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spiegel’s pctures this month on global air

pollution frighten me. 1 suppose it’s a bit
like a child frightened in the dark, where each
shadow holds a potential danger. But the dan-
gers they have found are very real, though we
can't see most of them even in the daylight,

Now Noel is not an alarmist by nature. He is
no Chicken Lattle claiming the sky is falling,
Quite the contrary, it spems the sky has become
dangerous because substancesin it do not fall
fast enough. We have collectively burdened the
atmosphere with compounds that rise into the
air long enouzh to get out of our iImmediate
neighborhood, Some of those neighborhoods
are nations. We would never tolerate neighbors
tossing their trash into aur front vards or let
some clever trash company dispose of its collec-
tions by flyving over a neighboring city and
shoving them out the door. But a company can
vaporize trash, send it up a chimney, use the
wind to deliver it, and we are more tolerant.

There might be no serious problem except
that most life-—plants as well a5 animals-—must
breathe this air. Given a few million vears,
human beings might adapt to thrive in almost
any mix, bul vou and I don't have that long to
wait. We seem to be turning our only air supply
into a low-grade, long-term Bhopal.

We are strangely inconsistent in owr concern
for air quality. By international agreement,
poison gases have béen cutlawed as weapons of
war, but in peacetime we release chemicals into
the air that in larger concentrations would be
banned from use in combat,

Few issues have been given more press space
or caused more hysteria than the idea that
sormeone 1s putting something in the air that
falls as “vellow rain" and sickens or kills peo-
pie. Yet not even the wildest claims of yvellow-
rain casualties can hold a candle to the deaths
and suffering caused by inhaling the smoke of
burning tobacco. Breathing polluted air may be
just as dangerous, but it seems to be a hard
thing to prove. Perhaps one of vou reading the
article will be inspired to invent a hearing-aid-
size gas mask to filter the gir we breathe.

More realistically, the article will help all
who read it see the dangers—invisible as they
may be—that lurk in the only air we have. And
ance we really see them, they won't be so
threatening, bécause together—as individuals
and as nations—we can do something abhout
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The High Andes 422

In words and photographs, Loren Moelntyre
explores troditional I'ndian communities and
bustling cities—all surviving in thin airamid
South America s loftiest mountoing

Kavaking the Amazon 461

An (nternational team becomaes the first to
navigate the fabled river from wild headwaters
to motth, Plotr Chmislinski describes the six-
month, 4,000-mile adventure. Photographs by
Zhigniew Bzdak,

Seals and Their Kin 473

From the sunny beaches of California to the
frigid shores of Antarctica, wildlife biologist
Roger L. Gentry studies pinmipeds—the "fin-
footed"” walruses, seals, and sed Lioas.

An Atmosphere of Uncertainty 502

Is global air pollution thréeatening [ife as we
fenow 17 Noel GGrove finds man-mode contami-
Nants COUSING rising concern among scientists
probing a controversial field. Photwographs by
Ted Spiegel, paintings by Williom H. Bond.

The Antarctic Challenge 538

In the Footsteps of Scott 544

Ratracing the 1911-12 route to the South Pole
of British explorer Robert Faloon Scott, a
three-man expedition encounters simildr rises,
Robert Swan reports, with an introduction by
the explorer's son, Sir Peter Scott, describing
the challenge of the Antarctic.

Antarctica 356

The cirrent political, economic, and ecological
status of the southernmost continent is ot
lired by Priit J. Vesilind. With a supplement
map and chart, Pinnipeds Around the World.

COvER: A school of anchovies scatters before
hungry Californio seq [fons feeding in the Sea
of Cortds. Photograph by Marty Snyderman.
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South Americas i

A primeval landscape of volcanoes and

L]
ISlal]dS Il‘l l’l]e Sk salt lakes unfolds to the horizon on the
high frontier between Chile and Bolivia,




Surmounting Cotopaxi’s frozen cone of fire, six cliimbers conguer the summit of one
of carth's highest active volcanoes. On clear doys mony of Ecuador’s 50 other
voleanoes are visible from the 19.347-foot pealk, along with the high mountain

e




valleys that harbor nearly half of the nation’s ten million peaple. In 1877 one of
the mast violent of Cotopaxi’s 60 recorded eruptions melted its thick mantle of ice
and snow, wnleashing torrents of mud and water on the countryside below.
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A deepening dusk igmites the city of La Paz, Bolivia, and its 21,.201-foot guardion,
[THmani —site of a 1985 airliner crash fatol to all 29 aboard, Inhabitants of the
world's loftiest metropolis, a million Pacenos thrive in the rarefied atmosphere
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ar 12,08M) feet, which often afflicts visiting lowlanders with altitude sickness,

Nestled in o deep canyon, the city is given a degree of shelter from the chill
winds that whip the surrounding 800-miule-{long plateau, the Altiplano.




Praying all the way, pilgrims en roule to g mountain shrine cast of Cuzco lead their

puckhorses alony a trail scarcely an animal wide., Hewn from a canyon wiall several

hundred feet above a riverbed, the vertizinous trail follows a remote Amazon




ributary in Peru's eastern cordillera. Gullies scarring the slopes become

riviiiets when easterty winds discharge thetr moisture, which is returned (o the

Amazon basin by countless such canyon-bound rivers




in the skv, Juliana

F PARADISE 1ndeed is

Quispe lives almost as close to it

one on earth, 5o highis her home near the

s Any-
giaciers of Peru’s Ausangate, a 20,945
fool Andean snow peak visible from the
onetime capital of the Inca Empire, Cuzco
Juliana's house of fieldstone thatched with
bunchgrass faces a little lake named Comer-
cocha,. When her davgghters fetch water
irom the lake, they walk barefoot upon tree-
1855 sod higher than the lottiest summils of
the American West
At that elevation, about

ur is so thin that,

15.000 feet, the

for lowlanders like me,

simply breathing enough of it to stay alive is

trving. 1 got somewhat adjusted to it dunng
2 recent trek along the spine of the Andes,
the S5outh American mountains that stretch
4.7

Conlinent

00 miles down the western edge of the
from the o Cape
Horn. My goal was to see how people sur-
vive—and, in some cases, thrive—here ot
pxtreme elevations

Juliana was born to the altitude. Clad in
12 hlack wool petticoats, each inturnexpos
ing one inch of embroidered hem, she scram-

bled about her rocky acres as if she were at

Caribbean

sed level | watched the small Indian and her
chapped-cheeled daughters scrape llama
dung mto piles and carry enormous loads of
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it home tor fuel. They need & lot; insuch thin
aiT water botls at 1857F, and it takes hoursto
cook potatoes. I could not keepuap with them
although I carried only my camera bag. Lel
as 1 1 were ciimbing endless stairs and often
paused to catch my breath, The women
seemed o breathe without effort

My small expedition journeved there in
June, in the deep-felt sunshine of midwin
ter, to avold the hatlstorms and the some-
times lethal lightning of summer in the
centrid Andes, >0 pristine 15 the air and so
still the winter waters of Lake Comercocha
that at nightfall a schoalgirl could wish upon

5 |4_'I'|L'| el sLar [:':'-g-lh' the o ||11-.||11'_|.' |'-|l-i|
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Potatoes cook endlessiy over a lama-dung
fire at an elevation of 15,000 feet in Juliona
uispe’s stone house in southern Peru,
The author found few people iving higher
than here, where water boils at the low
temperature of 185 F. Several miles from
thaeir closest neighbors, the Quispes subsist
primarily on polatoes — a crop notive o
the Andes — and their large llama herd.
Through subfreezing nights, when the hearth
5 ire ermnbers, they sleep in warm clothing
homespun from native alpaca woaol.

that descends “when the sun swims under
the earth,” asthe Incas put it, [ liked to wrap
my hands around my evening mug of coffee
and walk to the edge of the lake to marvel a
maoment at mirrored stars and distant plan
ets without lifting my head

ULIANA'S dauphter Santusa shyly re
viedled that a paradise of sorts exists in
a vast hollow within the god-mountain
Ausangate itself. “The chamber is full

of palaces and herds of sheep and Hamas. 11

vou listenaltter dark, vou may hear the chim

ing of golden bells hune round their necks.”

The thunder of an avalanche in the Au-
sangate night conjured a vision of & great
boulder rolling away to reveal the opening
imto the mountain that Santuza helieved in
'hen laughter pealed across the lake, My

gutdle said sleepily that 1t was the whinny of a

vicuna, that fleet and elusive wald cousin of

the llama. His brother thought it was the call
of a bird, perhaps a inallala, a white goose
with black markings that often féeds and
flies in pairs; the Indians say that when one
dies, the other mourns and soon follows. Ju

liana knew the puffaw came not from a

goose but from the spirit of a dead infant

Juliana's place fell short of paradise; Shi
spent much time in tears, hroogh my guide
she explained in Quechua, the ingua franca
of the Incas, that rustlers had stolen the fam-

y's three cows and a bull. Cows at this alti-

tudes Oh yves, and two were pregnant. She

valued them more than all 200 of her llamas.

Her husband had gone after the cows and

failed to return. “He is faithless,” she

watled., "He 15 drunk mn God knows what
tavern! His soul wanders in the night!”

Cne l::lr '_-I".."“.";_'.l

| left Juliana's place for
thermal springs that ring Ausangate, each
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about four hours' walk from the next, Para-
dise for me was soaking in a steaming pool
hard by a freshet from a glacier.
From the heights floated the pentatonic
notes of & guena, an Andean flute. Probably
~ shephereds tending llamas and alpacas. They
4 must have seen my camera, for in the morn-
~ ingthree young Indians came with acowboy
vostume and demanded that [ take their pic-
tures. Each in turn put on plastic chaps, &
western hat, and my dark glasses, admired
himsﬂﬂn a compact mirror, and struck a
pose for the foto instantanca.
Their women came to peek and giggle at
the pictures. Each carried an infant slungon
‘ber back ina liclla, a square Andean shawl.
B # i -Thhnbmtuemaddledmlamufwml
~ that immobilized their bodies and covered
their heads completely. How do highland

the High Andes

HOUGHT TO BE the world's meters, or about 10,000 feet,
hiphest monmtains wntil the The clash of tectonic plotes,
Himalayas were surveyed which crumpled the edge of the  and Chilean coants.

in the early 19th century, the
Andes form a titanic bulwark
extending 4, 700 miles from the
Canbbean to Cape Horn. For
this article the author, who has
fived and traveled (n South
America for neariy 40 pears ansd
has climbed severul Andean
peaks, fulfilled o longstanding
desire: to explore the "two-mile-
high world" of Andean nations
with landscapes above 3,000
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continent (o begin forming the
Ancles some 180 million vears
ago, continies to stoke sub-
terranean fires, whoge fury

= vented through hundreds

of violcanoes and freguent
earthguakes. Bloching Amazon
moisture carried by prevadling
winds from the east, theé minin-
tains help create some of the
world's driest deserts in the
rain shadow along the Peruvian

Thowgh maon may hove
arrived at the peripheries
earlier, most of the Andean
haghlands were uninhabired
until some 10,000 years ago,
toward the end of the last ice
age. In the wale of retreating
(ce; @ freshwarer sea covered
much af Bolivias Altiplano.
In this vast fAatland drainage
basin, 3,200-sguare-mile Lake
Fiticaca is.a remnant.

National Geographic, April 1987




children like these escape suffocation so far
above zea level? [ wondered whether chron-
it shortage of oxyeen can stunt an infant's
growth—or does that shortage simply ac-
custom the child to coping with the heights
when he grows up?

CCLIMATIZATION is the kev to survival
at extreme altitude. It has taken me
days or weeks to adjust every time

I have tackled Andean mountains
higher than 158,000 feet. At that elevation air
pressure falls to hall what it is at sea level,
and a normal breath brings only half the nor-
mal amount of oxvgen into the lungs.

“Above that level even it climbers risk
HACE [high-altitude cerebral edema] and
possible death when they go up too fast to
adapt,”said Dr. Charles 5. Houston, author
of Going Higher, my physiological guide-
book on the trek. 1 tried to watch for signs of
HACE—hallycinations, stumbling walk,

drowsiness—while realizing that one' of
the main afflictions, faulty judgment, prob-
ablv defeats attempts at self-diagnosis.

A more sinister peril haunts ascents of the
Sierra Nevacdla de Santa Marta, whose
snowy summits, marking the northernmost
end of the Andes, overlook the Canbbean
sed, They are ringed by marijuanaand coca
plantations. The adjacent Guajira desert is
strewn with wreckage of aircraft downed in
drug wars. Years ago the only narcotics 1
saw were the coca-leaf kits of highland Ar-
huaco Indians, In 1968 chief Apolinar Tor-
res charged me ten dollars’ tribute to climb
his sacred mountain: Cristdbal Colon.

At 18,947 feet Colonis Colombia's highest
ground. Its rock 1s solid underfoot compared
with the volcanic ash of Colombian snow
peaks to the south. The ash grows world-
class coffee but is treacherous. In 1985 a mi-
nor eruption melted snow that liquefied ash-
laden slopes of Nevado del Ruiz. A flood
sluiced Colombians out of bed 30 miles nway
and drowned 20,000 of them in mud. ®

*See the NamoxaL GEoGrarH1C's May 1986 isiue

[ ] Above 5,000 meters (16,404 feet)

[ 2000-5,000 meters {8,842-16, 404 fest)
| S00-3.000 meters {1, 640-5,843 fost)
[ Ssd Iovet-500 meters (01,640 feet
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HE MASSIVE VOLCANOES of Fcuador,
farther south, have been mileposts in
my life. Cotopaxi, nearlv 2 mile mgher
than Mount Rainier in mv home state
of Washington, was the first great Andean
peak I climbed, some 20 years ago. Its gla
ciers groan with ceaseless slippage. From
the icebound rim of Cotopaxi's steaming
crater at 19,347 feet, I could see 12 other
snow peaks, most of them volcanoes, hiting
out of meadows and rain forests
Cavambe, smack on the Equator, lowers
18,906 feet. A pladier on its southern flank
flows from the Northern Hemisphere into
the Southern. Thus I have walked from
summer into winter there—the only place on
earth where that can be done on natural ice
in asingle step
Driving south from volcano to volcano
alang the Pan American Highway, | saw a
column of Indians carrving enormous 0as
of cornstalks, skinnv legs sticking out of the
bottoms of huge bundles. As 1 stopped to
take a picture, a truck cartving a loud brass
band came tootline by, and since 1t was June
24, the Festival of the Sun, all the skinny
lepged haystacks began to dance
Thet was in the province of Chimborazo,
named for FEcuador's tallest mountamn. At
20, 702 feet it was thought—until Asia's Ha
malayas were measured in the 1800s—o be
the highest in the world. In g way it is: The
equatorial bulging of the earth raises Chim-
boraro almost two miles hegher than Moont
Ewverest if the peaks are measured from the
center of the globe
sangay., FEcnador's southernmosh snow
cone, has long been listed at 17,159 feet, al
though it must be growmg. >wathed n
clouds from the Amazon forests below, il
has erupted almost unseen throughoul re-
corded time. From i plape 1 have walched
glaciers of lava sizzle down its Fujiesque
slopes, displavs of ¢mber, ebony, and ice,
Out of the crater floor burst glowing blobs ol

Chizs article marks the 13th NATIONAL GEO-
GRAPHIC bviing lor {ree-lance wriler and photog-
rapher Loren Melntyre, who last authored
*Humboldt's Way™ for the Seplember 1985 is-
sue, Hased in South America off and on for most
of the past 40 vears, Melntvree also weote and
photographed the Society's book The Imcredibie
I'ncas and has contributed to more than two doz
e of its other publications
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Fire and ice deck the seething summit of
Sangay in central Ecuador {(right). The
Andes' most active volcano, Sangay has
spewed lava, ash, and steam for centuries.
U'sually shrouded by clouds, the cone is seen
during a 1969 eruption (above) in a time
exposire taken from 40 miles away. The

17, 159-foot-high mountain marks the
southern limit of the Andes’ northern belt of
recently active volcanoes. After almaost 1,000
miles free of volcanic activity, the fire
breathers reappear intermittently from
southern Peru to the tip of the continent.

lava that whistle in high trajectories, freeze
Into misshapen stones, and arc back down to
bombard the snow

aouth of Sangay for hundreds of miles
Lhere are no active volcanoes or permancnt
snows. In northern Peru the main pass over
the continental divide 15 only 7,000 [eet
ibove sea level, compared with the paved
I'mans-Andean Highwayout of Lima farther
In north-
erni Peru one travels in only a few hours from
barren Pacific sands to sopping forest.

Clouds driven westward by trade winds
cross the Amazron basin, stnke the Andean
DRTTIET, chill, and begin unleash-
img rain. It falls in torrents that cascade
down mountainsides and broaden onto flat-
lands. Before reaching the sea, much of it

zerith, which reaches 16,000 feet

rise,

Nartional Geoeramhie, Aperl TWE7







evaporites to form clouds that repeat Lhe cv-
cle by -|'.I|1j.-i||,= enormous tonnages of water
AEAIn And agaln
Sprav saturates gulches; mist wreuathes the
clitfs. The blockaded clouds part now and

iwrainst the eastern wal

then to let sunshine hasten photosynthetic
Orcery, drawing steep bers of trees [rom
cracks in rocks and conjuring out of the fog
preat snarls of giant ferns and epiphytes

In that cloud forest few seltlérs venlure
today They fear the
wights are haunted. | learned that from my

anpove &§,000 Teel

explorer friend Gene Savoy when I joined
im in 1983 on & quest for lest cities above
the Amazon headwaters of northern Peru
Gene bad reported dozens of such finds
nearby in thi including a now fa
mous one he had named Gran Pajaten. So
many ruins lie hi
most every vear brings another discovery, or

retliscovery

| SHL s

den in the clouds that al-
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N CHACHAPOYAS our expedition based i-

21 down 1

e street from the Temple of
Good Death, not far from a studio offer
ing INSTANT FOTOS IN ¢ MINUTES. It 1=

siill as quaint and amicable a town as most of

Peru wasin 1947 when I moved there, Cha-

chapoyans live up o the saving that moun-

LAIN WAYS A€  WMLY amddise, s Sano, no

CAFLO @8 TyinD—I]ITIenM

lier, wiser, not so frus.
trating. " Few Chachapovans look Indian o
even mestizo—of mixed blood. kven the
aborigines had been reporied to be fair
skinned

Chur horsessca

ed unshod the eastern pali-
sades of the Marandon River gorge., Hired
hands kept pace, their sandaled feet almost
as indestructible Fhey carred

1e1r sCant fFear over one =-|'|I:I||||']|'_'1' 10 COLLON

A% [onves

F
saddlebags, alforyas. They often paused to
coquear, to renew their wad of coca and with
it therr fortitude. A Chachapoyvan stutls one

Nalromal Geoeraphii -1.|-'-r.'l' fOs 7




Survivors of a catoclysm, palms mark the
plaza of Yungay (left), a town of 18,000 that
was buried on May 31, 1970, when the
Western Hemisphere's most deadly
carthgquoke dislodged nearly two hillion
cubic feet of rock and ice from Nevado
Huascardn, Peru's highest mountain.
Crosses top an entombed church, at right,
and a huge boulder that landed nearby.
Originally situated in the mountain’s
avelanche chute, Yungay sought o protect
itself after a 19th-century landslide by
relocating behind a high ridge. But in the
1970 disaster a wave of debris crested over
the ridge and engulfed the town, as seen
tre this aerial view (right).

cheek with coca leaves and sucks powdered
lime from & stick that he constantly pokes
intoalittle gourd containing ashes of roasted
snail shells. The lime releases anodynes
from the leaves.

In the cold rain of evemng we miched our
tents in lumpy black bogs or on bunchgrass
Wild things hummed and gurgled in the
dark of Antisuvu—the Inca name [or this re-
rion, this suvu of thetr realm. Promh Andi
came the Spanish word “Andes.”

Even noisier in the night than croaking
frogs and rooting Doars were our Imen, espe-
cially when they had shared a bottle of cane
alcohol. They kept up their ires and bowster-
ous chatter to harden their nerve. T hey wor-
ried about chorape. Chirapa? " A sickness,”
one explained. “Hives, and [ongus under
fingernails, It attacks vou in high country

whentver it rains in the sunshine.”

Horses and men followed us reluctantly
into the clond forest. We fanned out to
search for ruins. 1 would creep hand over
hand along exposed crags, gnawed by acro-
phobia, Next I would feel engulfed by
spongy vegetalion and whack my way otl
by machete as if zmall dinozaurs were at my
heels. Gene could sense where Lo strip moss
from i ledge—just at arm’s length vet com-
pletely hidden—to reveal u cul stone balus
trade embraced by roots,

He had to double men's pay o get them up
to suminits shunned by local folk. The men
would hand around a bottle smelling of
camphor and kerosene, rub some on ther
necks, and swallow a drop to steel their
courage, Thev called it antimonio. ¥ Not the

The High Andes

=
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mietal antimony as=ociated with combating
parasitic diseases,” Gene explained to me
“What they mean is anti-demonio-—aor anti-
demon—medicine, prophylaxic for the
heh-country hex.”

The men asked me for "some of the anti-
monio vou use o make voursell invisible to
drendes—spirits of the dead.” My insect
repellent. They thought it immumzed me
againsi evil because I had apphed some be-
fore crawlingintoa cave strewn with human
and animal bones

Within a month we found four urban
sites, mile after mile of circular buildings
and strongholds. “"The ruins belong to the
culture of the ancient Chachapovas,™ Gene
concluded. “They occupied this region for
centuries before the Incas invaded. In their
day thousands of buildings covered these
rdges above the east bank of the Marafdn. "
He named the ruins Gran Vilaya
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ded down o glacier at nearky 200 miles an
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The agony of hot candle wax on her hands
prings ecstasy o a Penitente (left) in
Huanca, a small town near Cuzco, Peru
Self-Aagellation is among other forms of
penitence prachiced at Huanca's church,
which was built to commemorate a
peasant’s vision of Christ being flogred.
Vestiges of medievol Roman Catholicism
discouragred by the modern church, such
customs are still followed in some Indian
parishes throughout the Andes. In Huanca's
muarketplace (right) an herb vendor sells
folk cures fivr impotence, hexes, and fewver,
itlong with seqa stars for heart disease,
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had to hare an Indian to A K1 up tx 16 100
feet to mark *Laguna Mclntyre," " reported
Emil Barjak, their expedition leader

[n NATIONAL GEQGRAPHIC—the 3ociety
-.[||||'|-1--||-.‘|
1972 that the lake maight cease Lo pinpoint
the source by 1985, since its runoll teeds the
upper Apurimac Faver, eventually to be
dammerd will tap the headwaters

climb—1 wrote 1 taber

Tunneis
and send a flow 43 miles under Andean
Crests to irrigate pearly 150,000 acres
' |'|| 5 'm'l---.- COMSE, '

Yet by the start of 1987 no Amazon water

had reac |'||-r| the Pacific side, even though

fi51070 |'|_!|||||_| |',||||'|r_- 1AL Tt :.|.|-||r R R I|'||_-

441

L s = — -
L e - &
- —
o
* |
- i -
- x . .
v x -
|
]
- L
. - g
-I —
- - =
- r=n
—
=
|
[
—
1

first stage of the project, half of it loaned by
the governments of
Africa, Spain, and
Majes|
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Crreat Brtmin, [his
'roject reshaped the flow of the Colca
River on the western watershed of the conti-
nental divide, Tunnels and |
in concrete lace its awesome gorge, bwice as
the United States, But Colon
prater will provide anly one-third of the sy=-
lem s capacily

“1'he sécond stage, a dam and tunnels to
tap Lhi 1J1|;'-|:-r Apurimac, may cost 200 mil
lhon dollars more,” explained Kjell Lund
guist, the Swedish manager. "Unly
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now in place be fully utilized. And only
thén can

LtNis projecl chow how faminé can
be put off in Peru for at least a century by
Withain 220
vears the population of Peru, at 1ts present
growth rate, would equal that of the entire
world today,

farming the coastal deserts,’

HEN HIGHLANBERS—population
six milhon or so0 when the Span-

an short of farm

-|LI'I|."- CaAme——r

land, they Hattendd mountainsides
by cutting them. like mant
stairwavs, as highas 13,000 feet, Onnarrow

Il'.l[:

terraces mnto
held in place by rock retaining walls,

.|I||.II Il'f.'__'ll

1.':-.-'ll )

O the world’s highest novigable lake,
Aymuara-speaking fishermen center their
lives around the totora reeds of Lake
Titicaca, a 12,500-foot-high body of deep,
ey water on the Peru-Bolivia border, Pulled
from shallows on the Peruvian side, the
reeds are piled up on the lake bed, forming a
spongy substrote for island communitics
(left). Islonders such as this woman drying
barley on an Inca-style clay stove (above)
use the reeds to bulld boats and houses.

they raised maize or patatoes, the Andean
thi¢ world
Inca armies carried dehyvdrated potatoes
called chuifio on thelr campalgns

Between 143Rand 15332 the Incas built the

people’s most valuable gt 1o

to flourish at extreme
altitude, From southern Colombia to cen
tral Chile it stretched 2,500 miles. Inca
nobies told Spaniards that therr dynasty

greatest empire ever

snirang 1.2
land of the Sun in Titicaca. the loftv lake
n southern Peria's frontier with Bolivia

Thev said their progenitors wandered from

spnerattons earlier from the Is

Titicaca to Cuzco, their gold-adorned capi

lal, whence they sallied torth to impose




Ihe classic cone of El Misti in the arid western cordillerg of southern Peru wears

a snowcap following a rare day of precipitation. Scribed by the infrequent rains,

ashfall on the slopes testifies to sporadic acthvity, Typical of many Andéan




velcanoes, Bl Misti spews only ash and pas, not lova, Lavers of follout from

countless ancient eruptions blanket the central Andes, [ving as thick ax 3,500 feel

Yuch of the city of Aregquipa at Bl Adists foor 18 bicilt of soft, white volcanic rock




their well-organized will on more than a

hundred nation
Tellers of Andean creation myvths havi

short memories, Dhistant Indian forebears of
Lhe Incas came Irom Asia Lo/ SNew Waorld

empty of man and full of game 10,000 to

OO0 vears ago, perhapsearlier, and seve
L1 ||_;: CIMPIres rosd .:I|:| el nelore L
Incas strode upon the scene

In following their campalgn trails to writi
ational Geographic book about the 1
cas, 1 had en

eusil 173 LI TTT M rinl heartland, a vel
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times. Two specks were crossing the ice

The captain, a former fighter pilot,
pushed the wheel forward and buzzed the
specks. The dive alarmed an electronic

walchman in the cockpit that ordered
“Bzez, PULL U Bazz, PULL UP!"

