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Earth’s Great Dyings? o
Since life began on this planet, at least five worldwide catastrophes
have erased millions of animal species—and a stxth is under way
Rick Gare and photographer Jonathan Blair report the latest find-
ingz on these extinctions—evidence of climatic shifts and huge
meteorite impacts. A double supplement focuses on the insses, from
the dinosaurs to the vanishing species of today
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Malta: The Passion of Freedom w

Under foreign ride for centuries, this Mediterranean island nafion
reflects a past patterned by Phoenicians, Carthagimans, Arans,
Knizhts of St. John, and the British. Now celebrating 25 years of
independence, Malta takes a neutral stance in today's uneasy world,
according to William §. Ellis. Photographs by Bob Krist

Images for the Computer Age s

Author-photogropher Fred Ward “flies™ a jet fighter, peers into the
human brain, and chuckles at the antics of an anumated cartoon
character to show us how COMmp Hiter ;,]'L'I.Dltl.'-.-.‘i raled i IFIIK asLble
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The Remote World
of Tibet's Nomads =
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On a bleak, windswept plateau in western Ching, one of the last

"DHPFLUTIN SRAFNICT &Y WHn

great nomadic societies on earth survives as herders of yaks, sheep,
ard goats. Living for 16 months with these Tibetan nomads—who
endured vears of forced settiement n communes—anthropologists

Metv VT Croldstein and Cynthia Beall I|-... rraditional wa VS FEVIY Lrig

Life in a Nutshell =
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Most acoms don't grow up to be mighty oaks. The reason: A host of

creatures inmvade I:'u.' shell for food and sheiter. Zoologist and photog-

h] |
'-:f“l"-r Mork W, Moffett takes @ close Dok

Cover! Flanked by adult “ultrosaours.” among earth's (argest [ond animids,
a 12-foor-tall juvenile crosses a western Colorado river plain 140 miliion
vears ago. From a painting by _John Gurche on this month's supplamert!
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Mining the fossil record, scientists strugele to explain mysterfous episodes

in which rnany of earth's species suddenly die out. fchthvosawes —such as
this mother with onmfant and five unborn babies—survived two.great
extinctions anly to perish before the dinosaurs 66 million yvears ago,
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THE JAWS of extinction
threaten to snap shut on
the California condor,
foreground, a once wide-

spread species reduced (o
ahout 30 birds by the

presence of humans. Be-
hind it looms the shull of
Tyrannosaurus rex, a vic-
tm of the mass extinction
that ended the Cretaceous
peripd. A little T-rex lives
on in the anatomy of mod-
ern birds, which evalved
from dinosaurs some 150
miliion years ago.

alil)

E WAS THE LAST of the free fliers, this ungainly bird
his captors nicknamed Igor. His keepers now wince
when they hear him called that. Californin condors
are supposed to-have local Indian names

Chumash. Miwok. Pomo. For time beyond
memory Indians throughout the West have regard-
ed the condor as a god. His spirit, some say, in-
spired legends of the thunderbird, whose flight is

responsible for the weather, Thunder 1= the flap of his wings, lightning
the flach from his eves. Today Igor's eyves, s he perches in his pen at
the San Diego Wild Animal Park, are the eves of extinction.

Igor, officially titled AC-9, for adult condor number nine, was the
last wild survivor of his species. Amid great controversy he was
trapped in April 1987 and brought to wait—and, zoo officials hope, to
breed —along with a few comrades, until the world might once again
be zafe for condors.

Igor's flying prowess fires public opinion. Since the 1930s millions of
dollars have been spent to save California condors and preserve their
habitat, That power has bought the condors time —to sit, remote from
human contact, in this laree fenced enclosure. Other creatures have not
fared as well, Since lgor’s capture the dusky seaside sparrow disap-
peared from the planet. During that same time as many as a hundred
acres a minute of the world's tropical forests, among the most richly
populated hahitats on earth, have been destroved. Ecologists can anly
speculate about how many unnamed, unknown creatures have van-
ished with the trees, An estimated million species will be lost in the
next 25 vears—a rate of one every 15 minutes.

Many scientists contend that our planet is experiencing its greatest
mass extinction in 66 million years, At that time the dinosaurs van-
ished, along with between 60 and 80 percent of other animal species
Some small dinosaurs, however, already had evolved into the first
birds. They made it through that extinction. So Igor's eves are also
those of experience.

Igor and his fellow condors bring me back into the present. Far
months | have been keeping company with fossils. Trilobites. Ammon-
ites, Triceratops. Titanotheres. All were victims of at least 12 mass
extinctions, five of them immense, that our planet has endured zince
the fossil record of animals began about 800 million yvears ago.

Mass extinctions. The concept has hit science like a fireball during
the 1980s. Paleontologists had long realized that occasionally large
numbers of species disappeared simultaneously from the fossil record.
Those disappearances often marked the close of geologic periods. Yet
the causes behind those great dyings had remained obscure. The fossil
record was too imprecise, too difficult to read, too pocked with missing
meces and contradictory clues

All that i= changing. Innovative geochemical technigues are coaxing
subtle secrets from ancient rocks. Fossils are being reexamined. Com-
puters are finding provocative patterns in the extinctions. In the pro-
cess the rules of evolution are being rewrnitten. And so is the four-
bilhon-vear history of life on the planet.

The excitement began in 1978 when a team from the University of
California and Lawrence Berkeley Laboratory found a large enrich-
ment of the element tridium in a pencil-thin, 66-million-vear-old laver
of rock from Gubbio, Italy. This iridium-rich clay lay right at the
boundary between the Cretaceous period, when there were dincsaurs,
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and the Tertiary, when there were none. (Scientists nickname this tran
sition the K-T boundary
Because irtdium is rare on earth but commion in meteorites, the

Frank Asaro, and Helen

Berkeley sclentists — Walter and Luis Alvarez,
Michel —proposed that earth had been hit by an asteroid ten kilometers
(six miles) across. Wildly controversial at first, the proposal has since

been backed up by abundant and convincing eviden

globe. Most scientists now concur that at least one greal extraterrestrin

e 1Tom around the

t struck the planet around the time the dinosaurs digd oul
With Alvarez I hike an Italisn mountain road to inspect the Gubbio
boundary clav. He dig= gut a chunk and hands it to mi

You are holding debris from the Comnbinsed on dage 8




’\/'a N Through the study of fossil trile-  theory, lower left, and sareoed

- bites, below, and other crea by scientists 1 fields as diverss
] t' 1t : tures, scientists know that the as geophysics, astronomy,
extinction: UG GETI Sisab Bichosll. ahd baleontolosy,
ll 1 punctuated by mass extinctions “These are exciting times to be
= ]e ('al] SeS “a Hut exactly how they ocourred looking at extinction,” says NASA
1% & matter of unprecedented gealogist Bevan French, stating
debate, sparked by the impact one af the Tew conclusions
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The iden that targe objects could came extinct. Their conchision—that
strike our planet and cause mas ex- an asteroid hit earth 66 miilion years

just aver & decade ago. Than & team of ﬂwmmmm world,
researchors at the University of Cali- Further anafyxis of the (ridium layer
fornia found high levels of iridium—a has supparted the Impact, aftfhough
mital rare on earth But common in schentists are widely divided over
mutworites—in a thin liyer of cléy laid.  its affects. '
Jn'nmulﬂlrﬂnlﬂmmﬁh&




on which all soientists agree extinction process iz gradual,

At oneend of the spectrum prought on by environmeantol
ire those who belleve mass changes wrought by raped tec-
extinctions are triggered by tonic, oceanic, and chmatic fluc- .
brief, cataclysmic events such tuations. Many scienti=ts say thy , /,." ermieiiratida g oy g
as the impact of a celestinl body truth liés somewhere in between y :
of periods of intense voleani as w combination of earthly i s ")
activity. Uthers argue that the and extraterrestrial causes B e e

fiting the late Ordovician
petiod about 840 millian
i3 wgo {smal! globel.
¥irm equalile sezs (green)
dominated the warld, Mas?
Cdand was silenirged, Five
':F o years fater [large
cglebe comtinental jon
“sheets had formed, Sna
* lewei had dropped, nxpas—
Ity wast aroas of fand, and
cald water (blae) had ox-
panded into the tropicy,
As a result, more than 20
aof marine families
perishod. Such glokal cli-
mate changes ara found
throvghout the fossil
record,

in tha rain forests of

bo D b Sputh America [below),

“than ary comet. Not Many scientts warn
ey does man have the  that madern man = cre-

power ta kil other cras-  ating one of the groatost
tures. but he can alsa mass dyindgs of all time.

destroy their habitat, an

Global sea lrvels change dra-
matically (abovel ay & resuit of
continental giacintion or plate
tactanic activity. With rapid
piate mavgment ar gracial
mralting, sea levels rse. Peri-
oda of glaciation or tectonic
qudet prodece low sea lavelh

This variation can have disas- he displacement of oaygenited
Erdus -@ffects gn creatures liv- water in shallows (green by
ing i foeme aof por plahet's | Euhl;gf?—pﬂ?rwﬂ;:nmm
prime habitats—estusries and . gray/ wo varlute
shallow sean. =r'n_lln'!l adfapted ta the shallow
envirenment. The /mpact of a
metearile cowld bring about

such am overfurn,

By plotting episades of mass extinction
throdrghout geclogic time, same scieniists have
detected an interval of raughly 26 millian years
(orange vartical bars) Between extinctions. This
suggeiti @ calestial timetable for extinctions—a
periodic comet showar, for ecample, Briggered
by the passing of & star or ether caldtial
events Accordmg fo these cafculatrans fife on
earth f sefe for another 12 miillion yeari




Extinction hias claimed 59 per-
cent of all species that have ever
lived —many of them victims of
“background”™ extinction, the
plecemen] disappearance of spe-
cies clue to small-scale environ-
mental changes. Others perished
in ane of earth’s major mass ex
tinctions {vertical bars) detected
in the fossil record.

"Dnrring mass extinctions the

The
victims
and
SUrvivors

riles change " says paleontolo-
gist Jack Sepkoski of the Uni-
versity of Chicago, "' What had

been advantageous muy sudden-

ly hecome a liability
Tremendois size, fof exam-

ple, helped the dingsaurs domi-
nate for some 140 million venrs.
But they vanished during the
great Cretaceous extinctipn,
while many smaller ani -"L- [s,

TRILOBITES

HMorizontal color bars featurs
selocted groups. Thicknsss of
bar indicates the number of
raxonomie familie: for each
aroup. Red vertical lines de-
nota mass extinctions.

Blus shading denotes
maring family diversity.
Spawned in the Pracam-
brian, marine animals
suddenly proliferate in

the Cambrian nons.

e S
et

Fio slices, below. repre-
sant estimated percent-
ages of marine animal
species that have sur-
vived srtinetiong,

GO0 MILLION YEARS AGO

including mammale. survived.
In general, widespread spe-
cies seem to weather mass mx-
tnctions better than those:
entlemic to gmall regions. Oth-
ers at high risk are those that
live in trtipical climates nnd can-
not réddily adapt. The ocean
i= no refoge—extinctions hit
Marne gs --1 #s lnnd dwellers

Sﬂ:ntﬁtz@i .r;_:-: "‘tvet know why

CRINDIDS

CORALS

| SILURIAN

Stromatolite-producing The ancestral supstreantipant
eria domirate the worid Fondwana drifts over the South
for twa to three billion yesra, than Polé in the Ordoviclan. triggerieg
fall prey to a new arrival- animaly, & period of glaciatian.
Early fizh survive bout marine (5-
vertebrates and prisitive reef PERCENT PEQOENT
buildiers are hit hard. SURVIVONLS

BEINTING By &lLL0R CEeEEIN

fivh and perhaps TO
pereent of iy inverte-

brate wpeches perigh in
the late Devonian,
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same groups (the trilobites, the
ammonolds) survived several

mnss extinctions, then disap- '
peared altogether —while others

(the crinods, the corals) nearly

vanished, then reappeared. Or - e
why fish and mammals have "

been so successful, radinting 1

to 0l vacated hahitats, Savs .

Sepkoski, “ The whale thing
may boil down to luck."”

EXTINCTIONS BUT PERIEH
DURING THE THIRD,

GREAT PERMIAN EXTINCTICHN
KEAARLY WIPES OUT CRINDIDS

AMMONOIDS RECOVER
FROM FOUR EXTINCTIONS,
THEN DISAPPEAR

AT THE FIFTH
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tions, a family can in-

‘! SO0 I schentific classifica-
; clude one or many

MAMNALS

dozons n[ﬁnhl.
b MAMMALS PROLIFERATE | i, Since famiiles {shown
AFTER EXTINCTION OF 100 in the graphs at loft)
D IMNDSA LIRS il “AN &Urvive an sxtine -
o Ry 800 tion even if alf but one
of their speciel dies
out, the s losses,
estim in the pie.
DINDSAURS _ charts at the bottom,
- are actually far
700 greater than the fami-
Iy data suggest
EHNOSALIRS RULE FOR 140
MILLION YEARS, THEN VANISH
FROM FOSSIL RECORD.
&00
500
CORALS SLOWLY DIVERSEFY <00
AFTER FERNMIAN EXTINC TN
300
FISH FAMILIES INCREASE
| DRAMATICALLY AFTER
CR E'Ifi-'L.ElII!JE EXTINCTION. [ At 8 B
o
=
<
15
la7e) E
AMMONODIDS
o
ILid
o
=2
=
0 .
| TERTIARY QUATERNARY

Mﬂntnﬂﬂﬂlﬁhﬂnw Marty seientisty bellpve the Same eaperts befieve that

to 75 parcent af maring inver- Cretaceous- Tertlary (K-T) sarth fi currendly in the
trbrate spocies and some lasd extinction wir caused by & midst of 8 major mans ex-
dwallers vanish, pechaps in an metrorite impact. Vietimy - tinction, It began with the
impact-rolated cataxtrophe. include a hoat of marine megafauna wiped out by
Tum recently evaived groups, species. fce Age hunters and con-
dinasmurs -Hmuﬁ. tinee todsy through habi.
maie it through. ' tat dustruction and other
furnan Interventiona.
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(Coniinued from page 665) impact, ” he says. “In the first days after
earth was hit, dust blanketed the entire world. It grew pitch-dark for
one to three months. If the impact was on land, it probably got bitter
cold. If 1t hit at sea, the water vapor could have created a greenhouse
effect, making things hot. Hot mitric acid would have rained out of the
atmosphere —a life-threatening rain that would have dissolved the
shells of organisms.”

That's not all. A surprising discovery by Wendy Wolbach, a gradu
ate student at the University of Chicago, indicates that the world may
have turned even nastier, as it did last summer at Yellowstone
vational Park

A red sun shines Hke the eve of an angry god through the pall of bil-
lowing emoke at Old Fasithful. A rush of heat. A swirl of suffocating,
saoty air. Suddenly on the hillside behind the famous gévser th BaLes
of hall burst open, and a fire storm races down the slope. A million
acres on fire. The worst conflagration to strike the vast Yellowstone
ecosystem 1o history, An awesome, ternifving orgy of flame. Yet this
holecaust 1s insignificant compared with what Wolbach believes hap-
wned that day 66 million vears apo when earth was hit. The entire
workid caught fire

fven-as Yellowstone burns, Wolbach shows me her evidence in her
Chicago office—scanning electron microscope pictures of soot particles

Natiomal Geogrvaphic, Jung 1688



embedded with the iridium laver from three widely separated sites—
Denmark, Spain, and New Zealand.

Wolbach's discovery stemmed from the curiosity of her research
advizer, cosmochemist Edward Anders, about what kind of extrater-
restrinl object had struck the planet at the K-T boundary. A meteorite
from the asteroid belt? A comet? He sugizested that Wolbach attempt
to isolate carbon in the fridium laver. Carbon would have trapped cer-
tuin rare gases brought in by the impacting object, The isotopes of
those pases might provide chemical signatures to identify the mtruder
from space.

To her surprise Walhach hus found an enormous enrichment of soot,

“To get the amount of soot we find,” she says, "as much as 90 per-
cent of the world's forests must have burmned.”

Granted the impact of a ten-kilometer body would be equivalent to
10,000 times the power of all the world's nuclear weapons, how could
fire spread so disastrously across the glober

“Even if it hit in the ocean, the impact would have created 4 crater
300 kilometers across, " sayve Anders. A huge plume would have
pushed the atmosphere aside. The fireball would have bad a radius of
several thousand kilometers. Winds of hundreds of kilometers an hour
would have swept the planet for hours, drying trees like a giant hair
dryver. Two-thousand-degree rock vapor would have spread rapidly, Tt
would have condensed to white-hot grains that could have started ad-
ditional fires."”

In addition, lightning discharges like those in a volcanic eruption
could have ignited windswept fires on all landmasses that marched far
faster than those at Yellowstone

UCH DOOMSDAY SCENARIOS strain our belief, And many sci-
entists refuse to accept that such catastrophes have caused
the great dyings.

“We don't need an impact,”™ T have heard over and over
from paleontologists, “We can explain mass extinctions
with earthly causes."

And so they can, Falling sea levels. Tce ages. Collisions of conti-
nents: Volcanism, Climate changes. Altered ocean chemiztry, The
potential mechanisms for mass death are many

No matter what causes them, mass extinctions do occur, They force
a new perspective on the history of hie.

“Mass extinctions change the rules of evolution,” explains David
Jablonski of the University of Chicago, one of the leading extmction
theorists. “*When one strikes, it's not necessarily the most fit that sur-
vive! often it's the most fortunate.

‘“When their environment is disrupted, groups that had been healthy
can suddenly find themselves at a disadvantage. Other species that had
been barely hanging on squeak through and inherit the earth,

“The best example is mammals. Dinosaurs and mammals originated
within ten million vears of each other about 220 million years ago. But
for 140 million years dinasaurs ruled, while mammals stayed small and
scrambled around hiding out in the underbrush. Mammils all basically
looked alike—sguirrelly or shrewish and no bigger than a badger—
until the dinosaurs disappeared. Then they took off. Within ten milhion
vears there were mammals of all shapes and life-styles: whales and
lats, carnivores and grazers. Mammals just couldn’t do anythimg
interesting until the dinosaurs were out of the way "

Extinclions

CLuE to a killer's identity
miay remain tn rugged
central Quebec, where
the Manicouagan crater
wirs apparently blasted by
o giant metearite some
210 million years ago.
That roughly colncides
with @ mass extinction of
mutrine species at the end
af the Triassic period.
Skyv-darkening dust from
the tmpact may hitve
plaved a role.



Living FossILSs, stromatolites were recently discovered by geologists of the Carib-
bean Marine Research Center in shallow waters of the eastern Bohamaos., The
mounds are compaosed of sticky mats of canobacteria (formerly known as blug-green
algae) that cement sand and sediments. Appearing in rocks 3.5 billion years old,
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stromatolites are the earliest known communities of life. They declined dramatically
hetween 500 and 700 million vears ago and survive today only in environments hos-
tile to predators, such as this area swept by swift channel currents and in hypersaline
waters in Western Australia, where a community was found three decades ago.

Extinctions




DESCENDANTS of the
stromatolite uilders,
miitts of modern crano-
bacteria surive in envi-
ronyments too harsh for
most [Hfe—such os in this
42°C {108°F) hot spring
rivilet in Yellowstone No-
tiorial Park. No threat to
the cyanobacteria, the
wolf spider s a relative
latecomer; his ancestors
appeared about 400 mil-
lion yedars ago,

(37

Mass extinctions thus promote new beginnings, new erns of experi-
mentation. i earth’s slate of lite were not episodically wiped clean,
how far might we have evolved bevond the primordial slime?

That slime surely suffered too, The first great extinction may have
been a gas altack. As one microbiologist explains, It was the wors
case of pollution in eerth's history.™

What war this toxic waste, this obpoxious gas? Paradoxically, it
was what today sustains all animal life: oxveen

AL one Ume earth s oceans and atmo
eTe b L '-.-".I"I.Ilil.l.l:-.' LFE Y EEn-Eree. Or
Larbon choxide dominated the
lanet. Then, about three billlon years

o

LRSS TONNG

agn, certain bacterial members of the
primordial shime invented the kind of
photosynthesis that re
waste product

Uxvgen 1s & reactive, aperessive eas. [t
shuts down or burns out orgonisms
adapted to anperobic life. o with oxveen
the new aerobic bucterin could coerce
their way into a place in the sunlight and
drive thétr competitors underground or
mnto extinction

The waste built up. The oceans were
|J"i:l.'!:'.L‘rJi'L1‘I.'i1, l||"Il'r| '.I".--I‘ 5'—'.[{‘.‘_—-
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No organism has so dominated the
wiotled as did those filamentous OXYESN-
producing microbes, Wherever seas were
warm and not too deep, they built
diverse bacterial communities —mound-
shaped mats of microorganisms, The [os-
sils of those mats, called stromatolites,
resembile great reefs of cabbhage-shaped
mounds. Beds of lavered stromatolites,
often several kilometers thick, swirl
through rocks that were formed in challow seas between 2.5 billion and
00 million vears ago

Then stromatolite populations crashed. Like the anacrobic life thes
displaced, stromatolites still exist but can be found only in izolated
areas., What happened?

In & word, animals. Life began to feed on itsell

HE APPFEARANTE of nmimals hernlded the adoption of a new
survival strategy. Photosynthesis had enabled organisms (o
make thett own food from carbon dioxide and water. The
new stratexy bypassed that step, Why make yvour own
food? Why not eat some organism that has already done the

wiitkr Eating someone else takes eneregy, however. You
have to graze or hunt
oxygen-burning, metabolism, As the advent of oxygen made grazing
animals possible, it made sitting ducks of the stromatolite builders
Animal life exploded across the planet at the start of the Cambrian
period, around 570 million years ago. Perhaps oxvgen levels crossed
i thresbolid that enabled animals to make shells and experiment with
increasingly complex tizsue

[hat requires a high-powered aerobic, o

Vational Geogrizphic, June 1989



“For 25 million vears hfe was unconstraimned, - savs University of
|

Chicago paleontologist Jack Sepkoski

L “I evolution had continued at
the rate we see at the Cambrian-Precambrian boundary, we'd have
shrimp Newburg from New York (o London

v the time Cambrian seas filled, about 545 million vears ago, life
hived evolved nearly all the phyvla, or hasic body plans, that it use
today. But ané body plan dominates the fossils of that great epoch:

HANTOME OF THILOBITE DAYES
haunt central Utah's House
Range as gealogist Pel

Palmer drives me to the sits

of the first mass extinction

of anmmuals clearly docu-
memnted by the fossil record. At least
three imes towsrd the snd of the Cam

binan, trilobites, distant cousins ol

norseshoe craahs, were nearly extin-

rutshed by myvstenons, perhaps global,
lisasters. Their bodies litter this forme
zealioor with what Palmer calls "trilo

Bite trash  hiepd here, & tall there

| rilobDites were iInnocuous crea
tures; " save Palmer, who works for thi

Greological Society of America. “Most

were somewhere between one and six

inches long. They couldn't bite. Thev
weren't vicious. Some were floaters,
zoine swam. Maostly they were mud
griubbers. Their mouths faced back-
ward. They had multiple iegs that
brought food to their mouth. '1'hey may

have scavenged saft fleshy stult or eaten

mATine algas
Trilohites lived in a Aooded world, Sea levels weére high. Minneapo ILLUMINATING carth's
s would have been coastal. The rocks of Utah's House Range were durk ages, Dovid Ward of
nart of & limestone platform offshore, like today's Bahamas Montana State University
We drive dirt tracks into Little Horse Canvon, then climb uj bathes cyanobacteria in
ultrawvinlet lght, causing

a gray limestone shelf, A : g
chlorophyll to luoresce.

ine about as thick as mv fingernail runs across the rock. Below the lin

T P T - W " ' 5
hroueh whnt had been UambDrian md

: . ol . { i presence mdadicates
all the trilobite trash is made up of “roundheads,” Palmer's name o .
photosynthesis, a process

that literally changed the

'his line coincides with a crisis,” says Palmer, " We suddenly lose world 2.5 billion yvears

the roundheaded familv that dominated the mud

the roundheads. In the rocks just above us there's nothing but very apo. Such photosynthetic

primitive trilobites with sqoare heads. They camen like the Mongo microbes released oay-
ordes, They had to be hiding oul in some special local environment, gen into the biosphere,

mayhbe 1n the deeper, colder waters farther olishore. Chhee the waorlil allowing exyvgen-based

was theirs . thiev diversiBied ranic Iipe toy develop.

