

Union Terminal

1301 Western Avenue

800-733-2077

www.cincymuseum.org (J)

PENNSYLVANIA

Philadelphia

The Academy of

Natural Sciences

Opening May 24: "Gregor

Mendel: Planting the

Seeds of Genetics."

Featuring most of the

surviving artifacts from

Mendel's life, this exhibi-

tion tells the story of his

investigation into the way

pea plants inherit physical

traits, and how his theories

influenced the modern

field of genetics. In addi-

tion, interactive exhibits let

visitors recreate some of his

experiments, use DNA to

determine where flamingos

belong on a "family tree" of

birds, and more.

1900 Benjamin Franklin Parkway

215-299-1000

www.ansp.org (D

TEXAS

Fort Worth

Fort Worth Museum
OF Science and History

Ongoing: "Seeing." Take a

close look at this exhibition,

and discover how our eyes

and brains work together

—

and what a subjective and

interpretive process seeing

really is. Find out if your

friends and family see a

particular color differently

than you do, try shoot-

ing baskets while wearing

glasses that shift your field

of vision, watch as spinning

objects seem to disappear

before your eyes, and more.

1501 Montgomery Street

817-255-9300

www.fwmuseum.org (S)

Houston

Houston Museum of

Natural Science

Through September 1:

"Leonardo da Vinci: Man,

Inventor, Genius." Dozens

of custom-built wooden

models—handcrafted in

Italy from da Vinci's draw-

ings—help illuminate the

life and work of the man
who has come to epitomize

the inquisitive spirit of the

Renaissance era. Models,

which visitors can touch,

include a predecessor of

today's helicopter, a precur-

sor to modern scuba-diving

gear, an early design for a

military tank, a gearshift

similar to those now used

in automobiles, and many
other inventions in the

fields of flight, hydraulics,

military machinery, and

mechanics.

One Hermann Circle Drive

713-639-4629

www.hmns.org

VIRGINIA

Martinsville

Virginia Museum of

Natural History

Ongoing: "Uncovering

Virginia." This new, per-

manent gallery tells the

story of Virginia's natural

history over the course of

the past 300 million years.

Six exhibits focus on differ-

ent geologic epochs being

studied by scientists in var-

ious locations around the

commonwealth. Each ex-

hibit describes the animals

and plants that lived there

in the past and features a

laboratory-like environ-

ment where visitors can use

the same tools scientists

do to interpret fossils and

archaeological items. See

a tropical swamp from a

time when Virginia was

south of the equator, visit

a site occupied by Native

Americans both before and

after Europeans arrived,

and much more.

21 Starling Avenue

276-634-4141

www.vmnh.net®

WASHINGTON
Seattle

Pacific Science Center

Through May 4:

"Strange Matter." Bend

a metal with a "memory"

and watch it return to its

original shape when it gets

hot, make magnetic liquids

"dance," try smashing

heat-tempered glass with

a bowling ball, or discover

how sand gets turned into

computer microchips in

this fascinating materials-

science exhibition that

explores the science behind

both everyday and exotic

materials.

200 Second Avenue North

206-443-2001

www.pacsci.org®

WISCONSIN

Milwaukee

Milwaukee Public Museum

Ongoing: "Body Worlds:

The Original Exhibition of

Real Human Bodies."

Visitors can learn about anat-

omy, physiology, and health

by seeing real human bodies

that have been preserved

through a process called

plastination. The exhibi-

tion includes more than 200

human specimens—entire

bodies illustrating neuro-

logical, circulatory, and other

systems, as well as individual

organs and transparent

body slices.

800 West Wells Street

414-278-2702

www.mpm.edu (J)

Model of Leonardo da Vinci's ornitottero verticale (vertical ornithopter),

a flying-machine design that would allow the pilot to control the

machine using hands, feet, and head, now on display in the "Leonardo

da Vinci" exhibition at the Houston IVIuseum of Natural Science.

May 2008 NATURAL HISTORY 63



ENDPAPER

Aqua-Rock Climbers
By Jeremy B. Monroe and Julian D. Olden

A fear of falling limits

most people to Earth's

gentler slopes. Yet there

are those among us who
venture onto cliff faces

and stone spires, armed
with ropes, harnesses, and

anchoring devices, to chal-

lenge the unforgiving force

of gravity. As soggy-shoed

graduate students studying

insect behavior in the streams

that drain Colorado's Rocky
Mountains, we occasionally

looked up to marvel at the

rock climbers ascending the

crags and cliffs of this rugged

area. Curiously, the insects we
study brave an equally unforgiv-

ing force—flowing water—and

have found a similar solution to

their own "falling" problem.

Nearly 12,000 caddisfly spe-

cies (order Trichoptera) pass their

early life stages in freshwater lakes,

streams, and wetlands around the

world. The insects typically spend

one or two years in these environ-

ments, completing their larval and

pupal stages. Then they emerge from

the water to briefly live and mate as

w^inged adults [see photograph above]

.

Before growing wings that offer

total freedom from falling, cad-

disflies rely on glands near their

mouths to produce an ultra-useful

silk—nature's duct tape. Silk is best

known as an adaptive tool in silk-

worms and spiders, but caddisflies

use it in ways that are crucial to life

underwater. They create all sorts

of aquatic gear with silk, from nets

that filter food particles, to wearable

protective shelters, to pupal cases in

which they metamorphose.

I

arvae of one family of caddisflies, the

I Glossosomatidae, use silk to bind

together tiny rock fragments into a
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mobile home of sorts. The portable

case resembles a tortoise shell and

features two small openings on the

underside through which a larva can

stick its front legs and its rear claws.