“Ind you:get their picture? Too fast? Let's
try again with flaps down to cut speed.’

He zigeged and zagged all over Lake Tits-
caca s 3,200 square miles, banking sharply
to show passengers the Island of the Sun. Iis
sprawling ridges rise from Titicaca like the
spine and limbs of a sleeping leviathan

We landed late at El Alto, the 13,350-
foot-high awrport of La Paz. Passengers

e Hivh Anides

Back-to-back basics characterize the three
vears of schooling that children receive in
Altarani, a village in northwestern Bolivia,
Sharing a one-room schoolhouse, two
teachers use this novel approach to instruct
their students in both Spanish and Aymara,
oneg of the two Indian languages — the other
is Quechua —spoken in Bolivia and Peru.
Barely literate, most of Boliviia’s Indian
children leave the classroom by age 12 to
waork with their familics.

debarked, some clutching barf bags and
muttering about mortality, A U. S. moun-
tain climber cursed the pilot. His feelings
hurt, the captain turned to me. ] gave him s
goad look at the Andes. Isn't that what he
came for?"

A PAZ occupies 4 canvon a thousand feet
below the airport. It wasanadventure,
MANY Years ago, 10 move my family by
automobile from Lima, at sea level, up

to La Paz, Asawvouth I thought it was a feat

to climb peaks a thousand times taller than

I in the Olympic Mountains, near Seattle

In La Paz my foreign-aid office was twice

that high

We lived closer to the Equator than Tahiti
15, viet three fireplaces and five electric heat
ers fatled to warm the house—especially on
the night when hailstones broke our win-
dows. Fires were hard to start: conflagra-
vons were almost unknown. We opened
cans and bottles carefully lest the contents
blow ap in our faces. We were grateful for
pressure cookers, and we ate quickly, before
mesls chilled.

Flowers didn't smell much, but neither
did disagrecable things, My wife, Sue, and T
remember weilght loss, cracked skin, and
our fons’ injuries and illnesses taking longer
to heal in La Paz. And we recall soroche, the
altitude sickness—headache, nausea, and
gasping for breath at mght—that still besets
lowland visitors. They adapt in a few days,
mainly through an increase in their breath-
g rate and mn red blood cells whose col-
orant, hemoglobin, carries oxygen {rom the
lungs. But few ever run easily up a full flight
of stairs

Uespite warnings, visitors would sun-
hathe. Twentv minutes was too much unless
their skin was already as dark as an Indian
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Hazards of the “high life" are specialties of Dr. Gustave Zubieta and his son
Crustowvn, ., of the High Altitude Pathology Clinidce in La Paz. X rays contrast a
normal heart, left, with one that is dangerously enlarped, a condition suffered
by gome who, like tin miners in Potost (right), work at oxyeen-poor - altitudes.

farmer’s. And at embassy receptions visitors
from the States would stroll outside, drinks
in hand, despite the cold. We old-timers
knew that they went out to break wind. Un
less they were aviators, few newcomers real
ized that their svmptoms were not peculia
but shared by all. The cause might be lik-
ened to uncorking a bottie of champagne
Normal intestinal gases expand with n

creased elevation.

RECENTLY LEARNED that worse things
cian happen to highlanders wit
et “If the colon is blocked, intestines
swell with gas, lending to death from o
ruptured gut if not surgically punctured,”
explained Dr. Gustavo Zubieta (above)
With his son and davghter, both doctors, he
owns the High Altitude Pathology Clinic in
LaPaz. The oty, now twice as big as when |
lived there, offers a milhon subjects Lor has

computerized studies of response to hyvpox

| poor di-

ia—oxveen shortage—when living near the
upper limit of the hinsphere
“Twould guess that about 99 percent of all

IVihe r||i:.:.'_'- an ¢arth are found within twao

$465

where oxveen 1= more
slentiful,” Dre. Zubieta told me. “Nearly all
the remainmg ane percent dve as we do
within the next half a mile "

same of Dr. Zubieta's patients dwell at
the upper lImit of that zone Brick houses
lining the sides of the great abyss that holds
La Paz are overtlowing onto the Altiplano
above town. About 300,000 people now live
in Bl Alto, a suburb alongsi
highest international airport

"“Many up there have chroni

. )
milee of sra level

s r|II' world's

Utitude
sickness, especially if they are miners ol
have cardiopulmonary diseasez and develop
a danperousexcess of red cells, " sad Dr. Lu-
bietn. “And the higher above two miles that
children live, themore their growth and ma-
lurity tend to be retarded, ™

The fubietas doubt that being hornin the
Andesorof Indian parentage provides much
genetic adaptation to hyvpoxia and its ills.
“Lowlanders can adapt almost as well
Their average chest capacity is the sime as
highlanders, despite the ‘barrel-chested In-
dian’' cliché, Consider thiz: All highlane
mcluding (Comtinued on page 4.50)

Cla,
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A real-life El Dorado when it was the
largest city ire the New World, Potost
appears in a 17th-century portrail (abowve)
much as it does today (far right) at the foot
of Bolivia's Cerro Potos{— the richest source
of silver that history has known. Above a
religious procession on the lower slopes,
Hama trains carry ore from the ancient
voleano, whose bounty produced billions of
dollars, in today's currency, for the Spanish
Empire. In the mountains at lefr, dams
capture summer rainwater, vital to the
mining operations that were mannad by
thousands of Indian conscripts. By the 19th
century Potost’s population had shrunk
from 150,000 to 8,000 as the silver lode
played out. But a humbler mineral from
deep in the mountain’s depths caused the
city's fortunes to rise once again. “COne of my
ancestors ploneered the switch from silver
iy tin @ century agn,” sayvs Juan Jorge Aithen
(right), manager of a nearby dairy farm.
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Indians, forfeit their aceimatization if they
sojourn long at sea level.™

Highland Inchans may be born with at
least one trait no lowlander can acquire:
more capillaries in the fingers and toes,
hence warmer extremities, Having watched
them break ice with hare feetl to launch
reed boats on Titicaca, I agree with the
| 7th-century chronicler Bernabé Cobo: YIn
freezing weather, if vou touch their hands,
vour find them remarkably warm. Thev
sleep by the road . | . wherever night over-
takes them, uncovered to the sky; though
inches of snow may fall, they sleep as if in
soft beds. This extreme warmth can also be
seen in that they have stomachs more rugged
than the ostrich. . . "

a0 far I have found nobody dwelling per-
manently in the Andes much above three
miles—15, 840 feet. A few herders and min-
ers liveand work at times bevond that limit,
but in those barren heights energy ebhbs
awiiy and the daily grind gets too disheart-
ening to long endure.

O LEARN HOW MEN TOIL at that limit, |

set out on the road to the legendary

mines of Potosi, truly a “high way." It

never dips below | 2,000 feet in all its
343 miles. Four centuries ago it téeemed with
travelers bound for the largest and richest
city in the New World. Many were Indians
headed for servitude in the mines. Caravans
of lamas from Peru bore kegs of wine and
leather bags of the mercury needed to soak
silver from crushed ore, Vendors came load-
ed with such luxuries as carpeéts from Tur-
key, silks from China, and paintings from
Rome. Outhound mule trams carried tons
of coins mined and minted in Patosi, trea-
sure Lo help maintain the worldwide Span-
1sh Empire.

The city, which numbered more than
150,000 people before the Pilgrims landed at
Plvmouth Rock, Lies at the base of an ancient
volrano so laced with metal that it became
the most vaunted of all the ten to twenty
thousand peaks in the Andes. Tt was the

richest; its old name, Cerro Rico, means
Mountain of Riches. The city's coat of arms
reads: Rich Potosi-—World Treasure—King
of Mountains—IEnvy of Kings

Like gnomes, many Potosinos lived for is
long as a week at a timeunderground in the
“devil’'s domain.” The cerro was hongv-
combed with 5,000 tunnels where Indians
dug by the light of oil lamps. The cata-
comhbs beneath Potosi's churches were con-
nected by underground escape routes where
swordsmen scurried during uprisings,

“OM ten or twelve children each Indian
mother bore, onlyone ortwo survived,” said
Wilson Mendieta Pacheco, historian and
former editor of Polosi’s newspaper £l
Siglo. “No Spanish children at all survived
the hostile environment until 1584. A wom-
an who had lost six children praved to St
Nicholas to save her seventh. He lived. She
named him Nicolas. For vears thereafter ev-
ery Spanish bov and girl born in Potosi was
named Nicolas. ™

since Potosi has never suffered a major
earthquake or fire, colonial balcomes still
overhang winding streets. At daybreak
woolen-shawled women in wiltchlike hats
sweep the city clean. One sweeper com-
plained about the injustice of having Lo
work until age 50, when the city would pay
retirement for her and her familv.

“And how many children, senora?”

“Six. Three grown, and three little ones.*

“And vour husband, seforas"

“He went away 12 vears ago. You rich
Americans don’t know what it iz to work for
alving.”

“Not so, seford. Last night | worked till
ten. | bet you were asleep by then."”

“Oh no! T was watching my color TV!"

Stver lodes capping Cerro  Polosi's
15,82 7-foot summit eventually plaved out
By 1825 the population had fallen to 8,000,
However, the heart of Cerro Rico i3 veined
with tin, and skewered now with vertical
shafts. Tunnels branch out from them, but
only one reaches dayvlight. the entrance on
level zero,

i

Her cheeks chapped in the high altitude, a young Bolivian models a tradi-
tionatl Inca passport —a hat that identifies the wearer’s place of origin as

the villuge of Calcha. Descendants of several Andean civilizations, some 12
million Indians in Bolivia and Peru ¢constitute half their nations” populations.
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I followed it & mile into the cerro, my hard
hat banging icicles and a 440-valt trolley
wire, Then down by cable 800 feet to level
elght's convoluted tunnels, so thunderous
and muggy from blasting that miners call
them the “devil’s gut.” My zuide wouldn't
go deeper; he said the devil hangs out on
nine. He warned me to ignore faceless min-
ers; they might be demons in disguise.

We entered a drft where operators,
stripped to their skivvies, were jackham-
mering holes to insert explosives. A little
way into picture taking, my
arms got heavy. The deeper |
breathed, the dizzier 1 be-
came. Chagrin was the last
sensation 1 recall.

[ came to in a sick bay with
bioodstained walls on level
zero. A lame dwarf (a para-
medic goblin?) brought coca-
leaf tea and a soiled aspirin
tablet. He pronounced that 1
had succumbed to carbon
monoxide gas. Perhaps. It
impairs red blood cells—
glready inshort supply at Po-
tasi's altitude,

When | recovered, 1 drove
down from once again popu-
lous Potosi—it now has at
least 60,000 inhabitants—
and by nightfall reached the Salar de Uvuni,
a salt flat where no one has ever lived. This
desert 15 a 3,000-square-mile precipitate of
prehistoric Lake Minchin. A causeway over
treacherous slime along the shore led to
routes concealed in shimmering brine that
only a few truckers know,

After shivering all night in Uyuni, a for-
lorn road-and-rail junction, I headed west
toward Chile, following tire tracks across
the clayish Salar de Chiguana. The salar
barders the south end of Bolivia’s Altiplano,
a vast basin of lakes that drain into neither
Prcific nor Atlantic but onlv earth and sky.
In Bolivia one blames poor judgment and
memory on the altitude. So naturally it was
hypoxia that made me mislay mv keys, for-
get to read my compass, lose my way, fail to
mike camp before dark, and founder in
gumbo while hail and salt peppered the

jeep. By morning the mud had frozen hard
enough to drive upon.

Fhe High Anddes

Caught in the act by the author’s lens, egg
robbers (below) drag laden hides across the
salt flats of Laguna Colorada in a 1972
photograph, (ne of the world’s most
inaccessible nature preserves, the Bolivian
lake, tinted red by algae, is a major nesting
ground for rare James'’s flamingos (facing
page). To discourage poaching, Bolivia
appointed one of the men in the old
photograph game warden. Réemarkably,
when the author returned for the present
article, the warden remembered the aerial
“attack,” as he called ir.

SEETHING VOLCAND, Ollagie, marks
the Chilean border. Beyond it towers
Aucanquilcha (following pages), at

20,262 feet almost as high as [ have
ever chimbed. In 1985 [ did the final vertical
mile in an hour. On wheels.

Aucanqguilcha's summit craters, shat-
tered by eruptions that exposed rich deposits
of sulfur, support the highest mine 1 have
ever seen or heéard of. In 1913 the brothers
Carrasco of Antofagasta, Chile, began to
bring down sulfur with pack llamas, two or
three thousand of them looping up and
down like 2 living conveyor belt

“The llamas ate up all the forage for miles
around,” said Radl Carrasco, the present
owner of Amincha, the Chilean mine.
“Mulesr It took eight to haul an empty wag-
on to 16,000 feet. Fords and Chevys? Their
radiators boiled. Im 1935 we built 14 miles
of aerial cable to lower the ore in buckets.
Now we use 20-ton trucks, Mack, White,
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At the upper limits of human endurance,
miners shatter boulders of sulfur ore
(above) at the highest mine in the Andes,

if not the world, Chile's Aucanguilcha, at
20,262 feet only 858 feet short of four miles
high (left), is one of dozens of sulfur-rich
volcanoes in the western cordillera, which
divides Belivia from northern Chile. When
the smow is deep, the miners, all Bolivians,
ascend the mountain’s upper slopes on foot,
climbing 2,000 feet an hour, At the end of
the day, they toboggan down the
mountainside at brealmeck speeds on home-
muade sleds that they carried with them on
the morning climb., “They put most
maotntoin climbers to shame, ™ says the
quthor, who was driven to the top in one of
the 20-ton turbocharged trucks used to haul
the ore down and to transport the workers
when weather permits.




Highest point in the Western Hemisphere,
22 _Bi5-foot Aconcaguda towers above
surrounding peaks in the Argentine Andes.
Were it not for the bitter cold winds that
lash its summit, the mountoin would be
relatively easy to climb, savs the author,
In 1973 he helped recover the body of one
of dozens of climbers who have succumbed
to its challenge.

Caterpillar
wdeal, bBut,
off the mountain now and then.'

I'rom the oot of the mountain the sulfur

v ratl to be made tnto sulfurnc acid
y O =”-"i”“ amata, Chile
apen-pit copper mine, the
made hole on earth

l rode up with truckloads of miners, all
;;i;rii ;LTH1 iikq'ﬂ L) FAUCTL]S
lay. They looked like had picked
lothing out of 2 Goodwill bin. I was clad to
the nines, remembering that in | had
helped Argentine climbers recover the body
of a well-outhitted NASA engneer who had
ith in bright '-...I.|'-||].-F.' at this alt
yuilcha’s sulfury summit 1s only
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When clouds hid the mountains and 1
straved from the yareta trail, 1 got lost, as
Hansel and Gretel did when birds ate their
path-marking crumbs.

When I arrived at Laguna Colorada, a red
salt lake six miles long with white islands,
I anchiored my tent to lava bombs near a
freshwater hot spring at the shore, built an
oven, and fired it with vareta, Asthe sunset,
the temperature of the thin July air sank to
minus 153°F, and the katabatic wined of eve-
ning roared down the shadowed slopes of
volcanoes 10 the west.

AL daybreak, chitchat cries of flamingos
wakened me. Chilean, Andean, and the rare
James's flamingos stalked the ice-caked
shallows to feed on algae. I rowed an inflat-
able boat out to an island to examine sedi-
ments alternating with lavers of centuries-
old ice discovered recently by ecologist
Stuart Hurlbert of San Diego State Univer-
sity. Landing, I sank up to my hips in quick-
sand. Another daya whirlwind struck out of
a blue sky, blinding me with white dust.
Whenitlifted, I saw myvequipment awash in
red brine and my boat drifting toward the
mainland, a mile away, While I was wading
after the boat, the wind returned it.

As1 was breaking camp on the fifth day, 1
noticed a man with a bicycle watching from
a hill. I waved. He approached warily and
announced that he was Eustaguio Berna,
“warden of the Laguna Colorada faunal re-
serve. " Hurlbert, who knew Eustaquio, had
told me that he was an experienced warden;
he used to collect eggs from flamingo nests to
sell for food in his hamlet, 30 miles away.

I mentioned photographing Laguna Cal-
orada egg robbers from a plane 12 vears
before. Eustaquio remembered the aerial
“attack,” but insisted that he no longer stole.
He asked me to remind authorities that his
warden's pay was long overdue.

Just as T emptied my tent, an explosive
gust whisked it aloft like a kite and dropped
it farout into Laguna Colorada

F COLD IS THE ANDEAN HELL, wind 1s
its devil, “Very windy and completely
exhausted. . .. For 2¢ I'd go back. ..
nowhere is sheltered.” were the last
scrawls in the diary of the frozen climber 1
helped bring down from Aconcagua, With
windchill factored, Aconcagua's summit
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temperature may drop to minus 100°F.
Storm victims populate its cemetéry, High-
velocity winds—125 knots ar more—whip
Aconcagua'ssummit. At 22,835 feet it isthe
highest mountain in the Western Hemi-
sphere and the Southern Hemisphere, too,
for that matter.

The distance from Aconcagua's crest to
the bottom of the Peru-Chile Trench off-
shore is 49,292 vertical feet if measured to
the deepest abyss, The trench was formed
by the heavy Pacific Ocean floor thrusting
beneath the lighter rock of the mainland.
The mitial collision about 180 million vears
ago crumpled the edge of the continent and
created the ancestral Andes. Continued un-
derthrusting causes earthquakes, ignites
volcanoes, and allows the injection of super-
heated, mineral-bearing fiuids into belts of
fractured rock parallel to the coast.

Along the belts from central Peru through
western Bolivia to centrul Chile, copper,
tin, lead, zinc, and silver tend to concentrate
near the surface. Copper and tin are the big
money-makers. But ever since the conguis-
tadores glimpsed Inca artifacts, gold has
been the metal to get one’s hands on.

The latest find to gladden a gold digger's
heartis El Indio mine in Chile. “Imagine the
bonanza! An area the size of five soccer
fields, about 250 meters deep, with veins of
gold that vield up to 3,500 grams per ton!"
exclaimed Hector Araya, Chilean manager
of the mine, which is owned mainlv by U. 5.
interests, I couldn't imagine it at all. Araya
expanded his smile and his arms. *“That sin-
gle block of ore 1s worth a billion dollars.™

And worth a loak. From Santiago | took
Route 3 north 1o La Serena and turmed in-
land up the Elgui River to the mine site be-
tween twovolcanoes: Dona Anaand 20, 745-
foot Tortolas, which straddles the barren
border with Argentina.

Mineral deposits exposed by wind and
witter erosion are scattered along 150 miles
of continental divide, in a belt averaging
two miles wide. Now mountainsides for
miles around El Indio are clawed with roads
and jabbed with tunnels by prospectors
hunting for more ore. Housing resembling a
ski resort eases discomfiorts of altitude and
isolation, The warehouse was 3 million-
dollar trash dump: A recent avalanche had
crushed it.

National Geographic, April 1987




[ thok the road back down
the Elagum RKiver haliwav to

the sea and looked across the

nighway from & shrine a
Vicufia, birthplace of Nobel
Prize-winning poet Gabriela
Mistral. A mile and a hall
above the vinevards an ala-
paster dome sits an Cerro
[ololo. By moonlight it is as
_:_-_-I.II' BE &/ I|".'|[:-L'|' tnd itisa
temple of sorts for those of us
who stand in awe of high
technology and the skars

HIVE

| asked quasar astronormer
Patrick ©Osmer—then In
charge of Cerro Tololo's
four-meter telescope and 51X

lesser domes—whether the

telescope soon  to be
launched 1n space, free of
atmospheric  interierence,

wolld Pt the observatory
out of business

“Luite the contrary. Hlun-
redds ol sclentists are al
v walting n line to use
the Space Telescope. Tis dis-
covertes will load all thiree

observatones in this region

r

[T
P Lgal

WIEE l'rll!!:'-‘_- NeEas (8]
follow-up.” 1The other Lwo
are the Carnegie Institution's
l.as Campanas, with fou:
domes, and the European
=nuthern (Observatory, with
4. ES0) 15 mapping billions
of ohjects in the southern ce-

lestigd hermisphiere. SOme as-

telescopes erected and maintained by tech

i i x : L
NICEDNS IIYINE 1N |.I"-'~|IIi-.-'.':"| I|I|'.~II-*- GO0 EM3T -

der volcanoes two or three times as high as
Cerro Tololo. It could be operated by remote
control from London, Munich, Pasadens-
or elsewhere. The array might perch in ob
tude beside some ruined shrine where Ande-
an ancients w |_||'-|| [ il [|||' ST

Yetfor meeven such & technodogical won
der as that would fall short of seeing our
galaxy as [ saw itone might, sojourningat Ju-
liana Quispe’s place under Ausangate: the
Milky Way as an emperors garden of fir

e dark of a mountain |ake []

fiezsint

The Hich Andes

Showecase for the southern shies. Cerro

Tololo obhservatory in north-central

Chile has o waiting list of hundreds of
astronomers eager to use iis telescopes.
Capturing colors barely perceptible to the
maked eve, a time exposure traces the stars
of the Southern Hemisphere as they appear
to circle the south celestial pole. Operated
by a consortium of U7, 5. universities, the
ohservatory enjoys views of celestinl bodies
unseen by moest of mankind, revealed from
its perch high in the pristine Andean night.







Through Wild Andes Rapids

; AKayaking the

O ONE had done it before. No one had travelied the

By PIOTR CHMIELINSKI]
full 4, 000-mile length of the Amarzon River under

hizs own power. Pride kept us going. But duning the
first three months of our halt-year trip through the
white waters of the high Peruvian Andes, our pride
was sorely tested by fear of the unknown.

Much of the area was unexplored and unmapped. Seven
expeditions had already challenged the upper Apurimac,
the Amazon’s most remaote branch. Two people had died
Boulder-strewn chutes and monster whirlpools tossed us like
flotsam. Gigantic rocks rned from the 1, 300-foot-high
canyon wills. Often we couldn’t stop to scout ahead. When
wie were sucked for nine days into the dark and savage gorge
cidled the Acobamba Abyss—where Jerome Truran tested his
a1l (lefti—we lived only on patmeal, nerve, and a sense of
survival, At night we could hear the sound of the churning
river beside our tents, and 1 would dream of kayvaking into
a canyon and seeing a sudden 200-foot drop ahead, | would
wake up 1n horror

Az a schoolboy in Poland, [ had dreamed of seeing the
Amaron. That became a reality in 1979, when [ left with ar
official Polish expedition to conguer the rivers of South
America. In December 1981, while we were in Peru, martial
law was declared m Poland. In protest we led thousands
of marchers in Lima to show support for the Solidanty
movement. | couldn’t go home after that.

in the summer of 1985 1 jommed an international crew of
12 for this expedition. Sponsoring us were {wo American
businessmen, Jack Jourgensen and Bryce Anderson, and
CANCANDES, a nonprofit organization based in my adopted
nometown of Casper, Wyoming. Only four of us finished—
photographer Zbigniew Bzdak, Amencan writer Joe Kane,
kate Durrant, an English physician, and 1

We had to make a deal with the Amazon, to accep!
its power. The river, after all, makes the rules.