Pabmi POINES Lo 3 e high above our heaids IIl:".ill'l LITE SETH
Lhing happens Lo the squareheads. Phen anothes groun of trilobite:
yppeErs oy the midhons, At the end of the CCombran period, thenr

I [0y Are Jecimaterd] and never come back stroneh



FORMED in the shallow sea “Maybe an extraterrestrial object splashed into the ocean,™ savs

that covered western Palmer, " Perhaps, like today, the zeac were strongly stratified — warm

North America 370 million  pxygen-rich upper strata on top of cold, ox vgen-poor deep water. 1i

years ago, limestore ex- you threw that deep water onto these shallow
posed in the Ancient Wall

ENeIVEes, You l-.:*:l|-| |I.:'.'|'
devastated the trilobites hving there. Thoze oreanisms couldn 't stand
CYVEE A '-l.' W WTC I--'.- L | l;-l..'.l. o

L hat scenario could explain the squarehead survival. Being primi-
to what caused a mass 1ed to the cold, deep margins where no ather
dving of reef-building creatures could make & hving, They had adapted to just those condi

a range in Canada's
fasper National Parlk
mury hold fossilized answers

tive, they had been pus

invertebrates during the tions that exterminated their more advanced competitors.,
tate Devonian period.
FTER THE CAMBRIAN, trilobites never bounced back. Sophists

i .'J.'.-:l.. new ;-Il."ll.'Jrll:' L -I-__'_,:j:'.-l . [_'I'i'u' :':-il._" ':'T- lI'-'in..:1._- i"_i!iL"r_l_I[]

bologist Peter Ward, made their life-style obsolete. Nauti

loids, distant relatives of today & chambered nautilus,
combingd massive [aws with the amhty to swim swifth
acress the seafloor. “As the airplane revolutionized

warfare, the nautiloids created havoc for mudbound creatures,” savs

G7s vietronal Geogpruphine, June 1089



Ward. “The early trilobites only looked ahead. The ones that survived

also lopke up,”

Reef life —aborted early in the Cambrian—evolved anew in the
Ordovician. Clams, starfish, and crinoids, lilv-shaped animals that
made gardens out of sen hottoms. nlso emereed. Then around 440 mil-
lion vears ago this increasingly diverse plobal ecosystem collapsed

I'he most obvious villan in the massive Ordovician extinction was
the planet's own restlessness, the inner turmaoil forever moving earth's
continents about. In the late Ordovician that turmodl drove a huge,
ancient continent, Gondwana, over the South Pole. Immense glaciers
developed, drawing their water from the oceans and chilling even the
tropics. Y The ice age lHterally drained the shallow seas,” sayvs paleon
tologist Peter sheehan of the Milwaukee Public Museum.

v mard hit dunng the Ordovician extnction
“Reels are attractive but dangerous places to bive,  says David

Reof life was especial

Jablonskl, " he web of interactions 15 so complicated that the entire
community can crash if just a few of its meémbers go. Keels are always

gotting clobbered. ™

Exbinclions

EYE 70 F¥E with the
Devonian disaster,
Helmut Geldsetzer of the
Canadiagn Geological Sur-
vey examines fossils ex-
pased on an mutcrop nedr
the Lyell Icefield tn Brit-
ish Columbia, He believes
i sudden flooding of shal-
low seas by oxvgen-poor
wiater from the deep

may have killed the reef
birilders. The cause, he
suggests, “might be an
asterodd tmpact.”



SOUAT LYSTROSAURLS, a mammdal-like reptile, represents a lineage that survived
the greatest mass dying of all time, at the end of the Permian. Like his cow-size
relative Placerias (richt), the cust of whose skeleton was photopraphed tn Petri-
Fied Forest National Park, Lystrosaurus was herbivorous.
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Fatomrtsoms

With the drifting of Gondwana bevond the polar region and Lhe
decline of the 1ce ages, the reefs rebounded with alterced life-forms. For
the next 70 million vears they flourished, layving limestone bedrock
acrass much of earth's crust, including the Great Lakes region, Today
those fossil reels give the ground beneath Chicago the strength it needs
Lo support some of the world's tallest skyvscrapers

As the reefs were recovering, the seas saw an explosion of huge pred
atory fish. Land plants evalved, as did the first amphibians. The bio
logical siage was being cast with plavers for the next tragedy.

The late Frasnian, scientists call the great extermination townrd the
end of the Devonian period 370 million vears ago. It exposes 1t=elf most
strikingly in the Canadian Rockies, where massive Devonian reefs
have been sheared and tilted biv earth movements. Jutting skyward
ltke great shards in remote alpine splendor, the miuntains are pocked

with mementos of their birth —shells and the skeletons of corals and
S11mil

With Helmut Geldsetzer of Cannda's Geological Survey 1 climb into
the Rockies. We reach a thin vellow band, a sulfur mineral, which
Leldsetzer believes precipitated as oxygen suddenly vanished from the
upper layers of the oceans. As that band was deposited, most of the
world's fish and 70 percent of it= invertebrates perished

“The seas would have looked like the aftermath of a global red tide
—deéad animals floating everywhere, " says Geldsetzer

He hammers out a piece of the vellow rock. Once again I can put my
fingers on a mass extinction. | ask what did the kilhing, what sapped
the seas of oxygen. He invokes the same krller that Palmer suggests
ravaged the trilobites; the spiash of an extraterrestrind impact flooding
the continental shelves with anoxic water from depth. He notes that
iridium has been found in levomian rocks in Audstralia

Al CTeRLUrES

(Orther scientists reject this idea. They argue that the Australian iridi-
um was concentrated by mats of organisms and that the extinction
resiltied from o cooling af the oceans as Gondwana headed back over
the South Pole and new glaciation approached. These experts maintain
that the extinctions were spread out over several million vears. But the

oE1
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LAYERS OF CONTROVERSY surround a thin band of groy eloy scrutinized by scientists
on this seqaside cliff tn Zumova, Spain. Found worldwide, the layer marks the boundary
hetween the Cretaceous and Tertiary periods. Experts studying the clay see clear

Naotiomal Geopraphisc, JTune 1680
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evidence of an impact-—including high levels of iridium. Debate rages over the
connection hbetween the impact and the death of dinosaurs. But few scientists deny

that extraordinary events are recorded in that narrow layver of sediment.

Exrtinciions
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EvVineENCE of impact, this
tiny spherude collected
from the K-T baundary
laver at Zuwmaya is
thought to be o melted
fragment of the object that
struck the earth 66 mil-
lion years ago. The spher-
wie, here magnified 5,000
tires, contains platinum
in the high concentration
present in meteorites

bul not normally found

on earth.
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catactrophists heatedly disagree, arguing that the evenl was abrupt,
worldwide, and occurred in the midst of a long warm spell.

“Al most we arg dealing with 20,000 years —and maybe just one
stormy night,” says Willi Ziegler, director of the Senckenberg Museum
in Frankfurt.

With Charles Sandberg of the U. 5. Geclogical Survey, Ziegler has
studied fossils of abundant small eel-like animals known a=z conoconts,
The shapes of conodonts changed often and distinctively enough dur-
my the Devonian that scientists can date rocks
precizely with them. Particular conodonts in a
rock indicate whether the rock formed in deep
or shallow seas.

Ziegler and Sandberg's conodont analysis
indicates great swings of =ea level around the
time of the extinction. Thev see shallow-water
conodonts suddenly appearing in deep-cea
rocks. They argue that storms; and perhaps
tsunamis, ravaged the planet, washing near-
shore life out to ses. In MNevada, which was then
deepwater terrain, Sandberg has found huge
houlders of coastal rocks that were apparently
rippied sedward.

“We suspect this was caused by 4 comet
showar or increasingly closer passes by an aster-
oid or ficld of asteroids,” savs Sandbeérg. *An
asteroid's gravity could raise great tides. Imag-
ine the stress on marine life if sea levels went up
30 meters, then t!rnp}'u-ﬁil e,

Wild thoughts? There are data from the Devonlan to support endless
speculation. The confusion grows worse with the next extinction,
which terminated the Permian period about 240 million vears ago.

P CEIfENRE

HE PERMIAN was easily the greatest extinetion of ail time

Perhaps 96 percent of all species disappeared. No one yet

claims strong evidence for an extraterrestrial extinguisher.

I'he best guess today is that the planet itself did the killing.

The Permian extinction was the first to affect terrestrial

life significantly. Iiring previous extinctions most life was
confinéd to the water. But by the end of the Pérmian, coal swamps had
proliferated, insects swarmed, and pig-size amphibians were roaming
across earth's warm surfaces. Creatures known as mammal-like rep-
tiles domimated the land

Mammal-like reptiles varied enormously, Early versions resembled
lizards, but reconstructions of later species make me think of a dog-
{aced tank with a short tail, They may have had fur, and o specialists
their bone and teeth structure looks more mammalian than their simul-
taneousty evolving reptilinn cousins. For example, their limbs
extended directly beneath their bodies, rather than to the sides, as is
the case with reptiles.

Even as the mammal-like reptiles were evolving during the Permian,
the fordes of plate tectonics were forgng the supercontinent Pangaea.
joiming all the planet’s continents into & single colossal landmass. With
bt one continent the amount of shallow offshore water —among the
richest habilats on the planet —shrunk drastically. Also, Pangaea
encroached on both poles, probably tnggenng a series of crippling ice

Natiomal Ceographic, Fune 1089



ording to pileontologist Hol Sloan of

ages 1n both hemispheres. A
the Undversily of Minnesota, sea levels bobbed up and down Dy 200
meters: constlines advanced and retreated 1,900 kilometers (1, 2040
miles). Even tropical seas would have been chilled. On land chimate
grew progressively drier, the winters Siberian

['he mammal-like reptiles suffered ot least six distinct mass exting
tions during the last eight million vears of the Permian, savs Sloan,
indicating that the great die-offs may occur in pulses. Those pulses
reflect the Permuan's strong climatic swings., The die-
that, paradoxically, extinctions can benefit life

*Look at what survived each pulse,”
were always those that appeir to be more warm-blooded and thus
dealt batter wiath

s llustrite
siays sloan. Yl he survivors

cold climaties, T hey also tended Lo have more compli-

cated faws and teeth, a5 well as more efficient respiratory systems

Morcowver, the survivors were smnll, establishing a pattern lor subse-

gquent terresteiad extinctions. As Sloan savs, © 1 he surest route to

LTI RCLIOS

GEO-DETECTIVE (lén Iz2ett

af USGS was sheplical
about the impact theory.
Then his light-polarizing
microscope revealed
guarts graoins in samples
af the K-T layver (above)
with the type of fractures
cirused by muclear explo-
stons or meleorite im-
pacts. Judging from the
size and abundance of
“shocked”™ quartz grains
he s found in the west-
ern U, 8., Izett believes
the impact occurred there.

Da5



Effects of
an ancient
cataclysm

['he scenprio is straight out of &
science-fictton movie: Giant me
teorite strikes earth, setting the
pianet afire

tsunamis crash into the

Volcanbes erupt,
OTEL] -
nienits, The sky grows dark for
months, perhans vears. Unahle
o cope with the catastrophic
changed in climate, countless
SPECIES AT W I|.'J-:"I.'| off the face
of the planet

Yet that 8 the apocalyptic
sCene sCieniisis suggesl, as vl
dence grows that comets or me-
teorites may indeed be apents of
rass destruction on-earth

In the moments following the
impact of an object ten Kilome-

ters in diameter, experts believe,

d hlast wave similar to that of a
nuciear explosion would destroy
evervthing within several hun-
dred kKilometers, its intense heat
and winds combining to et
wildfires, perhaps even a global
inferna. I the ympact occurred

iy
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on land, earthquakes would
rock the continent for days. If af
e, huge tsunams could de-
stroy coastal habitats across the
globe, Other immediate effects
wiould include & horzantal
"hase surpe”™ of melted and pul-
verized material and a plume of
vaporized waler and/or rock
eyected into the stratosphere
above the impact crater—the
fine particies eventually darken
ing skies around the world.
=cientists are debating the

ong-term effects of such an
Imnact

Muost agree that an era
of strong acid rain would ensue
Some believe a global dust cloud
would Irigger an age of darkness
and cold. Others see a sharg)
eredenhouse effect —particularly
if the object struck and vapor
1Zed lmestone 1n the ocean D
siins, filling the atmosphere with
massive quantities of carbon
dioxide. Thia COy laver would
trap heat, raising lemperatures
worldwide

Naftonal eopraphic, June 1059






extinction = to be large.” Big creatures need more food and hive mor
troubile finding hideouts

Une squal creature whose ancestors made it through the end of the
Fermian was a tusked herbivore called Lystrosaurus. About as cute
s . T., Lystrosanriis exploded across Paneaes after the Permian
1 L0 2Rl 1

In the ensuine Trinssn p--."-n! evolution soon produced not onl

arely pecause Lthere wasn ' t much left bie enouer

large new mammal-like roptiles but adso waves of new experiments
Marine monsters called ichthyvozaurs be
gan o prowl the seas, crocodiles the
swamps. b lving plerosaurs took off

he first dinosaurs also appeared
Extremely (ast and small, they ofter
were fwn-legped, probably retembling
big pheasants on the run. Their upright
DOSLUTe |.I"|"l.'l§ Lhedr forelees 1o be wsed ii:'.l.
hands for grasping

[f not warm-blooded, most dinosanrs
had evolved high metabolic rates. Some
swerhaps were covered with down, and
aler, feathers. Nevertheless, for a while

dimnnsaur: waited 1n evolotion's wings
avers, the

dinosaurs could not, by themselves, di

Although they were superior p
place the mammal-hike reptiles

i S o i .I I i -
1 E | ¥ - =
| AN LAVSTE i Massu

periodd, about 200 millon
VEATS A0, LIk |||'|||-_|:||'-. [TEAY
have gotten a little help
from the cosmos. In the
wilds of central Uuebe
sits the Manicouagan crater, half the size

of Connecticut. The only radiometri

dating of remote Manicouagan puts thad
impact severil milhon vetirs before the end of the Triassic. However,
paleontologist Paul Olsen of Columbin University's Lamont-Diohért:
Geological Observatory suspects that the dates are wrong and that the
Manicouagan impact is the fingerprint of a global mass extinguishe:
(oI S§PCEe

“The fireball alome from an impact that size would have scorched
EVED LIi”I,;- ||||'|.-. n o New _i-l'l"-l"'. " He s LY If thus cou || Ve CTeal |'|
the kind of global havoe suspected at the K-T boundars

Whether or not thev had cosmic good fortune, the dinosaurs took
charge of the land with the advent of the next period, the Jurassi

Draring the Jurassic's 60 million vears, the griatl reptiles developed sov

erelen size. The parpantuan Brortosawris and relnted crentures
roamed nver plains, browsing tall conifer trees. 5o did the armored,
tractor-size Slegosaurns, although it might have had to stand on its twao
hind legs to mbble the branches. It had to stay ever alert for the huge
meil-eating Aldesauri

These monsters vanished, along with many smaller dinosaurs and
maring creatures, when g profound but mysteriocus crisis struck at the
rowsing, beaked dino

What made them the evolutionary victors? Was |

entcl of Lhe Jurassic. A new gencration of low-

SELTS EFET e ETE A
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rlobal halntat change? Why was life in the oceans also hard hit? The
_lll-Fi'l-'-.'-'i'- mass killer left almost no clues,

Liinosaurian life rebounded vigorously during the long warm eons of
Lhe ensaing Cretaceous period. Then, about 90 million vears ago. an-
other poorly understood pulse of extinctions struck both land and sea
Une modest spike of iridium has recently been reported for this mid
Lreticeous extinction, implying impacts from space, Because other
spikes have not beenuncovered for this boundary, the significance of
the Jone spike is being challenged. But
there may be & more surprising suspect
for agents of extinction—{lowers.

About this time blooming and frait
pearing plants, known as angiosperms,
began to explode across the land. By at
tracting animals to spread their pollen
and seeds, the angiosperms colonize
quickly. Thev aleo reproduce rapidly
Controversial dinosaur expert Robert
Bakker of the University of Colorado
argues that the new generation of low-
brow MR retaceods dinosaurs i'lr'.'_ﬁf'I.TI
turning the world over to flowers, Thno-
saurian overgrazing threatened many
low-growing plants with extinction-
excepl for the angiosperms, Their
el ped flower
ing plants compete with the munching
1aws of ablivion

In turn, this contagion of angio-
sperms must have had an enormous
impact on the dinosaurs’ diets, Could
it be hnked to their mid-Cretaceous
extinction?

Certainly new dinosaurs évolved in
the aftermath, The late Cretaceous saw
duckhbill dinosnurs prowling the swamps and forests. On the more open
plains, especially in western North Amenica, great herds of rhino-like
Triceratops and their relatives fed on the new vegetation. Back then a
vista across the Dakotas would have resembled a saurian version of to
day's Serengeti Plain. The Hon of that world was the infamous Tyran
ROSEUTIS FEX,

Im all, at least 30 genera of dinosaurs — perhaps a hundred species
inhabited the planet during the final ten million vears of the Creta-
cenus. Some specialists argue that most persisted right up to the K-T
boundary. Others brandish data indicating that all but 13 genera had
perished well before the Cretaceous ended. Recent, hotly contested evi-
dence suggests nine genera of dinosaurs may have straggled on'into the
following Paleocene epoch. Part of the answer to this debate les huried
in the badlands of the Great Plains

len thousand years ago in the badlands, ronoff from the last gla-
clers cut through the purphish grav and green soils of the Hell Creek
formation near the North Dakota-Montana border. As those eroding
streams carved buttes out of the vast flatlands, they cut through and
exposed for future geologists the last two million vears of the Creta
cenus period, Hell Creek is the anly

reproductive superiority

ilace on earth that preserves in

Evtinciions

FingE op ce? Based on

s studies of the fossil
record, paleohiologist Ste-
ven Stanley of Johns Hop-
kins University (above)
believes that global cool-
tng explains most mass
extimctions. He holds a
Spondylus, a tropical bi-
vaive that died out some

3 million years ago, Al the
ather end of the spectruom,
Dravid Roup and Jack
Sephoski of the University
af Chicago share the fime-
Light with their theory
that moass extinetions
oecur every 26 million
years, perhaps as a result
af periedic bombard-
ment by comets.

s



cetml—with iridium and an abundiance of fossils —the dyving davs of
the dInosaurs

Un this July morning the bleak buttes are speckled by the colorful
I-shirts of scientists and volunteers sent by the Milwaukee Public
Museum., Hammering and chiseling under & blazing badlands sun
Claudia Berghrus, Joan Mathye, and Carol Moert] extricate fragments
of n Tvice Falogs [ronl lee one. Lowug Slphemsdan 5 e hod hgher LE[2

the butte, mear the K-T boundary, working on scraps of a scapula
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“lean't get over ity says Jay Warner, who is usually an enginees
“Back in Milwaunkee I was worried 1 wouldn't find a single bone. 1
found a plece of a turtie in my Tirst five minutes, 8 dinosaur i ten

"We want to know what the pattern of diversity was,” explains
the museum project’s conrdinator, Peter Shechan. "It has not beer
idequately shown that dinosaurs already were dying out before th
impact. We're trving to eliminate one of the two possibilitics —th
whimper or the bang. A gradual pattern of decline s not what vou'd
expect if an asteroid killed them

sheehnn contends that past estimates of dinosaur diversity are



hiased: The better-known North American fossi] sites have been mined
moare thoroughly than other spots. Dule Russell of the National Muse
ums of Canada says dinosaur diversity in North America did not
change significantly before the boundary. In central Asia, another
dinosaur-rich area, it increased, while much of the world remains
poorly sampled

In the past, fossil hunters usually collected only museom-quality
specimens. They ignored the scraps, which may be the most valid indi-
cators of the real abundance of late Cretn-
cenus life

The scrap that creates the most excite-
ment on this day is not dinosaurian, nor
even reptilian.

“We've got 4 mamimal, " aRnnounces
museum paleontologist Diane Ga
bending cwver her sliver of a discovery, a
jnwbone from a marsupial. "1t was proba-
bly slightly larger than a chihuahua. That
means it was & giant forits tme.”

el

AMMALS are rare in these
late Cretacenus rocks, but
in the eves of the Minne-
sota paleontologist Bob
Sloan they are far from
insgEniiicant, Sloan
believes that 200,000 vears before the
K-T boundarv a receding sea level had
created a land bridee between North
America and the long-isolated Asian conti-
nent. A plague of little Asian mammals
imvaded North Amernica and began eating
the same flowering plants that most dino-
Laurs ate

"The mammals ate much less food per
animal,” sayz Sloan. "' But there were 50
mamny of them. They ate the last of the
dinosaurs out of house and home.” Uthers
suggest the dinosaurs’ nemesis was a
clhimate-incduced change In vegetation,

In fact, the dinosaurs and their huge fiy
ing cousins, the plerosaurs, were Among

the few land-based animals to go extinct af

a7 : ' the end of the Cretaceous, Turtles, croco

diles, many lirards, and most mammals
made it through, perhaps because they did not eat much and were
small enough to find refuges.

The cruelest K-T extinctions struck the seas, Most plankton, the pn-
understandable if months of darkness or
global acid rain {ollowed an impact, All large marine reptiles also
vanished, as cdid most denizens of the seafloor. Rudists, huge coral-
like clams whose shells built Cretnceous reefs, were obliterated
Ammonolds —lovely, colled survivors of many past extinctions—ched
put completely.