The case protects the soft-bodied

larva, just as a suit of armor might

protect a rock climber from giant

predators, but consider the ener-

getic cost of lugging it around! The
drag exerted by the current and the

friction between the case and the

rocks, appears to slow larvae down
substantially. The glossosomatids'

movement is clunky, with top speeds

of only a few inches per hour, but

they can crawl freely in slow cur-

rents without threat of being washed

away. Remarkably, though, the lar-

vae are also found in swift, turbulent

currents. How is that possible?

TO find out, we recently observed a

particular glossosomatid, Agape-

tus boulderensis, in the swift-flowing

headwaters of the Colorado River.

The species appears to have com-
bined its gymnastic flexibility with

a clever way of belaying using silk-

en anchors. Facing upstream, an A.

boulderensis larva will affix a small

silk "line" to a rock. Once an-

chored, the larva turns completely

around inside its case. It then sticks

its front legs out the back open-

ing and crawls around, pivoting its

case 90 to 180 degrees on the silk

anchor until it is facing upstream

again. Then the larva places an-

other anchor, turns around inside

its case, and severs the old anchor

[see illustrations on this page]. With
a succession of pivots, A. boulde-

rensis thus moves slowly but safely

against hazardous currents—as a

mountaineer would maneuver up

a rock face. Interestingly, much as

mountaineers are wary of down-
climbing, we have yet to see a

larva make pivoting movements in

the downstream direction.

Spinning silk anchors takes en-

ergy, though, and pivoting is even

slower than the usual forward

scrabble in calm currents. So why
risk the swift ones? For food, most

likely. Faster-flowing environments

often host algal mats that are nutri-

tious and rapidly replenished. And
indeed, pivoting movements are

.**f*jB
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ports

silk

anchor

severed

anchor

Caddisfly larva encased in armor (exterior

and cutaway views, above left) uses silk

anchors to pivot upstream (above right).

often punctuated by bouts of eat-

ing, in which larvae graze in arcs

around anchor points.

The motives of pivoting cad-

disflies may differ from those of

mountaineers, yet we wonder
whether to chalk their convergent

strategies up to simple coinci-

dence. Perhaps some early climb-

ers were closet entomologists?

Either way, we have learned this:

gravity's a downer, current's a

drag, and wise climbers anchor

their rope to the crag!

Jeremy B. Monroe, a biohgist-plwtogra-

pher, currently directs a non-prcfit foundation,

Freshwaters Illustrated. Jl'l/.4.v D. Olden
is an aquatic ecologist and assistant professor

in the Sclwol ofAquatic and Fishery Sciences

at the University of Washington. They were

graduate suidcnts together at Colorado State

University in Fort Collins.



Northern India

Featuring the famous

Pushkar Camel Fair

November 8 - 22, 2008

Visit India at the height of her festival season, when the

country is ablaze with fairs featuring music, festooned camels,

and quintessential Indian markets. Join the American Museum

of Natural History on this exclusively designed expedition that

focuses on the world-famous Pushkar Camel Fair a festival and

Hindu pilgrimage drawing thousands of people for several days

of trade, celebration, and worship. From $8,990

t-
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AMNH Expeditions
Who You Travel With Makes A World Of Difference

Bay of Bengal

An East India Odyssey

aboard Island Sky

December 26, 2008 - January 6, 2009

Cruise the legendary waters of the Bay of Bengal, in the wake

of explorers, traders, and pilgrims. Veer off the tourist track on a

journey from India's cultural capital of Kolkata (Calcutta), across

the fertile waters of the Ganges Delta and on to colonial Chennai

(Madras). Tour vast and elaborate temples, breathe in the spices

of bustling market-places, and experience for yourself the rich

cultural heritage of eastern India. From $6,490

American Museum o Natural History ^
Expeditions

Make a reservation today!

Call 800-462-8687 or

Visit wwv^/.amnhexpeditions.org
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ffew years

\o I convinced
* my mother to get ^^^^^
scuba certified so 10^^^^ we could do one ^
mother-daughter bonding trip a year. For our last tnp '-

we decided on Caye Caulker in Belize. I knew it long ago
\

as a place of perfect peace and tranquility, but didn't realize ':

then it was such a phenomenal dive spot. The island is just ^

one mile off the Belize Barrier Reef, so we found it to be
j

a great jumping off point for our dives. ^

Our divemaster, Pattie Holden, worked with a local dive ,

company and was wonderfully friendly and experienced. 1

She made our time together so special, taking us on a
^

variety of dives from wrecks, to swim throughs to wall

dives. All the dives were in water that was 80+ degrees
,

with visibility out to at least 100 feet. Incredible! We ^

were thrilled diving a wreck at Hoi Chan canyons. Even >
more thrilling was spotting a huge, beautiful spotted ^

-^ eagle ray and giant sea turtle on our next *

dive through the canyons. '-

' Our time at Turneffe islands atoll was also

spectacular. You're doing a wall dive with

tons of sea life on one side, and a dropoff ^.^^

of 3,000 feet on the other. With the great
"^^

visibility below you, you feel like you're

flying through the water—not swimming
—with thousands of grouper, permit,

eagle rays and jacks flying alongside you.

My mom and I both said that after this

experience, it kind of makes you feel like*;

you can handle anything."

— Hannah Wolken —

Mai tiJnefor ti?e'aaventttfaefyour'lif<
^You can tell us about yd^r Belize adventure at www.travelbelize.org/mystory

^^.'A
/(^^%^

^ Call 1-800-624-0686 or visit our . ^
website: www.travelbelize.org < . -
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