Photographs by ZBIGNIEW BZDAK




HE MIGHTY RIVER DeIZins
with & few 1oy drops of
water from the Mount
Mismi snowiielcd, 18,000

feet up on the spine of the
Andes. For usit was a syim-
bolic place, not far from the
lake that Loren Moclntyre
named as the Amazon's source
(map) on his 1971 National
Lreographic expedition. |
carried the kavak up to |||.".I.".E
1t at our beginning (above

A closPnEas Came over s
here, and a feeling that we
wiorild make 1t Six months
was a long piece out of
our lives, but I was nol
Craustrophobi about time
['he world would not
disappear

We had started on August
26, 1985, bv truck from

-Ir._'

Arequipa, then trekked with
full gear for three numbing
davs to the top of Mount
Mismi. At night snow covered
our tents, and we could feel
our hearts beating wildly in
the thin nir. On that bare,
uninhabited plateau, we felt as
FETHROLE IS ASLIMORNULE 1h Jak e

Portages were frequent on
t e upper river, and the first
GO0 miles took half the time o
our trip. At the end of a
day-long, 400-vard detour,
.[:‘I'l'li'l'lf.' ['ruran and [ slid a
kayik down o the water
(right). My helmet was
essential for paddling safet
Llespite such precautions, |
broke my nose twice while
rolling my kavak

In 1968 a team had deemed
the upper Apurimac unnavi

gable, but now Lthe trip was
possibie because of new
materials and improved
lechnicues, Cur 45-pound
plastic kayvaks are virtunlily
unbreakable. Fold them in
hatf, and they snap back. We
would need & resilience equal
to that of our boats,

Much of the apper fiver wns
|||||._ Ked by rofk '-|E-EI"-'. TI'.I'
water flowing beneath them
sometimes we looked down
LILIAY LS ill'l'il SAEWY nr'.|_1' FLE |‘i.‘;
Lord! That's what fnished off
previous expeditions, 1 hey
simply got out, left thei
equipment, and went home
We had to keep moving, Lo
take that next step, or all
would be lost. Delay now, and
it would kill our spirit. |
those 400 vards were progress

- 4
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fromm Mount Mismi source of
the Apurimac. This Amazon
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as steep as that of the Coloro
Riirer throueh the Grand
Canyon. Gathering strength as
(it coursés through the ancient
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reaches Atalava and the rain
Amazon
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MARSHY HIGHLAND who would resupply usal still saw people, including this
rlats-at 14,000 Ieet, well sirategic polnts onlooker on the el bank
above hmberhine, rivulet Vbhout 75 miles Irom the =NE EVEn recoonizedd me as

2 B i 1] i [N} = F
AL JLHLLE WE |"|'|'||"'I GELWEED bkl Polaco [he Pole B il

-_l b :||-

L TN y BRSO
the Rio Hornillos (left), the witlis of volcame rock inone of  city newspapers that had
beginning of the Apurima the Apurimac’s small gorges written of me as the man wh
Joe Kane, Sergio Leon, a below). The water was sty had navigated the great white-
naturmlist from Costa Kica and turquose with runoll water rivers of Pery
and Kate Durrant look from gold and silver mining Farther downriver, toward
back at Mount Mismi, just \ipacas and herds of shegp the Acobamba Abvss, we saw
i bump in mid WOz grazed on the plateau sbove no one. In these elevations
Here we found water six The first 90 miles served as a people rarely use the river
mches deep, enough to float Lraining run belore the rough [hey don't know how t
our kayaks, and split into water began. We never saw swim, 1 he river to them is

B Kavaking team, 4 mging ran, but mghts were Ireezing, inly an obstacle, They don't
team who would parallel th and we bullt fires of bunco even like to sleep cloge to o
Kavik roule, and & Lwo-imat ETASS L0 Kerp Warm for the Indians believe that

film crew n a Land-Rover, I this remote lnndscape we  the water 15 an evil spirit
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MUST HAVE LOOKED hike

a man frim Marsto a
fisherman 1 surprized
(lefts. He wos oo shocked
Fear was the usual
reaction to us, especinlly
among gold panners without
PETTTILS

Ihey would grab
their equipment and ran, even
though—or perhaps because—
police authority here was
nonexistent

“How far to Pillpinto?’
[ asked him in Spanish. He
didnt understand distance,
only time,

walking,

Une day of

he answered. For
us 1t would be an hour of epsy
paddling
us a trout for dinner, but it
was midday, and we knew
it wottld spaoil

We tried fishine ourselves;
but with hittle luck. Later,

when wie were detained by a

![l 1|1|I|_.Ir.|r|'|| 1" I.:ill..-

nervous band of Uommunist
guertillas, we gladly offered
our anly [tshnet as toll for
continuing safelv
Irsmall villages such as
Huavague (mhowve) the Indians
spake hittle Spanish. Even
when we could speak with
them, It was impossible to
explain what we were doing
Alwavs their firsl question
was! Do vou look tor gold?
Whatr Passing through on the
river and doing nothing? For
what?" We had no answer Lthat

was reasonable o them.

Thev didn't know that these
were the hegdwaters ol the
Amnzon. Thev had never
evien been o the next villag
tul travelers
. and we

were abwave ollered chicha

downstrean

WOTe I i L.' i

the home-brewed beer—or

LA A |I_'.1"|'I'": LLp I'I_jl:"n.'ln'



irca (facing page

!Ill".E': Var Ii .
Aecha (abowve) devilisl
[irures poser) [or us dunng a
15 Roman Catholi







BOA WORLD without waod,
the Incas bmlt bridges of
gTass 50 strong thiat the
lolh-century '-|':||1l.»|.

conquistador Pizzaro could

taloe even hix cunnon and
horses across. Preserving such
technoiogy, the remarkable
hanging bridge (right)
between Yauri and San Juan
ismadeof?2,.0

SPUN Erass rope, braded mnto

cables, with n footing of twigs

MNow the hridee 15 Ditle used,;

its rope is replaced dunng a

celebration every two years

We had planned to meet
team members here for
resupply, but when the Land

rarrived the ntght before

10 feel Of hand-

PO
we did, our cameramen were
driven out of ther tents by
villagers who demanded
money and threw stones
when they didn't pay

['he next day we walkerd
mto trotithle. Local authorities
demanded our papers
escorted us six miles inland,
and placed u= on o stome
platform surrounded by a
semicircle of 48 local chiefs

They were hostile: “Vy hat are

vou doing here? You cannot
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take pictures without our
permission!” And they accused
OUr cameramen of trying (o
ditack the villagers

It was tense, bt through a
Spanizh interpreter 1 finally
convinced the tribunal that
they would be better ofl with
more tourists who broughnt
money, and that they conld
take pride in the river as th
source of the Amazon. At the
end they asked only for
medical help. They had
children with broken bones
and women with headaches

e, Kate Durrant (above,
atl right) and 1 tried to aid a
man whose elbow had been
l|]_—|ll| .I‘.-'li i1 -'-!I.Ilfill"l'll|. bt
WE EnewW 1l WAS notl poss1nie
The women with headaches
were helped by aspinn, if only
temporarily. Others with heels
cracked open from working
barefont had long-term
infections, They had been
sewing the cracks together
with needle and yvam, Kate
gave them ant SEPILICS

Feople brought potatoes
and corn 1o répay us, even a
chicken. When we left them,

WE Were Yoo friends







ueEn & chute

near Pillpinto (abowve). |

had broken my paddle on &

submerged rock and couldn't
righil

s il 5y LiS ||'.||I

i v
] J ol ||

place to be, trapped under t
circulating pressure of the
whiripool, with the waler
houncing myv head and arms
wer rocks. 1 prasped des

|_||::'.I'!1'i'-. [OF SO levVerase
1 |

I'his lasted perhaps ten

weconds but felt like minutes

lerome 1 ruran g

upreht

!Il' WS RIWAVE

ulied me

right place with his kavak. It

bBecame rouline t

each other's ives

D sAVIIE

I'he mubber raft (below)

wae delivereod

A

L Uzco
e ACT

launched Lthe Dokl

port the hikers an

——
LTUCK D
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through the canyoar

nnlv 1
to finish

split here in November 1985

] -
'\.I:Ill P ||

welTtorial Cae

Fear staved with us

roughout this unnerving
canvomdand, where Jeronu
conlempiated another
UnEnown oend -I‘EHI'[I'.' 1 ill'
ATLEFTIO0Nn,
when rocks fell from canvon
LT

wiould almost tptoe on the

WOTrst LIThe wWa

walls heated Dy the sun
portmges, thinking: W here di
| jump if & rock comes? It was
ke being under fire
At Atalava, below the

abyss, this most treacherous
part of our teip finally
snded. We still had 3, 600
mles to oo, but now 1t would
ake Lime and strength
The expedition

|

1 1
Fior so4TIe 10 O DEer] 2Aaven

ture enough. Joe and 1 pushed
of i the kavaks. while

oAt

and Zbigniew continued 1n

motarized boats

Hoere we were on the par

of the river where people wse

boats: It had become a
Nirhway

‘or the next Lthree
months, we paddled our

kKavaks through brutal heat
rms. We reached the
highwav= end on February 19,
when we tasted salt

waler in the open Atlanti :|

REETE

|
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Pushed to the brink of
extinction by centuries of

exploitation for furs and oil,
pinnipeds—or “fin-feet”-have
rebounded, thanks to their

natural resilience. But new
threats created by man’s
negligence pare away at some
populations of

Seals
al

Their Kin

By ROGER L. GENTRY

With rasping growl, a southern elephant seal
wams an intruder on the Kerguélen Islands in the
Indian Ocean, These are the largest pinnipeds—
amphibious mammals with paddle-like limbs that

include seals, sea lions, and walruses,
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Male walruses materialize from fog's soft focus at Cape Newenham,
Alaska, in summer, Bottom feeders, walruses eat clams, crabs,




RPEEE skl i

and warms that they ferret out with highly sensitive whiskers,
Breeding accurs in winter, underwater amid ice floes.




Frosted by overnight snow, a Weddell seal rouses from sleep on a

blanched Antarctic landscape. A plume of stearm escapes Mount




Erebus, an active volcano. Protected by their remote habitat, these

seals have not heen extensively hunted and do not fear man.




\ harbor seal sprints Dy with an octopus off southern Califormia’s

. - ¢ Caal il nhotoeranpl
Channel Islands, Seals are rarely se mucn less pholograpnedc







ITH EARSPLITTING BARKS
aimed at our Approaching
boat, 200 sea lions rose
from the beach on Califor-
nia's Ano Nuevo Island.

A wave suddenly threatened to capsize us
into the path of the animals, which were
now racing loward us surprisingly
their 400-pound size

In alarm [ glanced around at my col-
leagues from the Stanford Research Insti-
tute. Unlikke me, they were all experienced
senl brolomsts. From their bored expressions
I gathered [ was the only one who realized
we were about to be attacked and drowned

| said something useful like "wuGH!"
the others unexpectedly vaulted into the
surf. But instead of abandoning the boat,
they only T my surprise the
Wildlife biotogict Roger L. Gentry has studied
Hooker's sea lions mn New fealand under re-
seprch grants from the Socielvy.

1asl Lor

k3

steacied it

closely packed throng of chocalate-colored
antmals divided neatly around the boat,
surged past my friends’ legs, and gathered in
a raucous mob 20 feet ofishore.

Panting from another routine landing,
leader new employer, Dr
Thomas Poulter, turned to me and said dry-
lv: “If you're through resting wotld
vou mind just stepping out of the boat?”

[ apologized later for being so useless dur-
ing the landing. But asa new student of seal
behavior 1 couldn’t confess how badly I had
misinterpreted the intentions of the first
wild seals | had ever met

That summer day in literally
launched my career in seul biology. It intro-
duced me to the first of 18 tvpes of seals-
about bhalf the world's 34 species—that ]
have studied over the vears, The quest has
led me 1o New Zéaland, the arid beaches of
south Africn and Australia, and ultmately
to Alaska and the vast Antarctic ice fields

our and my

now,

| Gy 5

O the rocks, a harbor seql mother and pup sleep on g Monterey Pemmm=ula ghore
PLg i i

the North Atlantic and
almost immediately and spometimes must, if borm

nive 8 wide ranege, mhabiting Doth coxsts of

Harbor secls

Pacific Oceans. Pups can swim

during a high tide that submerges their shoreline birthploce

482 National Geographic, April [987




A quarter of & century may seem a long
time to devote to such an esoteric pursuit.
But seals are so diverse, so unusual in their
life-stvles, and breed in such amazing cor-
ners of the world that it is easy to be drawn
hack vear after year,

It is not merely the mystique of seals that
draws researchers on: The more we learn
about seals, the more concerned we become
for their weltare. Modern seals face many
problems, not the least of which is recovery
from near extermination by sealers over the
past two centuries. And though most seal
populations are healthy today, there is still
cause for concern as they increasingly com-
pete with man for food and suffer from
man's abuse of the oceans. In facing these
problems, the best ally seals can have is an
educated human society,

Omne of the wonders of seals is the fact that
they are amphibious. Generally speaking,
thév mate and give birth on land as most
mammals do, but they feed at sea as whales
do. Seals have webbed flippers modified to
resemble paddles that can stroke indepen-
dently. Infact, Pinnipedia—the name of the
order that includes all seals—means “fin- or
wing-footed.”

Pinniped names are wonderfully confus-
ing. To simplify them, I will uze the catchall
term “seal” for all pinnipeds. The order Pin-
nipedia contains three [amilies: walruses,
so-called true seals, and eared seals. (See the
supplement chart Pinnipeds Around the
World.) The last group includes sea lions
and fur seals; named for their small but visi-
ble ears, they svolved from the same land
ancestors that gave rise to dogs and bears.

True seals and eared seals differ in move-
ment as well as appearance, True seals
hunch caterpillar fashion on land and use
their fishtail-like rear flippers for swim-
ming. By contrast, eared seals use all four
limbs for walking on land and ice and their
front flippers for swimming, Walruses,
which do not have visible ears, walk like
eared seals but swim like true seals.

Until receéntly it was believed that true
seals (so named because they were the first
to be described by European scientists) de-
veloped about 15 million vears ago on the
shores of the northern Atlantic, and that
modern enred seals appeared first in the
northern Pacific during the hevday of the

Sealy und Their Kin

walrus, some 12 million vears ago. As thisis
written, however, paleontologists are ac-
tively reevaluating old assumptions and
studving new fossil evidence. Although final
conclusions are not yet in, it may turn out
that true seals originated in the northern Pa-
cific along with eared seals, and some lines
of evidence even suggest that walruses are
more closelv related to true seals than to
eared seals.

There is no question that at least one early
speciesof true seal found a home in the Pacif-
ic. It survives ns the endangered Hawaiian
monk seal, considered a “living fossil” be-
cause of its age, Other true seals spread
north and south, eventually populating Arc-
tic and Antarctic waters, Some even invad-
¢d freshwater lakes such as Baikal in the
Soviet Union

T WAS THE RICHNESS and diversity of food
in the oceans that allowed seals to spread
and multiply. Today's pinnipedseata va-
riety of fish and invertebrates. There are

also some speciilists, like the crabeater seal,
whose name is misleading because it actual-
Iy eats small shrimplike crustaceans known
as krill,

Some secals eat seabirds. A group of
friends and | were once crossing Arthur
Harbor on the Antarctic Peninsula in &
whaleboat when suddenly an Adélie pen-
guin burst from the water like a Polars mis-
sile and landed in the back of our hoat. 1t ran
squawking to the highest point of our how,
then turned toward us, panting, with blood
streaming down its white breast. Silently a
leopard seal surfaced where the penguin had
left the water and intently followed us, We
were amazed that the bird, which later died,
could ever have cscaped that huge mouth.

Leopard seals, walruses, and some sea
lions eat other seals. At St. George 1sland,
Alaska, Steller sea lions kill and eat as many
as fi percent of all the northern fur seal pups
born each year,

On tiny Enderby Island in New Zealand's
Auckland Islands group, marine mammal
hiologist Martin Cawthorn had a far differ-
ent introduction to pinnipeds from mine. He
had come to study the female Hooker's sea
lion. “Theére were no females on shore when
I first arrived,” he told me, "so 1 lay downon
the grass to observe the males. Soon a lone
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adult female emereed from the <urd, looked
around, and headed straight for me. She
sniffed along my leg, then snuggled into the
curveof my body and fell asleep. Sadid 1, af-
ter counting her pulse and breathing rate.”

Whether seals fear humans or tolerate
them is probably traceable to their history
with land predators. Those such as the Arc-
tic ringed seal that have been preved upon
bv land animals treat manas anenemy. Oth-
ETs view man as an object of cunosity,

But not all =eal behavior is determined by
whether they have faced land predators, A
woman once asked me il it was trae, as she
had read, that harp seal females nurse their
pups for only six weeks. When | told her i
was more like ten days, she was skeptical
“I'm sure they are better mothers than that!”
she exclaimed

he lndy was a victim of her human heri-
tare—maternal love has hittle influence on
how s¢als nurse. Ancesiry is a Kev. For ex-
ample, eared seal molhers alternale be-
twieen feeding themselves at sea and nursing
their young on shore, But true seal females
store up great layers of fal before giving
hirth, then transfer the fat to their pups asin-
credibly mich milk. Unlike eared seals, true
seidl mathers seldom leave therr pups 1o feed
until they are weaned

EALS ARE OUITE LARGE, as mammals
go. Adults mnge in weight from the
B3-pound female ringed seal to the
8,500-pound southern elephant seal

male. Large body sizge helps seals stay warm
in cold oceans

In some species males grow (o four hmes
the weight of females. Grreater size may give
these males an advantage in breeding by
helping them to remain on shore longer
Larger males store maore fat, which provides
the fuel and water for long fasts. Northern
furseal malesin Alaska weigh an average of
450 pounds and can abstain from [ood and
watér tor 70 days.

Most seals are long-lived, attmining. 20
vears or more. Ihis longevity, combined
with short breeding seasons, makes it hard
tor scientists to learm much about mndivid
uals i only one seasan, It often takes vears
o understand even the basics of seal biolo-
gv. And those years in the field are seldom
comfortable. Summers are rarely warm,
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Wall-to-wall walruses carpet Alosha's
Round Island, where males congregnte in
summer {(facing page). Thev spend
several days on beaches tike one at the
island’s north end (tap), then [2ave en
masse fo fee]. Vieluable nvory tesks awont
the carvers’ tools on o Bering Stron
beach (above). For native peoples the
hoarvest 8 unbimeted; they took some
3,000 last vear, While walruses face no
immedicte threat, vmitless kills cowuld
Dave future repercussuns







anc breeding areas gre often oo dangerous
for a researcher's family to go along. Every
Mayv as | Imrm- my daughters, brin,
11, and thun i, ask wistiully, *Dad, can'’
vou find o different jobe

To understand . 1L helps to
forget how we ourselves behave. Seals act
toward cach other like humans that never
meet 4 friend; that is, they are formal. Even
in dense groups seals do not form social
bonds except with their own young, Each
animal acts on its own behalf, and for its
own benefit. Thus, seals simply don't have
the behavioral means L0 mount a group at-
tack of the kind 1 feared from those male
California sea ltons on Ano Nuevo 1siand

But that is not to say that individuals will
not bite. They will, and from a tender age
Of the six species that have bitten me, a 400-
pound northern elephant seal pup was the
most impressive. It setzed my left forearm
and, with a completely benign look on its
face, bit down with nearlv bone-crushing
pressure Fortunatelv, 1 esc i.l[l'l'.‘l'E with only a
large cit

Within the same species, seals bite each
other too, butl only under '1['|'|'.'L':|'I.|. CIrcum-
eason. Most

e

stancesand usually at breeding

disputes among male pinnipeds are resalved
by ceremonial threats, not by ighting. Cere-
momal ornot, the threat of harm is real. Sev-
eral times during r sea
lions at Ano Nuevo, one-ton males thrust
their huge heads through the window of my
blind to threaten me as a suspected rival. ]
usually decided I had collected enough datn
for the day and left by the back door.

my studies of S

EALS will not produce pups just any-
where; the areas are very specific
This is especially true for species that
migrate long distances to mate. Fe-
male northern fur seals, for example, give
birth withinabout ten yvards of the same spot
vear after vear, many on the site of their own
birth. Female seals usually bear only one
pup at a time, probably because the voung
must be fairly large to survive the cold
oceans. Besides, feeding one large Tmp..: 4
maost mothers can manage
Females normally mate only a few days
after giving birth. Technically they are preg
nant 12 months of the vear, but develop
ment of the fertilized ege temporarily halts
after about a week. For three or four months
it fleats around the uterus before implanting

FLIF HECELIA (LET

MICHEIE CEETRLL™M

Playing fetch, a Californic sea Hon clomps a retriesal fine onto o dummy missile

gs port of the [

i3 1’|_-! 5 miort

srfely and economiically than can divers or mechanical

&, Navy's Quick Find program (left). The animais can recover

stibrersitiles.

Biologists approach a Weddell seal jabowve) at MeMurdo Station, Antarctica, 1o

tmmaohilize i with a hood and remove an nstrumernt that hos recorded it dives.
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in the uterine wall, where development re
suumes. An eight- or nine-month active ges-
tation period follows, assuring birth it the
right season

Unlike does and cats, seal voung are nol
helnless at birth. They sometimes have their
eves open, and their rubbery fthppers Hlailing
wrile ]j. . bt |-1]'.r.1_1-. FLIE |'|-r1|_:-|1-.11-3'|.- aut of the
birth canal. Most seals can swim on the day
of their birth

Pups start hife well equipped wit

1inherit-

¢d behavior, probably because they don't
stay long with thetr mothers and never form
long-lasting groups or packs where they

-';l:":1r:'.||"- |-1"']||*:'|.-L'Lliur ]'| £y therefore

i
have no need for—and little opportunity to
learn—complex wavs of relating to others

seals are not the top predators in Lhe
oceans, they, too, have enemies, especially

sharks and killer whales. My colleague Dr

Burney Le Boeul, of the University of Cal-
formia at scanta Cruz, graphcally describes
dissecting a white shark that washed up
near Ano Nuevo Island

“We apened its stomach," Burney savs,
“and found part of a young elephant seal in-
side 1n really big chunks. It was so fresh the
s¢al still had all its hair. The head had been
completely severed from the body, and, be
cause its eves were closed, it had a serene
lonk on its face. like a statue of Buddha.”

HEN WE HUMANS rv to [ree-

dive m cold water without a

face mask, we sense the prob-

lems that must have conlronted

the terrestrial ancestors of pinnipeds. Un

derwaler we are nearsighted, hard of hear-

ing. and cold, and most of us can dive o 30
feet only with pain and ddticulty

But seals have solved all these problems

In dim light, thanks to their large eves, they

st better underwater than humans do in

air. 1 heir sharp vision 1s essential for find

ing food at great depths

Nor is the underseg world of zeals asileni

one. Some seals make clicking sounds like

those of & thumbnail drawn across the teeth




of a comb, Uther seals make long sweeping
trills, and walruses sometimes gong like
church bells. We know that seals can dis-
griminate among sounds four times higherin
pitch Lthan humans can, and they can locate
sounds well. Whether wild seals use echo-
location, however, is still an open gquestion.
Becnuse seals dive far deeper than we do,
we would expect that their physiology
would have many unique properties. But af-
ter working on diving physiology of seals for
vears, my friend Dr. Gerald Kooyman, of
Scripps Institution of Oceanography in La
Jolla, concludes otherwise. "Seals have no
traits [or diving that are totally unigue
among mammals,” Uerry savs. "Theyve
only exagperated a few' traits that other
mammals, man included, already have.™
Cne of these traits is the need for oxyveen
by muscles in order to function. Half of &
seal's required oxygen on a dive is stored in
myoglobin, & pigment similar to hemoglo-
bin, that makes seals’ muscles almost black
Seal meat's dark color and gamy {lavor

L
BNE EoOss wi b7 miiHEL WIEEi

Deadly net proved fatal to a Californio
sea (fon (left). Fishing pear filis mony
pinnipeds, but stotistics dre unroliobie.
Arimals drowr, never to be found; some
waork loose, only to be snired again. Five
snared seal pups (above) washed ashore
ort the Pribilof Telands: A biologist fourd,
photographed, and released them
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don't prevent its being eaten by many peo
ples of the world. Even the British, with
thetr tracdhitional love of beef, have leawrned to
appreciate seal meat. Al one of their Antarc-
tic research bases | was given a wonderfully
funny cookbook with a chapter on the gour-
met cooking of seal meat. It particularly
praised “Tournades of Seal Portugaise,”
and claimed seal bramns to be a true delicacy
of the Antarctic.