Mot all these creatures dizappear from t

MIAry 1000 SOurce, rlied oul

ve fossil record night at the

Extinclions

A SPIKED COLIAR and o
rhino-like horn helped
Styracosaurus (left) fend
off his number one ene-
my—Albertosourus, a
scaled down version of
T=rex who stalked the
late Cretaceous coastal
swamps in what is now
Drinpsaur Provinctal Park
in Alberta, Canada. The
Tyrrell Musewm’s lifelilke
replica is modeled on fos-
sils found in the park.

Whatever caused the
extinction at the end of
the Cretoceous, this vege-
tarian cousin of Tricera-
tops wisn't around to see
it. Styracosourus disap-
peared from the fossl
record some 12 million
vears before the K-T
boundory,
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lter in steps: Thus other screntist:

argue that the k-1 mmpact wiis nol the cage of the dvines. " Ecosvs

L -
K-"T baundary, Some vanteh ecar

tems were decaying for at least two million vears before the impaci
EXpHAIS paileoaologist Steven Stanley of Johns Hopkins University
stnndey, a promuinent theonst, sees long-term cooling as the culpri
Yet there is no obvious reason for such cooling. The next ice age was
tens of millions of vears away. Massive volcanic ¢ruptions mav have

dropped global téemperatures temporarily by injecting particles into thi

atmosphere that blocked sunhght. Indeed, one of the greatest outpour-

s af lavie the world has known oci LT |! at I_|:'||' ['-.., .J- -'-I'Ilj:'lll__'_:' i ['l':|'-
hazalt flow buried the Deccan regton of India. However, many volea-
VIl CTUTFLMETS W ot ]l

noloEsis doubt that the relatively calm nature of
propel much debris into the upper atmosphere
W
boundary probably was but a final insult to an already overstressed
global ecosystem
As | was told by another paleontologist: “Things got bad, then they
ot worse,”

intever cooled the planet, Stanley contends that the impact at the

impact enthusiasts have recently come up with a way o explain the
multiple stages of K-T extinctions. Earth, they argue, was hit not by
ane grent abject but rather by a shower of comets that bombarded the
planet over several milhion vears.

rie kauflman of the University of Colorado finds evidence for wild

disarray i ocean chemistry beginning two million vears before the

s F. Yadramad Creo EY I, _|r;1 ME £ ¥8%
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I FRROR of the trilobites,

Anomalocaris (above, at
ceftler) did not last long,
but muany a trilohite

shows wounds attributed
ta the predator. It was ex-
tinct by the end of the
Cambrian, whereas trilo-
i fes hung on until the
Permion mass extinction.
The fossil of a Turassic
fisl covered with armor-
Hke sciles is removed
from @ Wesr Gormaoan
quarry {facing pagel,
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star orbiting our sun would toss out comets as it passed through the
cloud, S0 might an onknown, tenth planct. Thirdly, our solar system
moves periodical

v up and down through the star«dense spiral of our
Milky Way galaxy. Perhaps our comet envelope is perturbed each time
we piiss through that spiral arm

Astrophysicists find dynamical problems with all three mechanisme
Many argue that the showers strike rmandomly, not regularly. Others

lion veirs.

s A Treoueni ¥ nol of 26 but of about 30

Both spacings fit the next ¢éra of extinctions, which hit between 35

and 40 million vears ago. Those dyings eliminated herds of chino-like
mammals and mony seg creatures, Although iridium spikes correlate to
some al these die-offs, gradualists argue that a well-documented chill-
ing of the seas did the killing

vdvocates of the 26-million-vear peniod point to a mild extinction
around 14 mithon vesrs ago ns evidence for the most recent bom

g
|
|

reerel-
mentl. That places us today safely between showers. Those favoring 30-
million-vear or random spacing are less sanguine.

Michael Kampino points to three large craters — Bosumtw in (hana

o Naotional Geoprapiic, June 1950



(10.5 kilometers in diameter) and two In the Soviet Union, Elgvevigyn
(23 kilometers) and Zhamanshin (13 kilometers)—that were created in
the past 3.5 million vears.

"We could still be in a shower,"
could be part of it We aren’t out of the woods vet.'
Intriguing debriz from the impact of a large celestial object 2.3 mil-
lion vears ago has recently been found strewn across some 600 kilome-

ters of the Pacific seafloor off Cape Horn

“About 2.3 million years ago there was
an abrupt shift in climate,” notes geologist
Frank Kyte, leader of the University of
California nt Los Angeles team that dis
covered evidence of the impact. " Huge
continental ice sheets il':.“.-'-i"ll's]'J-L'l.'i in the
MNMorthern Hemisphere"”

K yvte notes that the climate had been de-
teriorating betore this, our most recent ice
ape, set in. But he speculates that the in-
jection of water vapor into the strato-
sphere could have formed & global cloud
cover that reflected heat off the top of
the atmosphere

N0 one would argue that impacts
alone cause ice ages,” adds Mike Ram-
pino. " But might they push the climate
intir n new stater”

says Rampino. * Halley's comet

HETHER OR NOT we fit &
cosmic timetable for an
extinction, wi surely - are
in one today,

It began th North Amer-
ica about 11,000 years ago
Maost large mammals were wiped out
saber-toothed cals, mastodons,
moths, huge ground sloths, short-faced
bears, and dire wolves. All perished
abruptlv. Whit happened?

Some scientists argue that the cimate
grew drier. In western Morth America arid
conditions dried up the food supply of
laree herbivores, As the herbivores disap-
peared, =0 did the carmivores that preyed
on Ltherm

['he extinctions, however, were so
rapid —within five hundred to a thousand years —that many scientisis
suspect an alternate —or at least assistant —viliain mn this extinetion:
Homo sapiens. Man the hunter emerged from the Tce Age with lethal
new hunting technologies —snares, traps, and sharp-pointed weapons.

Today the impact of human technology on the biosphere worsens. It
exterminates not fust the big creatures but the tiny, Man has hecome
an asteroid. A very big one.

It i= ¢asy to blame today s frightful extindtions on habitat destroction
in developing countries. To be sure, the crisis is acute in Brazil and
Madagnscar and the Philippines, where rapidly expanding populations

TTLELITR-

Exlmmcliions:

LALD Low by the hand of
muarn, the woolly mammoth
dppears to [T dagain in o
diorama presented atf the
Rowal British Columbia
Museum in Victorin.
Museum technicton Wally
Bishop checks the musk-ox
hair that covers tiis

1 1-foot replica, modeled
fter the beast that ranged
over North Americo, Asin,
and HEurope during the
Pleistocene. Mamny scien-
rizts helieve the mommaoth,
Like most of the epoch’s
megafuuna, was hunted
to ablivion in Europe

and Asia, then becarne
extinct as Ice Age hunters
invaded North America
across the Bering land

bridge.
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gnd the need for economic development can erase a forest i weeks

"hey are losing their inheritance,” says botanist 5. H
the Hishop Museum 1in Honolulo. Just back from the Phihppines,
hiologsts bolster nationil awareness of the
picture

percent of the species reportec in

sofnmer of

where e 15 helping loca

nroblem, Schmer paints a disma

‘In the plant group | study, 4:
1930 have not been collected sance, ™ he savs. "'The leveled [arests are
If the logging

and slash-and-burn agricalture don't stop scon, we'll wind up with en

faften 1 ':-|.I _|'|_| ||_'-.' in .|',!;'r|'-u-i'-.-:' ||I il cnldlecl o O NETARS

tire islands covered by it. Conceivably this archipelago, which once
had one of the world'= richest biotas, will end up with only a handful

T I e 11D

It 15 easy {or the wealthier countries (o decry and then ignore these
But we have only to agsk who bhuvs the ttimber ar heef
these felled forests produce, Or who generates the acid rain that is wip
ing out New England’s sugar maples o
West Germiany's Block Forest

The United States can look at Hawan
whir

which biologmsts consider the endangered-

!||1I 'IIlII

A A |

1 most of us regard as paradise but

Nhough Oceu-

SO LIeS
pving less than 0
lindmass, Hawail contains 2
its endangered birds and plants. Seventy-

two percent of those 1

capital of the world
percent of the nation’'s

percent ol

+ SPETCTIES Lhad
have already become extinet did 50 on

Lhese tsliancs

N THE ALAEAL SWAMP on the 1sfand
of Eaual a male ‘o
it

“1 [I'._- i i'll_ = SOTTE=LEDR 1IN Ll

' sines -his

ancholy song alone
istands,” says state aviculturst Fern

Lhavaall, " His call 1s unlorgetiable
e Lhe ||'II1'-. ol the ol Flawatiians,

Far the past three years the mating calls
of the ‘o't have gone unheeded. For he is
the last of his species, the end of the line

“We've lost not only a species,” says
Diuvall, “but 1ts entire family —all the
honey eaters will be pone.’

Meanwhile, in Honolulu's Hishop Mu-

seum schoolchildren file past the celebrated vetlow {eather cape of King

Kamehameha I. The cape was assembled from the plumage of the [osl
honey eaters in the late 18th century

"It took the feathers from B0, 000 birds to
therr guide.

Viany Hawalnn birds were Hlightless, Before humans the slands

make this cloak. " savs

knew no mammalian predators, and wings grew less useful, Thus
when humans brought rats and dogs, native birds and eges were easy
HIE]
felled their forests,

In & dark lava tube on the island of Maui ornitholomsts Storrs Olson
and Helen James of the Smithsonian Institution excavate solls depos
ited during the past 8,000 vears. A dark layver high in the soil strata

Imported goats, ples, and cattle ravaged avian habitatz. Humans

PrizeD for its plumage, the
Howation ‘o'o-"d'a (top)
wits owerhunted to adorn
cloaks like one worn by
chief Kiwala'o (focing
page). After studying the
fossil record in Moaui's
lavy tubes, Helen fames of
the Smithsamion Institu-
tion {above) rates predo
tors introduced by
Polynesions—pigs, dogs,
and ruts—as more deadly
agrents of extinction,



A WHO'S WHD nf extinction
surrounds curator Iain
Bishop at England’s Tring
FZoologiocal Museuwm. He
holds the one species still
living—an endangered
aye-aye from Madagas-
car. The Carolina para-
keets {above) were
collected in 1870, decades
hefore they dizsappeared.
Experis believe that spe-
cies are presently dying at
the rate of 100 a day.

Giant ground sloth
Ayo-aya

Chiggaa

WMaa

FPassangar pigaan
Carollna parakeat
Tasmanlan wolf
Toolach wallaby
Doda

Great auk

Wale beatl han
Female heath hen
Labrador duck
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contains charcoal, which has been dated as being 825 years old. “We
think the charcoal correlates ta the burning of the forests for agricul-
tare,” says James, “We see bird bones below the charcoal and Poly-
nesian rat bones above. Later we get black rats and house mice, an-
nouncing the arrival of the Europeans.”

New dizseases arrived too. An avian pox, imported in 1964 with a
pheasant from Nepal, most likely brought one of Hawaii's most unisu-
al birds, the ‘alale, or Hawnaiian crow, to the twilight of extinction

At the Olinda Endangered Species Captive Breeding Facility on
Maui nine of the last fifteen known Hawailan crows await the breeding
season in their pens. Overnight someone has placed an offering —a vol-
canic stone wrapped in a large leaf — beneath a statue of a Hawaiian
salamander god that stands on the lawn of the station.

“The olferings began when the crows were brought hiere in 1987,
says Fern Duvall, who is in charge of the facility. “ We must assume
that someone is Lryving to help the crows reproduce.

“Actually, the Hawaiians did not think the 'alala was a bird at-all,"
he continues. “It behaves in remarkable watys, It feeds with its feet,
like a parrot. It shrieks, growls, and moans. It makes noises more like
a tiger. When the feather hunters heard it in the fog-bound forests,
they thought it was a spirit. If vou killed an ‘alala, you paid with
yvour life.”

This season's courtship is beginning. Inone pen a male, named
Keawe, and a female, Mana, are performing nest-building calls and
displays. Their efforts are doomed: Disease has left Mana sterile. How-
ever, the mating ritual stimulates vseful hehaviors, Keawe's seémen
could later fertilize other females. Mana could sit on a nest abandoned
by another female.

The three other pairs of crows offer varving degrees of hope for
building & captive population. Even so, the outlook for the ‘alala is
bleak. There is simply no safe place for them in the wild at this tme.

AM ANGRY &5 [ rest from a hike on the slopes of the volcano
Haleakala. In Hawanan prehistory I would have been sitting in
A diverse forest rather than this overgrazed scrobland dominated
by prickly plants that cattle won't eat. Almost nothing, from the
peacock that preened minutes ¢arlier in my path to the cabbage
butterfly that just now alighted on my arm, is native. Is this
island slope, where only the rats and the pigs and the cactuses thrive, a
microcasm of our future?

Uther questions, fed by my fieldwork, arse. Hasn't this happened
before — diversity suddenly becoming paucity—and each time didn't
life recover to reach new heights of evolutionary creativity? In the big
picture is it really so terrible, what's happening today? Life will go on.
No matter how bad we make things, some organisms will cope, sur-
vive, then flourish. Isn't that the lesson of mass extinctions? What's
different about this one?

We are the difference. For the first time since life on earth hegan
four billion vears ago, a living organism can hegin to understand what
i5 happening to this planet. We can see that the health of species is
interconnected, thatil we let too many disappear, we will go too, For
the first time, a living organism can consciously do something to halt a
mass extinction. Perhaps most important, for the first time a living
creature can gaze oul across Lhe species of the earth and say: This is
beautiful. | care. [ will not let it go 0

Natvonal Geographic, June 1080






Obdurate as stone, the cities of Senglea, Vittoriosa, and Cospicua,
which cluster on Grand Harbour, weathered Turkish siege in the
16th century and Axis bombing in the 20th. Despite a litany of
invasion that spans centuries, Malta survives on its own terms.
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The Passion of Freedom

By WILLIAM S. ELLIS ssssmsreomox  Photographs by BOB KRIST



HERE ARE TIMES when the whols trom sicily for 60 miles or 5o, and there will
of Malta 15 struck by the moming be Malta along with the other two sland
sunfight in such 8 way that the Lrozo and Comino, positioned in the Mediter
three inhabidted islands of the ar ranean with the si JUatlY, menacing presencs
rhipelago seem to rise out of the il sloomy hirood hens. Fhere will b towers

vianish along :-.L__t tratl of taw I rlusi anda orts and thi -_.-||-||-|'-I architecture of thi

1L can e 2 Bbest {rom the =ea Evien on capital Valletta, risine above thi HIM ATt

ave whilthout the light-cralted illasion, thi There 1s a sense here of nobility and

ipproach should e made by boat. Sail south solve, animplicit assurance of unsinkabilit
Diown through the centuries
-!':q&, SR Malta has beer put tothe su:
- & VIval test time and time agan
ol Neither Stleyman the Magnifi
ent and his Chtoman Empire i
365 nor the combined airbormne

mifitary might of Italy and Ger
many in World War II succeeded
iy visiting defeat on this battl
rred nation. Even at bmes of
immihent collapse Malta ralhed
with granc gestures of heroics

" | |
viAAEA wears wiell 188 mans

e Cloles af

nation, When it was gver, th
ationallsts were In power, nav-
INE fFRded 10 Vears ol =0C1nst
rale by the Malin Labour Parts
Fodny the polarization continues
Lo the extent that last veas

8 _ roup of Labourstes blockaded Malta's
( NS VAR HEoN Al MR o Lirand HFlarbour o an attempt to prevent
v | itand tn Y ' i virs<i le from r (Y1 [ COT

II N [} -
British nava il s, DIT ENLeTring

il | | il rp Vel i [EEE e i ;
| ; cadl, Among those abodril one ship was
|'.|'_| I.I_l ] " " Tuirt I i
; Frince Andi
1 T i1 1! i I | i
l 1 %] i T I | I But there 15 4 growing sense al contidenci
il i = Lk 1 i

il Labour Partv-wrought damaees 1o relations

Procession af Our Lady alf Sorrow: with the West, At the same time, the reach
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M A I_:I_HA COMPACT REALM, the
republic’s inhabited
telands, Malta, Gozo, and Comino, cover
122 square miiles, Onee o hoven for NATO
warships, Malta now mainfains a policy of

steadfost neutrality and prohibits foregm
mulifary bhases.

(e

AREA: 316 = kem (112 20 mi|
POPULATTON: 348 010, CITIES:
Valletts, capital, 0,239,
Birkirkara, 20,490, LANGUAGE!
Maltese, Enghsh. aEL1CION: Roman Cath-
alic, LITERACY: 8379, EcOoNOMY! Industries:
Wurism, textiles, ship repalr, Export crofis:
potatoes, fowers. Porcapita income: 34,205
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also meant to bring 1o foreign Investments

I |I||.'. . | I||:||:.I'|'|-_ r-l-l 'lil:l.. "Wl .I_ !u_lru, I|'|I |.|I'I:'-I'- | o . ] ]
ian o e : onfirming aliegiance to church anud

nood of the seli-ruled could have expended =n

sountry;, Edward Fenech-Adam

much national energy on politics as Malta sworn (n as prime minister on Moy 12

has: It gained independence from Great Brit 1887, The Nationglist Party candidiate beat
amn mn 1964 | he last of the Bntish fleet based s rival, Labour Porty incumbent Karmenu
here satled oot of Grand Harbour 13 YEArS vigsud Somnicl, by less than 5,000 vore:
later, and for the first time since before the Though pro-Western, Adami won't break
birth of Christ, Malta was master of its own Libyan ties nurtured by his predecessor

house. The British were pone. as
wiere, bBefore them, the Phoeni
cians, Carthagimians, Homans,
pyrantines, Arabs, Normans,
Bights of St John, and French

ii E WERE deprived

of our nights for

many centuries

zgid] Ravmond Ma-
|'|--'!i'_:'_'-' a Maltese author “That 1s
ane of the reasons for our obses-
ston with politics. Another 18 our

temperament. the full-bBlooded

-

passion of the Mediterranean
=ometimes that pascion i= likea

crackiimg in the air. It brings a

deep mtensity too A

pltese life,

even to the simplest of acts. | once watched a  outside Valletta. Using a statue of the Virein

viillese man peel an apple, but he didn't just Mary as a battering ram, thev entered a cha

freel. He "|.-|||'I|:.;'-' li |IIT:'I.'r..i: to remove thi |l-:'| anil caused EXLE I'_.-i"'r' Ii.:.‘l.-:l._'l' | ||l ITirer

skin completely in one piece with a single agony of the sland, Winston Churchil]'s

ONSTOLN TWw irl of the knife, And that 12 what "tiny rock of history and romance. " hadd

he did, explaining that success or failure is a come to that

standard by which to judge the peeler's at Church-state relations have now improved

ractiveness o the opposite sex to where there are Ivrics of jov a= well ns lam
The passion & no less intense when an el entations to be heard in the land. On Good

feriy man Has

savs, ""Look, 1 _

taving the priest ask me if [ voted Labour. Hag= to half-staff, thousands of pErson:

ing colfee 1n a Valletta café Friday, a day observed in Malta with the
remember gomng to church and  muting of church bells and the lowering of
e
When I told him I did, he réfused to hear my the streets of the town. of Mosta to observe o
confession.”

In their 16 vears of government control, the  ging heavy chains on their feet and of men

procession of hooded figures (page 710) drag

sociilists made an icon of the lunch pail, a bearmg statues depicting such scenes as Jesus

siint of the “worker.” Ah, that word, work- being hugeged by Judas

erl Maltese Labourites caress it with their | iere are stmilar Grood Friday processions

vinee until it becomes an aria unto itzeld elzewhere in Malta, but the parish church in

The former government turned against the Mosta, from whero th participants set oul
Roman Catholic Church in the face of the carries the credentials of o maracle havine

reality that Malta subscribes to Catholicism been at work there, It happened in April

more heavily. on a popuiation percentage (942, A laree Lrerman bomb came tearine

than almost any other nation on earth through the dome of the church, a dome s

TR
As an entrenched power hase in the coun most as large as that of St. Peter's in Rome:

try, the church drew the wrath of Labour bouneced off an interor wiill. and then slid

ind at one point an angry group of party sug across the marhle floor. The bomb failed to

porters attacked the church's headguarters exmlode, and there were no iniuries among
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the 300 worshipers who were in the church
That was the month, April 1942, that
wotild break the back of this seagirt land if i

was to be hroken. The number of air-raid

alerts averaged close to ten A day, the highest
lor any single month during the three vears of
World War 11 that Malta lay under siege. The
Roval Opera House in Valletia took a Ger
muin bomb and was destroyved, But the ruins
wotild remiain there, Just inside the old gntes
to the city, as a symbaol of the terrible ordesal
nf that month.

The outside world took notice of Malta's
suffering, and on April 15, 1942, King
earge VI of Gredt Britnin aowardied the 15-
land the George Cross: " To honour her brave
people
devotion that will long be famous in history.”

oy benr witness o & herolsm and

A rr[m-é-:-'r1r:tr&f.l-|1 O the cross now Appears on

it Maltess [lag

INCE THE DAY the war ended, the
hombs stopped (alling, and the Ma
tese emerged from the underground
shelters, there has hardly been a time

here, it seems, when the streets were not giv-
EN over to processions or parades or just the
throbbing swell of heavy population density
The three islands cover about 12
milés (mearly twice the aren of Washington,

L =LUERIT

D). C.) on which cloge to 350,000 persons hive
Whether on the promenades that skirt the
handsome bavs atl Sliema, one of Malta s
largest cities, or-along Valletta's Republic
street, there is the unrelenting press of

i embrace of

craowids. Malta strains agamist |

itniess to the entrance

ard exit of British rule
Palazro Y Aurel, home of Baron
arid Boroness Trapani-Gralea
Feriol and their children (left),
housed the Hrnsh command 1n
1 500
cloze the military base in 1979

‘In Maolta 1ts ;|1.'|I:r'.L'.'-' o

e Hratish met hare to

breakfast, lunch, and dinre
srvs Charles Flores, program di-
rector for Rodio Malm, here of
home with his two ddlgfitera
(right). Flores and Nis wife gel-
dom vote the sgme way. Do
S0 i8 0 unifying theme

Villages spiit over competing
saints, sports fonk over foothall,

p— Ll o 3 . T
(LT £ =hi e el ! T IITECS
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the =en, hut there 1s no rehef; shadows here
run together,

As Malta lies at madpoint between Europe
and Africa, there is a cultural ambivalence
at work m the country, Under Labour, ¢
nation allied itself with Libva's Musmmir
Onddnfi and allowed the construction of a
masgque on A site not far from Lthe lort where
the Knights of St. Jo
their Turkish captives as cannonballs. The

i

in used the heads of

relationship has cooled with the Nationalists
in power, but Libyans continue to come to
Valletta to shop and escape, if even for a few
avs, the austerity of their homeland.

The images here are often strongly Arabic:
festive street life and conspiratorial hud
dlings, open-air flea markets on Sunday
mornings, and everyday sales on the streets of
pies made of phyvllo dough wrapped around
gobs of warm ncotts cheese (a1 least one ven-
dor, with a stand just outsade Valletta' s cily
gates, keeps his pies in wooden drawers, Hied
away like ingots i & vaalt). In contrast, there
are whispers ol Hrtish gentility here, along

with poses of still upper hipmanstip

It was for their language that the Maltese
“About
75 percent of the Maltese language is of Se-
mitic origin, including old Arabic,”" Francis
Ebhejer said. “Another part of our lanpuage 1=
of romance origin. And, of course, we have a
lot of neclogi=ms left over from the Brntish
oocupation.”