When seals dive, they stop breathing. For
very deep dives they conserve their oxygen
stores by stopping or slowing bloed circula-
tion to all but eritical organs. They can alzo
slow their heart rate, sometimes to a mere 10
percent of ithe rate at the surface

Man shares some of these same traits. Re-
duced heart rate and slowed circulation
along with lowered body temperature and
holding the bhreath are all involved when
peaple survive accidental submersion in
viery cold water for as long as half an hour

But how do diving seals avoid the bends,
the condition caused when nitrogen that has
been dissolved in the blood under pressure
suddenly forms bubbles as the pressure de-
creases? According to Dr. 5am Ridgway,
physiologist with the U. 5. Naval Ocean
svstems Center in San Diego, seals avoid the
bends by not absorbing nitrogen m the first
place. "The lungs of manne mammals,” Dr
Ridgway explains, "are designed to collapse
under the pressures exérted on deep dives.
Air from the callapsed lungs is forced hack
into the ammmal’s wandpipe, where the nitro-
gen simply can't beé absorbed by the blood.™

ORALL THE HARDSHIPS involved in the
study of seals, we reséarchers have oc-
castonal moments of pure exhilaration
over some new idea or discovery, Une

of those moments came forme in 1975, when

Lerry hooyman and I recovered a dive in-

strument we had sent to sea on a female
northern fur seal. It was a simple mechani-

cal instrument that seritched o line on a
moving strip of paper to record changing

depth. Until that time most of what was
known of fur seals at sea was learned from

animals that had been shot. Gerrv's new in-
strument had been attached to the seal fora
week, and we weren't sure it would work
‘The great day came when Gerry retrieved
the instrument (Continued on page 404
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Snitching a free lunch, So
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Nargeted: A seqa lion pup s the unwary victim of a killer whale off a

sharply sloping beach in Patogomnia (Teft). A similar epispde ended in

the death of @ southern elephant senl (top and above) by a killer whale
that flung tself onto the bedch to captire its prey. The whale wartted
for successtve waves to help turn itself around and then wriggled back
into the witer, Sharks also elogom seals. Seq lioms. Lo |J'-._".'.J sels and
Wil riises feed on seal IS Terresirial rlrr'..‘.J.r-_lr'.'i iric il e i|':-|:Z-.!.il benrs
which taoke ringed, harp, and hooded seals tn the Arctic, and jackals

vhich kill South African fur seal pups tn Namibia
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from the apparently unconcerned female
Four of us crowded around him. With hands
shaking, Crerry opened the instrument case

“Look at that! he cronked, in a voice
strgined with excitement. There, in a faint
trace on the paper strip, was aline represent-
ing hundreds of dives, many to 3100 feel or
more. [t was hard to grasp the significance of
the event. Thiz hundred-pound female fur
seal was roulinely diving at least ten times
deeper than most humans can. But more
important, the diving instrument waorked
We had a new tool for measuring what seals
ado a8l sea

Thanksto Gerrv'sinstrument, and to new
anes since, we have learned more about the
diving ability of seals in the wild during the
past decade than in all the vears belore, Us-
ing such instruments, Gerry and I, along
with a2 dozen colleagues, have recently com-
pared diving in fur seals worldwide. We've
found that they are tast divers: Animals

welghing 100 pounds can go to 600 feet and
back in five minutes or less, Gerry's conclu-
ston: “Seals are a4 lot better athletes than
most people realize.”

Further research has taught us a great
deal more, Generally, the larger the seal the
deeper it can dive. A 240-pound Hooker's
sea lion female at Enderby Island dived re
peatediy to 1,400 feet. A Weddell seal dived
w 1,900 feet, and a northern elephant seal
was recorded at an incredible 2,900 feet by
Burney Le Boeuf. There are probably spe-
ciesof whales and porpoises that do nol dive
o stich a depth

t appears that seals expend the least pos-
sible effort when feeding, Thev can usually
find food at less than theilr maximum depth.
Fur seals normally feed on fish or krill at less
than 300 [eet, Hooker's sea lions feed on
sguid at about 600 feet, and northern eie-
phant seals feed, possibly on ratfish, at
around 1,300 feet




stupid predators do not last long, Pinni-

peds have evolved a hagh level of intell-

gince, in part beécause |
hnd. Psychologist Dr. Ronald Schoster
man, of the University of California at Sants
Cruz, has stuchied sea hons' learning abilities
for many vears: “Thev can perform complex
learning tasks that only the highest mam-
mals, such as apes and dolphins, can per
form. ' he says

Lir. schusterman recently demonstrated
that sea lions have the conceptual skills nec-
essary to learn an artificial lanpuage. After
an animal has learned words and signals for
objects and actions, 1t can CAITY OoUul vérn
complex commands, such as: Take the |arge
white cube over to the small black ball, Sea
ltons can follow suoch commands without
practice, even when as many as ten such ob-
ects are involved. In short, pinnipeds, like
porpoises, are able to comprenend a simph
ficd human languapge

thousands of pups Wwer

wir preyvare hard to

KIN LOSES HEAT many times [aster to
waler than to air. To retard this heat
lass while they are in water, seals,
like whales, have developed blubber,

a special dense form of fat that insulates the
bady core. To lose heat, seals flush warm
blood into their normally cool flippers, like
a radiator

Ironically the fur and hlubber that allow
seals to survive in the cold seas very nearly
led to the extermination of some of them
Seal ol forlamps and pelts for leather or furs
et off large-scale commercial hunting in the
18th and 19th centuries—the darkest vears
in sedl history

Humans have killed seals for food since
stone Age times, judging from ancient seal
clubs and bones found along Denmark’s
kattegat strait. Butthe advent of {ast sailing
vessels and later steamships capable of pen-
etrating ce packs opened up the most re
maote seal haunts. In their shortsighted

Y - BT Tl | i i LS 1T =1

Seeing nose to nose, 4 mother harp seal nuzzlez her baby 1n the
k Crielf of St. Lowrence (Teft). Known as whittecoats, newborns shed
thelr snowy pelts and turm groy wathan four weels. Flundreds of

prtce killed for fur. A 1983 Comimo

Muarket ban on séql-product imports reduced demand and endad

Canada’s wht

in Normwioy last vean

Rarvest Norinermn fur s8a s

(tecoal arves

Lauits are st degally hunted. Aleuts
o1
i

£ Frewer thar g thowsand were [aken

il St Poul [slond @1 the Pribilofs

fabowve). The kill, limited to voung males, (s only for sustenance




Lounging room only: Northern elephant
seals and smaller California sea [ions
share limited space (below right) in the
Farallon Izlands off Californio, On the
mainland tourists visit Afdo Nueve State
Neserve’s Frowing eepnant seal popu-
{ATIOT T ODserye DeNavior SUCh as

fiwve males righting (far Fignt), By 1590
fewer than a hundred elephant séqls
rermained. With hurling suspended; the
gedls profiferated and now number abot
100 000, Violent battles between males
(right) occur at territorial boundaries or
near females. Usually losers signal

sUDMIL1sston and leave

ereed, early sealers killed all they could find,
with hittle thought of species survival or
even continuing profit

Walruses and true seals, such is the harp
and hooded, sustained the bhrst major
slaughter, largelv for ivory, oil, and =kins,
Both northern and southern ¢lephant seals
were killed for oil,

When an efficient way was found in the
18005 to rid furseal hides of their outer guard
hair, leaving only the saft, durable under-
fur, millions of those animals were slaugh
tered for garments. The trade was
enormously  lucrative: Hevenués Irom
northern fur seal skins E'l'.||l...IJr.'lt the entire
Alaska purchase price—&7, 200, 000—in less
than six vears. Elsewhere some of the
world's largest fur seal colonies, such as that
af the South Shetland I=lands, were virtual-
ly exterminated in only four years

Not even sea lions escaped the slaughter
Steller sea lions in California were killed in
part because their 16-mnch-long whiskers
provéd ieal for cleaning opium pipes

The era of unregulated seal killing ended
when populations became “economically
extinct”"—that 15, no longer profitable
enough to hunt—in the mid to late 19th cen-
tury. Luckily this happened before the las
individuals were killed, and no species we
know of .1('1.’.&.1“_‘-' became extinct. Bul the
Juan Fernandez, Galapagos, and (Guada
lupe fur seals very nearly did

At leasta hundred vears have passed since
the heaviest killing of most seads. loday spe-
cies that were reduced are recovenng, and

mast specits arc now fI!'dlr-r'l_‘-

-I-Ier







Un a worldwide scale only two species,
the Meditermanean and Hawansn monk
seals, are in danger of becoming extinet in
the foreseeable future. The Hawailan zpe-
cies” prognesisis the better of the two. 1 here
has not been & confirmed sighting of a close
relative, the Caribbean monk seal, since
1952, and it may already have succumbed

But large-scale sealing 15 no longer a
threat to most pinnipeds, Even the harpseal
kill in Canada, (Greenland, and Norway has
been much reduced; abowt 60,000 are taken
ach year, down from the 350,000 in 1963
Increasing costs and. growing repugnance
toward wearnng furs have finally put the era
of massive killing behind us

For the Pacific walros there 1= still con
cern about modern harvesting, In 1986
10,000 to 12,000 animals were killed: by
Alaska natives and Soviet harvesters. The
size of the kill has been increasing and may

Frve fimes as Reavy af the female he
mates with, a male South African fur

seal shows the size differentiol between

geves. A bull mooy meite weith 30 females
durin ! the summer I1-:"|'r':|'|:|,|; OIS0

now be more than the slowly reproducing
witlras can sustain

NFORTUNATELY Lhe end of unregu-

lated seal killing did not end con

Micts between and man.

l'odav's problems are far more

pervasive and complex. No one knows, for

example, why the northern fur seal and

ateller sea lion have recently declined, and
many scientists are concerned

A major problem facing seals 1s the over-
lap of their ranges with those¢ of commercial
fisheries, A comprehensive study in Califor-
nia showed that this overlap cost the com-
bined fisheries $600,000 and took the livesof
about 2,200 seals in a single veir, mostly
California sea lions and harbor seals. But
this 15 & rare study, 1'he cost 1550 great and
the 1saues so complex that most junsdictions
have not tried Lo repeat i

{ne difficulty is that we don't always
know what or how much seals eat or, equal-
Iy important, what they pass up. In the ab.
sence of this information seals are sometimes
used as scapegonts to explain declining fish-
ety catches, Years ago some Urégon salmon
fishermen complamned to a siate game war-
den that a large Steller sea lion at a river
mouth was eating spawning salmon, When
the animal was shot, its stomach was found
tor be full—not of salmon but of lamprey eels,
known salmon predators.

Fishis one issue, fishinggear another, Ac-
cording to Dr. Riki Ott, a bologst and gill-
netter in Alaska's salmon industry, damage
o nets cawsed by sea lions, especially, re-
siilis in a twofold cost. " First,” she told me,
“it takes time and money to repair the nels,
and, secand, repair time means less fishing
time where seasons are already short, ™

Fishermen have mixed feelings toward
otherseals, and can even appreciate them as
fellow Oshermen. "Harbor seals,” Dir. Ot
told me, “usnally pick fish cleanly out of
nets. But fishermen, atter all, are business-
men, and they'll treat any seriousconflict as
a business matter.'

According to a 1972 U. 5. law, il a seal
species becomes depleted, then any lishery
that takes them arodentally could be fined.
Thus, seal conservation 1s in the best inter
ests of fishermen if they wish to preserve
their own livelihood

seals

Narional Generaphic, April 1987




Sea lions and harbor seals are the most
likely pinnipeds to drown in hshing nets.
Perhaps the most alarming caze of drowning
15 the loss of rare Hooker's sea lions in squid
trawls off New fealand. Of thé world's
5. 000 Hooker's sea lions, 75 females were
accidentallv drowned in a single vear.

Another modern specter is the problem of
entanglement in manne debris, both float-
ing and submerged. Fishing nets, monofila-
ment plastic strapping rings. even
plastic six-pack bottle and can holders in the
ocean end up around the necks of seals and
undoubtedly kill some 1n a horrible way.
The question is how many?

Knowing the real entanglement rate of
any species 15 nedrly impossible. An un-
known number may become entangted and
die at sea without being counted by re-
searchers. (On the other hand, as many as 50
percent of taggend northern furseals that hadl
néts around their necks lost the nets withina
vedar, One returned with & green net one yvear
and a grav net the next

Chemical pollution of the oceans 15 anoth-
er problem for pinnipeds, Being near the
op of the food chain, they tend to concen-
trate pollutants in their tissues. Pesticide
residues have even been found in the blub-
ber of seals In remote Antarctica. The bio-
logical effects of such contamination are not
entirely known

lines,

HE REAL ESSENCE of modern prob
lems facing pinnipeds 1s that we can't
measure well any single factor that af-
fects their survival. At the same time
we have vel to measure the negative and
positiveimpacts that seals have on fisheries.
Where doa we begmn the process of rabional
problem solving?

Our solutions are limited by the fact that
we can take no direct actions to stimulate
population growth in pinnipeds. Females
almost always produce only one pup a vear
The best we can do is leave them alone, re-
duce man’s impact on the oceans where pos-
sible, and try to keép seal populations from
declining. A healthy seal population may be
able Lo maintain constant numbers in the
face of entanglemeént, pollution, and compe-
tition with ficheries. But it may be impassi-
ble for a reduced seal population to recover
in the face of such hazards

Sealy and Their Kin

Hunkered down in daomp sand to cool
off, a monk seal naps tn the Northwestern
Haowaitan Islands. Some | 400 [fve here,
bt human disturbance aond shorks toke
i1 toll, and extinction (s possible,

Reducing ocean pollution and the loss of
fishing gear are obvious ways to help pinm-
pecls and other wildlife. A 1972 treaty on
ocean dumping is in effect, but it concerns
chemical pollution more than fleating fish-
ing debris.

Several current international treaties also
aid the conservation of seals. Unfortunately
one of the oldest of these, concerming the
northern fur seal—which must be ratified
periodicallv—was not renewed last time by
the United States. Animal protection groups
and the Aleut people of the Pritnlof Tslands
argue over the taking of seals and the sale of
their pelts and “seal sticks,” or penis bones,
which are thought by some Asian cultures
to be aphrodisiacs, Until the two groups
agree, re-ratification of the fur seal treaty is
stalled, and the seals are declining at an
alarming rate

The conflict between seils and fishenes
can be resalved by getting more information
about the numbers and ecological role of
pinnipeds and by educating fshermen
about these findings. Without new informa-
tion and public participation, no consensus
will be reached on seal management

Much of the information we need about
pinniped diet and foraging behavior will
come from instroments. Even simple me-
chanical recorders can show how deep, how
often, and at what times of day seals dive for
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food. These simple measures, applied over
time, should provide an index of the amount
of food available to seals.

With these recorders Martin Cawthorn,
Wendy Roberts, and 1, jointly sponsared by
the National Geographic Society and the
U. 5. and New Zealand governments; have
been measurnng the foraging behavior of
Hooker's sea lions at New Zealand's En-
derby Island. If we can determine how far
affshore and how deep these sea lions feed,
perhaps the squid fishery there can be geo-
praphically imited to reduce the accidental
killing of these rare-animals.

Still newer mmstruments promise even
more - wseful information. With micro-
processors that are in effect small submers-
ible computers, we can record not just
diving behavior but also virtually any action
or process that can be converted to an elec-
tronic signal. Already these units are record-
ing seal heart rate and swim speed. The
instruments can collect blood sumples dur-
ing dives for physiological measurements. It
will soon be possible to determine water
temperature and salinity where seals feed
and migrate. The small size of these instru-
ments will allow us to collect data on any
seal, young or old

In the not too distant future the locations
of seals at sea will be routingly correlated
with satellite images of ocean surface tem-
peratures and other features

Ironically research funds for pinniped
studies have heen decreasing at a Lime when
new technology promises the most fruitful
results ever obtainable. To get funds, many
researchers have had to justify their pinni-
ped work in terms of fishenes; rather than
an 1l own merit

E CAN EXPECT conflicts to oc-

cur between seals and fisher-

men as long as both exist

These problems can be matigat-

ed somewhat by education, legislation, and

more tregties for résearch and conservation.

International treatieés already in effect could
serve as models for others

Muost seal species are restlient enough to

accommodate slow changes in their envi-

ronment. As long as man's influence on the

oceans doesn't edcalate rapidly, seals will

continue to thrive, Seals existed in balance

Seals and Theilr Kin

A logram of elephant seals crowds Ao
Mvuevo Island (facing page), Elsewhers
e the (slond @ pup peers Over an ice
pilant (below). Although notural
survivors, seals remain vulnerable where
their interests conflict with man's.
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with their prev for millions of vears before
man arrived on the seas; they can do soagain
if they are allowed to

Pmnipeds have begun to act as a portal for
viewing the oceans, Instruments have he-
gun to show how seals forage and move in
the sens. These same instruments, speaking
through satelhites, can also tell us more
about the oceans and about those properties
in them that control the lives of both seals
and whales,

0 matter how much one Enows about
seals, they leave us with a profound sense of
wonder. Anvone who has huddled in 75-
mile-an-hour winds watching baby seals
actually plaving in 15-foot surf knows that
feeling. And those lucky enough to see seals
thriving in frozen polar expanses or flyving
with birdlike grace underwater certainly
feel it. Our unspoken response 15 alwavs
“How do they do that?” Even though. tech-
nically, we come closer o answering thal
question each vear, our sense of wonder still
remains []
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Thick with sulfur dioxide,
smoke belches from the
550-foot stacks of the Phelps

Dodge copper smelter in
Douglas, Arizona. Too old to

be profitably tamed by anti-
pollution devices, the 85-year-
old plant was closed in
January, It was a victory for
environmentalists (left) who
had long protested the smelt-
er's operation. Solutions to
other air-pollution problems
are not so clear.







With no place to hide, boys in
Cubatdo, Bracil, cover their
fuces as they try to avoid
breathing a cloud of lung-
searing fumes from a fertilizer
plant. Called the “valley of
death™ by residents, Cubatdo
maxy be the most polluted com-
mumnity on earth. Scores of
plants including a petrochemi-
cal complex pump ot least 75
pollutants into its frequently
stognant air, raising contomi-
nation levels in parts of town
tor twice those considered sofe
for humaons. “Some doys it is
so bad you can’t breathe,”
savs one resident, “If vou go
outside, you will vomit,™

During the past twao vears,
Sao Paulo state health offt-
cials report major reductions
in particulotes and other pol-
lutants. But globally, new
threats appear as fast as
known pollutants are reduced.
Deadly dioxins and other tox-
ics, identified in some fish in
the Great Lakes, are believed
transported by air over great
distunces. Pesticides and her-
bicides found recently in
larmingly high concentra-
tions in fop have been added
to the list of potential culprits
in forest dieback.

An Armosphere of Uncertainiy

DEATH brought a nightmare to life for me, the
kind that is difficult to flee. Most of us have

dreamed of running from some awiul dread,
on feet that seem encased in leaden shoes:

I was watching a pathologist perform an
autopsy on & man who had drowned at
Newburgh, New York. The lungs, when

exposed, were blotchy with stiff dark spots.
“Ah," 1 observed, “a smoker."

“Not necessarily,” said soft-spoken Dir. Torrence Pavne, as
he continued unhurned incisions. “Those are deposits of car-
hon. Virtually everyone has lungs like that after their mid-40sif
thev've lived in or nearan urban area.”

Another dying, far distant, drove the nightmare home. Ger-
mans call it Waldsterben, or forest dyving, in which conifers
weep needles and beeches grow bald with premature aging. In
January I stood on a snow-covered slope east of Cologne and
looked at Norway spruces with skeletal outlines.

“Wormally they shed old needles after seven years, but look at
this one,” said green-coated forester Dieter Deumling, pointing
to an anemic specimen as we crunched across deep snow 1o a
low, barren branch,

According to West German scientists, the trees are being
stressed by mir pollution. Perhaps by sulfurous clouds from
power-generating smokestacks, By the breath of automobile
exhausts and metallic compounds drifting from a smelter. By all
of these and more, coming sometimes from hundreds of miles
away and, like the carbonin human lungs, having a cumulative
effect. Forests are afflicted not only in central and eastern Eu-
rope but alsoin Norway, Sweden, the United States, and Cana-
da. Scientists debate the role of pollutionin killing trees—how it
works in conjunction with onslaughts of insects, disease, or cli-
mate changes. Most agree, however, that airborne pollutants
play a significant role.

Inother areas dirty airis held even more culpable. Man-made
monuments that have endured for thousands of vears are now
being rapidly eatéen away. In the American West spectacular
vistas are fading behind an aerosol haze, Ozone resulting from
automobile emissions annually reduces crop vields significant-
v, sometimes by as much as 20 percent of the sovhean harvest

Whit is not known about air pollution may be even more dis-
turbing. We are in the midst of a chemical revolution in which
some 65,000 commercial compounds enter our environment
each year. Some are proven carcinogens—cancer-causing sulb-
stances—and many more are suspected of being so. Yet only
eight chemicals are listed as hazardous and are regulated at their
source by the U. 5. Environmental Protection Agency (EPA)

In a quiet valley near California’s coast 1 watched a protest
rally unfold in & school yard that has been emptied several times
by nauseating fumes. A mile and a half north of the little town of
Casmahia, populationabout 200, a toxic waste dump lies hidden
by rolling foothills. For several vears cast-off cvanide, oil-held
acids, and industrial solvents were hauled there and leftin open
lngoons to evaporate, Local residents began complaining of
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I'rees are dying in West Germany's Black For-
est. The needles of firs, spruces, and pines are
turning yellow and falling off, leaving thin,
scruffy crowns (left). Among the possible
causes; oxides of sulfur and nitrogen from
distant power plants and factories, nitrogen
oxides from motor vehicles, and aozone from the
interaction of airborme chemicals in sunlight
[mese and other pollhutaonts may damage the
needles’ cell membranes, allowing nutrients to
escape, They may also acidify the soil, destroy-
ing organisms rnecessary to the nutrient cyvele,
as well gs inguring the trees’ fine root systems.,
Weakened trees become more vulnerable to
drought, frost, fungt, and insects.

At a research center in Essen-Kettwig
(aboyve), visiting American sctentisis inspect
damage to trees exposed o ozone and acidic
for under controlled conditions in the
chambers in the backeground. Tests so far
have found no stmple cures. Says the mavor
of one Black Forest village: ""'There is no
reason for optimism.




A filthy haze chokes Mexico
City on a winter morning in
1986 (below). Vehicle exhaust,
factory smoke, and smoldering
refuse heaps befoul the air
inhaled by 17 million people
Breathing this air has bean
compared to smoking twao
packs of cigarettes a day.

Ry controst, the sky was
clear in September 1985
(right) when winds washed out
the city’s vast bowl-shaped
vitlley, Even the peaks of near-
by volcanoes woere visible —a
cause for celebration,
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noxious smells and respiratory problems,
Soon all unusual ailments loomed large
in the communmty’s cONSCIOUSNESS—NOSe-
tbleeds, chronic diarrhea, a baby's bhirth de
fect, a voung teacher’s death by leukemia

“On November 25, 1985, I had a metallic
taste in my mouth and a queasy stomach,”
said Ken MeCalip, principal of the two-
teacher Casmalin Plementary School. “The
other teacher told me she was too sick to
teach. We dismissed {or the day. "

"“When the wind died and the fumes lin
gered in town, it kept as like prisoners in our
homes,"” said Debra Vaudrin, who later {led
with her famly

BRI N GUILLAWSE S sl §

The county health office urged closing the
dump. "1 hough we have no delimtive prood
thiat it 15 harmful."” an offioial told me, "we
also don't have proof that it 1s not.”

Dumping of liguid wastes was stopped,
but the solids continued . Casmalia residents
believed the county supervisors were reluc-
tant to give up revenuve—nearly three mil-
lion dollars annuallv—received in fees from
the dump. The supervisors answered thai
state law preempied them from closing i
aover a health issue. 1 called the director of
state henlth services, Dr. Kénneth Kirer,
whosaid, “Nobody wants toxic wastes near-
by, but we have a limited number of sites in
which todispose of them. Until we get add:-
tonal sites, we'll have to base our decision
on the information we gather.”

This past January Dr. Kizer'sdepariment
decided that the dump posed no imminent
danger to citizens and would remain open,
although more closely monitored. "Clearly
there have been problems,;"” Dr. Kizer said,
“but we need more information before clos-
ing the dump._"

HERE OUR AIR 15 concerned, 1n

Casmalia as in the rest of the

world, we live in an age of un:

certainty. As damage from our

aerial soup concerns us more

and more, analarmed public clamors for an-
swers and action. Both are slow in coming.

For example, the Carcinogen Assessment
Group (CAG), an arm of EPA, was lormed
in 1976 to determine what chemical sub
stances pose high cancer risks. Out of the
thousands of commercial substances re-
leased to the agtmosphere, "we've reviewed
the data on about 200 of them," said Dr. Rov
E. Albert, former CAG chairman, “those
that have been identified as possibly carci-
nogenic and worthy of further study.”

His voice grew steely: “The record of EPA
réegulation 15 abysmal But research 1s ex-
pensive, and the funding we are now getting
for research is inadeguate. "

Yet the air pollution picture is not totally
bleak. Continuing research offers some
hope of improvement. In late 1986 two sci-
entists reported a chemical process capable
of eliminating nitrogen oxides {from diesel
exhaust gases and coal-fred botlers. The hot
gases, passed over a nontoxic chemical
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Adeadly
soup

19 ARELY does a city suffer

from just a few air pol-
1 Y lutants. Most, Like this
symbaolic L. 5. metropolis

(below), generate a complex
hrew., Some chemicals (black
labels) are emitted directly
from identifiable sources.
thers (red labels) are formed
indirectly through photochem-
ical reactions in the air. A
glossary of major pollutants
follows (right).