Thus, when Ebejer, a novelist and play-
wright of wide renown in Malta, would Hk
milk for his coffee, he asks for ol

borrowed most heavily from others

HY Il




Arabic-speaking person would do. When he
wants to offer a casual departure sentiment,
he says, as would dan Italian, cigo.

Even with the Nationalists controlling the
government, cangnization of the worker con-
tinues. And nothing becomes that more than
the festivities held throughout the country on
the first day of May, The buzz of pravers fills
St. John's Co-Cathedral in Valletta on this
teast day of 5t Joseph the Worker as the
archbishop's proceszion, trailing clouds of
incense, nears the high altar in the centuries-
old church. One highlight of the Mass will be
thi blessing of the tools and products of la-
borers and craftsmen and professionals.

It is not likely that the builders of the
church, the Knights of St. John, would have
approved of such classless benediction.

Although the order began as a hospital ser-
vice for Christians stricken while on pilgrim-
age to the Holy Sepulchre in Jerusalem, it
later became & military one as well, and to be
a knight, one had to be of noble birth.

The knights were not at first impressed by
the Malteze islands, on which there are no
rivers or mounining, where the sun burns into
the soft, yvellowish limestone that underlies
everything, and where the winds of winter
hurl the sea against the shores. But, then, the
price to be paid for Malta, as stipulated by
Charles V, Holy Roman Emperor and King
of Spain, was minimal: on All Saints’ Day of
each vear, one falcon

The knights ruled Malta for more than 250
vears, or until Napoleon took it away from
them and held it just long enough to strip
away many of the treasures. They fashioned
the sland into an imposing fortress that even
30,000 elite spldiers in the service of the (ito-
man Empire of Silleyman the Magnificent
could not overrun. When they were not fight-
ing, the knights were building — Valletta, for
example. They guickly graced that tasteful
city with structures of great beauty, including
the auberges (inns) representing areas of Eu-
rope from which most of the knights in Malta
came: Aragon, France, Germany, Provence,
Castile, Auvergne, Italy

Being in Valletta now, or in the southern
port town of Marsaxlokk, or up on the north
shore near the bay where, it is written in the
Bible, St. Paul was shipwrecked, it is possi-
ble to sense the presence of the knights even
after the passage of all the centuries. For Jo-
seph Galea, the past is more than a feeling; it

708

is the lengthy chronicle of a time when Malta
was helping in no small measure to thwart
the designs of Islam on Christian Eurape.

Cralea, a knight himsel{, was detailed in
1938 by the government of Malia to callect
the records of the order. *1 brought all of
them to the library, as a repository, and have
been working devotedly ever since,” he sail,
“They go back to 1107, and, in all, we now
have more than 5,000 volumes, It's my life."

Mdina, the ancient Maltese city and former
capital where (:alea lives {part of his house
dates back to Norman tirmes), Agures promi-
nently in the extraordinary historical pedigree
of the country. Like Valletta, it is a fortified
city with gates-and of a character drawn from
reaches to East and West. There are small
signs on same of the doors of the houses in
Mdina cautioning proselvtizing Jehovah's
Witnesses not to bother to knock. but ather-
wise there is a feeling m the city suggesting
that little has changed since St. Paul was
here, making a believer out of Publius, the
chief Roman citizen of Malta

The knights continue to maintain a medical
facility —a blood bank —in the country.
*More than hall the blood needed in Malta
comes from this bank,” the director, Dr.
Paul Farrugia, who is a knight, told me.

In Maltn membership in the order has in-
creased in recent vears (o0 where there are
now about three dozen, most of them elderly.

T 15 JUST AS WELL that Dr. Farrugia and
the other knights in Malta are not at
battle ready, for invading forces no
longer come to these shores. With the

recent application of nuclear power to the
tools of war, Malta has lost much of its strate-
gic military value, Its natural harbors are still
among the linest in the world —indeed, Val-
letta’s Grand Harbour mayv be the finest—but
the days when naval vessels steamed into
thess waters are gone.

"1 would agree that Malta has lost its posi-
tive strategic value, but it still retains a nega-
tive sirategic value. 1t is in the interest of
other nations that Malta should not lean to
one side,” said Edward Fenech-Adami, the
nation's prime minister. ¥ mean, NATO no
longer needs Malta for its defense purposes.
On the other hand, NATO would not like
Malta to go to the Warsaw Pact, nor do the
Maltese want to. This is the negative strate-
gic value [ speak about.”

National Geographic, June [08¢



Under the Labour Party's longtime rule,
Malta tilted away from the West. In Aprnil
1986, for example, Malta gave advance no
Hee 1o | Jbva: Plangs
were headed toward North Africa
=uch actions cauze Western countries m gen
eral to regard Malta with distrust

If the Labour Party brought aboul ar
balance 1n Maita’s foreign policy, Prime Min-
1Ister Fenech-Adami, m line with the ideolog
of his Mationatist Party
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with Libva should not stand,” he told me
“But Malta must steer Malta
needs closer links with the European Com
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HERE HAVE HEEN no whirlwinds of

change during the two years of Na

tionalist stewardship. Neark

cent of the economy remains under
povernment control, and there has been no
meaningful move toward privatization. Rath-
gr, the Nationalists have advanced slowly,

oosemng the controds, 1 I'h‘-::'i|3i:'. st bsciies T
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church schools, chippmg gway at the high
number of workers in thi
moving ahead to estabhish

pubilic sector, and
Malta's 1irst stock
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tained their major naval tacility. ship repan

pmmercigl venture in cruniTy 1
than Malta Dirydocks
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and construction are traditional trades in
Malta, but s=e]5 are commercial
rather than naval. With passenger hners in
nead of repairs calling here, Malta has re-
. Workers who once wove
armored plat
with such thunderbolt names as Valrantl o
Tllustriots are now laying teak dance (loors
on the Princess this or the Countess thal

Like the Drydocks and its sisler operation,
Malta Shipbuilding Co. Ltd., most of Malta’s
lifelines are plugeed int

TR WY 'I'.: Ve

yround deck guns on ships

Lhie sea, and none
are more impaortant than the plant that site
cliffs on the
Ghar Lapsi. It is there that salt water is taken
Irom the Mediterranean and made potable
Without this process, Malta, which receives

less than 15 inches of rain some vears

below the higl cooulth shore at

would
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1slands while en route to Africa or Europe
The Maltese have long had an obsession

be a nation in the grip of desperate thirst
with birds. Old men are frequently seen on

"This 15 one of the largest seawater revers
osmosis plants m the world, ™ said Tim
i "-:_II!'.III_Ir._'l_'_'I.- {
tiking the bhird for an outing as a dow is taken

i American who is dire

the streots carrying small finches in cage

=till. there are men svho |_|-::-_-.iri--|'.
-

I. -I-
o LialK

1OF 3 '._ll';llui

“Thi ;-l'-_'nl.l-. tion here 12 about s51% mil-
This and three !
themselves on the clills: belore dawt

'i|_|r'|7

lon gallons of water a day
othir plants produce about 16 mallion gallons
L3 milhion Spring mornings, with their backs to the

windl, and they shoot and shoot until, at

i 1:1_'.' :l|._'.'il'-| g nationwide need of

omes from wells
the end of the spring season, nearly 100,000

gallons, | he rest
N MANY marnings the cliffs af turtledoves have been killed
Malta are alive with gunfire as 'Migratory birds were, for a long time, a
hunters, or, as they call them tood source for Mediterranean people,” Joe
‘sportsmen, shoot or ~ultana, former president of the Maltn Ormi

thological Society, sad. “The Maltese no lon

ger shoot them for food. They do it for fun

trap &5 many of the birds as possible. Most of

the hirds are migrants, setting down on the

Walta: fhe Possion af Frécaom
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.r:.n'._:"-u arnd some 30 others Wwere
Buill in the third and fourth mik-
lemnia B.C, Oy O cuiture that
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Thoze 100,000 doves shot
son; they kill twice ns manv in a good one

Perhaps the greatest trapedy is that of the
talcons. Speak of Malta in 5an Francisco or,
for that matter, in Nouakchott, Mauntania,
and the reaction 5 likely to be one of instant

recognition; the Maltese falcon of Humphrey

Hogart film fame, Untill two vears ago, there
were ong or bwo pairs of percgrineg lalcons
nesting an the clitfs, but now there are none
Sultann savs thev were shot,

Cin the other stole of the mamn island the
ShOre 15 more gentie, given over at places 1o

pleasant beaches. Many resort hotels are

=14

that's a poor s&n-

here, filling up each summer with Lourists

from the United Kingdom and other parts of

Europe, but mostly Britain. The British ser-
vicemen who were stationed in Malta during
the =econd World War come hack. They
bring thewr famitlies, and they sit in the fierce
heat of July and Augnst, and they remember,

As an mdependent Malta eropes to find its
place in the world of nation=, more and maore
altention 1= being directed toward tourism

[t would be wrong to draw visions of Malta
as a Mediterranean island rimmed m white
sand and splashed with the brilhiance of
ploomine aleander

| he recreational beaches

Naliongi ographac, Sune T98§




here are few, and, in season, they are in

heavy, crowded use. Then too Maltese sum
mers are cursed with a breath-snapping hent

Nevertheless Germans and Scandinavians, as

well as the British, come to the istand
stromg numbers. By 1990 nearly a million
tourists are expected to visit Malta each vear

HE FIRST SETTLERS an Malta are be-

lieved to have arfived around 5000

p.C. They came from Sicily, proba-

bly after having looked out on a
clenr dav from the southernmost poinl Lhere
and seen the 1slands. As farmers, they came

of Freedom

Multa: The Passion

5
romne wialls near the willape of Zurrieg o
Mualta's southern coast overlic sl IPEs
lilee open-warked lace. Topsoil is thing the
latficewore of MIFFLERS SLOWE FTORLOTE [TOTm
wirnder rains. The land 5 only modestly giv-
ing: A third s arable, and crops noiude

nototoes, citrus. tomatoes, and fodder

with amimals and seeds, and here, at a time
hefore the pyramids were built in Egym,
their descendants constructed megabthic tem-
ples of ingenious design. Though in ruins,
thew are still here, at Hagar Oim and Tarxien
and the ones called Geantija on Gozo

Tony Dingli is not an expert on the Lrgan-
tija ruins, and, indeed, there are not many of
those who live on (Gozo who can explain the
purpose of the niches, altars, or hbation
holezs. But Tony Dinghi knows (ozo and 1ts
people as well as anyone.

He knows, for example, of a place at the
lovely seaside village of Xlendi where there
are steps leading down a cliff to a small
secluded beach. Once there was a gate with
a padlock at the top of the stairs, and the
only keys were in the ;=|_|:=|'l-inl:1 of & group
of nuns. Now the access is open to all, but
for many vears, Dingli likes to recall, hgures
in white could be seen going up and down
the stairs, while the muffled sounds trom the
hidden beach were no different from those
of young girls and their squeals when testing
the temperature of the surf

Manv people on Gozo have a relative living
in the United States or Australia, " Myself, 1
had four brothers living in New York City at
one time.”™ Dingh said. 1 went there too, bt
I stayed only four months. It was too noisy
My brothers could sleep all right, but 1 had
trouble. | had headaches, and 1 was awake,
it seems, the whole time 1 was there.”

There are signs on some houses in rozo
that read God Bless America, and there are
men like Rando Zammit who wear Mew
Vork Yankees baseball caps. He lived in
New York for 14 vears before returming to al
tenid the death of his father and asswme own
ership of the family business, They Always
come home to Gozo then —when the father
divs nnd there is tradition to be maintained

For Rando Zammit it was the business ol
quarryving the limestone that is used for virtu-
ally &
in the ground on Gozo in seemingly endless
quantities. | asked Zammit how lang hi

1 housing construction in Malta. [t les



rFy HE YOUNG MEN of Gozo still go off
l .-I:I.-: W amothery loye en L0 fOrelEn nd= i seirch o work
folds threesyvear-old Martta Salibha o

, il to escape from the confimes o
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ter, YU owant to make new ones.” Elsewhere i Gozro there are aged men

lending to thelr fishing nets, ar
women with hands like the burls
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Charles Flores lives in Malts

n-a house with n plague reading
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nirie to his house rather thoan a
niumber. "It is a charming cus
tom., Flores said, *but I su
pect it must cause thy postman
cofie prohlems

I lores lives wath his wile and
Pwo dauehters an the outskirts of
Valletta in o place called Birkir
kara. Heis.a man of strong inke

fect, oman whose emotlons have

heen singed by the fires of na-
tirnalism. He has been attending
palitical rallies for much of his
life, and when he is it one,
tanding in a cruehing crowrl of

f Hotsamd 00 O QAT -'I"'-i'i

L village, lending hi= voice to the

droné of approval tor a party
(Labour) speaker, Charles Flores
clies not really & Vi § i
could take the soft Imestone from the sie thout the quaintness of Gozo with its lac
Forever,” he replied. Once the stone had to nakers and nel-mencing Oshermen
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our people than they could in the old davs [he nuriing ol potties and the destroaction ol
vith 80 workers, " Zammit sii property

['he izsland is still strongly devoted to the But if Flores was embarrassed, it was be-

hurch and it=s teachings. In almost every vl ise of the manners of his countrymen. not

lage the first Mass of the davis celebratied al thetr #2eal. He knows that the Maltegse, having

15 aom._ . and it = well attended ™1 o until ypended as much gallantry down through
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weross o priest, I'd kneel down and kiss his carned the rnight to the exuberance of new
hnnd,” Tonv Enngli san freedom []
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Images for
the Computer Age




In the snug safety of a flight simulator’s stationary cockpit, a pilot
experiences an astonishingly real sense of combat. Images on
the surrounding dome represent the ultimate in computer graphics,

a fast-evolving phenomenon of the information age.

ARTICLE AND PHOTOGRAPHS BY FRED WARD) soacx stan




For-eves only, the Etruscan Verus
(opposite, foreground), along with
maost of the “things"™ pictured in
thes article, exists only in the
untouchable world of computer
grophics. At the University of
Ilirois Natignal Conter for
Supercomputing Applications, the
Venus and her companions are oc-
tually visualizations of complex
equations created by o mathema-
tucian, an artist, and a program-
mer working togethear. A
technological prodigy fueled by
society s expanding supply of
COmpUing power, computer
graphics can reduce millions of
nurmbers to a form readily accessi-
bile to himan camprehension.
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N THE DARKENED ROOM at the University of Ihinois, a distin-
guished professor of mathematics named George Francis
hunched over & computer kevboard. Above his head, on'a
row of oversize screens, | walched the computer graphic he
had created take shape —a dreamlike female form, all curves
and sensuous undulations.

This was not what | had expected from a mathematician.

“What.am [ looking at?" | asked,

“A revolution, " he replied, “a genuine revolution.”

“Pardon me — but it looks more like the goddess of love,"

“I'think so too," said Professor Francis, mightily pleased. " But
beautifil as she is, she's pure mathematice, a visual representation
of equabtions.™

Francis is but one of scores of artists and scientizts T met over the
past year whose lives have been transformied by their involvement
with one of the world's newest high-tech tools, computer graphics.

Computerimages are everywhere: on televidion as station identi-
fication, in commercials as dancing fruit and singing toothpaste, on
computer screens in practically every scientific and manufacturing
lahb in the world, and in space-age magazine illustrations when an
ultramodern look 15 needed.

Computer graphics are pictures generated by a computer pro-

grammed and operated by human beings. Only the imagination of

the user limits the form thev can take: animation, simulation,
graphs, re-creations, portraits, architecture, drawings, paintings,
or just simple lines, Because computer graphics are a way of mak-
ing thoughts and idens visible, these revolutionary images are
becoming the universal language of our ime.

George Francissavs that the insights revealed to him by this new
technigque have changed the way he thinks about mathematics.
“1've been reborn, ™ he told me. “1've taught college math for more
than three decades, And until 1 saw my work visualized by comput-
er graphics, 1 never truly understood differential geometry.”

a0, how do computer graphics work? In concept, rather simply,
A compulerscreen is compaosed of tiny dols that act in the same way
as signboard light bulbs. Each minuscule dot, or pixel, can be
switched on and off like a bulb—but dozens of times & second.

With the screen as canvasand light as paint, a com puter user cre-
ates animage on the glowingsurface of a picture tube, A decade ago
a programmer had to write an elaborate script to switch each pixel
on or off. Now, thanks to ever speedier equipment, an artist can
turn a senes of red pixels mto a red line as {ast as he can draw with a
light pen, stylus, or mouse. The industry is literally bursting with
energy. Almost daily one volatile innovation sparks another, such
is Intel’s recent introduction of the world's first million-transistor
microprocessor. A chip a quarter of the size of 8 postage stamp, it
will help generate even faster images, A society without computer
graphics will soon seem as quaint as the world before plastics

Million= of products made in the U5 A. are deslgned, drawn,
amnl prototyped on a computer before manufacture, Thanks to
computer graphics, scientists “look"” inside molecules too smnll ac-
tunlly to be seen, It is also perfectly possible nowadavs to visualize
the internior of a dvingstar or a nuclear explosion, The mind can go
places where no physical being will ever be likely togo.

Anything that can be imagined can be imaged, in exquisite detail

National Geographic, Jume 1080



and in forms that can be examined, dissected, studied, and enjoved
from any angle, 1 any color, with any '1'_1_5'_r1;|','- ation

some ariginal works, such a5 entertainment or television com
mercials, spring {rom artisis’ creativity, Sometimes objects need
careful study with computations, like the faulty case joints tha
chused the tragic explosion of the space shuttle Challenger. The
jornts were redesigned after their mathematically expressed char-
acteristics were turned into vivid computer graphics, Examining
these images of the joints under stress, engineers could clearly zee
how fuel-tank O-rings failed in cold weather and caused the great-
st American trigedy of the space age.

Lomputer graphics are an indispensable tool in training the
crews of spacecraft and commercial arrliners. Events that cannot
be staged because of their danger, cost, or inaccessi

3l v are evaen

aay computer simulator subrects, | hese ultimate compuiter games

o =tn

N

lel pilots train in absolute safety while tossing them challenges for
instant problem solving. No pilot could be ordered to land a jetiiner

in a thunderstorm with two engine: on fre and the wheels locked
iy bt a lhight simulator I':l'll'.-i-l.'l! with compuler gra) hics remlis-
tcally produces this Inshtenine sequence &2nd more, without

ENOSNZETINE PASSEREETS OF DaAne

The source of much of the world's high-gquality simulation is the

salt Lake City headquarters of the pioneering computer firm of

\uthor-photographer F RED W ARD carries a portable compliter wherever
he goes. He has contributed GEOGRAPHIC articles on such varied topics as

e, Tibel, diamonds, Cuba, Cree Indians, and the Everpladies
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Scientific Visualization Animation
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Simulation

1 [ [ B 1N B

Evans & Sutherland. A pilot about to train on one of the E&S

simulators at airline center: around the world sitz in a real

L= the plitne's throttle 15 pushed forward for “takeoff,” the

scene beginstoshift. Approaching objects grow larger, cregting the

tlusion of movement, and then race by the ssde windows. 1 he run-
way seems to speed beneath, Then the plane ®lifis™ as eround de-
talls get smaller. The tllusion is complete. Neither pilot nor cock pit

has moved a bit, but there 1s an overwhi
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right wrist would plunge me into the ocean and anv climb would re-

to the enemyv ' s radar net

Now I was less than two minutes from my
r station inside the Arctic Circle. I monitored my displays for  West Germuany not only brak

signs of bostile activity., Would enemy planes be waiting A guick W2 qecelerd

lance at my head-up display (HUD) verified 1 was on course for "F o & roma £1 CORER on the

erpoint 1; .1I||:'| twres HARM missiles were now tuned to look for Gigirerd ,.--._.-_:: L Of t1e rod
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shower that ] had a * hot pickle™ —a systém ready to launch —and

gave me cues to fre. My right thumb pressed the réd weapon-

relesse hutton. and in a Nash of emoke anc flames ane mizsile was

AW F'he EW R I.="|§ e to show the SAM was no longer a threat
Uhere, just ahead . the tarpet materialized out of the mist with

' It MAnEUVEring cor-

rection lined up the F-16 to deliver a 500-pound MEK-82 bomb on

the power station. instantly, ns1t e :

near vertical climb, My instruments indicated [ had & hat!
View! What a ride

every deétadl almost as clear as a movie. A slig

er and more peaceable machines than the F-16. In Berlin
Benzsedin, 1sat looking at what appeared 1o De anormal

the accelerator gave me both the sound and movement of my car

| away, I pulled the plane to a

IMUTLATOR trainine and 1esting are alzo available for slow-
huckled un behind the dasthboprd of 2 new Merceoes-

entry ramp onto one of Germany’'s autobahns, Pressing

speeding up and entering 20-mile-an-hoor tratffic, The entire dome

with its car, screen, and projectors can rapidiv swing and tilt to add

real-life sensations to starting, stopping, and cornering

"o a little faster and I'll show vou,” sald my " passenger,

Daimler-Benz’s Wilfried Kading, "We'd
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Order and chaos are depicted
with egual ease by the computer
arumators at Pocar, who rendared
images of an exploding globe,
They are strntlar to the hologram
representing the enmvironmental
destruction of earth that was fea-
teredd on the cover of the Dyc-
gmber [S88 ZEQGRAPHIC
Proecrammed with elevation dota
from edrth satellite surveys, the
modeling software served in effect
as an engraving tool for the conti-
rnents of the cryvstl globe
Producing o 20-frame explosion
seguence privved o specinl ehal-
enge, stnce gloss, especially bro
ken glass, (s extremely difficult ro
sirmulate. After studying shards
of roal glass, the artists were able
to wirite g softwyrre progrom that
produced convincing highlights
ardd refiections
L] povan inotw

=

that can look ahead in bad weather and alert the driver to danger or
when it's safe to pass.” [ accelerated toward a hill and curve at 70
miles an hour. Suddenly murky fog ohscured my view

Wilfried shouted, "Be eareful!” 1 swerved to dodee ice slicks
now too close to miss. My braking speed, duration, and intensity
were being recorded, a3 wasthe rapid beating of my heart as the car
skidded sideways into afield, complete with the sights and sounds
of a bad crash. The sensation of disaster was all too believable.

According to Joel Orr, president of the Virginia-based National
Computer Graphics Association INCGA), the auto indust ry Was
among the first to fully embrace computer design. Now the use of
computers in this way is =20 common that the function has a com-
monly Recepted neme. *When a computer is used to belp design
a new product, that's computer-aided design, or CAD," Orr
explained. “If a computer actually assists in making the product,
that's computér-aided manufacturing, or CAM. CAD/CAM
accounts for more than half the nine hillion dollars spent world
wide in 1985 on graphics hardware and software,”

At 3D Systems, Inc_, near Los Angeles | watched CAD technol-
oy 1A action as a computer guided a blue laser beam over liguid
palymer, tracing the 1mage of a turbine st the top édgeof the fluid.
The laser light hardened the pelvmer, producing an intricate solid
woarking model of a turbine in less than an hour without human
intervenbion or the clamor and grime of workshop or factory.,

Nearlyevery field that uses product design, from parts manufac-
ture to cars to architecture, ¥ mfluenced by CADJ/CAM. The
so-called what-if concept, which capitalizes on the computer's ca-
pacity to analyze a variety of solutions to every problem, makes
computer graphics a powerful design tool. Architects can experi
ment with limitless options before producing blueprnints. Clients
can examine computer-graphics images of their new buildings
irom different angles and in different light long before ground-
breaking. Architect and client can actually experience the sensa-
tion of " walking around” a structure that has not vet been built or
even lift the building off its foundation, merely by manipulating the
color, shadimg, and viewpoint of the computer-graphics drawings.

Because of the computer’'s unique ability to change the point of
view on the screen, astructure can be examined from ground level,
from across the street, from the window of an airplane flying over-
head, in winter or summer, day or night

N THE SUBURBAN DALLAS office of Doug Struthers, one of the
lew male computer artists I met who didn 't sport the industry's
standard mustache or beard, | gamed a better nnderstanding
of how it's possible Lo move ohjects around & computer screen.
Self-taught and enthusiastic, Doug worked on an illustration

commissioned for this article as we talked (pages 722-3)

"What makes moving around within a scene possible 15 the
introduction of a third, or depth, dimension,” he explained. “Sat-
urday cartoons are usually animated in two dimensions (2-D).
Commercials, logos, and show openings where the cameraappears
to ily through a scene or change viewpoinis are 3-13."

Although about atenthof all U, S, television animation is creat-
¢l on computers, such animation is often limited to show openings
(the symbolic lead-ins of the Olvmpic Games) and “flving” station

i
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loeos in which call letters soar through electronic space before fall-
g into place. Any inanimate abject singing and dancing across a
television screen 15 probably a COMpDULer Erapirkid

[':I.'l-'.‘--_’_r_": that once took hours to draw can now b FENneraten in
fractions of a second. A typical graphics workstation (which has
shrunk to the shape of an oversize deaktop personal computer) nosw
has g milhion pixels inits screen. The newest Evans & Sutherland
Hight stmulator controls a million pixels on each of its six screens 50
'.i'.E'II_'T | -:-._:l._l||'1|J—.-, I'-:i"ll_i !_.|||_'=,'_|iu'l:.: 00 million S fifiil

I he most visible beneficianes of faster processors are the anima-

10ors. ||-:l!:'-:|' '.'l.'||l_- Maxe |__|:-.‘.II:'|_'; IO _|-l-:'|!I Lasseler., one of '||:_'

WOtk s best Kknown 3-LDlamnimators, and oot an early morming start
not long ago at Fixar, in San Kafael, Califforam. An unusual firm
evolved from a company begun by moviemaker George Lucas,
Pixar iz a leader in hardware and software innovation

Inside Pixar. 1|-.-|.-r| settied down ina room full of DITIPUTEFE, all

i -','-' £ '.-._“.! I|'.' MEET . 1-.':
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nivmed for cartoon characters, and happily typed instructions into
‘Minnie.” John, # spirited Disnev alumnus and insider's folk
hero, has inspired a generation of computer artists to coax and
treteh the frontiers of animation. Four of his short films, “Tin
Ioy,” “"Red’s Dredm,”™ "Laxo Jr.," and “The Adventures of
André and Wally B..” are milestones. The wireframe shape af
smiall desk |.-.:'I-|l coalesced on hsscreen

"That's Luxo,” John said, “Watch the figure for |_r|_'i"-'|'||:.'|,i||':.-
Anvone can make an abject move. The trick 1s to give 1t Life

'T'Iu-- -1||||--..1|r:-_'_ ittle figure chased, butted, and then Battened a
wirefram ball, all under the watchful eve of a larger lamp I per
I |_i'.'-._--: L |_||_ Luxo's mother. “Ah, interesting,” said John, when |
volced this perception. “I think of him &8 Luxo's father. But
there s no doubt the two have feelings for each otl --|'_"

Lhspey, the studio that created the anomated cartoon, has begun
incorporating computer graphics into its films. But many believe it

hastaken a conservative approach. Its prizewinning " Oilspot and
Lipstick™ entry at computer shows combines computer characters
with hand-drawn backerounds. Bobh Lambert, Disnev's director
of technology and development, explained: ' We focus on enter-
tainment value and rmal product over any specific technigue. Ow
mast recent full-length animated film, Cliver ond Company, nses
computer graphics for complex shots, such as the high-speed chase
rourh I""---I.'--l. York '-'III'.".'.I' ¢." Az Disney mputer artist Tina
Price put it, " The uter 15 doine the dilfficult and tedious work

to free tr |||| 1onal animators for creatine characters

VERY SUMMER Lhe waorld s computer animators joih with
more than 20,000 cartoerraphers,

CIANS, enNgFINCeETs, QCSIgNETs, manuiaciirers, and other

iogists, mathemints-

computer enthusiasts at the annual conference and exhibi

hon of ACM SIGGRAPH (the Association for Computing

Vachinery' s special Interest Grroop on Computer Graphics)
Researchers delay publication to present their papers here, and

!
animators spend 'rn"l less mights fimshimg entries for the vide

shiow that i -I'Il highlight of the Aive-dayevent. The SIGGRAPH con
ference, the largest force m computer graphics, is :|"|| place to be, to
see and be seen, und to introduce new products and des

recanse 1 ill|1'_'||' CORTMIEULET RNAMALIOD TeQUInEs 8 rare combina

tinn of skills, itls likely that most computer-graphics designers wi
continue to be a blend of artist and technician, Savs Danel Baren-
stein, who works at TDI Swudies in Paris: “Remember da Vin
Computer graphics challenges us to be hoth artists and technicians
but we seem to be working alwavs to overcome & reluctance among
traditional designers. One g probiem that bothers artists and
desipners is that computer-graphics animation costs more

']'||1 costs are enormous. Ken Weiss ol Dhigital Art in Los Angeles
points out thal '||- ot nf rlir. bsic equipment can be o barrier to e
Ly "l- retoucher can L mto business for 3,000, but even a small
computer studio cots $200,000." Millions of dollars in eguipment
irl Riosim
fanl, president of Pacihic Data Images, probably sells more broad
cast logos o IV networks than anyone in the U, 5. It's an
|"'-i"'l'--i'= ¢ Business, YWe hiave to chanee o chient 5200, 000 for a 30-

are needed to do broadeast work. Thirtv-on -year-oidd

cond spol, Carl davs, " By companson, you can gel an entire
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get ahead. The situation in
Computer people there seem to be cul off from the country’s oWt man image fromme the Natronal
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APAN 15 IN THE MIGDDLE AGES in compuler graphics and

Aatrophvysicists use rildio tele-

compuiers in general, We'll never catch up. It's hope-
les5." That's what Toesivasy L. Kunii, professor and

: _ Tt stopes and supercomplilers o
chiirman of the Department of Information Scienceatthe  phssrve and simulate such
University of Tokyo, asserts misterious phenomena
In his rabbit-warren office stacked floor to celling with DookS [ wiciie o whewas, soms i 5o, suii)
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lamented: Al we can do i=copy Intel chips and LS. desiens, Uhlr
government mandates the numober of students 1n every discipline

My limitis just 15, Inall Japan there are only a thousand computes

iernce majors. about the number at the University of lhinois.”
Az Kinji Odaka of the Links Corporation, a hardware, soft
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: - I - - -
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HCUIGLE T3S sver targets computer graphics as a national prority, as it's done

with so many otheér products, 1t could be a power in short orcer

CUne outstanding exception to Japan's ego-free culture s



Yoichiro Kawapuch, a hard-driving, hard-drinkmg extrover
who defies all the usual Japanese stereotypes (except, perhaps, for
the samurai), Kawaguchi works in adingy office at the private Nip-
pon Electronics College where every desk is plled above and below
with bags and bags of unanswered mail. ‘Though he swears that he
hias erased all his old data tapes, he somehow continues to produce
rorgeous transparcencies (rom eariir Years.

Born on Tanega Shima, one of Japan's warm southern islands,
lKawaeruchi's computer art was inspired by early snorkeling ex-
periences. His fanciful, swirling organic shapes are unique and On the cutting edge of realism, a
captivating. In the opinion of many, Kawaguchi stands alone stmulated image of o steel mll
in his coundry demonstrotes the uncanny treal

[t i< an opinion that Kawaguchi imself shares. “With computer -mentof light achieved by com-
sriaphics I can let my imagination fly, " he says, sweeping hiz hair -Puter experts at Comed
from hiz eves with 4 nervous gesture. “Artists in other fields can’t University, a world HAcEr
dowhat 1 do. With computer graphics | can combine math, Dioio- |
gy, and my dreams;”

praphics research. Using sciemtific
principles of light dispersion, they

: _ _ _ | = employ shading and shadows to
s faniact ragrucd Ivie represents ol of 1
Phe lanlastic kawagucn style represents one polé of the convey the subtie cues necessary

g i ERi_ffge £ FEi i 3 i i AL SN ¥ --._ 7= by L - il r Rl .
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computer-graphics _|lr-'l|I:":-'-I|l||--|.]-'~ complex images
“1n art and enfertainment most ||E'|'J|1h- WaAn inniasy, CcOnieEnds L] s secomin, b saiisee, W, coes, ae
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Roy Hall, who was in charge of software development at Santa IMAELE LNIFTRETTY (NELOW, AP Y
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Barbara's Wavefront Technologies, a leading software firm, until
he returmned to Cormell to teach. Charlie Mullen, formerly at Lucas-
film’s Industrial Light & Magic, adds, ¥ Photo-realism is a waste of
the medium. If that kind of detail is needed, get a camera.”

Al Los Anpeles” Rhythm & Flues studio, Charles Gibson voices
another point of view: “Computer graphics is & way to do things
impossilile to do in any other way. A motionless aspirin tahlet is
[or photography. One blowing apart in air or dissolving in a8 stom-
ach is for us,”

AKING UNREAL MCTURES of real aceidents forms the
core of an mnovative applicabion for computer
graphics. 1 watched various tragedies take place in
appalling detail on computer screens at Forensic
Technologies International in San Francisco, a firm
that constructs evidence for court trials, re-creating car or plane
accidentsso the jury can see what happened. A different video pro-
duced by Forensic Technologivs used a split screen to show week by
week what a butlding contractor promised and what he actually
delivered., The animated comparison resulted in an out-of-court

settlement of a civil suit fled against the contractor.

New York artist Nancy Burson and compulter scientist David
Kramlich deal with another kind of legal and social issue using their
patented aging method. They take the last known photograph of a
missing child and "average" it with pictures of an adult relative
the child resembles to produce pictures of how the child might look
after being away for several vears. Already their method has been
successful in locating lost children. And the FBI employs their
techniques to envision how criminals may have altered their
appearances to elude identification.

Customers at beauty salons who want to steal an admirer's heart
can graphically alter their own appearance on monitors before
committing to new colors and hairstvles. What-if comparisons let
physicians and patients planning reconstructive or cosmetic sur-
gery proview new noses and figures from a variety of on-screen
choices before doing actual procedures;

Other medical lields have also embraced realism in computer
graphics as a fundamentdl tool. At Pixar ] saw standard CT scans,
normally displaved as flat two-dimensional black-and-white
images, reconstructed as color-enhanced 3-1) pictares that could
be rotated in space for examination and diagnosis.

At the Hamburg University Hospital karl-Heinz Hohne took
me on & tour of a patient's skull. We explored the cranium as if it
possessed no tissue inside or out. Then, examining every small
deformation, we lpoked at the brain in exquisite detail, pausing at
the flattened area caused by 4 malignant tumor. Donning red-
green glasses, [ marveled at the view in stereo.

The patient was fully awake during the procedure; and our sim-
ulated sojourn through his head was done without looking directly
al him. Afterward 3-D images of his brain were created entirely
with computer graphics using magnetic resonance imaging data.

Later, at the German Cancer Research Center in Heidelberg,
Hans-Peter Meinzer showed me how computer graphics fills in
the spaces between CT-scan slices to rechuce patient rachation
exposure. His computer program enhances hack-and-white lung

Images for the Compuler Age
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Ar the altar of tmagery, visitors i

the Ki '.._E','l'il il I.'].'..l.:.J-Illl.;:! :'l:'”!!'ll."

near Fukui, Jopan, contemplate
the harmony between midn and
nature in a program of comyrute
yraphics designed to sattmulate
INLErest in religeon

1 small numbEr of lapanese
artists e the now mediur &
as tn this delicately

Wrought depiction of a tegeup

.:'l.:.:ll |'_|_|'l'.|.r

Surprisingly, piven its prominence
in ¢Hectronics prodiuction, Japan
lags behind the Unired States

not only in computer graphics
Bt also i the use of personal

COTTIRUTErS

X ravs to deliver more informative color imagres. In the same insti
tution Wolfgang Schlegel determines the placement and dosaze of

tiny rachaton capsules in the brains of tumor patients. Descri
ms technogue of implanting the minuscule 0. 8-millimeter radioac
tive metal capsules precisely within a tumor; Schlegel savs: *We
could never do this before the advent of computer graphics: Being
abile to see the tumor and surrounding area exactly lets me plan t
dose and its placement with great précision,”

Molecular biology and genetic engineering also depend on com-

HIAE

e

puter graphics. In a darkened computer-graphics room typical of
wers I saw across the U, 8., Gepex scientists in Marviand sat he-
fore a glowing row of Evans & Sutherland terminals redesiening

(VL

enzymes Lo improve cetergents:. A continent away in San Francie-
i, Kobert l.-'.:1._.r:-5|._*|-. A leading molecular graphics modeler, uses
omputers to visualize proteins and DNA, creating images of the
bud

ding blocks of life that more clearly explain thelr structure zind

interactions than a book-lenegth strine of wards

National Geographic, June 1080
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bhomb in secret, now provides computer facilities for a grest

range of advanced research. Taking full advantage of the
presence of the greatest computing ™ horsepower” ever
assembled under one roof, Karl-Heinz Winkler devises problems
that would choke most systems. Rapdly pounding kevboards in
a room filled Hoor to ceiling with the latest digital video lech-

nology, the bearded, burly German transplant exubérantly
describéd his progress

*In 19801 worked all night to get three images on the Tirst super-
computer, a CRAY-1. Five yenrs ago L was up to one g second. Now
ook at that monitor I have reat-time L'V speed, 30 pictures a
second., adream come true. 1 want to be Hmited only by my stupic
ity or my imagination and not by the machine's.’

Fhe newest Cray supercomputers used by Winkler have a price

lag of some 20 million dollars. Only 250 or 50 Crays exist in the

g for the Combuter Ag:




A new field of peometry was
spawned in 1975 by mathema
Rcian Henoet B, Mandelbrot. [E5
farmiilas muake (f possible to
ponerate such wild shapes as the
Mandelbrot sot (below) and the
Julia set (bottorm), as well os
UTHIFLWIrY CLOWwds, Mountains,
arad other notural forms. Eoch
creation, or “fractal,” 8 made up
af srmilar smaller units (for ex-

arnple, tiny mountaing), them
slves compased of progressively
smmaller replications

world—and 11 of them are housed in one room at Los Alamos.

“Graphics can reduce billions of numbers to & very few
concepts,” Winkler continued. "Computer simulation is often
the only way to get some information. For instance, work is being
done on a new hypersonic plane that will fly as fast as Mach 25
17,500 miles an houar
can handle such conditions, design and testing are done with
computer simulation and graphics. Computer graphics makes
math visible.”

Larty smarr, director of the National Center for Supercomput-
ing Applications at the University of lllinois, recalls his first expo-
sure o computer graphics nt Lawrenee Livermore, California’s
sister lab to Los Alemas. “ 1 was working on general relativity, and
when [ saw the power emerging with computer graphics, 1 knew |
had to change the way [ was doing my research. I realized that by
combiming supercomputersand computer graphics, we could actu
ally unlock the mvsteries of the fundamental laws of nature.”

at hirh altitudes. Becnuse no wind tunnel

HII".,'.' |-'I:-I.'i:|.'|i'|-"|." I_ll'lll‘l"‘-'-il'li'lil.ll- '|.'.-'l||||fTi !.i'l-l'l"- i'l.:‘--l"'r'll'.i-l'l.'l'! £ 1|"I-|.' !”1'
nois campus at Urbana-Champaign sit in dimly it high-tech won-
derlands deciphering cosmic secrets on high-performance graphics
workstations. Donna Cox, the resident artist of the Rennizssance
Team she organized, shows with her rapid-paced tech talk a deep
commitment to and belief in the new technology. "'We want to take
the best of the Renaissance concept and produce digital harmony
with the latest tools, ™ she tells me, "1 feel that if we put a scientist
or mathematician or both with a computer specialist and an artist,
new and wonderful things will emerge.”

I'he scientists on the team agree that their field, called scientific
visualization by the profession, isone of the hottest. Astrophysicist
Michael Norman sums up the wonder of it all as he stands before
the projected video animation of a tumultuously swirling tip of an
extragalactic jet that may be a million hght-vears long: * Look at
that motion! The best telezcope can only represent these evolving
gigantic jets as frozen snapshots at an instant in ime. My simula-
tion lets me study them close up in any color at any speed.”

CONSIDERABLE AMOUNT of the mstory of computer graph

ics has been written at U, 5. colleges. So much of it origi-
nated in one place, the University of Utah, that a famous
eroup of graphics pioneers is still called the Utah Mafia

Dhave Evans traces its genecalogy: 1 came here to teach
in 1966, It was magic then. Four vears alter Ivian Sutherland sub-
mitted his MIT Ph. D. thesis on Sketchpad, the first modern graph-
ics package, he joined me here. John Warnock left and founded
Adobe Systems, which created the PostScript image-and-type-
defimition language as well as the breakthrough Hlustrator designer
programs. Alan Kay, one of my former students, described an in-
teractive personal compuater m his thesis. He took those wleas to
PARC, Xerox's Palo Alto Research Center, where they were the
Dasis for the original graphics workstation.”

[ met the legendary Kay, now an Apple Fellow, at Apple’s
crowded West Hollywood offices. Every bit the Californian, Alan
wearing a “Mac” T-shirt, running shorts, and Reeboks.

"We built a machine at PARC that was well ahead of its time, "
he tells me. “The Alto, which cost $20,080 then, was the precurso

ArTIVE(
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of graphics workstations. We had overlapping monts, & mouse,
Icons, and WYSIWYG | pronounced WiZZy WiG—wW hat-You-See-1s-
What- You-Urel —and meaning seeing tyvpe,

f¥ LLIFES; and lavourt on

the screen as they will appear in print]. We had a ten-vear lead on
the world,"

During those heady days at PARL
Valie
founder. Although, ‘as Jobs days, “man is a tool bul
took humanity two

the first

inother powerful force was
nt work m Silicon r'JI.iI-'.II..-15I| stEve .F'l-'.-'-. .'.‘l-|||-'i:' & -
der,” it still
and a half million vears to move from making
tools to constructing the cotton gin: The Mmdostriagl
revolution in the United States requoired just over half a century,

But in only one decade we've become the world's first computer

lependent society

What now exists is only the beginning. The creative possibilities
ol mind and chip engaging in a @ve-and-take process of innovation
are as stagpering as printing, harnessing electricity, or mastering
thight, Changeis the only constant in this burceoning riew feld: the

anly lumits are the himits ol human imagnation, What we see. we

an understand. Compuater graphicsis the bridge between humans

andd the most marvelous machines ever meude D

fmidges I fip |"'=ll:'||":||'l AR

Imagined worlds, capable of being
spun ot mn infinite profusion, an
the stuff of fractal pgeometry, as

r'!ll_.._ri:l, |_I by i1 |.."'I|II.|: FoOrrist of

TYole Ulninvd .”'E‘.'_I.. wiflo creafeil s
dreamecape with fractal moun
raine set against g fractal moon
Wore than dream machines, the

powerful computers of today, al

[ied wrthy hoorman nfedlipence and
the pift of vision, ore the bedren
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The Remote World of

In a lofty realm bevond
the Himaloyda, nomads
lead their sheep, poals,
and yaks from poasture
b pasture as they have
for centuries, Man
and beast thrive in the
rarefied air of Tibet's
starfly beoutiful
Chang Tang fmorthern
plateaw), where a
reenage girl, at right,
chatting with her sis-
ter; toys with a tassle
in her hair,

In the late 1960s
the Chinese forced the
nomds into communes,
i policy abandoned

in 1980, The authors-
first Western anthro-
pologists allowed to

do long-term fleldwork
in maodern Tihet—found
@ recommitment to
traditionol ways amaong
one of the world’s Lost
great nomadic societies,

lext and
photographs by
MELVYN
GOLDSTEIN
and

CYNTHIA
BEALI

1
L
N



Tibets Nomads




An afternoon ralnbow
parints the summer sky
as yaks head back to
cump after a day of
grasing. About half a
million nomads H{ve on
the forbidding Chang
Tang, where dramatic
mountain ranges rise
from a lond dotted with
londlocked salr lakes,
Here, where the average
elevation is 15,000 feet,
femperatures can drop
80 degrees in a single
day as sudden and
ferocious winds usher
in stinging hailstorms,
The authors spent 16
months studying a
Froup of 265 nomads
whi live in widely scat-
tered camps within a
200-sguare-mile areda
@bulring a lake called
Muotsobunmyi, meaning
“two sisters.” With I
many camps isolated -
and separated by
muoUniiEin passes, Some
nomads never see other
group members during
their entire lives,

National Geographic, June 1050
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Fethered shoulder tn
showlder by a stngle
rope, Boats are milked
7L (1 STLOWSY! ELOTLITLET
gvening. A mere pull on
the ropa frees the
arimals when milking
[ done. “I was im-
pressed by the nomaods
efficiency,” says
co=guthor Goldstein,
I hey perform their
tasks with very little
wasted motion.,
Summer iy the busi-
est fime for wormen
Phat s when sheep and
poirts produce the most
ik, which must be
cordlected and processed
into voyrurt, butter, and
cheese. Women also
tend the fires and cool,
all the while watching
children.



ITTING BESIDE A DUNG FIRE I his
black yak-hair tent, nromntic smoke
whirling around his head, Trinley, a
fd-vear-old Tibelan nomad, rhyth-

mically pumped the fire wath his goat-
tkin bellows

As he offered us the tvpical nomad hos-
mitality of salted
tramba—a flour made from roasted barley —
we told him of our plan to stay with his group
for more than a vear. A look of incredulits
spredd across his face

“Butitis not possible forvou to ive here an
the Chang Tang in tents,” he said. "1t Is bit
teriy cold and windy in wimnter, and only we,
the drokbo | nomads], can survive here.”