Whit worries protestors
demonstrating at Casmalia,
California (facing page), is
what they don't know, They
suspect that o nearby toxic
dump has flooded the town
with hozardous fumes, cous-
ing headaches, scratchy cves,
and nausea.

An {arsanic): from conl ond ol
fwmoces, gloss monufecturing, long-
ferin £xposire may couse lung amd
sdrir cancer

Cy Hy(benzene) : from refinerics,
mator vehicles! long-Term axposgmne
gy couse fewkerriin

Cd {cadmium) ; from smeltors, bum
ing wante, coal and off fumaces; ong
term exposure darruages Bicdneus ond
beerigpe, wieriakets bones

CL {chlorte): from chemival tnadus
tries, forms HOC[, (rmitaofes muoous
rreerr e ries

CO {carbon monoxide): from rsbor
wetlcles . codl and ifl furmoces. smslt

era, steel plants; starves bady of oug-
gen) damities Moot

F (fluoride ton): from smalters, steel
plonts; high codcentrotions matrle
children’s reeth

HC (hydrocarbons): from unburnod
pasoiine vapors; combine with nitro-
gicth axddes e sunlight to fortn S

HCHO (formaldehyde): from motor
velucles, chemicnl plontd; lrritales
EVEE, NSy

HCI thydropen chloride): from
treinerafors; (rrifates eyes, fungs

HF (hydrogen fiuoride): from feeril-
iens prlderle, sriedbers; (Fritolen sk,

s, MUWCOLS rmeminranes

Flg fmercury): from coal and oil
furnoces emeliers, COuses fremors,
behovior! probiemrs

HNO, nitric acid): formed from NO,;
a mutpor cormpanent of ooid miing colses
respiratory dispanes

HONO (nitrous acid) : formed from
M0, and WOlar tapar, COLSsRS resping-
Py cHirmat e

H,; 5 (hydrogen aulfide) : from refin-

fries, sewciype reatrriant, pulp mells;
COLIBES ROLSEa, [(Frifolies cyas.

H 50, (sulfuric acid) ; formed in sun
fught Froen audfior dioxide and hvdroxcyl
LOTRS, CIILIAES FESPOATInTY ailmenis

Mn (mionganese): from sfee] plants,
pEraEr plante; lotig-ferms CEPEEETE Ty
confribute to Parkinson's disease

NI (nickel): from smolters, cool and
ol furnuoes; high exposure muly couse
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MNOY inlbrie axidel: from maofor vek
ol andd bl furmoces rehify fix
CILEEE IO _I.lllI

v, (nitrogen dicoxide): formed i
ipliglt fronmme MO prondiiced oo
auses Sronch

L, foeone) : formeed (A susddphd

(H (hvdrogcel redical) : formad i
rrfUERT from idrocarDons o

i oxfides; reacts with other pases to
PR L 4 i

PAN (peraryacetyl mifrade): formad

b (Tead): frowm o
J (IFrILH e, high bioo
MEirs rroalh

SiLF, (silicon tefraflunride ) : fran

v N
SN, {aulfur dingide) : from coal and
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amended in 1977, expired in 1981. As ol
this writing it continugs on extensions, out-
distanced by the growing knowledge about
g1r potlution

We live on a forgiving planet, with mech-
anisms to deal with natural pellutants,
Decay, sea spray, and volcanic eruplions
annually release more sulfur than all the
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FOSRLE T ETT Wl
Fear of fallout from Chernobivl coused
Worsaw citizens to post this playground off-
limits, The city is only 400 miles from the
Soviet power plant where a nuclear reactor
cxploded on April 26, 1986, but Polish offi-
cials were not told of the accldent for more
than two days. By then a radicactive clowd
had drifted over Poland, Finland, and Swe-
den. Restrictions were later piet on water,
milk, meat, and vegetables in 25 countries.

called cvanuric acid, break down into harm-
less nitropen -and water, I later research
supports the findings, a giant step could be
taken toward eliminating a major contribu-
tor to acid rain and man-muade ozone

Perhaps the most controversial environ
méntal issue of the decade 18 acid rain, but
that too is clouded in mystery. ™ “We are In
the infancy of understanding the full effects
on an atmosphere acidified by burning fossil
fuels,” Dr. Chris Bernabo, an air-gualitvex-
pert, told me. “In order to really understand
it, we must conduct vears of research.”

The federal Clean Air Act of

[970,

a]ld

nower plants, smelters, and other industries
in the world Li;{htl:ing bolts cTeate nitmgﬂn
oxides just as automobiles and indusirial
furnaces do, and trees emit hvdrocarbons
called terpenes. Thetr reledse tngeers a biu-
ish haze that gave the Blue Ridge its nume.
For millions of years the ingredients of
such substiances have been cycling through
the ecosystem, constantly changing form
They pass through plant and animal tssues,
sink into the sea, return to the earth, and are
vaulted aloft in some geologic event (o begin
the cvele again. An atom of oxyvgen com-
pletes the cycle approximately once every
2,000 vears. A portionof the next breath vou
take could have last been breathed by Jesus
Can earth assimilate the additional 70
million tons of sulfur that we release each
vear? What happens to plants that absorb
the additional nitrogen oxides (NO, ) we cre-
ate with our miniature lightning bolts inside
car cylinders? Can the atmosphere take on
the extra load of carbon diwoxide (CO),),
methane, man-made ozone, and chlorofluo-
rocarbon refrigerants that sclentists say
could raise global temperatures by the
preenhouse lfect (pages S 14-15)¢

UCH CHEMICAL INCREASES can be
accommuodated somehow, over
time. Earth has plenty of that, but
do we! The current overioading
hiis the potential to alter life on this

planet. Physically, our bodies mav already
b showing the stress,

Take lead, for example. Most of us do,
from paint, plumbing, and principally auto
mobile exhausts, despite reductions in the
lead content in gasoline (page 523). Peruvian
skeletons 2,700 vears old were found to con-
tain & thousandth of the lead levels that we
consider typical

True, lead levels in the U, 5. have de-
clined significantly in the past decade. But

*Anne LaBastille wreote "Ach] Rain—How Great o
Vienaece”" for the NMovember (O] GEOUGEAPFH N

National Geographic, April 1987




land fall nearby on the north-
eastern U. §. and eastern
Canada, as seen in a global
model (top). A small percent-
age rises high enough to be
carried long distances.

Near their sources, some

An Atmosphere of Uncertainty

I
100 KM 1,000 KM 10,000 KM

gases and particles may drop Clouds over the Amazon

directly to earth (diagram,  in Brazil are profiledina
above). Others are washed lidar image (below), made
from the sky later by rain, by bouncing a laser beam off
snow, or mist. But chemicals particles in the air. Thun-
such as chlorofluorocarbons  derstorms can gather smoke

that do not dissolve or and other organic particles
recombine at lower levels near the surface and pump
muay contaminate the them higher into the

MAEA/LANSLEY NESEARCH CONTER
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CLHE Fossil fuel consumptlion
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arbon emissions: millions of meltric lons in 159683
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A global

'."'"-'-:',-;.rtrﬂj NG the past bwo centu-
U-,'flﬁ ries carbon dioxide (CO,)
SN in the atmosphere has
increased dramatically, The
probabile cause: the burning of
fossil fuels and the clearing and
bhurning of forests by farmers.
Nuations of North America and
Europe, including the Sowviet
L'nion, emit the most CO),
since they consume the greater
part af the world s otl, coal,
and gos (map, above). But
maost burn less today than in
1980 (graph, left). By contrast,
rapidly developing nations of
Asia, Latin America, and
Africa continue to increase
fossil fuel consumption.
Scientists worry that the
growing burden of CO, and
other pases may change
earth’s climate. Like panes of

Natfonal Geog rq'lrﬁr.:: CApreil 1987




greenhouse

glass in a greenhouse, CO,
allows most solar radiation

to penetrate the atmosphere
(right, top) but prevents part
of the heat reradiated by land
and bodies of water from es-
caping into space {(right, mid-

dle). As OO, accumulates,

enough heat may be trapped
o gradually warm the atmo-

sphere (right, bottom),

Rezearchers estimate that
the earth’s mean temperature

could rise 1.5 Cto4.5C

(2.5 F to 7.5°F) by the middle

of the next century if green-
howse goses continue to

increase at the current rate.
That would make the atmo-

sphere warmer than it has

been at any time during the
past 100,000 vears. Giobal

rainfull patterns could shift,

An Atmosphere of Dlncertainty

Elnh-l Wnn
fm%ﬂ fuel in ﬂlﬂh

100 to one million
L it (oS-

one milion to3 milllen
| metric tona

1 3 miflion to 10 million

| matric tons
10 miilion ta 30 milllan
mealric tons

30 million to 100 million
metric tons

more than 108 million
melric lons

bringing heavy rains to previ-
owsly arid regions such as the
Sahel and droughts to produc-
tive farmlands such as the

U. 5. Midwest.

The impact could be even
preater at the Poles, where
mean temperatires might rise
as much as 10°C (18°F). IF
the West Antarctic ice sheet
melted, as it did durinyg a pre-
vious period 120,000 years
ago, ocean levels could gradu-
ally rise as much as 15 or 20
Jeet, flonding many cities and
farm regions.

So far there has been no
clear evidence that o warming
trend has begun. But sclen-
tists warn that the atmosphere
wionild require thousands of
years to recover from a mean
global warmup of 1.5 to 4.5 C.




NOXIOUS form of oxy-
gen, ozone impairs
vision and breathing
when it occurs in smog. But

in the upper atmosphere, 12
to 30 miles above the
ground, it protects life on
earth by intercepting the
sun’s damaging ultraviolet
radiation. During the past
eight years this protective
layer of ozone has become
thinner each spring over the
South Pole, as seen in these

images (left) from the Nim-

bus 7 satellite. From 1979 to

the present, a hole (shaded
dark purple) has deepened,
within which ozone concen-
trations have fallen by 40

percent. A color bar (above)

identifies concentrations
from lowest, at left, to high-
est, at right. Some scientists
believe the ozone was at-
tacked by chlorine released
by chlorofluorocarbons,
widely used industrial chem-
icals. Others theorize that

the ozone was destroyed by
nitric oxide produced in the

atmosphere by the sun dur-
ing an active solar cycle, or
that the ozone was pushed
aside by upwellings of air
from lower levels of the
atmosphere. Whatever the
cause, the potential effects
could be serious: If the
ozone continues to disap-
pear, skin-cancer incidence

could rise sharply.




excess lead in the human body from & vanety
of sources can increase blood pressure. An
EPA investigator calcudlates that *if vou
lowered evervbody's blood lead levels by a
third, there would be 60,000 to 70,0040 fewer
heart attacks over a decade.™

Humanity releases many other elements
to the air—mercury, chromium, vanadium,
selemium, arsenic. As with lead (and radia-
tion from such incidents as the Chernobyl
disaster) man's concentrated effluents often
pose more danger than these [rom nature

UR MISTAKES are costly. Americans
spend more than ten billion dol-
lars a vear on medical problems
caused bv outdoor pollutants, He-
sparchers now suggest that gas

and wood-burning stoves exude harmiul
compounds inside builldings. These indoor
pollutants, along with cigarette smoks

asbestos, toxics released from balding ma
terials, and radon gas trapped by tight insu-
ation, may exact an annual health bill of &

hundred

ithion dollars (pages 328-9)

,'!'|.:-ull|_-'_' I,.II'II'!- MORELATY I-"-:-N-I"-, Eli| lIIIIIIjr.i'-HI
eits atl beloved cultural treasures. In Athens
| sat on a stone and contemplated what has
led the most beautiful butlding in
the world. Acid deposition has caused more
erosion on the marble Parthenon in the past
24 vears than had occurred in 24 centunes.

The Roman Colosseum, Westminster
Abbey, and the Ta) Mahal are suffering
simuar dampege. At Chartres, as with other
cathedrils, stained-glass windows dating
from the 12th and 13th centuries have cor-
roqled to barely recognizable images, s com-
bustion our contribution to the arts?

|_|-|.'r' [1 LA

I'he sources of damage are not =asily re-
moved., Legislation lags because fumes
come from imdustries badly néeded for na-
tional economies, rom automobilles prizéd
for private transportation, and from high

sulfur heating oils. Besieged by budget-

conscious citizens and profit=conscious
industries, politicians Oddle with regula-
tinns while their Romes burn.

The problem goes far bevond buildings
and cities, Our entire troposphere is a blue
bhalloon from which there is little escape
home pollutants degrade or change form,
but others may drift for vears

For a portrait of our atmosphere, U. 5

An Atmosphere of Uincertainty

Like time capsules of the atmosphere, ice

cores from a Yukon glocier contain informa-
tion abowt atr guality before the industrial
revolution. By analyzing trapped air bub-
bles, a research team including D, Gerald
Holdsworth {top) has learned that carbon
diowide levels in today's atmosphere are 27
percent higher than they were before 185(0.

An ice sample from a glactated platean on
Mount Logan (above) seems (o bubble like
club soda. Individual ice crvstals take on
different colors according to the angle at
which polarized light strikes them.




scientists sample the air at four “clean” loca-
tions in a federal program called Geophysi-
cal Monitoring for Climatic Change.

What sweeter air than atop one of Ha-
waii's volcanoes, 13,680-foot Mauna Loa?
Meteorologist Elmer Robinson drove me up
its bare shoulders through lava fields some-
times jagged as cinders, sometimes smooth
as swirled chocolate. In bright sunlight we
looked down atclouds raining on the town of
Hilo, far below.

On Mauna Loa's drv, primordial land-
scape nothing sprouts but technological
wizardry., The air is tasted with tongue-
twisting nephelometers, transmissometers,
and spectrometers to better understand the
aerial porridge that now surrounds us, The
heavens are proberd with laser light to see
what particles are drifting. Dust from China
reaches here, and a mystery cloud once ap-
peared whose source was never identified,
the stuff of science fiction.

For a view more mesmerizing than any
fantasy, I mounted a ladder to a telescope
aimed at the morning sky. A large, black ob-
seuring disk loomed in the evepiece to pro-
tect my retina, but at its edges flickered the
light of hidden energv—the burmng sun.
Here, seemingly within arm’s reach, was the
enging that drives this planet, hurling gases
thousands of miles into space. Is that life-
giving heat now perilously altered on earth?

“Omne of the longest continuous records of
€O, content of the airis kept here," said Mr.
Robinsan, director of the Maunas Loa Obser-
vatory, “We find an increase of 27 percent
since the mid-19th century. CO; holds heat
close to the earth, so the greenhouse effect is
not a wild idea, it's pretty basic physics.”

The greenhouse effect, with potential for
altering climate, melting the polar ice caps,
and raising ocean levels, has been called one
of the most serious long-range environmen-
tal i1ssues. Suddenly, 1t's short-range.

“The most significant thing we've seen In
the past few years has been the increase in
other greenhouse gases—methane and the
chlorafluarocarbons,” said Mr. Robinson.

“With the addition of these gases we may
begin o see the effects around the turn of
the century,” says climatologist J. Murray
Mitchell, Jr., of McLean, Virginia, who an-
alyzes data sent from Mauna Loa

All gases thickening the greenhouse are
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belteved due to human activities. LCombus-
tion gives off CO,. Methane, escalating by 2
percent a vear, is attributed (o gases from
livestock manure, additional rice fields, and
digestion of termites proliferating on dead
wood left by worldwide clearing of forests.

The chlorofluorocarbons are a two-edged
sword. Used as refrigerants and, in some
places, still used as spray-can propellants,
they add to the greenhouse as they drift up-
ward, When they reach the stratosphere,
they are believed to react destructively with
the gauze of ozone that protects us from ex-
cessive ultraviolet ravs. A sharp rise in ultra-
violel rays would incregse melanomas and
other malignant skin cancers and reduce
crops. Melanomas have doubled worldwide
in recent vears, but scientists are unahble to
connect that fact directly to ozone depletion.
It may be simply that people are spending:
more time outdoors.

A warmer, wetter earth, or one more
seared by sun? We are not just polluting, as
bad as that may be, we are tampering with
basic weather-making components of our
atmosphere without knowing the outcome,

HERE 15 mounting evidence that
our whole planet is involved. The
South Pole seems fairly clean be-
capse 90 percent of earth’s popu-
lation lives in the Northern
Hemisphere. Yet inlate 1985 scientists mon-

itaring the stratosphere detected a major

hole in the protective ozong screen over

Antarctica(page 516). Aresult of natural ac-
tivity, or man’s? So far science has more

guestions than answers,

The North Pole, on the other hand, at
times resembles a turn-of-the-century coal
town. For in winter, when the Arctic is tilted
into constant might and the sun cannot gen-
erate cleansing winds and precipitation, the
largest single mass of pollution sits atop the
globe like a dirty cap.

Wearing bulbous boots and mittens as
thick as down comforters, I rode with two
technicians to the Barrow Observatory in
Alaska., Atop stark huts where we looked
at solar-radiation instruments;, the wind
teached down the tunnel of my parka hood
to-stab my cheeks.

It was early November, and 8t 8§ a.m. a
full moon still shone like a bright dime, and

Narional Geopraphic, April 1987




| 'ree rings tell the story: Something s killing
red spruces in New York's Adirondock
Mountains. A core taken near Mount Marcy
by D, Edward Cook (left) of the Lamont-
Doherty Geological Observatory shows nor-
muarl growth rates undl the mid- 19608, when
rings start to narrow (below). Some scien-
tists beliewe air pollution may have contrib-
uted to this decline. Dr. Cook theorizes il
muay have resulted from abnormally hot sum-
mers and cold windters. A simiiaor weather
pattern coincides with massive red spruce
losses during the 1870s. An infrared view of
Mount Marcy in 1984 (bottom) shows dying
spruces as blue-gray instead of a healthy red.
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An unwelcome puest, Demver's "brown clouwd”™ of smoke and smog returns to the city

each winter as heawy, cold air holds poliutants close to the ground, The cloud’s
dismal color is created by sunlight reflected off dustlike particles of wood smolee,
diesel exhaust, and factory emissions. brom mid-November to mud-Jfanuary, when



atmospheric inversions often occur here, Denver also suffers the nation’s higheast
concentration of carbon monoxide. To combat this problem, motorists during the
past three vears have been ashed not to drive on one working day o week, using a

|'.-|L'n.1|1':uj'.' system of rotation haised onm [icense rn.'uh* nunihers.




I'rapped inside the combustion chamber in-
stead of being released into the atmaosphere,
coatl ash forms a crust of slag inside a burmn-
er developed by THW, Imc. As much as 50
percent of the ash is caught by the burner
system, which also reduces emissions of mi-
trogen oxides and sulfur oxides. The system
wins designed to adapt gas or oil fiomoaces to
burn powdered coal.

seart
arross the sky. By late November the sun
would not rise at all. When it reappeared in
late January, it would shine on o haze of sul
fates -and that would remain umntil
6]_I[']JE_E SLOFTIS |-§I_|:-!'II:_"I'E| ||'||_'f|| i1

Eight nations touch the Arctic—the Unit-
edl States; the Soviet Union, Canada, Fin-
land, leceland, Norway, Sweden, and
Denmark (Greenland), Who sotls it? Air
masses are mixtures of numerous gases and
particles unique to their places of ongn.

the aurora borealis looped a ghosth

S

The Arctic pollutants showed a “signature”
unknown Lo Western scientists,

L. Kenneth Bahn of the University ol
Rhode Island found t|u'j.' included arsenic,
selemium, antimony, and indium, tn & coim-
bination that pinned most of the pollution to
o mineral-rich smeltng areg 1in the Soviet
Union's Ural Mountains
tars found dry-cleaning Freons and degreas-
ing solvents used commonly by the Russians
bt rarely by Western nations

I'his method of tracing pollution to its

Cither invesiiga-

=

ource sprang from the ability o examine
znaller and smaller samplings—now as lit
Lle &5 one part per Ll o parts of air
Tracing pollutants 15 beécoming a politica
necessity because mr 1§ no respecter of
boundaries. Cn the acid rain 12sue alone the
Scandinavians are angry at the British, the
Canadians are impatient with the United
atihtes, and the Northeast
blames the Midwest for
dedd trout and dyving trees
From the accused the an-

LWer II.-!I- I.'-I'l. Gme a I.i-I||'|i|i:1I'
refrain: “You can't prove
thal my emisstons are kill
ITHE VOLT,

With fingerprinting and
tracking of particles with
lasers (page 513), the dis
cladmers hecome |less con-
vincing. But the dving
continues, and we've made
the ammunition for these
killing flelds-all too avail-
able, zavs
volker Mohnen, whio gath-
oud data from atop
Whiteface Mountaininup-
state INew York

“Water droplets In
ouds become little chemical converters,”
he explained. “In a normal ecologically bal-
anced system, ammonia from decayving mat-
ter 1s present in the pir along with natural
oxides of sulfur and nitrogen. Ammonium
sulfate or ammonium nitrate are therefore
created, falling to the ground to become nat
ural fertilizer

"That's the regular cvele—hliving things
on the ground die, decay, and release ammo-
nia that nurtures maore living things. What
we are now doing is o infect additional sul-
fur, nitrogen, and hydrocarbons into the f4t-
masphere, altenng the cycle.”

meteorologist

ers C

FTHE MECHANICS of acid rain {orma

Lion are becoming better understood,

the effects are lessclear. Something is

killing trees, but scientists are finding

that the deeper they look, the more

complex the picture. 1 here are multiple the-
ories about forest damage

Dir. Bernhard Ulrich of the 1_'|1|".'|.'r:1':. ol

Gottingen in West Germany first sounded

Natienenl € (HENFER FHLIE -'h.l"J"llI 987




(right) to do its job. Installed
on new cars sold in the U. §.
since 1975, converters
eliminate 90 percent of
carbon monoxide and hy-
drocarbons and now great-
ly reduce nitrogen oxides.,
But only a few tankfuls of
leaded gas can destroy con-
verter effectiveness.

One in ten cars in the U. S.
is thought to use leaded gas
illegally because it costs less.
A tank opening (below right)
has been enlarged to admit a
leaded gas nozzle. Telltale Honeycomb
reveals lead in car exhaust metais etimulate
checked during an annual resctions.
survey by the Environmental
Protection Agency.
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Paying the price for lead, a
voung gird and a middle-aged
man symbolize victims of a
lead-polluted environment.
The 20 automohiles stacked
behind them —including many
“lead sleds™ built before 1975
withoot catalvtic converters
waould have spewed out the
e pwiplent |.l_f' 325 pounds of
lead in exhoust fumes during
their average life span of ten
VELT'S,

Between 75 and 95 percend
of the lead inhaled or ingested
aocumulates in bornes and
other tissues, threafening (o
couse trreversible brain and
kidney damage, Young chil-
dren are most vulnerable
biecause their nerrons systems
are still developing, Excessive
lead can decrease a child's
intelligence, shorten his or her
attention span, creale learning
disabilities, or cause hyper
activity. Perhaps 20 percent of
all preschool children hoawve
excessive blood lead levels,

Elewated blood lead levels in
aeliedt males have been Linked
to high bood pressure. An
EPA researcher estimates that
Bl M) B FTO AN hearT attacks

per decade might be prevented

if the meon blood lead level of
all Americans was reduced by
a third, The phosing out of
lraded gusoline hos already
helped. From 1976 to 1980,
when production of lead addi-
tives dropped by more than
half, the mean blood Llead [evel
in the U, &, fell by a third.
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in the case of Californis's ponderosa pine

Where there's smoke, there may also be toxic pollut-
ants, At a warechouse fire in Elizabeth, New [ersey,
firefighters (left) put on breathing units to protect
themselves from dangerous gases. A special team hod
garlier identified hozardous chemicals in the fire.
Pretonations hurled explostve aerosol paitnt cans at
the firefizhters like hand grenades.

Airborne toxics can also escape in much guieter
ways, Al a petrolenm refinery in Marcus HooRl,
Pennsylvania, environmental engineer George
Reepan (above) tests valves for leaks of benzene, as
reguired by federal law. Thousands of other chemical
compounds tn the United Stotes — many suspected
of causing cancer — remaoin unreguloted.

And buman [ wkethooke

s &l & clistance 15 0200 najor mterference with human activities

ind in white pines n the East.”

sttarching historical record VETINE DUCING the emissions of sulfu
nore than a century, the University o dioxides v half in this countm
Pennsyvivania team has found consistent red sing current technology, could
pruce dieback following either an extreme require refitting  large power

WA summer or a cold winter, with a plants with flue-gas scrubbers
combingtion of the two being especiall I'he cost has been estimated at two Lo seven
deadly. Perhaps, Dr. Johnson says, trees  hillion dollars a vear, for a total of 50 billion
.'-|'||-.-'!-'-|'-' Clirmate s |!I.'.I'-I':-.=.!l"iII'II'II!- l'.lll!.'.:'- "-".".."_-'I'..'.'Ir I'.II.EI' '-:'.i'i||"|..'. "'III‘-'
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Would it be power plants like those of the

It's stich a complex sulfurdioxides? Or should the entire
Yiohnien !|:|_ Il.'l.'ll';_'- [ '_i|:' -|:'_"| LTl ¢ lect 1 ; usaere tax

reduce the emissions In
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OYhio Vallev, source of much of thi2 aation

which
indd the

Perhaps Midwest plants should switch to
lowe-sulfur coal mined in the West. But that



The enemy
el L
within
HERE'S no place like
home — or the affice — for
contominated air. Pollu-
tion levels indoors, especially

in buildings that have been
“tightened” for energy conser-

vation, can be ten times higher

than those outdoors.