With that sobernng introduction we began
mhabitants of one of the

butter tea, vopurt, and

our study ol thi
world's highest frontiers—the awesome area
of Tibet known as the Chang Tang. o north-
ern plateau

Uespite 115 namé the Chang lang's [al
I by Dwisting moln-

rFrassiands are Drokel
tain ndges and dotted with bright, sapphire
blue lakes. Located in central and northern
Tibet, the Chang Tang containg some two
thirds of Tibet's Inndmass and spans about a
thousnnd miles, from the Indian region of
Ladakh in the west into the Chinese province

Tall in the saddle, six-foot I,
Helvvn Goldstein rides a yak
from camp to camp during sum-
mier, In winter he walked to

-
—

e
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stay warm. Dr. Cynthia Beall
measures hlood pressure for o
foypertension study, The authors
plan to peblish a book, Nomads
of Western Tibet, next year.

of (hnghat in the east imap, right). With eleva-
tions between 14,000 and 18,000 feet, the
Chang Tang suffers extremes of weather: daily
temperature variations of up to 80 deprees:
winler temperatures of minus 40°F; and sud-
den storms whise gusts can blow a rider off his
horse or vak or bury him under drfts of freez

INg sSnNow

\0ITE
SO0 OO0 |:i:|.:-|.'-i']'-'.1|
nomads who for centuries have not merely

Yel this bleak, majestic plateau 1s
to between 400,000 and
eked out a living but have so thnived that
they are an integral part of Tibet's economy

We first came to the Chang Tang in June
1986 — the only Western anthropologists so far
permitted to conduct extensive field reseapch
in Tibet, which 5 known officinlly as the Tibet
Autonomous Region of the People's Repuhli
of LU hing

Lruring an edrlier vasit I was struck by the
vitality of nomad life on the Chang Tang, one
examples of the great nomadic
sociclies that were once widespread through
out the world. On my return to Case Western

il the st

meserve University tn oo, where Cynthia
andl | both teach, | proposed a joint feld studs
af the Chang Tang nomads

After winning approval from the Tibet
Academy of [hasa, the

aicial sCEnces In

o ronal Geggraphic, June FOFG



capital, we began a 16-month study. We re-
ceived funds from the National Geographic
society, which had supported projects of ours
m Nepal and India, and from the National
Academy of Sciences’ Committes for Scholar-
lv Communication with the People's Republic
of China. The National Science Foundation
later gave us supplementary funds.

We chose as our research group 265 pastoral
nomads living in Phala, an area about 300
miles northwest of Lhasa. They comprise 57
tents, or houscholds, orgamized into small
camps numbering two to eight tents each
The Phala nomids herd vaks, sheep, goats,
and horses, residing throughout the year at
sites ranging from 16,000 to 17,500 feet in
elevation. Living at such heights makes them
the highest resident native population known
m the world.

E ENEW that the nomad herders
of Tibet had undergone excruci-
ating changes since 1959, when the
Dalai Lama fled to India in exile.
First there had been the closing of monaster-
ies, then the Cultural Revolution, with its
inzane violence and its enforced communes.
Then in 1980-81 China reversed itself and
implemented the so-called “responsibility"
economic system, which restored the family as
the basic unit of production

One day not long after we arrived in Phala,
we heard our first account of this from
Wanam, & devout Buddhist and head of one of
the wealthier families in the area before the
Cultural Revolution. Wanam is a pseudonym,

The Remote World of Tibel's Nomads

as are all other names in our story: Policies
have changed too often in China over past
yvears, and we would hate to see one of our
[riends and neighbors punished later for some.
thing they told us.

One morning in 1970, Wanam recalled, the
local Tibetan leaders of the Cultural Revo-
ution appeared before his tent and ordered
him putside.

“They called me a reactionary and a class
cnemy,” he said. " They told mé, ' From today
on, your animals and goods are confiscated,
and you will live ander the guidance of the
people, just as the poorest of the poor lived in
the old society.’

“They ripped off my earring, my rings, my
necklace, and took my zilver flint striker and
bullet holder,” Wanam continued. “They
also confiscated my new sheepskin robe,
sayving that it was too good for the likes of &
class enemy such as me: In its place they gave
me an old worn-out robe.”

“Whitt happened to the rest of yvour family’s
possessions?™ we asked.

“We lost them all,” Wanam answered. “At
the time my family owned about 1,200 sheep
and goats and 100 vaks. The new leaders took
everything except 40 goats. They left us only
one pot, some barley grain, and a little tsamba.
And then they took away our fine yak-hair
tent, giving us an old, tatiered canvas tent in
its place.” He shook his head.

“We weore stunned. Our whale life's wealth
wiad eliminated in mmutes. We didn't know
how we would survive, since the leaders also
said wecould (Continued on page 764)
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Househeeping beside
Motsobunnvi lake, a woman
churns vogurt into butter. Added
fir sailted tea, 1t mokes @ muerr-
tious beverage drnk as often as
40 rtrmer g dav, After breolkine
foe, o waomon collects wirtel
(right). With lake water too salty
to drink, nomads always camp
FMEOr L sprimgE—in winter geehing
one flowing fast enough to pre-
vent the buildup of thick ice

Devenit Buddhist nomads are
reductont to B0 aon animaoal
Hence an owner (left, ot right)
uges hired help to dispatch one
cif hris vaks, thoweh Re jobns in

the butcherine

[ feet el Voria of §thel’ s 0%







Cin a lonely wipil, a
waorrtan nogmed Lhamio
greets a December day
o ler tend in the
mountains, | here she

gnd a younger brother
terad viks while the resd

of the family remains
ire the maon camyp at o
[owrer elevation.,

Muost of the world’s
nomadic peoples keep
thatr amndmals in
vidllevs during the win-
ter and move them fo
MOUTLEIINS 1N SWinmer,
Tibetan nomads
reverse this with thedr
yakes, which sraze in
wirfer on o particulor
sedge plant plentiful
at higher elevations,

At the relatively
aihvanced ape of 31,
Lhamo remains un-
married. She wanted to
wed, but her widowed
father asked her to
remain at home, and
her suitor declined to
irin her father’s house-
hold, Thowgh she could
have defied her father,
her decision {o stay
reflects the strength of
parentol authority,




not join the people’s commune but had to fend
[or ourselves.”

In fact, Wanam and his family survived
gnly an the meager vield from their milk goats
and by doing odd jobs for thé commune thal
Finally, two
vieaes later, the leaders relented, and Wanam =

they were nol allowed to join

family _'-'=1r||'|| the commune
Al 5i

wealthiest

Wanam is once agiin one of the

nomads in Phala. His recoven

”':1--I:'1|-- the economic and cultural rebirth of

the Tibetan nomads after the disastrous
decade of enforced communes

Pastoral nomadism
late 1n human history, about 8,00

T'he nomads of Phala are descended

Loy 5. Lih)
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leveloped relatively

irom ]‘ll'l_‘l]':l!l:_ ".'|.'|:'-.l. ['||'r|‘|.1|:_l=- g JTEW :IJ"'.l:--':I:III.
vears ago, began to move their herds around
the Chang Tang, converting the énergy ol kel

in wild erasses into food, clothing, and shelrer

HE NOMADS CONTINUE to flourizh
because thev have no competitors.
Even with modern technology farmers
cannol grow crops in the extreme high
altitude and bitter climate of the Chang Tang

If there were no nomads on the hizh |-|.|I+'.|.L. i

not Lo olher
Yel the nomads feel their wav of life
1% far easier than that of Tarmers,

“Look," explained one, it 15 obhvious that

woallld revert tn wild animals.

NUImANS.

we have a very easy life. The grass grows by

..IllllllI |I |rII l': '-:l |I r.ll.l I|-_ r'llillll|!II |-| 1 'rrll [ 15 ..




As her children watch, a woman applies
ada, a lotion made by botling whey into a
concentrate. A salve to protect the skin,
it 15 also used for beautification

Althowgh they keep their tenits, wealthy
nomads also build permanent homies, [n
i newly budlt structure (below), a womin
tends a fire as sunfight streams through

i smoke hole. In the pan, barley obtained

fromm traders is rodsted on sand to keep

it from scorciime.

A4 his daughter plays with a baby goat
fhalow ottt o muon uses g hoand !l ro
grind roasted barley into a flour called
tsamba. A dietary staple, tsamba can be
eaten dryv, stirregd into Peds orF miteee] with
tet aond butter to form patties,




itsell. the animals :.--__-_r...lu.. bv themselves,

Lthiy srve milk and meat without our dolng

gnvthing. =o how can vou say our way of |ife

¢ hard#"

Although Thes
larmers and townlols as :-J||‘.|-!r. uncouth, and
hackward and although thev hawve little in the
way af material possessions, the nomads see
themselves as masters of their envirenment
and are proud of the letsurely lile such mastén
provides

“We don't build canals toarrigate pastures,
and we don't build fences and sow seecs 10

are lopoked down upon by

ErOW Mmore grass,

another nomad remarked
They tried to make ws do this dunne the Lul-
tural Revolution, but that is not our wav. The
CIne minuts
the air is calm and the sunis shinmeg, the nextit
18 hatling. It isn't possible to try to control and
alter the Chang Tang. We don't try:; instead
we use our knowledge to adjust to it
Traditionally the nomads had a remarkable
pasture-management that allowed
them to live a secure existence withoul

Chane Tung is a terocious place

svstem

destroving their grassland resource base

168

The nomads contend that the Chang Tang's
extraordinary cold, deadly blizzards, ungre
dictable ramiall, and occasional catastrophne
epidemics maintained livestock numbers be-
low the region’s maximum carryving capacity
However, while such & “natural”
could operate over & large region, it coukd not

hilance

always prevent overgrazing and degradation
on specific local pastures. Before 1959, when
the Chinese took control, the nomads divided
'|1|'1'|_-|!r_|l|nI1|1-".-1|4-|'n-:é|'-fulli.-.' [ELe PASIUTESTELIS
tered in a “pasture book," each pasture being
permitted only a specified number of hve
stock —seven goats or six sheep were egual (o
ané vak in this calculation. Everv three vearsa
livestock census taken, mnd families
whose herds had increazed received additional
pastures while those whose herds decreased
relinguished some. Occasionally whole [am-

|_1_| Ii:'

ilies and their herds were shifled to nearby

regtons o mamtain the balance. 1t this man-
ner the nomads’

,'.|,'-:|__I§||' the centuries al coptinuoys use

b )
frassiancds wWene | -|I-|l'r'-'.'||

HE NOMADE LIVE primarily on food

derivedd Trom their herds, milk prod-

LS !.l'i‘l'l:.r Oneg ol -lil'll MAIN SOUrces
Althouph vaks, zsheep, and
goats all provide milk, the sheep do so for just
three summer months and the goats for four
and a half. The nomads turn much of the sum
mer milk abundance mto butter and cheese
that can be sold or stored for later use
Processing dairy products 15 almost exclo-
sively the responsibility of women. They miik
their animals and make vogurt, butter
cheese, But the backbreaking milking 15 more

T
K1

cidories

frdd
than just work. The animals of several fam-
ties at o campsite are usually ted together, So
when the

milking time 15 also an occasion
Woimen come toEether and chat
Milking invariably brings out their chil
I|I'l".:. W o |l|.-:".' .T'_.-.‘H!I:'H Il'."-ll'll.' 'I|'|l" -'I]Li]l'l.".l.'- .'.Fll"l
often try to help the milkers in sweet and
humorous ways, One mayv try to push hack a
sheep that has turned out of line, whileanother
earnestly holds the end of the rope that ties the
animals head to head while they are milked
from behind. Other children pretend they are
yvaks or antelope, walking around on all fours
while holding discarded horns to their heads
The nomads’ herds provide more Lhan cairy

products; virtually every part ol their animals
15 used. Sheep provide wool lor weaving and
barter, meal. stomachs into which butter is

'rll e va)

National Geopradliic,



sewn for storage, intestines for sausnges. They
are also a valuable trade itemn that the nomads
barter with distant farmers.

Groats used to be less valuable than sheep
bechuse farmers preferred mutton to goat
meal. Bul goats have become more valuable
recently with the expansion of the lucrative
internationg] market for cashmere, the soft
nndercoat of cashmere goats

The vak furnishes the critical muscle power
to transport a nomad tent, each half of which
weighs about a hundred pounds, excluding the
pegs and poles. The vak's fringe of coarse belly
wair is the fber from which the nomacds weave
the tough tent fabric. The vak also provides a
cashmere-type undercoat used for making
cloth and ropes, n thick hide used for boot

aoles, and, of course, lots of meat. A dri (&
[emale vitk) also furnizhes eight times as much
milk per year as agoal and 16 times 45 much as
a sheep, and does so yvear-round

The nomad economy has two other signifi
cant components. Since time immemorial
Tibetan nomads have been the man source
of salt for the villarers and town dwe

3
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Tibet and the adipcent Himalaynn kingdoms
of Nepal and Bhutan. Phala men tnke a salt
collecting trip in spring, driving their animals
140 miles northwest to Lake Drabve, a trek of
20 to 30 day= each way. We jommed them: al
Lake Drabwve, though we drove there by jeep
rather than making the two-month trip with
the pack animais

Though yvaks can carry lour to six Urmes the
weight of sheep, few of the Phala nomads have
enough male vaks for that purpose, o0 most of
the pack animals are goats or sheep. These can
each carry logds up to 30 |.I-I|II:|:1I|-| in sacddlehap
contraptions like the ones that hikers strap to
their dogs. The sheep and goats sleep with the
saddlebapgs on, relieving their owners of the
time-consuming iask of loading and unloading
scores of animals each da

At the lake the nomads camp on the white
salt pans, which look like vast snowhields. The
entire process of gathering the salt has been
wiorked out to the last detail. One nomad ex-
plained the strateey

“On the trip to the lake,” he said, “we go
very ieisurely so that our antmals can maintam
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In worshipful repose with her prayer wheel, a woman bows toward the lecal mountoin god,
Dargo, the nomads’ protector. Such open displavs of faith hive increased since 1980, when the
Chinese eased o ban on religion, A young boy {(focing page) apenly displays his love of vogurt.
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Marching stolidly over
the empty lond, o troin
of vaks carries the
authors’ helongings.
Although the nomads
rely heavily on sheep
and goats, the yolk is
their quintessential
domesticated animal,
muaking life on the
Chang Tang possible.
Besides their carry-
ing capacity, yaks fuir-
tish abundont millk,
meat, hide for boots,
and hadr for making
tents, cloth, and rope.
Cinly castrated moles
are colled yaks by the
nomads; a bull is a
boi, and @ cow ts a dri
S0 vitid £5 the antral
(o the economy that the
nomads” genertc name
for the beast is nor,
meaning “wealth.™




alow on the draw, a hunter uses a matchilock that requires o broce and moannel Hghting of o
wick to ignite the firing powder. Hunting dogs hold game at bay within the musket’s Hmited range.
This hunter felled a bive sheep; other quarey are gazelles, Marco Polo sheep, and wild yaks,

their strength. Pasture is a problem, for the
new growth of spring grass has vet to begin and
we must depend an the grazs left over (rom last
summer. Atthelake, pasture iseven more crit-
lcal, since there are so many nomads and ani-
mals there. Because of this we send a small
advance team of four or five men to the like to
dig and collect the salt, so that when we arrive
with the animals we can load up immediately
and leave the next day.™

By the time the animals have arrived, bricks
of salt have been stacked to form & cormal into
which the sheep and gonts are driven. Then
the grueling job of loading begins. The salt to
be taken has already been pounded into small
pieces with old yvak horns and stuffed into
sarjdlebags, which have been sewn shut. One
nomad guards the entrance to the corral while
Lthe others, often singing haunting work songs,
single out the animals and load each one. The
goats and sheep continually try to escape, and
at one point I tned to lend a hand

The first time [ grabbed a sheep by itscoat to
stop it from escaping, | thought 1t would be
easy, since it seemed quite small. Instead, |
was pulled right off my feet by an animal that
left me flat on the salt bed, panting for breath.
Though the lake is only 14,100 feet in eleva-
tion, within 13 or 20 minutes [ was drenched
with sweat and completely exhausted

Tl

NOTHER FACET of the nomad economy
15 hunting, The Chang Tang ance
abounded with antelope, blue sheep,
Mmrco Polo theep, gazelles, and
wild asses and vaks. Hunting by officials with
mocdern rifles and jeeps — banned o few years
ago— has reduced the numbers, but there are
still many animals, and men still hunt with the
traditional matchlock muskets.

Cine of the best hunters in Phala is Jigme, a
taciturn 47-vear-old bachelor. We accompa-
nied him and his three hunting dogs on atripin
search of blue sheep.

Jigme's matchlock seemed no threat 1o wild
sheep, and we asked him about it as we
trudged up the slopes.

“It is only accurate up to a hundred feet,”
he acknowledged, "and it takes a very long
time to fire."

Jigme was right. Even though he kept his
musket loaded with powder and a lead ball, he
had to plant the gun on the ground with its
brace, light the wick with a spark from his flint
striker, and then put the wick to the small
powder pan on the outside of the gun, ignibing
the powder and firing the musket ball

“By the time 1 have done all that, the sheep
woitld be long gone,” Jigme said. “'That is
why we always hunt with our dogs; they tilt the
ordids 10 our favor ™

National Geographic, June (080



These sleek dogs, known as naki (blue-
sheep dogs), are bred especially for hunting,
the best being worth a yak in trade. We soon
saw why. After a time Jigme spied a flock ol
ten blue sheep on a mountain slope, and his
dogs took off like grevhounds at a racetrack.
They bounded up a steep, rocky slope whose
base was atl just over 18,000 feet and were
quickly out of sight.

We followed as best we could, moving
toward the sound of the dogs’ barking. Jigme,
who was always complaining that he couldn’t
work hecause his lungs were no good, scram-
bled up the 43-degree slope at a very fast pace
without any rest. We tried to keep up with
him, but every few minutes we had to stop and
gasp for breath. It was a humbling experience;
more than anvthing else it demonstrated the
difference between lowlanders living at high
altitude and native highlanders,

High-altitude adaptation is Cynthia's spe-
cialty. She points out that in the rarefied
atmosphere at 17,000 feet, only about half as
many oxvgen molecules enter our lungs as at
seq level, The effect on lowlanders at high
altitucle 13 shortness of breath, headaches,
and occasionally even death. These effects
have been known for centunes-—as eariy as
A 0. 100 a Chinese official visiting the Tibetan
Plateau reférred to the arest as “Headache
Mountains."

Just how high-altitude natives such as the
Tibetan herders adapt to this environment 15
an important area for research. We know that
the nomads have as much as 22 percent more
oxygen-carrving hemoglobin in their blood
than do lowlanders, giving both groups rough-
ly the same amount of oxvgen on their home
grounds. But the natives of the high Andes,
whom Cynthin has aiso studied, tvpically have
greater concentrabions of hemnoglobin than do
the Phala nomads, even though the nomads
live at higher elevations. Thus humans may
have adapted to life at high altitude in more
than ane way, and further research is needed
to identify the physiological mechanisms.

HE HUNT with Jigme wasa modest suc-
cess. Though the main herd of blue
sheep escaped his dogs, he bagged two
small ones, However, as Buddhists,
many nomads are reloctant to hunt or even to
butcher domestic animals. This was brought
home to us vividly once when we were out of

meat in Wanam's campsite. With a thousand
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sheep and goats in front of us, we waitéd two
days until a poor nomad was summoned from
a neighboring camp to slaughter an animal.

‘The revival of Buddhism has made itself felt
in other wavs, “Last summer," one of the
Phala men told us, “traders from outside came
and said they would pav high prices for snow
legpard or lynx pelts: 1 wanted some extra
money, S0 1 bought two Chinese steel traps
and baited them and killed two snow leopards,
which I sold to the traders for a good price.”

But during the winter the man's wife, who
had always been healthy, suddenly fell ill and
died. “]l now know,” the man said sadly,
“that Dargo—our powerful mountain-god
protector—was angered by my slaughter of
those animals for profit. He showed his dis-
pleasure by taking my wife from me." Despite
the enormous profits involved, from the day of
the woman's death trapping for pelts ended n
this region.

Neither herding nor salt collection is suffi-
cient for Phala nomads to survive. There [s
another dimension to their

economy —trade. YAll our —
pastoral skills can't give us a A

good living by themselves," RESEARCH
Pemba, a voung man and en- PROJECT
terprising trader, proudly ex- SUPPCATED
plained. “Like hunting and ;ﬁtﬂ‘:ﬂ
salt collection, trade is-a job ey

for men. Personally, 1 think it
is the most important skill.”™

One of the vital commod-
ities for which the nomads must trade is barley,
which provides about half their calories. They
get the harley, as well asflour and even rice, by
bartering their animal products with villagers
along the southernedge of the Chang Tang.

“This trade is no simple matter,” Pemba
told us. "I have to choose what and how much
to take for trade —vaks, sheep, goats, hides,
wool, or butter. I have to decide which farm-
ing areas to trade with and what rate of
exchange to accepl. Then I have to make
a month-long round-trip with my animals
in winter."

Trading skill is highly valued among nomad
men, but in the end the key to survival on the
Chang Tang is pasture—its availability and
conservation.

In mid-September the grasses stop growing
and lie dormant until May. Forage dries and
turns color, cloaking the plains and mountains
with a beautiful vellow-rust hue. However,

71




A day in the pasture
ends a5 sheep are led
back toward camp for
milking. The nomuads
are skillful in the hus-
pandry of thetr stock.
Ewes and rams are
sepirated wntil Aupust
so that young are born
int leete winter and early
spring. After nursing
for several months,
lambs are weaned from
their mothers in sum-
mer, when grass (s
plentiful, and sent to
pasture with another
flock. Since a lactating
ewe will nurse only her
own aoffspring, the milk
is saved for human
consumption.
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the short growing season creates problems

“Theanimalscan survive in summer even if
the rainfall is poor,” & wily old nomad named
Dorje explaine “Bul unless there 15

L L=
I.'IllillJ",T',I'I grazing in summer forthem o butld up
stores of fal, manyv animals cannot survive the
harsh winter eating the poor fodder.”

For this reason the nomads move their herds
in september from the summer camps to pas-
tures one or two dayvs distant that have been
lelt ungrazed for several months. They return
to the summer area in December, usmg the
remamming cover of grass that their migration
preserved until the mew growth of grass begins
in earky May

I'lve nomads, therefore, by and large use the
':iI.IJll:"Hl'ill"llil:'_ilrli'.'E [l "|'|.'I[|'-:"F| :-Jlri ﬂ!._’l. .'.H'III SElIT]=

mer. Hserves as their home base. There each

tamily’e main tent I'-r'ill'.tlll‘ll, and rich families
butld small storerooms. When the familv must
move its herds to a pasture bevond the daily
range of that baseé, the hushand and wife
préfer to remain with the main tent. If possi-
ble, adolescent children or hired hands take
the animals to a smaller camp in the more
distant pasture

There are ten such home-hase camps scat
lered throughout Phala's
Moving between their home base
and fall pasture, these nomads never reside
logether inasmgle large settlement.