Radon, a colorless, odoriass,

naturally occurring radioac-

il , I‘I'Jr,_

- A ok

tive gas (white, below) seeps
into basements from decaying
uranium in soil. A million
families in the U. 5. are
thought to be exposed to radi-
ation levels higher than those
faced by uranium miners.
Latrry Kaplan of Clinton,
New Jersey, with his wife,
Joan, and daughters Amy and
Heather (laft), are surroumnd-
ed by funs, meters, research
date, and graphs they used in
their fight against radon.
When it was discovered inside
their howse, Larry installed




funs beneath the foundation to
safely vent it outside.

Toxic fumes (green) enter
the home or workplace in
muany ways. Newly installed
carpefs, furniture, phmnvood,
and some foam insulation give
off formaldehvde, causing
headaches, impairing breath-
ing, and irritating eves, nose,
and throat. Poorly vented ker-
osene heaters, gas ranges, and
wood stoves put out unhealthy
amounts of carbon monoxide
and nitrogen dioxide. Copying
machines emit noxinus ozone.

Dry-cleaning fluids, disinfec-
tanis, paints, and pesticides
leak chemical vapaors,
Hazardous particles (blue)
Jill the air from cigarettes,
wood stoves, dryers, and
asbestos insulation.
Biological pollutants {vel-

low) add other worries. Bacte-

rice may be drawn into air-
conditioning systems from
rooftop puddles ar breed in
kitchens, baths, bedside

humidifiers, or spaces above
affice ceilings. Pets give off
allergy-inducing dander,
Fungi grow in cellars.,

Some remedies: Ventilote
when cooking with gas; never
use urvented kerosene heot-
ers; open fireplace dampers
fully; filter pollen from air;

stop smoRking. =30




Children of smokers suffer more bronchitis
and prieumonia during infancy than those of
nonsmokers. In a smoking-habits survey, a
University of North Carolinag team fownd
catining, a metabolite of nicotine, in Lhe
urine of this baby (below) and others who live
with smokers. In rural Nepal (facing page)
a cooking fire can fill a poorly ventilated
house with heavier pollution than the worst
urban smog, increasing risks of respiratory
disease — the Third World’s leading killer,

1"

billion dollars. The report heartened some

Canadians; others remained skephtical that
the U. 5, would appropriatethe money inan
ern of tight budgets. So far, it has not

In the U, 5., aodification has long been
seen as g problem of the eastern states, but
the West may also be vulnerable. Many
eastern soils are underlain with limestone
and contain calcium carbonate that can neu-
tralize acids. Western alpine soils are com
monly on top of granite,
which provides little new-
tralizing alkalinity. So far
no significant changes in

wiotld idle 20,000 or more miners in Hiinos,
Ohio, Kentucky, and West Virginia,

And what if that multibillion-dellar solu-
tion is the wrong one, outdated the moment
it is completed? "Technology 15 alréad)
available to hurn fuel more cleanly and effi-
ciently, and within 15 or 20 vears many ¢x-
1sting plants will be ready for retirement,”
admitted Dr. Mohnen

Can the environment wait 2()
hetter technology f

“MNot at current emission levels,” he re-
plied, *but perhaps with conservation. A 21
percent reduction in fossil fuel use 1= possi-

vears for

ble, through conservation méeasures [or
automobiles and eleciric power users.”
For the past half decade the U. 5. govern

ment has answered calls for contrals on in-
dustrial emissions by saving more research
was needed. In early 1986 a joint U, S.-
Canadian report called for a five-vear in

dustrial emission control project costing five

western acidity have been
detécted, bul increased éx-
posure to power plants,
smelters, and motor veha-
cles could change that pic-
ture rapidly
Liermnan
shown how
chanwe can be, The now
famibar signs of German
: dieback were no-

[ores]
ticed in the 1970z in the
By 1986

trecs 1AVe
'!'.f!]_lll::l !.|:|:]‘!

Black Iorest
more than half the nation's
trees were dfflicted, “lrer-
man lorests as we Know
them may neverexist again
in our hifetime,” said forest
historian Dieter Deumling,

Elsewhere
European countries, heavy users of high-
sulfur conl, report whole forests turned to
stump-studded meadows. Tree losses on
Swiss Alpine slopes have been blamed for a
rash of avalanches, some of them fatal.

The possibility of fatahties by air pollu-
tion: spurred Japan to action. Two decades
Ago economic and industnal expansion hadd
spawned a dangerous success; From cities
around Tokyo Bay came nightmarish im-
apges of citizens wearing masks, breathing
from oxygen vending machines

“Around 1970 children were collapsing on
schoal playvgrounds from the effects of pho-
tochemical smog, and there were numerous
victims of a respiratory disease known as
Yolkkaichi axthma,” 1 was told by Kazruo
Matsushite, deputy director of the planning
division in Japan's environmental agency

Facing me across a table in a government

wiitnesses in 5-|*"L'rri|.L FasiEeETrn

Narional Geogrophic, April 1957




iiitlding in Tokvo was a battery of |apanese
bureaucrats. At 35, Mr. Matzushita was the
{ I-'-I !."'- |||||-|'||.'||_ Aty -|ll"-.|_"- =II.E-"|
Lhedr elbows, they exuded the sami
vy with wihich the nation ha

el world auto and electronic markets

[ T putllc was clamoring [aor cleands
air, sand Mr. Matsushita. 1 he government
il tex breaks to companies that med
lean-alrstandardsearty. And the inodustra
CONTHMUMIEY Wis remuinded of the benelits of
L healthy population

Hl'u i .:i-.l' MONEY, Vo reed -'IIIIII Il.'llillll =
Livity, and if the workers are feeling good,
vou get i, said 30-yvear-old Jun Masus,
chief of auto-emission controls 1L 15
cost-effective to cls AT L] the alr

_I.:l.-..l..- Pl iblems art lar {rom ovier |
glanced oul the window and noted
bhutldings were chsappearimg behaned smog
Nitrogen oxide emissions from Tokwvo traffi
are still higl

Reduction of industmal emissions has
been more dramatii In Kawasaki, the in-
dustrial hub, sulfur dioxide has been re-
cuced 96 percent by instathing scrubibers and
switching [uels. A central montoring sye
tem tatties on plants éxceeding pollution
limits, but sitch high-tech sentinels are cos
iy, lach of 18 stations measurnng ambient
alr costs half a8 milhion dollars, more tha

ST COUNLYEs are w |’|II|_' L ol Y

ESS THAN a decade ago Mexi (it
¥% by i | |l' f DOWAT BTOSDEriEs il

an otl-lubricated national income

Hut long before the 1985 eartl
guake devastated hundreds of jts
buildings, the collapze of world oll markets
il._-l' fHE (5 ¢COROITY 11 A ! .:|'I|:||-_ J'|||
hard-pressed government could not atford
to clean up mir extravagantly chirtied. Haw
pwnre dries and 15 wafted aloft to mux with
III'.:'.' COnCceEnirations ol |'l-_'-l '|Il'I LR

- Mexico City Lake

hackseat to what may be the most poluted
rner on earth—Brazil’s “vallev of death
I'I' :I'- .'.- irve -'--.rll " i) .!Illlill 'ill
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more than 2,00 feet below. Between tha
I.:.!ll..."!..i. | the sea fess than 15 miles awas
indclustirial __|| inits beleh thous 15 0l tons ol
poliutants a day, some of them extremely

LT SO0ME RS common as dust from

CEMEnt faCior T‘I EFINE LNE VEey wWill |||I_

ndustries are about 100,000 people 1m th
municipahity called Cubatao

Normally our respiratory systems delend
Against solid particles ke dust wath blters of
nucus and hatr, but smaller specks from

combustio: Ind mMmanEaciuring mvadi

bronchial tubes, Inflamed, the tubes nai
oW, restricting breathing. Within an houl
of my arrival a dull ache nagged in mvy ches
In the downtown core population of some
40,000, nearly 13,000 cases of respiraton
HSEAaASE WETE T |'l'"-!'|| i ORe receit :'.I.'i'

Lither heallth statistics about Cubatao are

more frightening. The air holds high levels
of benzene, 2 known carcinogen. Une (0 Lel
workers in a Cubatio factory unit showed
lowe white-blood-cel -||I|[|'._|-||i|,-_'--,- ire-

ursor of leukemin. Infant mortality is 10
percent gher héré Lhan in Sa0 Paulo stote
asa whole. Environmental oftimals blame il

samtation and madnutntion







FRUCK dowrn by mesotheli-

o, @ rare form of can-

cer caused by expasure o
asbestos, Dan Pasquinucci
(right) of Parlin, Neéw Jersey,
is comforted on his dearhbed
by his wife, Alvce. A former
president of Local Union 28
of the Sheet Metal Workers
International Association,
Dan was exposed to airborne
asbextos fibers on construction
jobs decades ago. Until they
were banned in the 1970s,
muaterials contoining eshestos
were commonly applied to
buildings for insulation
and fire protection.

U'mion instructor Jack

Looney looks on (below) as
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Deboruh Nagin of Montefiore
Medical Center in New York
City sprays an irritant smoke
into a plastic enclosure to test
the fit of a mask provided for
in apprentice sheet-metol
worker, Even small amounts
of asbestos fibers may

incredse a person s chances of

developing cancer 15 to 40
yvears later. 5o workeérs use
extreme caution as they wet,
scrape, and bap asbestos-
laden matertal for removal
from an office interior (facing
page). Tubes from outside the
sedled area carry fresh air (o
the workers.
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surprisingly, I could find few who would
compluin about the pollution, including
those who live inits heart, a ragged cinder-
block and sheet-metal neighborhood known
as Vila Parisi. Villagers theére breathe fumes
but smell jobs. Thev are wary of industry
offers for their property and government of-
fers of free homesites on a landfill.

“The refinery wants our land for expan-
sion, and they offered us 300,000 cruzeiros
[then $200] forit,” said a voung woman with
an infant dabbling in mud at her feet and
another perched on her hip,

“Yes, the children are often ill and some-
times can barely breathe. We want to live in
another place, but we cannot afford to. "

[ir. Oswaldo Campos, 4 university pro-
fezsor of public health, savs the dirty air in
Cubatio is & case of economic priorities, not
deliberate callousness. “Some say it is the
priceof progress, butisit?” he commented in
a5ao Paulo coffee shop, " Look who pays the
price—the poor.”

A lesser price for all is hinted in recent
Sho Paulo state statistics on Cubatan's air:
In a two-vear period, particulates down by
A0 percent and varying reductions in other
pollutants. The remedial program is show-
ing results, but there is far to go.

HE AGONIES of a developing na-
tion? Cubatio has its counter-
part in Ironbound, New Jersey.
Flanked by ewark's commerncal
district and surrounded by triun

tracks that inspired its name, Ironbound ap-

pears as a faded, faintly depressing industri-
al enclave, barely rating a glance from the

New Jersey Turnpike, But I found a hard-

waorking, close-knit cormmunity that isangry

and confused about the air it must breathe.

In or near Ironbound are dozens of plants
whose emissions join fumes from the turn-
pike and busy Newark International Air-
port, in sight of New York City. On a clear
calm day the region gives off a brownish ur-
ban plume that marks the mouth of the Hud-
son River like a biblical pestilence. And it is
equally perplexing. Cheémicals reléased in
an industrial area number in the thousands,
and science is still identifying them.

"We can detect substances we never even
knew existed in the air five vears ago,”
said Dr. Ron Harkov, researcher with New
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Jersey's Department of Environmential Pro-
tection. “Some have cancer-causing proper-
ties and other health hazards, but at what
levels, we don’t know.”

New: Jersev's cancer death rates led the
nation during our century’s middle decades,
and the state’s industrial complex became
known as “canceralley.” A bad rap, officials
say, noting that national cancer rates have
since overtaken New Jersev's, and the fact
that industry is hlamed for a minority of can-
cers. New Jersey now has pollution laws as
tough as any in the U, 5.

Laws, however, must be tighter than pipe
fittings to stop all the leaks.

“Think of a single refinery and all the
valves, pipes, and flanges in it," said
researcher Harkov. “Nothing is-sealed per-
fectly, and when a company is making 75
different substances, there's no way they can
tell vou every second of the day what is leak-
ing out of their pipes.”

Spills and leaks in the chemical age have
spawned a new hreed of patrolmen, those of
hazardous materials, or “hazmat," units,
Prowling industrial arcas, they snoop and
sniff for suspicious pas fugitives. Clad like
spacemen and armed with detection instru-
ments, they precede fire fighters mto cur-
tains of smoke to warn of dangerous fumes.

New Jersey requires g harmat unitineach
county. T joined one in hard-pressed Middle-
sex, where potentially serious chemical acci-
dents occurred ten times in eight weels in
1983, A tank of the pesticide malathion ex-
ploded, for example, and some 200 people
received treatment at hospitals for vomiting
and shortness: of breath. A s¢al on a pump
failed at another plant, and 40 painters col-
lapsed on a bridge amile away from breath-
ing another pesticide ingredient.

Rich Korzub, 30, grew up in Middlesex
County before taking a degree in environ-
mental seience. As we patrolled his old
neighborhood in anunmarked car, the radio
crackled with reports of chemical peril: A
rallroad tank car holding chemicals had
slipped its rails and was leaning dangerous-
ly. Fumes lingered from a paint-factory
explosion and fire that had killed two men.

As we neared a metal smelter in Port
Reading, a dark cloud from the plant bil-
lowed over a horizon of row houses. “"Smoke
plume!” barked Kozub and accelerated

National Geographic, April 1987




Erasing the beauty of classical Greece, sulfur oxides in the smog over Athens chemi-
cally transform marble into gypsum, causing it to crack and flake off. A frieze panel on
the Parthenon (left) has lost much of its detail, compared with another panel (right)
preserved at the British Museum since the early 19th century.,

down & side street for alook. It was gone by
the time we gained a close view, but com-
plaints were pourmng in. Mrs. Diane Pitz,
voung, blend, clad in a running suit,
answered her deoorbell and acknowledged
phoning in a report.

"1 opened the window to let in some fresh
air and noticed the smell nght away,” she
saud. “It happens almost every day.”

(S1nce then the plant has shut down, pre-
cluding a court fight to close iL.)

So what does one do, flee to some remote
1sle? Even flving might be hazardous to vour
health. A report by the National Academy of
sciences to Congress in mid-1986 included
19 recommendations on improving the nir
quality for airline passengers confined in
close quarters for hours, A noteworthy sug-
gestion was that smoking be banned on all
cormmercial flights,.” said James A, Frazier,
a member of the study group, “We also sug-
gested that ventilation systems on planes

An Armosphere of Unoertoaimty

be used to optimum advantage at all times. "™

Ventilation systems are driven by air bled
from the engines, and sometimes part of the
system has been shut down to save fuel, On
newer planes as much s half the air is fil-
tered and recirculated instead of being bled
from the engine, an engineer with Boeing
cxplained tome. Clean air at last? Not exact-
lyv. Bacilli from a sick passenger, he admit-
ted, could pass through the filter and reenter
the passenger cabin.

B RE WE DEEPER 1n jeopardy with ev-

"FI \  ery breath we take, every automo-

i | ) tive move we make?
yﬂff'.}- Nationally, says the EPA, air
(ISR 1 0 quality has improved since 1975
in the commonly known and regulated crite-
ra pollutants—particles, sulfur dioxide,
carbon monoxide. nitrogen dioxide, ozone,
and lead. And yet, in the introduction to its
National Air Quality and Emisstons Frend
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Certified victims of air pollution, Machi
Kuramochi (facing page, seated), Tokuji
Muaehara (standing at left) and Kivoharu
Yamamaoto of Kowasaki, Japan, show gow-
ernment papers authorizing payvments for
asthma treatments. Sashes bear the name
of their pollution-victims advocacy group.
Chnce one of Japan's most polluted cities,
Kawasalki hos reduced sulfur dioxide emis-
sions by 96 percent since 1970. Helping to
keep up the good work, controllers (below)
chech air-guality data from remote sensors.

Report, the agency points out that nearly 30
million people live in counties where ozone
levels exceed air-quality standards, 61 mil-
lion breathe too much carbon monoxide,
and 32.6 million share air space with too
many particles.

Progress in criteria pollutants can be mea-
sured in numbers. In newer, more myster-
ous toxics it 15 best measured 1n attitudes.

“Fifteen vears ago chemists were dealing
with London's sulfurous smog in one camp,
photochemical smog inanother, and the tox-
ic chemicals people didn't talk with the other
two camps,” said Dr. James N, Pitts, Jr. His
tecent hook Aftmospheric Chemisiry, Co-
authored with Dr. Barbara Finlayvson-Pitts,
15 4 major reference. "It s clear that we
must look at trace species such as nitrate
and hydroxyl radicals present in concen-
trations thousands of times lower than S0,
and NO,. They are now known to be linled
with acid rain, photochemical smog, and
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the reactions of toxic chemicals in air.”

“It's like the medical profession,” meteo-
ralogist Elmer Robinson told me on Maung
Loa. “It solved infectiont like smallpox and
scarlet fever and now it tackles long-term eil-
fects like cancer. Inthe case of pollution, we
have dealt with acute local problems, and
now we are addressing the longer-term at
maospheric problems.”

Throughout history humans have lived
with perils over which there seemed little
control—stronger crea:
tureés, hostile elements,
mystertous discases. One
by one such threats have
been tamed and replaced
by one of our own making.

Alir pollution is modern
man’s wolf at the door, said
Dr. Irving ]. Selikoff,
called by some the father of
pallution health effects. In
a Mount Sinai Hospital of-
fice in New York City,
amid stacks of ressarch
data, he told me: It 15 a
oublic problem as well az a
science problem. Kegula-
tion is up to theé govern-
ment, but government
hases decislons on its read-
ing of what people want.”

Since costs are high and truth 1s elusive,
regulation may be slow in coming, says Dr.
selikoft, With patriarchal calm he folded his
hands before savingcarefully: "1i vou look at
the studies and the experiments with guinea
pigs and mice, it looks like we should all get
off the face of the earth. But we don't really
know what many of the substances in the air
do to people. It may take 30 vears to know
that. Can we wait that long?"

As Roger Revelle, Umiversity of Califor-
ria professor of science and public policy,
once stated, "Mankind 15 10 the process of
conducting a major, unintentional expern-
ment, that of feeding back into the atmo-
sphere in a short space of geological time the
fossil fuels that have slowly accumulated
over the past 500 million vears y

Now that the chemical era has joined the
ape of combustion, that experiment has ex-
panded. Almost breathlesshy we await the
outcome. We are our own guinea pigs []

Nurional Geoeraphic, April 987
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Antarctic

Challenge

By SIR PETER SCOTT

A ghostly moon and summer’s
dying light illuminate Mount
Erebus and the hut built by Capt.
Robert Falcon Scott at Cape Evans
i 1911, Scott’s courageous journey
to the South Pole inspired three
men to set out on his path 74

years later.

INCE THE DAWN of Dharing the 19th century
history man has felt exploring the planet we liveon
anurge to explore the wasa widespread undertaking.
unknown. Itisthe Hv the tum of the century most

basic drive in most (Telds of of the world hard been mapped,
endepvor, The excitement bt the huee continent of Ant-
of discovery— of seeing what arctica, half agnin the size

few people, if any, hivve ever of the United States, remained
spen hefore, the sense of largely unexplored and un-
achievement and of commride- known, To that Lme no man
ship—provides the moving had ever stood at eitherend of
force for explormtion: theearth's rotational axis

B

The most important resuils
of myv father's two Antarctic
expeditions—more importan
by far than standing at the Pole
[tself—were the priceless data
collected by hisscientific
colleagues on the geology,
glaciology, meteorology, and
naturnl history ol the région
The Antarctic plovs a vital role
in the earth’s environmental
systems, including its
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imc Limation Lo be 1dle

He forced himself quite
successiully, and lew peaple
ever knew of that inclination
Therecan be no doubt that
the members of hisexpedition

ey %

held him in high regard, not-
withstanding recent attempts
i print and on television

to sugpest otherwise

Hobort Falcan scotl sel
mmself high goals and hlamed
only iimsell on the rare
w.casions when those goals
witre nol met, His immediate
reaction to the discovery that
\rmundsen had reached the

i = | - 1 - (] " "y
south Pole before him was ong




of concern for his teammates.
Ity atervible disappoinl-

ment, e wrote in his diary,

greed [ aw very sodry formy (oval

companions. Many thowuplts

COTNE. :Irlf-' «IROTTTL T MUSE
mdarel o and then hosten
hame Al tite daydreqms

meacsl g, £ wid] be g wearison
relurn.

Noneof the five men
survived. My father and two
companionsmade it to within
1 L miles of salety—a depat of
supplies known as One Ton
Camp some 150 milesrom
their
546). They had walked more
thaan 1,600 miles, 1o the Pole
and almost back. There,

AsE CAIMP (map, page

Irihtful weather pinned the
team dlown, and on March 29,
1012, my father wrote in hie
cimrv: dince e 21510 we e
had a continuons gale from
W.h. W.and 5. W, Wehad fuel
Bor muatlee £3000) 4 i fas aften aprece
and barve food for lwe days on
Hee 200k, Every dav we have
beenveady Lo starvt for our depdt
I1 miley away, bl outside the
dooraf ourlent il remamns a
seene ofwharling drift. I do not
Lk we can hope fovany beliar
flrangs o

Nearlva vear later my
mother recetved my father's
lst request with regacd to my
upbringing. Through the years
that followed she put me in the

wayv of famous naturalists of the
dav—Sir Ray Lankester, Sir
Arthur Shipley, and Sir Julian
Huxley, who wns to become a
hifeiong frmend. These men took
agreat deal of trouble to teach
me, [amindebled to my father,
|:||1|"|I'H'._ H rl-:J Eid Ay o I"I{'I'- LT
steeringe me toward o career in
natural history.

I am no lessindebted to my
mother, a professional sculptor
af some distinclhion, torinvoly-
ine mée in the arts, perticiu-
larlyin painting, which has
beeh my principal source of
income for the last 54 years
My deep concern for Antarc
Lica s anoultgrowth of both
those interests,

A hard-won trizmph waos celebrated January 17

1 W W, BEALEL FIPFIAITDED. LEMDOR

1912, s Scott, second from

right, and his party roised the Union Jock ot the South Pele gfter @ torfurons

78-day jouwrmey from Cape

Fowans. But sweet success wiols sowrpd .'|_-,- mvdence that

they weereg nor the first i history o0 redach the Pole. A team led by Roald Amundsen
had beaten them by five weeks, [#aving behind the flag of Norway

=110
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Less arduons aspects.of the
pxpedition occupy Scott in his
book-lined guarters at Cape
Evans. For homey touches,
Scott kept @ picture of his wife,
Kathleen, on his desk, right,
arid installed a pipe rack on the
wall at left. On the bed lies his
naval jacket, which he carried
with him for good luck.

Like Scott, the 1986 team
aisn overwimtered m the comfort
of a hut, from which mermbers
made short thouwgh gruseiing
training forays before the run

for the Pule.

INCE my father's day
Antarctica has become a
vast natural lahoraton

for the study of our planet
What a breathtakingly beauti-
ful laboratoryitis, too. 1
nave béen privileged tovisit
the Antarctic five times, first
as i guest of the United States
and later in the crulse ships
Notvarino and Lindblad
Expiorer, Hind Anlarclicnone
of the most majestic regions on
earth. The continent's sheer
size lsstunning. lteoverssome
5. A million square miles, an
prea that doubles in winter due
to increases in the surrounding
lce pack

[ have three times visited my
father's overwintering hut at
L ape Evans, which has been
cleared of snow and main-
tamned by the New Sealanders
precisely asit was when he lefi
it 7O vearsago. [ have also twice
visited SirErmest Shackleton's
hut at Cape Royds, from which
he lapnched his historic expe-
dition that took him within
| 12 miles of the South Polen
1009 before he had to turn back.

Traveling by air, L spent
three diays a2 a guest of the
Américarns at théir Amundsen-

The Anturctic Challenge

meotl south Pole station. The
hase 15 amarvel of huts
constructed within chambers

set into the ||-l||£![' enowfield, with
evervimaginable convemence,
including the most southerly
flush totlet i the world

T hise visits to Antarctica
have underscored for me the
peril which that unique
wilderness faces today, Even
beloremy fathers time
commercial sealers nnd whilers
had begun the overexplomtation
ol Antarcticil's rich stocks
of seals and whales, The
slaughterstopped only when
dwindling numbers of some
species became uneéconomical
Lo hunt

When | contemplate such
Lerrible waste and lack of
foresipht, I am reminded of
anold Porluguese proverb
that runs: “ Architects cover
their mistakes with creepers,
cooks with sauces, doctors
withearth."”