The nomadsof Phala have no romantic illu
siats ahout moving, Une expericnced woméan

Lerrilbory

herder echoed the sentiment of almost al
told us, “We only move
And then they can
anly move to their own pastures

A local official explained., * Every pasture in
our area s named and gven to 8 family or a
small group of famihes, which has exclusive
rights over 1L We are allowed to use another
group's pasture for one night while moving,
bt not longer. Thisis as true of Phala today as
it wus during traditional times."

nomads when shi

when we leel we mugst

¥ “TRADITIONAL TIMES" the momarls
menn the period before 1959, when the

Dalai Lama fled into exile. We spent
NUITIETOLLS IJI.III.F- -i!_'-i'llil,..' '-I|||_I_'_ |I';-|
in smoky tents and talking to elderly
nomards about that "old society™ as they now
coll it

*“In the old society,” said Trinley, the old
nomad who feared for our ability to survive

the Chang Tang, “we were part of a larger

250 sqquare miles of

admimistrative unit of nomad groups. We all
belonged to the Panchen Lama,” he added,
refernng to Tibet's second most powerful
lama, who died this yvear. He remained in
Tibhet when the Chinese took control

“The Panchen Lama,"” Trnnlev continued,
“owned areéas and appointed offcials to settle
CHspULEs A collect taxes. He was our lord,
althoush he never came here himself
taxes were heavy in those davs, but we never
went hungry.™

Nomad society was similar to that of med:-
evil Europe and tsarist Russin. Though they
owned their herds, nomad families were naot

L Iir

free to leave their area. They were hereditarily
bound to their lord and land and paid taxes to
the Panchen Lama according to the number of
antmals they owned. Un the other hand the

Using time-honored but tedious methodds, a
nomad shears a sheep with a stone-sharpened
tron knife. The finished product is displayed
at right. Local efficials force the nomads to sell
s much ax 75 percent of thetr wool to the
Chinese government tn an anauethorized form
of toxation. With growing world demand,
cashmere, the soft undercoat of coshmere
goats, now rivals sheep’s wool in the economy.

National Geographic, June TOR9






lord could not evict them and bring in new
nomail=s. They wiell as
ohligations

Thiz somewhat decentralized, feudal-like
system ended  in the Chines:
assumed complete cantrol of Tilwet

All the monasteries of the Chang”
closed. A formal class system was spelled out
thy nomad class paid much more
tn tAaxes than the poor nomad class, New rules
regarding salaries for hired shepherds and ses
vants were also established, thewagesvarving
according to the class of the emplover. Never
theless, on a dav-to-day basis, each nomad
family continued to decide when to move its
animals, and when and for what to barter or

sell its products,

nai their nighls as

1250 when

ANE Wiere

and the wes

HIS SITUATION ENDED in 1968-60,
when the Cultural Revolubion reached

Fhalg., “"EFEducation™ of the nomacks

Eran i.'l IIF!'l_If—IF.ﬂIIJI'. 105 CORVEerting
A Lhie
Hme loca]l Communist officials began to pur
sue  the struggle” in earnest. In
response, the Phala nomads and those in near
by areas rebelled, misunderstanding Mao
Ledong's call for the "' revolutionary masses™
to " pull down those in authorty.™

The nomods mistnkenlv behieved that the
army would remain neutral in their struggle to
restore religious and economic freedom. They
executed two local officials who had been espe-
cinlly cruel in implementing the class strug-
e rest, takihg contral of

JII':.-I.l.J. into- A nomad Commune =111l

CIASS

gle fandd drove out t

Readied for a long trek. bags are filled with crushed salt af a salt pan in western Chang Tang.
Since vaks are few and quite valuable here, this important staple iz carried by sheep and
poats during the 140-mile, month-long trip back to camp, Cigarettes are common, although
smoking among women dropped sharply in 1985 when a visiting loma warned against i

yalronal Geographc, June JO50



their aren for three months during the summer
of 1964,

But it couldn’t last. The army marched to
Phaia and attacked the nomads, who were
armed almost solely with matchlock muskets
and swords. The rebellion disintegrated m-
mediately. Nine rebel leaders were executed,
mare than 30 nomads were imprisoned, and in
1970 a commune system wis instituted. 1t was
at this ime that Wanam's animals and posses-
sions were confiscated.

The nomads were transformed from private
owners of animals to holders of a share i1 the
commune's property. Or, as one more hluntly
put it to us, "We were nothing more than
servants of the commune,”

The quality of life for the overwhelming
majority markedly deteriorated. * Before the
commune,” one nomad explained, “if you
were hungry, you could always find work as
a herder or servant, or you could beg outright
for food. Butl during the commune you just
staved hungry "

The nomads hated not just the economic
hardships they endured but even more the
class-struggle sessions; the continuous deni-
gration of their values and beliefs, and the
destruction of Buddhism in theirr society.
Temples and praver walls—walls three to five
feet wide, with carved prayer stones placed on
top—were pulled down, and no religious rites,
even at death, were permitted.

Thedeath of Mao and the overthrow in 1976
of the Gang of Four in China brought a new
group of lenders to the fore. They perceived
the Cultural Revolution as a catastrophe,
abolished communes, and mplemented a
more market-oriented rural économy called
the responsibility system.

Thus, in October 1981, all the Phala com-
mune’s animals were divided equally among
its members, Every member—infants and
elderly alike — received the same share: 5 vaks,
25 sheep, and 7 goats. A household of five,
therefore, oblained 25 vaks, 125 chesp, and 35
gonts over and above the few “private”
gomts—perhaps 30 or 40— that the family had
been allowed to maintain during the commune
erg, In addition Beijing decided to excuse
Tibetan peasants and nomads from all taxes
uriti] at least 1990 because of Tibet's poverty;
although in Phala and other parts of the Chang
Tang, local officials illegally require nomads
Lo sell quotas of wool to the government.

The new Chinese leadership also forbade

The Remolte World of Tibet's Nomads

persecution on the basis of class background;
currently, one of Phala’s local heads is a for-
mer monk and class enemy. Similarly, the new
leaders atternpted to right some of the terrible
injustices of the Culturnl Revolution by a
policy of monetary  restitution o class
enemies whose animals and belongings had
heen confiscated,

Finally the government reversed its pohcy
on religion. Religions freedom was lnrgely re-
stored, maonasteries were allowed to be rebuilt
and reopened —albeit with limits on numbers
of monks—and traditional rites and practices
were again permitted. The nomads of Phala
now openly pray with their rosaries and praver
wheels, Even one of Phala's four local Com-
munist Party members [requently chants
Prayers.

The nomads' depth of religious feeling is
obvious., An old woman told ws: "1 {eel sorry
for all those who died during the communeg
period, because they could never say praovers
or have the proper death rites, It was a ter-
rilile time.”

HAT DO THE NOMADS THINEK of

the new policies? One middle-

aged man told us, “We were

shocked, and at first we did not be-

lieve it. We thought it was some kind of trick.

Bat after two or three vears wie camé W accepl

that we really were free o manage our herds
and even get rich if we could.”™

The past seven years have brought a sub-
stantial rise in prosperity for Phala's nomads,
although it is certainly not a rich area by
Chang Tang standards

A few Phala nomads, however, resent the
latest changes. Grenerally these are mdividuals
irom the poorest classes in the old society who
were appointed officials during the commune
period, wielding tremendous power. Not sur-
prisingly, most nomads, particularly the for-
mer class enemies, fear that another shift in
policy will occur and such people may again
return to power. This fear and the concomi-
tant feeling of powerlessness partly account
for the continued resentment against the
government despite its recent reforms.

The nomads’ tenacious belief in the supert
arity of their traditional way of life has not
made them opposed to change. Over the past
decade the government has built a network of
crude dirt roads throughout the western
Chang Tang, and the administrative center at

)



As days grow short, a woman bales grass for
winter fodder for horses, prized as oy
animals. Left ungrozed throughout summuor,

a section of communal grasslond is opened for
a weelk's unlimited curting. At nfght traders
sell thedr wares, offering shoes, saddles, and
cassette plavers for listening to music and
Buddhist prayers,

P |
" |
v 5

Tsatsey, three days’' walk south of Phala, can
truck in large quantities of grain and other
staples. More and more Phala nomads, there-
fore, now skip the arduous winter trading trip,
bartering instead with the government office
al Tsatsov

The opening of the roads also has facilitated
the construction of storerooms and houses at
the nomads’ home-base campsites. There pre
no trees on the Chang Tang, and all wood,
even for small iteme such as tent pegs, must be
|.'|['u1.|:j:_',l'|.T from elsewhere, Now large wooden
beams and pillars are easily imported by truck
from southeast Tibet at relatively low prices,
leading to & house-building boom.

The nomads see no contradiction between
having a house and being drokba. Rich
nomads often slaughter 50 to 75 animals in

Nutional Geogpraphic, June 193¢



December and have difficulty storing the meat
and skins (together with their saddles, packs,
and other equipment). So they have always
built storerooms. Residential houses at the
home base were rare in the old davs, but
prized. As one nomad explained, “Houses
completely cut out the wind and are much
wirmer than tents. They make the long winter
less difficult for us, and everyone wants one.”

A house, for the nomads, s astubstitute for
the home-base main tent, and the nomads see
it as a symbol of their newfound affluence, not
i loss of their identity

The important changes brought about by
the road have had little effect on the attitudes
and perceptions of the nomads, who still know
little of the tremendous political and economic
transformation that has taken place in the rest

e Remote World of Tibet’s Nomads

of China. They do notl know, for example, the
name of the head of the Tibet Autonomous
Region, let alone the leaders in Beijing. Noone
speaks Chinese, and the district administra-
tive center teaches onlv Tibetan to the few
children sent to its primary school

The new policies, however, have not béne-
fited all, even H‘Iutlgh eviervane had an |:11me
start in 1981 when the commune ended. As in
the old society, lesser degrees of skill and bad
luck have seen some nomads lose most of their
livestock and forced them to work as herders
for others. They recetve room and board, some
clothes, and 12 sheep for a year's work, buat
have n much herder [ife than the newly
rich nomads who employ them. And thes gap
between rich and poor will undoubtedly
INCTEASE.




Taking pains to protect livestock, a woman places a bahy goat in a pen designed to keep

ngwhorn animals warm at night. To ward off dust, a man with chronic eve problems wears goggles
usually used to prevent snow blindness as he tends o corral for adult animals, Traditional leggings
sewn onfto sneakers reflect the nomads” willingness to gccept some trappings of modarn society,

while holding fast to ways that have served them well for centuries.

Despite the antiquity of the nomads® pasto
ral system, the government believes that it
leads to overgrazing and environmental deg
radation. [t therefore has set limils on the
number of animals per person in some areas,
while forcing periodic reductions in herd
size in others. In Phala a 20 percent reduction
was implemented in 1987 despite the nomads'
protestations that there was no - shortage
of grasses,

The nomads perceive thisas a bias agamst
thetr pastoral system and worry that it could
lead to even more inappropriate programs thal
will impose new patterns of herding that
would ultimatelv destroy their way of life

Ohur research supports the nomads’ conten
tion that the government's order to reduce
livestock in Phala was unwarranted. We
found no evidence of overgrazing and pasture
degradation

Preserving the unique environment of the
Chang Tang is not only a Chinese but alzo a
world concern, and protection of the indige-
nous people who reside there is equally impor-
tant. It would mndeed be ironic if after
surviving the destructive Cultural Revolu-
tion, these nomads’ way of life was destroyed

TEH

by modern notions of conservation and devel-
opment that are based on faulty evidence and
Hawed assumptions.

The most strilking feature of nomad society
today 1s the powerful revitalization of tradi-
tional values and customs and the deep com-
mitment (o the traditional way of life, For
example, the nomads #re again proud that
they do not et fish (though many camp on the
shores of lakes teeming with fish), or fowl, or
vegetables, or wild asses, or meat from amni-
mals killed by women —these all being things
that “drokba do not de.™

The nomacs of Phala like their religion and
wiy of [ife and want to maintam them in the
viars ahead, l.'hl.lu.'niih{.t Lo mncorparale or Lo
ignore new items as they see fit. Deeply resent-
ing government interference, they want noth-
ing more than to be allowed to live as their
ancestors did and to flourish or fail as their
podds and their own abilities dictate

Thus, despite the attempt to destrov the
Phalp nomads’ values and beliefs during the
Cultural Revolution, for now . and for the fore
seeable future, the nomadic pastoral wav of
life 15 alive and well on the Chang Tang, and
all of us are richer for it i

Naotional Geographic, June 1980
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Nutshe

Article and photographs
by MARK W. MOFFETI]

SCURRYING across oné nul
after another, an acorn
weevi searches for a spot to
bore into with her snout to
teed. Uften the first animal
to breach an acorn, the
weevil strikes while the
fruit is still on the tree. As
acorns sttacked by this and
other msects die and decay
on the ground, various new
animals and plants find
their way inside. Thiz com-
munity of herbivores, pred-
ators, decomposers, and
parasites forms a miniature
ccosystem in the nutshell
Few acorns escape to

become tall oaks
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(below). The lofty limbs of most
Ul Frowing acorns out ol

reach: here, Bol

LUnnasch must
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A tield guide:

what to expect

and when

CRACK OPEN an acorn ard
lind a world of creatures that
méake it their home during the
nut's growth and decay

What you discover will de-
pend on the condition of the
acorn and its surroundings
Nutz lving on dry, bhare
ground may nol have much
to show. A decaving acorn
protected by a loyver of modst
leaf litter 14 more likely to
house a group of interacting
individuals

Acorn weevils and filbert
worm moths set upon grow-
ing nuits during summer and
early autumn; their larvae
can be found in acorns freshly
iallen from the ree

As the autumn wears on,
Increasing numbers of acorn
mothe short-snouted wee-
vils, and zap beotles giain ac-
cess to acorns on the ground
through insect holes, cracks,
and sprouts. Parasiles of spe-
cific insects follow their hosts
nside. Some acorn varieties
that wait until spring to
sprout are invaded then

By summer all of last vear's
atorns have sprouted or bhéen
eaten in part or whole. Dead
acoms usually contain & com-
munity of creatures, some
cleaning out the decay. The
husks may shelter animals for
vears before breaking down
into ks,

This guide applies to the
northeastern United States,
where most research on
georns has been done, If
you live elsewhere, you

All acorns and pinned acorn
weeyil life-sire; other spoci-
mens magnified four times L
except micrescapic specimens,
Species match those
phatographed.

FRESH ACORNS

MONTHIEY MR DN
=TrAN el TR T T

Acorn wesdl [ays
an egg in its drilled
faeding hola ;
hatched derva feedy
ot ECwrt il
Fithert warm meth
byl & egg on the
acorm; catorpilar
chewy throwgl the
whill b feed oo
the maat

FLLEEET wpSeie Wil roriia LATTRerasd

may find many of the

same animals pictured

here —and probably

some new ones, CGiather

fresh acorns and drop

them into 6 container of
water, Most with insect
damage will float. Open them
to find larvae, or keep them
damp in a loosely covered
contiadner. Moths, parasites, v
and other inhabitants will

mature and emerge.

To trap other attacking
msects, place fresh,
halved acorns in a jar
and keep most. Cover
it with quarter-inch
wire mesh to keeép out
rodents. Bury the jar,
preferably under a Frutting
oak tree, so that its lip 1s &t
ground level. Check periodi-
gally for creatures that move
to feed or reproduce



DAMAGED OR SPROUTING ACORNS EARLY DECAY ADVANCED DETAY
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NE OF THE FIRS1 Vlaree acorn, 1 And a milli-

Lo invade ar pode eating detritus mrear pal
wcorn, the filbert galls (foldout, left). Holes in i
palls indicate that gall wasp lar-

WO moln fire

enils a Nerce vis viee have mmtured and adul
ape when seen 40 times life-siz wisps have left the acorn. A
l'|"\. T 5| [RLF LB R Ill':; | -.|. ki I- LR -III.I I ||| ¥ |||'I'I:I. '_:\_I!-:.
the tiny eve just above the large surprised me by emereing fron

compound eve asiimler gall, Apparentiy 1t
After a filbert worm gnaw
its way mside an acorn. it begin:
to feed, I it consumes a small
Eorn, I may move o others i
the chister. After metamarpho
515, the moth begins the evele
again, laving an egge on 4n
ieon, & Qlbert, of another nul
Like others that tili Ny
residence in the acorn, nibert
wormes are vulnerable to special-

126l Pparasilies A hirarnd 1] was]

weeytl, for exzmiple, hunts tor
openings, where It then {eed
or layve egps. W hen startled., 1
rolls over and plavs dead

some sap beetles can detect
damaged acorns from a o
LAnNCE, OILEN SWAarmini in an
guckly destroving them, Al-
though partial to tender acorn
iprouts, sap beetles unieash
their large appetites on o vaneh
af plants, The one pictured ever

e 1

insicle an Acorn

ITIAWECD AL A _'_il"ll ris g
Ac acortas e, more animals
move in among remains of for

mer inhabitants, Brealking apes







OW LONG AN ACOmm
SUTVIVES INVASIDN
(= -:ml 00 i
size and the
sequence of in

s mvolved. Une acorn wee
"-I larva or filbert warm can
completely consume i small
ztruh onk acorn, for mstance
Dt often will eat only partof a
arge prorn from a red oik

he acorm moth, found 1o the
pastern U, 5., often layvs eggs in
nuts damaeed by these (wo in-
e ts ".II-*:' i .|I|-r|-.|"- r hatch-
g5, 1t creates & web across th
opening In the shell, which
Leens competitors out. Tt mas
then himish the contents, leaving
i home neatly empted of every
thing but (rass —nsact droyg
ninges {bottom left).

Wintering in the shell, some
caterpilllars emerge i the spring
and {ind 4 sprouling acorn Lo
continue feeding on, Thess in
eects do little permanent dam
REE, since they confine meals to
the meat near the cap. As long
15 the plant embryo at the 1
ed tip remains undistus '.l'.'l.l. the
ACOrn can produce a seediing

Whale 1t l1ves, the scorn offers
inhabitants a comfartable 1
uge. It protects them (rom most
predalore, shelters them from
WeEALNET, :I|'|'.'| {LECS them moist
00, and away Irom sunligh
It al=s provicdes a diet fich o
Fats and carbohvdrates

Umnce dead, acorns contain
pleEnty of pICKIREs [0F SCavVen-
gers. Lifting the cap off one rot
ting nut, I find the cocoon of a
PATasIlc Wasg alongside severa
snals (Lop left), The sige of
pinheads, the snails are brows
Ing in pits that may have been
chewed aut by an acorn moth
cuterpillar while the out was
still alive. A close look at one
snall in another acorn revenls
RO even more minute restdent
g beetle mite (top center) with

valve shell that allows it te

close up ke a clam [or protec-

tion, Noft, decaving acorn meat,
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N THE FALM of my hand 1
hoid part of & uny-an
colony: three Myrmoca
workers tendmg a brood
(felt). Lrentlv, so 8 not

ko digturh the inhabitants, |

have broken this fragment from

1 hollow acorn flled with about

50 adults and their voung, This

species of ant ofton expands the

colony o nearby nutshells

when spice ets tight. Although
they mav live in different guar-
bers, colony members reCognize

e fnother by scent

In another shell I find o soci-
ety of slove workers, Leptotho
X, dttending Lo slave-making
Harpagorenus ants, A red slave
grooms the large, black, slive
making quesn; while others
m the backeground groom and
carry larvae { bottom center)

A slave-making worker's sole
duty 1= to ramd nests of slave spe-
cies. Releasing a pheromone
that confuses adult ant=in the
colomy under attack. slave muak-
ers seize voung and take them
hack 1o thelr own nest. When
thiey mature, captured ants im-
print on the slave makers and
trefdt them as Bin that need bo be

cared for Recoiving no benefits
the slaves gnther tood, tend the
queen, nurse slave makers
voung, dnd tidy up. As slaves
die aned food pets low, slnve
makers riid more often

Hollow acorns may house
other animals, large and small
y slug orcuples almast the entire
chamber of one nut T glice open
(hottom far left). I find no major
enlrvway in the siiell —vet the
slug must have squeczed in
comehow, Able to stretch its
bowly 11 times normal length
and become correspondingly
thinner, & slug can get through
incredilily hight spaces

Al the other extreme, A mi-
nute funmis beetle (Teft) nbatit
the s1ze ol the penod at the end
of this sentence [eeds on a fun
rus bed between the lavers of

an acorn <hetl



hranch, 8 white
footed mous:

plucks an acorn

. Mast

from its ¢al

probably the nut will wind up as

a winber meal. But it just mas
be that one, among many tho
sands, destined Lo sprodt and
carty on the species

In the pygmy pine barrens of
Long lgiand, mice subsist miaost-
Iy on insects during the warmer
manths. In an autumn scram
e, they bury small caches nf
oie 1o three acorns, called scat-
ter hoards, in preparation for

the approaching cold weathes

Pt )

IsSED on a -:.'r||| ||_-_|.

wever satisfied, they move the
hoards around each night. The
mice relv on smell o locate the
arorns underground - seemingly
unnware of where they las
dug —and thus constantly steal
feoim one another When Bob
Unnasch buried a thousand
marked acorns, mice had moved
EVERY one by the next morning
Viore than 80 Narth Amen
can bircds and mammals — from
wild turkeys, bobwhites, and
wiood ducks to bears, deer, and
gray foxes — include fresh acorns
n their diel. Some collect right
from trees. Others must wait
wnttl the nuts ftall to the ground
In addition to mce, & numbes
fanmmals burv what t

¥ey Nar
vesl. Magpies and jave creati
small hoards by poking acorns
mto the spil. Gray sguirrels bury
Imdlvidund acorns as well as
groups of hundreds, called lar-
der hogrds, Amimals sat most of
what thev store, drawing their
sustenance from the energy-
packed part of the nut meant to
nourish 8 new plant

Fut hoarders sometimes |ose
track of the ncorns they bury,
CAVINE a Tew underground
| hough termotes ar fung may
etrilie, the =oil protects the nuts
from foraging insects and larger
arimals above. Kept damp and
i, these acorns have 3 much
better chance to take root and
rrow than those that remain
exposrd on the ground

Chne & seedling that | dug up in
Massachusetts (left), the rem-
nant af a huned acorn hangs
from the stem by a filament
evidence that some animal
anwittimely helped nature renew
a stand of sturdy oaks []
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- Yes,you dln. Clnevy Astro. -

A rear-wheel anti-lock brake system _brake system designed to help you make fast,

might be unexpected in a compact van. stable stops. For all the driving, stopping and

But is now standard in the advanced Iiving your family does, Chevy Astro is the

Chevy Astro. . - van that can. .

On wet of icy foads espesially. you'lls  * * Bewazmiansee g et to by Fop Wacgoy srstsin.
feel good having a rear-wheel anti-loek IS CIaga St i _H-Mfmf-;_mmﬂ- o4
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Back in the US.S.R.

AKING ADVANTAGE of an
opportunity to visit the
closed city of Norilsk
—ofce a dreaded gulag
and now a.major mining center
Mews Service Director Steve
Raymer, Senior Writer Mike
Edwards, and interpreter Bar-
bara Skinner stopped by a local
MiUseum

"Welcome, ™ said museum
director Lila Pecherskayva
“And congratulations on vour
hundredth anniversary!”