By contrast, 1 would sugpest
that man covers the earth with
his mistakes, and in few places
s the damage as lasting as
i Antarctics. When one
considers that a mere footprint
in the Antarctic moss may

s FECET FOAITISE. FEFFLNMITD, LONDOs

retrigin visthle for decades,
one begins to appreciate the
extreme framgility of that
environment

Vet wesecem slow to learn
Evennow the 18 nations
Knownasconsultative parties
to the Antarctic Treaty are
discussing how mining wall
e carried out, for platinum,
codal, ofl, and other minerals
if commercial depositsare
found underground or beneath
Lhie se

All parties acknowledge the
high risks of oil spilis, pollution,
and the harmiul effectsof
industrial activity on the
Antarctic environment. Yet
many consider these risks
periectly acceptahle in
exchange {or a few years'

The author is the son of British
polar explorer Capt. Robert Falcon
scotl, who died with four
companions after reaching the
south Poleon January 17, 1912
five weels later than the
Morwegian team led by Eoald
Amundsen. Sir Peter Scottisa
distinguished naturalist, painter,
and co-founder of the World
Wildlife Fund-International, the
first person to be knighted for
SEFVICES LO conservation




additional supply of raw
materials.

Antarctica's i=olation has
been no defense aganst
contamination by a distant
world. Tracesof DDT have
been found m Adélie penguin
egegsand in the fesh of seals.
Plastic rubbish washes ashore
onthe continent’s beaches,
perhaps from sources
thousands of miles away.,

HAT ISTOBECOME
of this last great
wilderness onearth?
A growing number of people
throuzhout the world believe
that the Antarctic should be
declared the first truly inter-
national park in history. It
15 an exciting concept that
some of uz have been thinking
pabout foryears
Antarctica’s natural
resources, including its
incredible beauty, must be

given the very highest priority.

Designation as a world park
could puarantee that priority
by forbidding development,
mining, or the harvesting of
any living creature within the
continent's boundaries.

Perhapssuch aconceptis
too advanced for our day, but
time will tell, The optimist
saye, “We live in the best of all
possible worlds, " while the
pessimnist is rather afraid that
he may be nght. My own
philosophy liessomewhere in
between. Ido not believe we
live in the best of all possible
worlds, but there iz certainly
no case for allowing people to
make il worse

My father devoted the last

12 vears of his life to Antarctica

and greatly expanded our
knowledge of that vast,
dangerous, and unbelievably
splendid continent. The three
young men who recently

reiraced his footstepsto the
South Pole and whose story
followsare men of similar
character. Such was their
regard for the pristine purity
af Antarctica that they carmed
their rubbish with them rather
than contribute unnecessary
pollution

| have unreserved
admiration for Robert Swan,
Roger Mear, and Gareth
Waood. Their lourney wis maost
ably organized and was, in my
view, enormously worthwhile,
They made a number of
sigmificant refinements in
the techniques of polar travel
and contributions to the study
of human physiology at
low temperatures—advances
that will be of benefit in
future vears

1 em proud to have been o
patron of this undertaking to
commemorate Robert Falcon
Scolt’s last expedition, = = %

o5 Dl Vol =i o ol [ E™ (RN

Shrine to adventurers, o cross-topped cairn was erected on the spot where the
bhodies of Seott and two companions were found by a search party in 1912, The
other two members of Scott’s group had died earlier on the trek back from the Pole.
Scott's concern for others, even as he foresaw death, is reflected in his last diary
entry (right), found with his body, which lay only 11 miles from a supply depot.
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of Scott

By ROBERT SWAN

F'WAS ASIMPLEACCIDENT but & costly
one. As | towed my sledge across the
elacier, the vehicle suddenly slewed
around, wedging myfoot inacrack in
the ice, As I went down, 1 heard the

ligaments in my knee snap and thought sim-
ply, “I'his time yvou've had it."

Far ahead I could make out the tiny
figures of my partners, Gareth Wood and
Roger Mear. Even if they noticed me, there
was little thev could do: Although we werea
close-knit team, on the trail it wasevery man
for himself

Ax | sat motionless, the pain and an icy
polar wind closed in on me like a pack of
wolves around an injured amimal. For per-
haps the first time in myv life I was truly
frightened, and fear acted like a shot of
adrenaline. Despite the searing pain, |
lorced myvsell to stand and discovered that
1::'“:'." .l':-..['llfl:' '|-1|'|'I'.|.|.|-'1 |'J|'||.li'.l me ]-I;_':Illl[lj_' FylLE] ;'T]'_||'
waist harness, | inched slowly forward
against the massive weight of the s

anpmehow that dav—sunday, December
15, 1985—] managed to keep moving and
caughtl up with my partners as they were
making camp. It was a grim conversation
that night inour sleeping bags inside the Ltent
s we discussed my situation

We were 471 miles from Antarctica's
Cape Evans, the starting point of our expe-
dition to the South Pole in the footsteps of
Robert Faleon Scott. With 424 miles still to
go, we had passed the point of no
return and must now continue toward the
Fole. Like Scott 74 veare before us, we car-
ried no radio and thus could not summon
help. I must somehow make it on my own

“Don’t worry, it'll be ORK," Roger said,
pernaps with more confidence than he felt

ed e

i a supreme test of self-relianee, author
Swien and his men—like Scott—took no
radios oF dog teams o thetr trel. Not as
alorne a8 Aed hoped, Swan shows dismay
at findong fove men at O temporary research
camp. From there on they miet no otheér
humans wiiti] they regched the Pole

71
-
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In Scott’s Footsteps
Their journey toak the teamn to the heart
of a land nearly twice as lorge as Australic.
Thiugh traveling during the southern
summer, the trio encountered high winds,
blinding snow, and temperatures as low
fas minus 20°F. Except fora slight deviation
on Beardmore Glacier, the team followed
Scott’s route ond arrived five days ahead
of schedule, Equally inspirational was the
journey of Sir Ermest Shackleton, whe came
within 112 miles of the Pale in 1909,

| g s -
~SWAN |
TEAM'S
ROUTE

Ross

oo S

4528m 148561
DEC. 18

Shackléton
foefuoils

- Al

- ¥ tarthest south; l
| == - ;
| " 'Ppla |Fle'E-‘;'I'.L|i'-, :
| sre  SdomJdan 17, 1970 Amundsen: Dec, 14, 1811
JAN. 11, 1886: 11:53 p.m.| South | =
Swan I-'aLm ma:hmﬁcrh Paole

Merciless winds in the Ross Sea
spit spray onte the ice-coated
Southern Quest, the team's support
ship. True to Scott’s route, the ship
catled at Cardiff, Wales; Cape
Towm, South Africa; and Lyttelton,
New Zenlond, before arriving at
Cape Evans.

Swan became interested (n
Antarctica while studying ancient
history at the Urnivérsity of Durham
in Englond, Working with the
British Antarctic Survey, he met
Roger Mear, one of Britain's
foremost mountainegers, Together
they hatched the tdea for the
expedition, teaming up with
Canadian Gareth Wood, a
mountatneering instructor




*“You'll just have to crack on at yvour own
pace. Do vour best, and we'll never separate
too far fromvou. But we can’t slow up at this
point.

[ 2greed completely. Through the sleep
less- hours that might 1 thought of Scott's
brave
diary weeks beltore e and s two remaining
companions died of exposure and starvation
an their return from the Pole

‘We cannot help each other,”
written, "each has eénough to do to take
care of himsalf. We mean to see the
game through with & proper spirit, but it's
tough work Une can only say “Grod
help us!' and plod on our weary way i

KMy ownsituation wassertous but farfrom
hopeless; like Scott and s men 1 must sim.

plv plod ahead and not lose spirit. Roger and

it despairing words, entered in his

he hadd

Gareth and 1 had long aro agreed what we
wiould do it one of us became totally inca
pacitated. The othertwo would drag him on
a sledge, though at far greater nisk to themn
own survival. If two men became incapaci-
tated, the third would have to attempt to
tow one and leave the other to die.

Fortunately T could still move, as could
Gareth, who was suffering terribly from a
foot blister that would not heal Though the
injuries didn’t immobilize us, they were a
constant reminder of the narrow hne we
walked between success and disaster.

My accident occurred on the 43rd day
of our trek. We had departed Hut Point on
November 3. at the start of the Antarctic
summer, after nearly a year of training for
our attempt on the Pole. At the outset we
hauled 42-pound sledges, each carrving 311

= EILLLK EEN




which

pounds of equipment and supphes,
had been stripped down even o the point of
removing the protective wrapping around

our high-energy chocolate bars,

VER the nearly 900-miule journey we
would consume an average of 5, 100
calories a day 1in food, though ex

perts at home had assured us we would need
at least B.000 calories danly, Once on the tral
ur loads gradually hghtened as we con-
sumer food and cooking fuel. We took the
laily ration in tum from each ol the three
sledees. The weight loss was only six pounds
At A Limi
one's own sledpe wis involved

W hat
ried with us, for we refused to ar
lution of Antarctica,

Ohur first great obstacle was the Ross [ce
Shell, an immense plain of floating ice some

400 miles in width and roughly the area ol

bul it seemed more like 20 when

It rub

Jish we generaled we car-
to the pol-

rance. Though seemingly level, the shelfis
At age 19 Robert Swan hicycled 6,000 miles
[rom Cape lown o Calro in séven months. Late
expeditions took him to Icelnnd and Antarctica

L
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an endless labyrinth of ice ridges, small cre-
crusts that
welght, [’

aften said that the Eskimos, or Inuit. have

VASSES, dAnd itreacherouns snow
crumble under the slichtest

dozens of ways Lo déscribe snow ancl (e sur-
faces, but from my experience with the Koss
[ce Shelf I'd sav that's not nearly enough.
By the end of our second week we were
roughly a third of the way across the ice
shelf, near the point where scotl and his fwo
companions were trapped n their tent by a
blizzard and starved t
heen able to travel only 11 more miles, Lhey

would have reached one of their major sup
plv depots and perhaps survived

-jl_'.-.'r|| E[--I_l_i: '.Ifll'_'-

Ag we st Up our own tent that Iqu,'_h'._ I
thought of a line from Scott's " message to the
It was
A _--|,|]|_:l|l_. -'III-‘-.'I_[Ii:__IIII Log e fl‘l:;' |_':'I:'|'|"I.':.:-_l:: more
than any other single thing
expedition in his footste

“We are weak, writing is difficult, bt for
my own sake I do not regret this journey,
which has =hown that Lnghshmen can
endure hardships, help one another, and
meet death with as great a fortitude as ever

in the past.’

public,” penciled during his last days

idd inspared our

.
I-I
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Last lindk | 14 e uast les off Cape Evans (abowve)

' 1 Svel e \ustralia. where she witlted our v iriter hefrr

returmiing. e - gl N
voedition kenefoctor o i} virrds from Scort's hi lgft. S

(below) by writing thank-vou letters to more than a thousand other spronsor




Nearing the point of no return, Gareth
Wood follovws Swan aoross Beardmaore
(lacter toward the Cloudmaker, peak at
right, the halfway mark. A wheel on the
stedge measures distunce traveled; the
tecrrnt averaged 12.5 miles a day.

A
A

FTER OUR THIRD WEEK we were half-

way across the e shelf and had de-

veloped new respect for the brutal

weather that plagued Scott and his men.

One entry 1n my journal sums it up:

November 24, 215 miles out. Stiff head

wind developed to Blizzard from Soulh. Go-

ing vough, not able to see. The surfoce is hell
Each mile has to be fought for and won

Nutional Geographic, April 1987




Az the davs and miles passed, we devel-
oped a standard routine, Wake-up was at
6:30 a.m., followed by & breakfast of oat-
mieil and a mug of hot chocolate, both heat-
ed over a tiny gas stove and eaten while we
were still in our sleeping bags. Then came
the business of rising, dressing, and break-
Ing camp. _

Though we were in top condition—I at

In the Footsteps of Scort

ENGTA Wiy

age 29 and Roger and Gareth in their 30s—
petting under way was alwavs a chore,
Slowly and stiffly, like rusted old machines,
we would collapse the tent, pack the sledges,
harness up, and begin our standard nine-
hour daily trek on skis.

After the first three hours on the trail we
would stop for a lunch of salami, biscuits,
butter, and chocolate, then trek for another
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three hours. Aftera second break we would
trudge the tast three hours, then make camp
and cook our freeze-dried meal. By then we
were usually so exhausted that we acted
more like zombies than men, and it was all
we could do to tend the day’s minor aches
and injuries and make notes in our diaries.

Hunger and boredom were constant com-
panions, To relieve the latter, ¢ach of us had
his own special trick. Mine was o imagine
the daily trek from one campsite to another
as a stroll across London. One day, for ex-
ample, T would walk from Hampstead
Heath 1o Euston Station, and on another
from the Barbican to Westminster Abbey.
Along the way | would visualize every land-
mark and feature I could recall. But there
was a problem. Despite my best efforts, |
would also picture every restaurant, café,
and food shop en route, and [ invariably fin-
ished my stroll hungrier than ever.

To guard against discouragement at diffi-
cult times, we followed a cardinal rule: Ev-
ery day was treated entirely separately and
on its own, not as another step nearer our ul-
timate goal, Still, we couldn't help celebrat-
ing occasional milestones. On December 10,
our 38th day, we reached the end of the Ross
lee Shelf and confronted the next challenge,
in ascentof the great Beardmore Glacier—a
climb of 9,000 feet spread over a distance of
120 miles. Beyvond the glacier lay the Polar
Plateau and a straight 356-mile shot to the
South Pole.

To traverse the glacier, we exchanged our
skis for crampons and kept constant watch
for deep crevasses. The danger was not con-
fined to us alone, for to lose a sledge withits
vital food and equipment wis nearly as seri-
ous as losing a man

LMOST AT ONCE the Beardmore dealt

us an unexpected blow. Near the

base of the great ice formation Rog-

er climbed a small rdge to film Gareth and

me as we began our ascent. Suddenly froma

distance of 50 vards | sensed something very

wrong with Roger. He had turned to glance

behind him and simply froze inan attitude of
total shoclk.

“What's wrong?" [shouted. "Roger, what

is it*" No answer, and then as Gareth and 1

joined him on the ridge, we followed his

gaze toward higher ground and instantly
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understood. There, dotting the pristine
snow like droplets of oil on & clean bed sheet,
lay & cluster of tents.

The shock was stunning. We had never
expected to encounter other humans in the
course of our trek to the Pole. We had
planned the expedition retracing Scott's
route carefully so as to face the same chal-
lenges, dangers, and izolation that he and
his men had endured thrée-quarters of a cen-
tury earlier.

Now, through no one's fault, that isola-
tion had been compromised. For a moment
we considered simply ignoring the fact and
going on our way, but that would not change
matters, Instead, we approached the tents
and mtroduced ourselves.

The menin the camp were American geol-
ogists led by Dr. Donald DeFPaolo and Dr.
Scott Borg of the University of California at
L.os Angeles. The tearn was collecting sam-
ples of granite from the central Transantarc-
tic Mountains for clues to the action of plate
tectonics on the earth’s crust some 500 mal-
lipn vears ago.

Dir. DePaolo introduced us to his col-
leagues: John Goodge, also of UCLA,
De. James Mattinson of the University of
California at Santa Harbara, and o Russian
scientist, Dr. Eugene Mikhalsky of Lenm-
grad’s Institute of Oceanology.

“Join us for dinner,” Dr. DePaolo gener-
ously offered, and we were soon enjoving a
meal of steak and lobster. The food was
delicious, butafter weeks of plainif nounsh-
ing fare, our stomachs later rebelled with
SEVENE CTAMpS

When we left on December 13, Eugene
pressed a small chocolate bar on us 4s a ges-
ture of Soviet goodwill. “Good luck,” Jim
added, and with handshakes all around we
turnéd to the Beardmore Glacier.

Ourshift from skis to crampons for the as-
cent may have put me off stride; for itwas on
thie third day of the climb that 1 tore the liga-
menis in my knee.

Within hours the knee swelled to ghastly
gize, though miraculously it still functioned.
The injury meant T would take langer to cov-
er the same distance than Roger and Gareth,
but there was no alternative.

“Nurse it a8 much as vou can, Robert,”
Gareth said of the koee. "I'm certain it will
heal once we're hack on skis ™

Nuational Geopraphic, April {987




Triumph and misfortune came hand in
1 |

=rished by ice off Beaulfort [sland, whers

ry moment they arrived at the Pole, the Southermn Chuiest wa:

het cowarited the team

. | . - . .
and for expedition members; At the

siMAing after betne

c return. Althoueh

fhere were no mjuries, e adversity that so closely followed sticcess wiis. to Swian

AL QN U fortunale II'-.||'-..'.III!.II to that of the Scott |.'|'I|'-|'|'I.I"I|||'l

ESPITE Lrareth’s and mvyv injuries, we
wcaled the Beardmore in remark-
able time: seven days, compared
with the 12 1t ook Scott and his men, At the
head of the glacier we skirted the infamous
Shackleton lcefalls, a great frozen battle-
ment named lor the British explarer Sir bur
nest shackleton, who came within 112 miles
of the South Po Ll

Ll e
VTS ||I'|.-lr|' il ||I"

¢ in January of 1909-
Amundsen o
reached it. Bad weather and dwindling sup
plies forced Shackleton's party to turn back

almost within sight of their goal, a blow per-

=00

haps as cruel as that sultered by scotl when
he discovered that the Norwemnnn Roald
Amundsen had repached the Pole five weeks
hefore him

Lince atop the Polar P

spoken conviction: We were going to make il

ateny we felt an un-

fre the Foursteps of Scort

I.I-:TI-..! ||.|.| 1||_1||.='ﬁ |..|1-J |1I-"" :l.ll.l:: :'q.': I-I-i-lr-'\_ '\'.'rl-li 1"
g0, most of it easier than the terrain we had
covergd., Like scoll. however, we concen

trated on our dav-to-cmy PPOETEES Talnes

rI..'-,*.. an the |'|I_|:--I |-||'|:. 31 SUCCESs ll;LI'n_'Ill
:iF'fll'!'L"l LU [155 ¢

Decembey 20. 300-0ad miles doient. N

frouTs  day, day after day we Hate marched
[L feels like bemme on g Irain, @ Si0W-moving
one, bul to leave that bvamm would mean
dealh

At almost this same point Scott, too, had
reflected on the endless marching

“There have been some hours of ven
stencdy plod

part of the business, they mean forgetiulness

g todny; these are the best
and advance,’

True to Gareth's prediction, once we
were back on skKis, my knee gnd his blister

e
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gradually healed. In other respects the Polar
Plateau was less kind ' to us. Darng our as
cent of the Beardmore Glacier the weather
hitel been almost biadmy for Antarctica. 1ém-
perdtures near 2ero had cavsed vz to stnp
down to-a mere laver or two of clothes, Bul
at an altitude of 10,000 feet an the Polar Pla-
teau the combination of wind and severe
cald became a constant, dangerous factor.

Vet there was beauty as well. Atop the
plateau ane felt an incredible sense ol space,
and the quality of hght was extraterrestrinl.
Silver particles of ice floating in the air gave
rize to starthng phenomena. The sun poised
above us within a great milky halo, and 1n
the course of the earth's revolution one's
shadow would creep playiully round one
like & mischievous wralth from the past

We celebrated Chrnstmas Day wilth Lhe
one luxury we had allowed ourselves—two
tea bags we had brought slong for a specia
pccasion. We managed to extract ten cups
iromm the two hags before we conceded we
were merely drinking hot water

“lt was delicious,” Roger obzerved, "and
after all, this expedition wouldn't be really
British without at least one cup of tea on the
way to the Pole.”

For deszert we carcfully divided Eugene
Mikhalsky's chocolate bar into three tim
but equal portions and wished him well
wherever he was on this Christmas Day,

We had 277 miles still to go, and despite
our Chrstmas feast, hunger still doggeq
like an unrelenting beggar. 1 no longer took
my inayinary walks across London. Instead

s

- 5 4

Tea for three mahkes for a modes)
Christrods trealt (Teft) as Mear coaxes e#n
cups from just two fea bags, the entire
supply. Because of tea’s low food value,
the men devored precious cargo space
t0 htgh-calorte binvveropes such as cocogd
A barber pole marks the “bottom”™ of
the garth (facing page), wherg Swin,
Wood, and Mear display Britain's - Union
lack and the flag of @ BBC children’s
progran amid the flags of other nations,
Opus, the penguin featured in the Bloom
County cartoon strip, stonds in comical
witness (o the celebration of 0 daring
challenge successfully met

[ had fantasies of sitting at an empty table in
a restaurant while all around me the most
sumptuous dinners were being served and
eaten with the greatest relish. 1 watched and
waited, but no walter ever came to myv tithle

S WE NEARED THE POLE, I thoughi
more and more of Scott. AU this

stage of s trek be had become a
sppsoned pessimist, as an éntry 1n s diary
revedls:

“"At present evervthing seems to be going
with extraordinary smoothness; and one can
:u_.‘_|.r|'r_-]]. Lhelieve that obstacles will not pre-
sent themselves to make our task more diffi-
cult. Perhaps the surface will be the element

Lo trouble us

Prophetic words across three-gquarters o
a century, foras it had done to Scott in 1912,
Antarctica now playved its penultimate trick
onus. When we wereonly 145 milesfrom the
Pole. 1t ushered in 1986 with a New Year's
Eve gift of sastrugn, or wind-scoured snow
ridges, averaging two feet in height, which
continued for 56 unending miles of purga-
tory, MNew Year's Dayv wis conspicuous in
that the sastrugl almost doubled in height

To make matters worse, a strong, steady
wind blew up from the south, whipping the
snow directly into our faces, No honzon, no
contrast, nosurface definition. But with our
compass and sextant we were 2 match for
theelements. Still, even the smallest naviga-
tional error now could cause us to miss the
7. 5. Amundsen-Scott »outh Pole Station
Though we carried 8% dayvs’ worth of tood




and 90 davs' fuel, we were now inour 68th
dav #nd the miargin was growing thinnes
As weo ' thoughts
turned bng I'a-.L'L:‘.Ll-_;i'. to the !q:--|_'- that had
ST Januaty 9 1
mide one.of the last entries 1in my thary:
Two
tlhiere
Norieegian flag musi have Droken hiy heart

neared our eoal. my

léen our predecessor. On

HROFE marcaes and we'll b

e ralii
_\.r g

I..-' IIII.I .I 1 Ill. ;II III I.I.II I! -.|._ II-III!_ II|.I|...| |I II|I||I|I

WO DAYS LATER—January 11, 1986
we reached the South Pole, hve

dayvs ahedd of our original schedule

In the full lght of an Antarctic summer eve-
ning 1
right, and we made for 1l

potie | & domed structure off to our
1'|.|-III'.'_'iI| WHY Wi
passed a small marker Hag, and 1 ingered
the fraved matenal, as perhaps Scott had
For him that

touched the Norweeplan I-.'IE'..
'||.-.'._' -_'. |-||-_.|'|_.-1-;| .||'|'|-'_||
5%, "!|||||| 1 VICLOD

Lee Schoen, manager of Lthe Amundsen

ith Pole Station, and hid crew

ST i

toward us across the snow, and suddenly we
L jubilant crowd

mmed. “A preal
vou guys. Evervone's proud of vou.”

LITUIT o

were engulfed in
You made it!" Lee exc
brek,
And then, In Oul

moment ol

Antarctica played Its 1ast cruel trick on us.

“U'msorry, I have bad news for vou

i 3 [ R— .
| his [lag was oul

added when the congratulations were gver
‘We've had a radio message that yvour sup-
port ship was trapped in
the ice off Beaulort Island and is sinking

"';-."|'|'-II.'r'| i ‘|I.-|i|'r 'I

The crew is safe and your plane was gotten
ofl intact, but I'm afraid the ship's gone."

The news was a heavy blow, for we had
pianned all along o conduct our expedition
without any outside help. Although our

H -

anecould stll fly, the Americans preferred
to airlift us to McMurdo Sound themselves,
and we felt obliged to accept

We paid all expenses requested of us, and
Lrzareth and two members of our ship’s crew
' LVATS
camp Lo remove all traces of our expecdition
We felt it important in the spirit of those whe
nactk gone before us to complete our expedi

remained another vear at the Cape

LION IN-a proper manner

we had followed 1in Robert Scott's foot-
steps and perbaps in doing so had called the
world’ & historc

achiey cment whose trage ending in'no way

ittention Oonce acain to
diminishes the spurit and courage for which
it will alwavs be remembered

There can be no finer tribute 1o Scott and
1 e On his memorial in Ant
ten from lennvson's

*1lo strive, to seek, tao find, and not to

vield, L]

hismenthant

arclica. ta ‘Tlvsspg™

f"'i';




A British team following the route of Robert Faleon Scott approgaches

ANTARCTICA

The great white continent still beckons explorers intrigued by the
unknown, be they adventurers testing their mettle or scientists seeking
answers in a pure environment. The future of Antarctica, with its vast
resources locked in an icy vault, 1s guarded by an international treaty.