Ward of the dociety's centen-
ntal, 1t seerms, had reached this
city morth of the Arctic Circle
through a special program on
soviel television, The show wis
prompted by the opening
in Moscow of the "Odys
aery’ exlinhition of National
Creographic photographs

[hat exhibit, and the
medin covernge that ac-
companied it, crested A
ground swell of interest
grmong the Soviel people
in what we do. More than
L) came to see Ui
vasry  during s four-
weerk rom in
exceeding attendance fig-

Moscow,

ires i Washington, New York,
ar 5an [Hego

Cur fascination with the Sovi-
Pts 15 jlist as strong, Since [ast (all
the Society has had neaddvy a
SCONe O Writers, |:']'Il'-":l_'IE|"l.!||:l|':' TS,
Nlmmakers, and other members
of the staff in the U.S. 5. R
working on a comprehensive
book, The Sovier Dnton Today,: a
W-minute video, “Thscover Rus-
sta”; and articles about the
Eremlin and Siherin, among
other prajects, A pitce on Lenin-
grad is planned for the July

PRESIDENT
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August issue of TRAVELER, and
two films by Ittna Mishina, a
Russian director hiving in Great
Britain, weére recently produced
for our EXPLORER series on
superstation THS

All this activity, of coarse,
reflects a willingness by Soviet
atthorities 4o grve us grealer
groess to their sOC1eTY An

impressive example of what 18
now possible i= 4 ten-vear agree-
ment we hoave just completed
wilh the world renowned Sinte
Hermatage Museum in Lenin-
grad to organize traveling
exhitntions. The Hermataere, o
complex of buildings dominated
by the former Winter Palace of
the tsars, preserves everyvthing
rom European art to Russian
archacological treasurez. Work
ing with museum directors Boris
Protrovksy and V., A, susloy, the
Society has been given aocess to
some three million itémes lor an
extroordinary series of traveling
exhibits in the U. 8

Another tllustratinn of Soviet
cooperation 5 a remark-
alle deep-Sel VOVAEE wWe
are aboul to embark on
with the P. P. Shirshov
Institute of Oceanolog
statl photographer Emon
Rristof will jom Soviet acf-
entists this month in one of
twn hiew submersibiles, M iy
for Mar T, to explore
thermal vents in the Mid-
Atlantic Ridge
well, o Geographic lenm
will acoompany the Soviets
next year on & dive in Lake Hay

i all prowes

|

kal, the world s deepest freshwi-
ter lake.

Covering the U.5.5. K. asna
foreign journalist can sl be ox-
traordinarily difficult. The Sowi-
ets’ desire to be helpful doesn '
alwavs tnumph over old habits
of bureaucratic control

But there is no disputing the
fRct thial Wi are seeImng in exci-
e moment in that nation’s his-
tory, and we look forward to
new opportunities {or mutusd
understanding

Lt Fhovscora
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Careful Study Reverses
“Proof™ of Peary Fraud

id Robert E. Peary lie abomt hio-
ing renched the North Pale in
|10 While his elaim las ofven

i

ind 8 recent sudy. by

Hersert  [INATIOA]
"'-L';"‘.'.'[l'l':'l.'l
party may hive

| beon disputed
EXPIOTET W
| ||-_|||.:.-_|-||| :II:-.._HI l.'.IE:'

Teidesd] thit Pieary 4

off corse. Eust [all
'r'r....' LIS I-.r-_-
ented hat Peary
had petoukly Coked
hus claim
Astronomer  [Dienm
Haltrmore yianrviangd
hendlines whea he re

o i |
made nathhnn
lensed his imterpretation of 1 COPY Of &
neet. whoss Ofsgimnal
wiis m the Natenal Archives. H/; 1T
il the onginal came from an enve
lape e ntdied by Pear
imservations made & the
Sorih Pole on Ap

UndEicd wiork

y wfe. Juo, as
(i ] g B T | g H LS

e | i1 | LN |

Une sot of figures. snid Rawlims
mefe ofmervalEms o1 (e SR thEal
Hevddd 1] Wiks TisanE bty i 1t mom

ing of Apnl 7, proof that the Peiry pal

tv wis L2 0 males from the Pole. Rowlin
| ssidd oo ber et of oumbers were calou-
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the Pole. and he
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aid he [ollowed

|' wally, Rawlim o |I-='.l| that Pears
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HE 14 W ke sl to dissukse (s T

purpose. Rawling tokd o
that the waork
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curefud objective vudy possible™ af the
Feary controvernyy, teporied at-a Feb
FUILEY et Hoswlins
wis wholly misiaken. [nsiesad of
cimervanons made in Apnl 1909, the
Work s0eét reprenents ohscrvaions of
Botelgeuse nnd another star. prabably
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AN EAGLE IN
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PRESENTING
PREMIER ES LIMITED.

The only thing “limited” about this new Eagle
is the number we're producing

Everything else this pure white beauty is
taken (o the limit. A guick scan of the details will
reveal four-wheel disc brakes and 15-inch perfor-
mance tires and wheels. Air conditioning, power
windows, and power door locks are also standard
Ui P,

Then there's its —one of the most shppery
sedans ever to emerge from a wind tunnel

Yes, the ES Limited will stop traffic. Bart it also
E:IIE away from it. Quickly :nzpmllry With power

features that maximize engine ourput, like

hemispherical combustion chambers.

The ES Limited has independent suspension at
all four wheels. And an advanced torsion-bar rear

. A major reason for its world-class ride

himdllng,

Inside: roomy, comiortable, and generously
fitred with genuine leather. With functionally posi-
tioned ins:rmnm'm and controls thar would
credit to a modern fighter jet.

Like every Eagle, the Premier ES Limited is
protected by ler’s exclusive 7-year/ 70,000-

mile Protection o
Take a test [light in the ' '
Premicer ES Limited at _

Dealer. It’s the only way (o [ly.
—— 4 For further information, call
1-B00-JEEP-EAGLE.

Eagle
Expect the Best.

FULL FLIGHT.

h|m pevsretiain lir 7 prars i T4 AW miles smd agine ouserbanly
I-rT'rﬂl'h. 10w mikn e i samann @\ deslen
ESm B e wip b sy




NATIONAL GEOGRAPHIC MAGAZINE: GEOGRAPHICA

C hinese Ice Festival
Rises in Wyoming
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Dorcas Gazelle Genus: Gazelio

body, 0.9-1.1m; tall, 15-20cm; shoulder height. 55-65¢m

Specles: dorcas Adult size: Length of bead and

Adult weight: 15-23kg

Habitat: Savannah, semidesert and desert ramgng from North Africa to ceniral India
Surviving number: Unknown Pholographed by Alain Dragesco

Wildlife as Canon sees it

A lone dorcas gazelle stands alert amidst the
vast dunes of North Africa. Once abundant and
widespread, this slender and graceful creature
now survives only in scattered populations and
has become extinct in many parts of its range.
The dorcas gazelle is well adapted to its and
habitat, heing able to tolerate mgh temperatures
and subsist on hittle water. It has been unable,
however, to find safe refuge from man, even in
the midst of its desolate environment. Like other
endangered desert antelopes in Afnca, such as
the addax and the scimitar-hormed oryx, the

dorcas gazelle is today a rare sight.

Tosave Endam:_,a_rtd species, it 15 vital to protect
their habitats. Understanding the fragile halance
of our world's ecosystem holds the promise for
the future. Photography, both as a scentific re-
zparch tool and as a means of recording the world
around us, can help promote a greater awareness
and understanding of the dorcas gazelle and how
it lives within its natural environment.

And understanding is perhaps the smgle most
important factor in saving the dorcas gazelle and
all of wildhfe.

Canon




NaBhi. An important part
Snar>- of our community
i 1s dying!

N

Let's face it, a city without trees 5o’
fit o live in. And yet, across this mation,
harsh open gaps are replacing the green
sereruty of lesves. Join us in action now
te reverse this trend, Here are the facts:
* In most of our cities, only | tree is
planted for every 4 that are last.

* Pollution, disease, insects, aging,
and physical abase are rapidiy
killing our trees.

* INew trees are dying due to
insufficient care and inadegquate
SPECE B0 Erow,

« Without trees, we lose a resource
that not only besutifies our cities,
bust provides economuc, health, and
environmental benefits.

Join the fight today!

Flelp us keep our cities and neigh-
borhoods from becoming a trecless

can't do it alone. Learn how you can
join the fight. Write or call us toll-froe
at 1-800-368-5748 and we will send
you information on the “Save Our
Urban Trees” Citizen Action Gude.
Together we can assare healthy, livable
cities for generations to come.
Help make our cities
safe for trees!

Write:

The Amencan Forestry Association
P.0O. Box 300

Wahington, DC. 20013
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sure vour friend will thank vou for sharing the wonder of
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America needs
this new vision
for National

INVESTING IN
ARK FUTURES

EXIEAIIN RIMMATY

Wonld vou believe the fire ever, comgre.
hemsive, non-political, complerely profes-
stomal long range plas for your national
prrks? The Mananal Parks and Conserva
oo Associanon’s Bluepae for Tomornow
15 a balanced plan, three vears inthe
making—tor new parks, sensible bound
ancs for old parks, needed funding, gooxd
balance berwern visitor wse and comser
vation of irreplaceable narurl treasires
Yowr treasuns

T.I'J" LN "1-]-1'-.l.' |:|'I|."- ASILY J'l...'.!.'ll.'lr.'n.
¥Wrire tor more information aboot
SICA and INVESTING IN TARK
FUTURES, XIMCAS Blueprint for

lomormom i your parks. Wnte 1o

Mational Parks and
Conservanon Associanon
[0 5 Alst 50, NOW., Sue 23
Washngroon, IO 20007

Skvscrapers

How right to begin an article on skyscrapers
{(February 1989) by quoting Lowis Sullivan that
i skyscraper must be “every inch 4 proud and
soaring thing." It is precisely the embodiment of
pride, not the mere fact of height, that defines
this building type. William Ellis captured its es
sence by focusing on individuals. The skyscraper
l& surely America's greatest contribution to

architectire,
THOMAS MELLINS

New York, New York
My, Melling ro-authered New York 1930; Archi-
tecture and Urbanism Between the Two World
Wars (Rizzoli, 1987 ) and “Pride of Place: Build-
ing the Amerigan Dream,” o PRS documentary,

Whatever sense they may have made in the past,
skyscrapers make none today, except 65 expres-
stons of corporate or personal ego. Tn this com-
puterage, business can get done without loading
thousands of people atop one another on small
lots in Manhattan. Bravo, San Francisco. Taken
mike, Donald Trump,

RicHARD HEALEY

Huntington Beach, Californig

| found vour article a colossal bore and a blatant
example of American chauvinism. One could
traw the conclusion that the only buildings of
note are in the United States

GEORGE M. GRILLS

Toronto, Ontario

Well-done and informative, but the posing of
these talented architects was equivalent to a
broadside for a sideshow. The Founlginhead im-
age of the architect a= an omnipotent, arrogant
primadonna s unfortunate.

RoGEr A. WEAVER

Mari, Pennevlvania

The GEOGRAPHIC can be relied upon to set a
wonderful table for us photographers, hut the
February issue was a feast indeed, especially the
work of Nathan Benn in “ Skvscrapers.” T would
like to know more about this talented photogra-
pher. Or is this Irving Penn having a little fun
with us?

Davip Care. MIiLwarD

San [hego, California

Throughout American and Canadian cities we
often fingd that the most admired and revered

National Geographic, June 1959
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(el 24 X
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vertond Park, Aansa

mvolvement with this peak. a=s hi= photo of 1
\ppears in vour February 1989 On Assignmen
page. Sure enough, the October 1906 18500
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aores within the park consumed by flamés; sub-
sequent surveys have shown that only about
440,000 acres—about 20 percent of the park
Area—were affected by fire, and lesz than one
percent of those acres were subjected to ground
fires hot enough to damage the soil. The Park
service's natural-burn policy, developed over a
period of vears by land managers and scientists,
deserves as careful and balanced a retrospective
as Jeffery gave the occurrence of the fires.

Davio W. KxoTTs

Boise, Idaho

By what logic is a natural fire beneficial and a
man-caused fire dizsastrous? How can natural-1s-
best advocates shrug off thousands of acres of
burn as a rejuvenation and come unglued at a 20-
acre harvest on commercial timberland?

If the area is to be managed to serve the people
who own it ithe public), discrete development of
roads, trunsient housing, and maintenance facil-
ities are necessary, &s are insect control, wildfire
conitrol, wildlife management, controlled burns,
amd removal of excess dead vegetation. “Liet it
burn" is a management policy but a myopic one.
There i5, in fact, no “unmanaged” land in the
United States, only land on which the manage-
ment policy is to exclude application of modern
tools and knowledge.

RicHARD K KELLY
Redding, California

What other country would have watched billions

of feet of good lumber go up in smoke? Why

shouldn't the Park Svstem through good forestry

cut mature timber and help reduce its budget?
D. KiLTox ANDREW, SR,
Falmouth, Maine

T'imbor-harvesting progroms are regorded as in-
compatible wilh the natural-presevve philosophy
af aur Naitonal Park Svstem.

On the west side of the Bighorns, about 150 miles
from the Yellowstone fires, half of a hig flat-
topped mountain nameéd Copeman’s (or Copp-
man's) Tomb burned nround 1900, The burned
partion wasstill bare as g bone 73 vears later, un-
til a replanting project was started. That is my
worst [ear for Yellowstone Park

PaTricia R. BRUNE

Ridgecrest, California

Small Towns

Having come out of Lapel, Indiana, where we
had té throw a bone in the road to get the Grey-
hound to stop, 1 was intrigued by ¥ Small Town
America.” [ love to read about small-town life. 1
enjoy the hometown newspaper; it's agreat place
to visit, but I wouldn't want to live there.

DELBERT BIXLER

sarasofa, Flovida

You clearly showed that we (in small out-of-the-
way communities) are not so0 much an endan-
gered species as a changing species. Like an
onion cooking alongside other vegetables, we are
losing some of our distinct, Jocalistic flavor,
while taking on that of our fellow Americans
with whom we share the pot

NEALNETT

Malone, Wisconzin

None of the businesses shown in vour photo of
the intersection in Rolla ipage 187) are still there,
and at one time within the last two to three vears
probably 30 to 40 percent of the buildings on Pine
Street were vacant. Fortunately there seems to
be some reversal of this situation, but service op-
erations have replaced retailers. Small towns are
gorng through an evolutionary process, just as
our large metropolitan communities are.

DoUGLAS SMITH

Legweod, Kansas

The message wasthat of a rural and simple, if not
backward, existence, The wonders of the Mis-
sour) country lnnds are understated. It takes pa-
tience and depth to realize the majesty in rural
wonders: the curious sight of 1 knee-high cockle-
bur bush; walking pastures and woods to find the
best cedar tree to fill & home with the smell of
nature's Christmas; sauntering along 4 railroad
track forgotten by time, the irritating sting of
smartweed; a meandering creek as enticing as
any French country scene; access to the sun and
the stars with wvour feet solidly planted on the
midwestern ground. If sophistication is lacking,
it has been sacrificed for these rewards.

Taol L. Morcax

Koangay City, Missourt

Mature Conservancy

In the December 1188 issuevourefer to ANCON
as “itz [the Nature Conservancy's] local cre-
ation” (page 844). In fact ANCON is a private,
nonprofit, and independent Panamanian conser-
vation organization created in 1985 by local coms-
munity leaders to initiate and support programs
for the protection:of our extracrdinary natural
heritage, Several international organizations in-
cluding the Nature Conservancy have provided
valuable support

Juan CarLos Navarro (.

Exectitive Divector, ANCON

Panama, Panama

Letters should be addressed to Members Forum,
National C(eographic Mapazine, Box 37448,
Washuington, D, C. 20013, and should include

sender's gddress and telephone wumber, Not all
feiters can be uyed. Those that ere will often be

edited and excerpted.

Natronal Geographec, June 1980
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Life insurance with
enough investment options
[Or any eConomic climate.

In tfodays changing economic environment, it's im
partaEnt o haverenouch investmeent choioes: Ared thats
why Vanable APPRECIABLE LIFE® offers you mome
ways o nvest the cash wlues of your lile heuraioe
Hhan evear Dedoms
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rirst-mvar real estate account. Or you can chooie a
txead irterest mte ophon
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vesrly, quarterly or monthly
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VERYVBODY LOVES a dinosaur., Mavbe that's
because thev're no longer here to bother us
According to Assistant Editor Rick Gore's

article on extinctions, we can be glad they're nol
tor another reason. If thev were, we wouldn't be

I he BO0-million-yvear fossil record shows five
extinctions ol extraordinary magnitude that we
can only study, leam from, and marvel at. A
sixth, Rick tells us, is happening right now, dif-
fers dramatically from the first five, and should
concern all of us because we can do something
about it—and should. Humans for the first time
are the caose and the ultimate victims. It's sai
that before humans appeared, extinctions of flora
"mﬂ rm" mr Ln' -:1.rll-| T-:I.]JIE.:J. 1 g i'.|||.III| e -[II_'I"iI_";i it _'..-'I_'iJ_I'_ ._l'"-..ll'l.'l.' i Is
estimated that four species go belly-up per housr
mndicating a total of a million by the vear 2015

In Kenva [pin Douglas-Hamilton and his wife,
(ra, are concerned and risk their lives to do
_#::‘ something. They're trving to save the African ele

phant but aren’t too optimistic. If ivory poachers

maintan their rate of slaughter. all free-rangong

E L |

herds could be gone by 2020

VIS 403 | lam sent me an article from an American fash
- ion magazme featuring o model weanng a pounyd

or two of ivory bracelets, Cost—according to the

capbion: $1,710. Not listed as part of the cost

the slaughter of elephants and, indirectly, the
lives of African rangers who tried to protect them

We have survived the loss of the dodo bird, and
we cih live —though not 30 well —without the
blue whale, t
And women can learn to hve without ivory brace-
The VCR Fﬂ'l.l’" Fill'f it on. 2007 A.D. lets. But some of us may not live without some of
the still unknown plant species of the tropical for-
esl. More species live there than in all the rest of
the world combined, and many thousancls of

those have not vet been assessed by science. But

18 giant panaa, and the elephant

WAt creniie vl By the Bloe koo o T A 17 _ :
Vhat miovie wil) e the nackbuster of 2007 A.L population pressure and profitable logging reduce

Hard by sav. Bul ome Fhing © loe corkain, Samsigng

VO Rs will definitely be mettinis rive revisws this pharmacopoeia by a bundred acres 3 minute
At the present rate of destruction, we can expect
cast one-iourth of the extant species

& SAMSUNG g

within the next few decades, almost certainly in-

LT TEE A i s e

cluding lile-sustaiming drugs. Reading about mas
sive extinctions should help us appreciate how
great the world 1s the way it 15 And maybe more
of us will do our bit to keep it the way it is.
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America Is hooked on
foreign oil. Today, we
import almost 40 percent of
the oil we use—even more
than in 1973, when the Arab
embargo plunged us into
gas lines, rationing, and
recession.

ﬂ]f MoTe WeE CaAll use
nuclear energy, instead of

imported oil, to penerate
electricity, the less we have

THEW USCEA

depend on foreign nations
The 110 nuclear plants in
the US. have cut our foreign
oil dependence by over three
billion barrels since 1973.
And they have cut foreign il
payments by over one hun.

dred billion dollars,

But 110 nuclear plants will
not be enough to meet our
growing electricity demand.
More plants are needed.

To help kick the foreign oil
habit, we need o rely more
ON OUF OWN ENETEY SO0UTCES,
like nuclear energy:

For a free booklet on nu-
clear energy, write to the
LLS. Council for Energy
Awareness, PO, Box 66103,
Dept. SNO4, Washington,
D.C. 20035.

LS OOUBRCIL B ENERCY AWARENESS

Nuclear energy means more energy independence.



INTRODUCING
THE NEW PLYMOUTH ACCLAIM.
A WORLDBEATER.

HERE’S TO YOU, AMERICA. 0% FINANCING OR %500 CASH BACK

ACCLAIM PRICING STARTS AT *9920°

gmhmmmmmrmnmmmuﬂ st outer body rust-through for 7 yeors or 100,000 miles.
controd incraoses.



TO HAVE V-6 POWER,

AVAILABLE ROOM FOR S
ULTRADRIVE 4-SPEED AUT TIC TRANSMISSION,
OVER 50 STANDARD FEATURES,

THE LONGEST POWERTRAIN PROTECTION IN ITS CLASS.
TO COMBINE THE BEST OF ALL WORLDS-
TAKES A WORLDBEATER.

ON EVERY NEW ACCLAIM!

XMODELSHOWN, 13195° PLYMOUTH.

e s heough Cheyr G OBucki U ronsaretr. SATISFY THE CUSTOMER



On Assignment

with manager |ack Drewell in
the statiomary cockpit, he found
ving throug

i iHusory landscape beamed by

LOE CX[CNCTED O I' ]
S1X Prajeclors Ofto an oy Fhendd
lomwe 1o be “absolutely mind
blowing.’

For Ward, a computer enthu-
gt this asstemment was like a
busman's holiday. In his office in
nis Bethesda, Maryiand, home
e keeps four of his seven com
PULES OT1 a4 JArgE oviel tabde, wath
two printers in the center. With
his chair on casters, e wheels
from screen to screen. “ Il be

reating grapdics on my Macin-
tash 11" he savs, “while I'm
writing text on the IBM

A< broad in his scope of inter-
ests as he s hes wlents, Ward
now has 15 GEDGRAPHIC articles
HE MEDIUM wis the mes. [he imares penersted by tor has eredit — nine of which he

sape wihen Assistant Ar computer number crunching wrole as well as photographed. If
Lirector ALLEN CARRDILI can be astoundingly realistic, hie could clarm a specinlty, it

above, at left) visited Pixar, a as author-photographer FRE] might be gemstones and precious
computer-graphicy firm in San WARD (below, at left) learned at melals, which have been the
Ratael, California, to see the L Lreénern
cutting edge of a new technol lator in Fort Wiorth, Texas AssIEnments
ogv. A specialtst in transiating
sCie e concepls into compre-

P wnamics [Tieht gimu- sibioct of four of his Previouns

hensible images, Allen felt at
home with Ralph Gugeenheim,
right, Eben Osthy, center,-and
Willthm Reeves, who created an
animated sequence of o shatler
Ing crvetal globe (pages 732-3

A leading prodocer of computer-
graphics hardware and sof)
ware, Pixar 12 reinventing the
art of anmmation. " The team
looked at broken glnss 1o get the
shattering right, " sayvs Carroll
*detmils that reallvy made a dif-
ference.” Art director for ous
Historical Atlas of the United
Statex, Carroll 12 now pssocind
director for design in the Carto-
graphic Lhvision




The makers of TYLENOL want yvou to know:

[FYOURE TAKING ASPIRIN FOR
YOUR HEART, YOU PROBABLY SHOULDN'T
TAKE ASPIRIN FOR YOUR HEADACHE.

Why you should take TYLENOL
See your doctor first. for everyday aches and pains.

The importance of adhering to the
doctors recommended dosage.

Aspirin and its side effects.
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