By PRIIT J. VESILIND
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NTARCTICA, that bleak, white
place, sull defies full under-
standing. Man, earth's most
meddlesome creature, has
reached the moon but has yet Lo explore the
frozen continent mto submission
Bul the face of the continent is swiftly
emerging. I'heée map accompamying this is
sue shows dozens of new features—ridges,
clevations, details of coastline—added since
the GEOGRAPHIC'S last Amtarctic supple.
ment mapin 1963, Savsmap consultant Guy
Luthndge of the National Science Founda-
tion, “Thirty vears ago only one-third of the
Antarctic had been seen. Now the world has
a4 good understanding of its topography.
This map 1s a celebration of the progress.”

EBLER MWl

the U, 5. Amundsen-Scott Station at the Sourh Pole on Jonuary 11, 1986

A thousand tournsts visited the continend
on cruise ships in 1986, but serious éxplora-
tion of any sort has come at great cost. Most
of Antarcticnis covered by ice and clawed by
howling winds, a landscape as blank and
hostile as the moon. Darkness prevails for
<1% months cach vear, temperatures pearmi-
nus 90°C (-129°F), and ice shelves 120
meters (400 feet) thick spread into the sur-
rounding ocean. Humans who winter over
live ke rodents i burrowli ke stations, Out-
side work is often impassible.

Yet, as earth's other natural resources
dwindle, nations eye the Antarctic as a final
repository. Who wants Antarctica? And
what right do they have to pursue it?

The continent surrounding the South Pole
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Who owns this (ond with no native popuiation? Seven nofions
press often conflicting claims (abowe), but o 15959 treaty for
hids new claims and calls for free cocess for scientific purposes
However, the treaty (5 not universally recognized.

A supply ship sits off the tip of the disputed Antarctic
Peninsula (right), where children of personned stattoned at
Argenting s Esperonzo research bose go sighlseeing.

constitutes nearly a tenth of the world's land
bt is owned by no one. It has no indigenous
people to press land rghts, as has the Arctic.
Pie-slice sections are claimed by seven na-
tions—the United Kingdom, Argenilina,
Chile, Australia, New Zealand, South Afri-
ca, and Norway. Neither the United States
nor the Soviet Union, prime players on the
southern stage, claims Antarctic territory
nor honors the clamms of others. Hutl both
consider the continent politically important.
A multitude of developing countries clamor
in the United Nations for their shore of . . .
whatever is thete.

OR NOW, science 15 king, thanks to the

Antarctic Treaty of 1939, a highly

successful international agreement
among 12 scientifically active nations

il
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Argentina, Australia, Belgium, Chile,
France, Japan, New Zealand, Narwav,
South Africa, the Soviet Union, the United
Kingdom, and the Unitec States.

Inthe 1986-87 austral summer, with con-
stant light and higher temperatures, 57 sci-
entific stations operated on the continent,
manned by scientists from 18 nations, The
United States sponsored 235 researchers
and 74 expennments, ranging from studies of
variations in cosmic-ray inlenzity Lo the
mersurement of energy expended by emper-
OF penguins

The Antarctic Treaty grew [rom the In-
ternational Geophyvsical Year (1GY) of
1957-38, a scientific assault on the Antarc-
tic, and called for scientific stewardship of
the woarld south of latitude 60 degrees. [
froze territorial claims, banned military

National Geegraphic, April 1987




activity, knd established Antarctica as a
nuclear-free zone. It provided all nations
freedom of scientific inquiry but obligated
them to share the results. The guestion of
resources wias avorded, but imely resolu
tions have kept research from crossing the
line into prospecting.

The treaty has evolved through reguiar
meetings ol ilsconsultative parties, ortginal-
lv the 12 nations who conducted the 1GY
Since then, six other nations who have car-
ricel outl substantial scientific research in
Antarctica—East Germany, Poland, Bra-
ril, India, China, and Urupuay—nhnave been
accepted mto the “club.” Sixtegn more na-
tions have agreed to abide by its terms

“The Antarctic Treaty i= one of the most
important postwar arms-control and anti-
nuclear apreements,” asserts B 1uacker

Antareiic

scully, Director of Oceans and Polar Affairs

in the U. 5. Department of State. It has
worked so smoothly that an Austrahan rep-
resentative  suggestod, wistfully, that
should be extended ten degrees 1o latitude
each vear until it covered the globe

The treaty does not interfere with histori
cal claims, aslong as claimant nations do not
interfere with the science. The fact that Brit-
15, Chilean, and Argentine claims overlap
Even dunng the Falk
lands (Malvinas) crisis in 1982, Britishers
and Arventines sat side by side 1n Welling-
ton to discuss Antarctic projects

Australia; Chile, and particularly Argen-
tina have been most active in keeping their
claims alive, Argentina has set up a post of
heeandin 1978 flew a pregnant woman toits
bhase at Esperanza, where Emilio Marcos

has been ignored

i
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-
-




Palma was born and promptly declared an
Argentine citizen.

Most cliimant nations séem content with
the treaty, but 1991 draws near. In that vear
any consultative nation will be able o ask
for a review of the treaty and possibly with-
draw from it. Yet few Antarctic experts feel
the date will be significant, Says Mr, Guth-
riddge, “As far as | can see, 1991 will slide
right on past. We have pretty much of a con-
sensus among the treatv nations that they
have a lot more 10 lose by abandoming the
treaty than they have to gain.”

The most pressing issues of the Antarctic
relate to resources. The southern waters are
fertile, supporting a short, delicate food
chain: great whales, seals, penguing, and
their primary diet—squid, fish, and shrimp-
like crustaceans called kil

Whales have been randomly hunted for
more than a century. With the depletion of
some species, Krill have amassed in spectac-
ular swarms, and fur seals have prospered
on the excess food, Krill have been bally-
hooed since the 1960s a5 a major new source
of protein for a hungry world, but large-
scale commercial krill fishing, led by the
U.5.5.R. and Japan, has scarcely begun.

To regulate commercial harvesting and
protect the continent's environment, the
consultative parties have adopted two con-
ventions. One, ratified in 1978, protects
Antarctic seals, Another, to protect “marine
living resources,” took effect in 1982,

NTARCTICA has always inspired gran-
Actinsc schemes. It has been proposed
asadump for nuclear wastes and as
cold storage for the world's excess food. The
Antarctic contains three-quarters of the
world's fresh water locked in its ice, and dry
nations have dreamed of dragging tcebergs
home to Australia, Saharan Africa, and the
Middle East
But world thirst for oil, gas, and other
minerals will probably determine the conti-
nent's future, even though today’s recovery
technology seems inadequate. Minerals are
locked under an immense, yvear-round sheet
of moving ice as much as five kilometers
(three miles) thick. Even if needed resources
lie beneath, most researchers contend that
the cost of extraction would be stageering.
Oil, tapped from offshore rigs, would be
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more accessible, But there is no proven po-
tential, despite encouraging core samples
and much speculation. The U. 5. Geological
Survey states flatly: "No known petroleum
resources occur n Antarctica.”

Major oil companies, already curbed by
environmental regulations, are stayving
away. Sayvs Nahum Schneidermann, super-
visor of hasin studies for Chevron Overseas
Petroleum: “The fact is, the world now hasa
surplus of hydrocarbons that could last for
the rest of the century, But in the next hun-
dred vears, who knows? Antarctica may be-
come an important frontier, simply because
it will be the last frontier.™

VER THE PAST six years the treaty's
consultative parties have begun to
hammer out a farsighted minerals

regime that will examine if, when, and how
the extractions of the future chould proceed.
Buttalk of mineral wealth, even in potential
terms, has excited strong reaction. Environ-
mental groups such as Greenpeace, whose
miembers paraded in penguin costumes out-
side a2 recent Antarctic Treaty meeling in
Brussels, distrust the motives of the consul-
tative nations, They push to preserve Ant-
arctica as a world park, the last unsullied
continent.

Meanwhile, more than a hundred devel-
oping nations have denounced the treaty or-
ganization as unfair. In 1983 they raised the
“Antarctic question” in the United INations,
borrowing o phrase from the 1982 Law of
the Sea Convention that labels unclaimed
deep-sea beds “the common heritage of
mankind.” In their view the treaty organiza-
tion 15 self-appointed and thus arbitrary,
secretive in its meetings and thus arrogant.

Treaty nations, led by the United States
and the Soviet Union, answer that they have
spent greatl sums of money and many years
in the interest of =science, and that the condo-
minium has maintained peace and stability.
What would be the alternative? If oil were
found in great quantities, for example,
would there be a chaotic land rush?

For now, the Antarctic Treaty protects
the common interest. National claims are
frozen; their houndaries (page 558) are rele-
gated to a small inset on our supplement
map. Exploration continues, but without
the exploitation that usually follows, [

National Ueographic, April 1987
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Introducing Voyager’s new aluminum head V-6 engine.*
< Overhead cams...Multi-point Fuel-Injection.
This is what V-6 power was meant to be.

Power designed to match Voyager's advanced

front-wheel drive technology...
Power protected by

e . 5T FI'ﬂ'I'EI'.'I:iﬂﬂ Hqﬂ.“. ‘
: ;fﬁ _JF_I‘“““““‘ Voyager. There's still nothing like it.
i < ]
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Under way: the National
Geographic Kids Network

b PR CIENTISTS HAVE BEEN DOING this for
S five million years, and, just think, we're
onlv kids, and we can do 11"

At the age of 12, Jeff in California had
made a debatable assumption (that there
were scientists five million vears ago) and an
important discovery (that students his age
could dao real. if basic, sclence—investigate
levels of acid n rain and compare data)

“1 couldn’'t behieve the results!” said Ryvan
in MNebraska, who found that rain near his
rural, one-room school was more actd than
ratn where his New York City and Califor-
mia colleagaes hved

Jamie in Nebraska commented: "You CAN cpicuwincn, aTorm, oimecron or War, REVEEWS SHE NE8 KIS
understand better when you have someone.  JETr"ERATTRGST NTTASILEERT M. SROSIENOR AND ANTH
else’s data along with vour own.”™

Exactlv. Jamie and his fellow fourth an undertaking to be assuméed hghtlv—or
through-sixth-grade experimenters at mne  alone, Uur prnincipal pariner be the
schools peross Lthe countrv ad worked to nonprofit educational rescarch and devel-
gether recording and companngthe rangeof  opment corporation Technical Education
acidity or alkalinity of common liquids in- Research Centers{ TERL ), assisted by Lhck-
cluding rain. It was the pilot projectof what  inson College in Carlisle, Pennsylvania
will eventually become the full-fledged Na- lhe National Science F )
tuonal Geographic kads Network will be a major source of funding, through

The NGS Kids Network is designed 1o TERC, for the National Geographic Kids
help students do research on issues of scien- Network. Without NSF's farsighted com-
tific, social, and geographic significance mitment, it would have been almost impos-
such as chimate vanations, comparative bot-  sible to bave moved from mlot stage Lo
any, and air and water guality. Having program stage
gathered information in thetr communities Working together—and with teachers
they will channel data from their schools’ acrossthe nation—Iam conbident thatall of
miccocomputers through a telecommunica-  us involved 1n the NGS Kids Network will

tions network to a topic scientist, who, using L|.l"-.'l.']||;| technigues and materads Lo 1r'.j.|j-'
i poweriul central computer, will receive engage students m stience and geography

and store the data. The topic scientist will In Cahfornia, Matthew summoned his
then process the information into charts, 12-vear-old wisdom and put his éxperience
maps, or other forms for stodent annlysis with the pilot network lJ'1~ Wi

Finally, the students=—Ilike scientists every- ‘We are sharing among the other schools,
where—will compire and share their results  and we are helping the United States. It's not
nationwide. just for schools. " I agree

‘n.‘u ArE NOW 1.If:k;r]|_ from pilot [ iroject 1o

schinols to the potential for 10,000 partic-

pating schools within five yvears. This1s not ESIDEN  EOORAFHIC SOCIETY ‘




At Bret’s Skysailing,
you can't soar without

a little daring, and you
can't soar at all with
American Express.
While most of his friends
were just learning to drive,
Bret Willat was already flying

solo in sailplanes.
Now; almost 20 years later,

his passion for soaring is
greater than ever And alter one
ride at his Skysailing School
just south of San Francisco,
you'll learm why
Riding on invisible waves of rising
« air, Bret will bank your
¥ two-seater silently over the
nunhem California country-
LN “side And if that jouney "nl"l'ﬂr]\.'-.
§/ a desire in you, Bret can teach
}rf:su to soar alone To catch a
'thermal above nearby Mission Peak
* and spiral upward in wide lazy
& &\ circles. Then todrift earthward,
g war landing softly as a bird.
& So0il you go there bring your sense
of adventure and your Visa card
Because at Bret's you cant soar
t above Mission Peak without a
little daring, and you can't soar at
‘all with American Express.

visA_ It's everywhere you want to be.

WORLIWIDE SHnA0H
THES (LYRAC GANES

e

F N o N e
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- Graduate School.

Mr. Goodwrench is constantly going back
to school. Getting advanced training at
GM Reagional Training Centers through-
out the United States. Taking courses in
tlurbocharging, ABS braking systems,
electronic instrumentation and all the
latest technology. So he knows how

yvour GM car i1s supposed to work. And
what to do if it doesn't. The next time

your GM car needs repairs, take it to the
man who's factory-equipped with the

latest technology. . . Mr. Goodwrench.
No one knows your GM car better.

No one. Mr. Goodwrench has genuine
GM parts designed specifically for your
GM car. Including GM Goodwrench
Brake Shoes and
Disc Pads. Ask for

them.

CHEVROLET=PONTIAC » BUICK » OLDSMOBILE « CADILLAC +« GMC TRUCK 18487 GM Com.




Lennox’s Power Saver
Air Conditioner:

=':-_f£:.-:r-;'--“.'_ ,
o LER S

. Most of the time
it loafs to save you money.

Presenting the extraordinary Lennox Two-Speed air conditioner
In really hot weather, it switches to full power, then automatically
cuts back to half speed for normal ongoing cooling, significantly
reducmg cooling bills and dav-to-day wear and tear.

Deliberate, programmed laziness with significant built-in savings— Y
another efficient idea for your home from the Efficiency Experts.
Now, at vour participating independent Lennox Dealer

mfﬂ/vax

-jlll AV CONDITHDONING @& HEATING -6%-




Are you still collecting the same old stuff?

start something new with stamps.
3

LLs. Postal Service



European vacations so great, we wrote
a book about them.

T'FIE I..l.lﬁhaﬂ-':-li':'l Hml‘.dﬂ"" |:__:[_‘.I'.'|F_.‘E!1I-:J-I'I !h-E"E f.:l"."E.'r I I N I T T T T S . . -

80 pages of European vacations that contain | The Lufthansa

all the drama and intrigue of a good novel

You Il become easily engrossad as you read
about vacations that take you to the heart of
Europe—where you can visit centuries-gld
castles for dinner, tour towns {hal recreale
the Middie Ages and slop at fascinating
!'J-:,‘.IJI.IIZ]IH:E:'-. MusSeums ana [_:Ii-ﬂ.:l.lf'if:'.‘:-'u

| Holi __

L LT s
i .I:_l

Read aboul all our vacabions from cover 1o
cover. For a free copy ol The Lulthansa
Holiday Collection call 1-800-645-3880),

SENGD IN OUr Coupon or sge WLALIT travel i"ugll_.‘f'” e

You won't just become well-read, you'll
oecome well-traveleq




worst enemy

Wear-Dated’ Gold Label Carpet
with locked-in StainBlocker ™ keeps
them lovable...all the time!

The great loves of vour life _vour kids
and yvour pets...can do the most

damage to your carpet! They trip
i and track, spill and spoil, leaving
~ scores of ugly spots and stains in

their wake.

Now there’s Wear-Dated™ Gold
Label Carpet, The only carpel
with amazing locked-in
™ StainBlocker applied by the
&= fiher producer. When vou buy
Mansanto Certified Locked-in
StainBlocker™ Carpet, you get
e locked-in, long-lasting protection
from stains. You don’l have o worry
about the ones vou love, With easv blot-up,
stain resistant features, Wear-Dated Gold
Label Carpet lets vou eliminate
- mast common houschold staing

\‘{l pepe L they dish out.
b £ W Wear-Dated Gold Label
i Carpet...it"'s as easy to love

as the ones vou love most.

% "l_-
‘I
-\II
Look at these common howsehold stains . . . T2 :
[ wisald like to know more about Wear-Diated
Lrialdd |...!' Carpet with the amazing locked-
stimnBlox Flease s |:ﬁ| e VLT Drochiom
-' i =
[TIE —
-
'Ll
and how vou can get them out owen after 24 hours!
LM Coiarss e laster voso & T LA, T ¢ ASET
T | Wi I W carmel i amsololely %
stidn-proot, o matter how fong these staims are 5 A -
i Mt to: Monsanto o Mepartment
few Weoear-Diated Gold La L "-'-'-:I-.:|.||-- : :
A 1 11 "'|';| I 1 -'Ill||':| by, II.I II- |:|'.|"" I.::' il -|!
b dramatically bette '|=.: | e et Carpwed - ' ) 11 & 1
WP S Loans, Missour 6314 1-959H)
previnusdy avatahd : _



Carviry Mo [l Prioieprend (ol

For exciting F-day Moago
rulses, the [sland Pringess
srils thes Jafl berbween
Acapulco and Los Anpeles
ookt under deposit in
Judy 3 ancd save 5900 per
comiple: Hundreds mory
with advwance payment

e

T o B

E ]
FE MR S

“T'he Panama Canal is one cruise

| could take again and again.”

It's just an incredible experience. Even atter all the times ['ve
been there with the Love Boat, | still geta thnll pomg through
the locks. And whar a cruse it 1s The best ports berween
Acapulco and San Juan. Like Aruba, Martnique, Curagao,
Antigua and dury-free St Thomas.

And when you sail on the magnificent Royal Princess, you're
sailing the inest ship alloat. Great service. Terrific entertain-
ment Fabulous lﬂml]. An ltalian dining staff that pampers vou
And British officers as charming as the captain of the Love Boat
Now that Princess has lowered their fares, why sail on anything
but the best. Save 3500 per couple on many of their 10 or 11-day
lall or winter cruises by booking belore july 4, Hundreds more il
you pay in full at least six months in advance. And you'll fly free

So ask your rravel agent to make your date with a Princess

The most amons name in cruising -

== PRINCESS CRUISES

Cartbbean - Transcanal = Mexico - Alashka < The Ovient = South Pacific « Europe







il Tk .--I--'I:'...L'_. s e instead of weeks And
phones already have woerint balances that are

I hee name of the | always current
game 15 getting the nght in retadling:, a chatn
informmabion W e right whise stomes emplon
people at the nght tme a data network could
Meraiese |Il I 113d slwarvs have hiot '-"'-iil".'_
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nake our work more oro- | where they're selling hot
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ATE ] = all about oelay 1 he wlea 1= netwnirkes
Char et 1 o do which not only move: in
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QU'CK' T
WHICH IS THE PHONE
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IS THE COMPUTER?

CT YRSt '=-|':._:-' SLATVCE T '.|_- Work
I accomiplish th handies a tele |I e il
he people al .-'L'..-l Haell instanty "|I' LHigently.
Laboritiomes are wor kg utrnatically
combine evervthing Which is o say, we'ne
btk aboot telephones | very close | H tlay
with evervihing youl when vou won't be abh
expect from computers o fell o phone from
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fingilly deliver what they W1 Can
have been promismg Hut until then, th
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Watc hes

paste

WAL O

Fagoy here

DR EVEN -
BETTER

Send us _
your ﬂﬂlnr lugﬂ

aEnng mth $1& SEI' anl:l WE"T'
rush vou a personalized
working gquarfz watch sample
as our convincer!

Your company logo i full color 15 the dial
of a handsome wristwatch. Goldenione
case, leathes strap, banery powered quantsz
movermnent swith | year lmted warranty
Men's  ad owormen's sires Kemarkabiy

inexpensive even in small guantities.

IMAGE WATCHES, INC. /manutsctarsrs
F17T . Moo Bilwi
(213} 726-B050

oniesey Pak, C8 9175l
ATTH ME GROOM Money Bach Guaraniee

Give a hoot.
Don’t pollute.

Forest Service, ULS.D.A. 3

"My program with the SCA
gave me an opportunity to see
a beautiful part of the
country and to do some much
needed work al the same
time. It was the greatest

experience of my life!”

Through the Student Conservation
Association thousands of high
school students and adults of all
ages have contributed their time
to the conservation of our
National Parks, Forests and
Wildlife Refuges

Cur programs are for the
land and for people.
completing group projects or
individual professional respon-
sibilities have found these experi
ences [0 be exciting, educational
and rewarding.

Vaolunleers

To learn more aboul these
program opporiunities conlact:

Student Conservation Association, Inc
P.O, Box 550MG
Charlestown, New Hampshire 03603
|blkd) BEIG 520/574 1

A mEproil, edgual opportunily program




l'f."..ll i

= 1583 lwerss Pross Semacats

Biood donations are needed
every day to save lives.

Contact your local hospital or
community blood bank today to
ensure thal blood will be there
tomorrow for those who need it.

A message of the American
Association of Blood Banks,
1117 North 15th Street,

Suite 600, Arlington, VA 22209,
(703) 528-8200

Members Forum

Custer

Lxhosts on the Lattie |::I:_'-fl'-i'.'|" f ecember FURA]
gives new dataonthe eventsof 1876, Pastexpen-
ence apparenty was not a leacher Tor Custer, De-
cause in 1868 he attacked Black Kettle's camp on
the Washita with 300 men. Si1x thousand South-
e Pladns Indians were camped nearby, and
only the usual “Custer's Luck”™ prevented him
wndd his men from being annihilated st that time
Joseph O, Webl, [r

Austin, Texas

At least ten Canadian troopers in the Seventh
Cavaby were killed at the Little Bighorn. includ-
i L Willlam Cooke, U yster's ac jutant, whioc
wrniten message to Benteen for help 1s the |ast
word we have from GCuaster's doomed command
Cooke s bured in Hamalton, Oatario, which hae
N energetic groun of Lattle Bighorn buflis
Linn Bjarnason
Loronto, Catarn

feing of Americnn Indian descent, I read the nr-

ticle with interest and sndness. It'sabout time the
[nclian was given some respiect and the meal trsth
told, Yy hy m
when his mient was to £l Imnocent women and

-hilldren as well as the warriors? | am o tred

1- I-
ke Custer out to be sych o hero

Indhans being depicted as murderning savapiss
I'hank vou lor nol being bigsed

Arlone Westk LITH] Yoreno

Port 1 homae, hentucks

wwe have made another exciting discovery al thi
battlefield, Dir. Clvde Snow,. forensic anth rn|---|-
prist, fdentified skull frasmente includine teclh

from o marker excavation as those of a 35-to-45

YT old man of mixed racim |I|_'.'1I.|_=|_ W o

smoked o pine. The ondy man &illed in the hattle
tr il that description le dMuch Bover, Custer s
half-Sioux =scout. who warned him aeninst on-
tering the valley., To test this circumsinnting
= ||I|':.!' ) N Ll rl'!' YIEITED LLETEE & alcs I"
auperimpose o picture of the bones on our phots
graph of Bover. We had a precise mately, T hi
Iragmemts’ sharp edees indicate the skoll was
crushed, probably by o war clul
Prougias [, scofd
avational Park Service
Midwest Archeolomical Centes

Lincoln, Nebraska

The “stlver” [ive-cent colns on page 301 are acto-

ally composed of 75 péercent copper, 25 percent

mickel and were commoniy referred (o s “shielid







Dodge ;/ /L)

BIVISION OF CHRYSLER MOTORS

o | Fa _ N ——




Titanic

The eerie images of the sunken liner ( December
1980) were spontaneosusly studied by miy fifth
gracde class. The public would be surprised at the
genuine depth of student interest (even from ten-
vier-olds) m past historical events, be it the un-
parthing of King Tut's tomb, the esxploits of
magician Harry Heudini, or the Apollo moon
landing=. A dramatic presentation such as vour
magazine provided can help children and adults
mmagme what it must have been like to be there
live. Your portrayal of the great ship's tragedy
whas sensitively handled and unforgettable |
John ). Karolewsky
Corol Stream, Hlinogs

The 1,300-plus people who stood on the stern
that cald Apnl night awaiting death would not
have considered the shup "a symbol of an age long
past. " It was and is & svmbaol of failled technology
and man s fmlure to provide for the welfare of fel-
low human beings. The Fitanie should be re-
moved from the depths and displaved so that this
and future generations cnn understand the an-
puish and bravery of those wha perished
stevie A Foster
Piedmont, South Carmlina

I feel as if T had been along on Robert Ballard's
Journey, = there n possibility that a collection of

the videotapes will be made available for pur-
chase? | believe that if . Ballard narrated
them, they would be treasured items for many,

IMANY VOArs ;
Buddy (5. Moore

Pincofining, Michigan

We agree and have produced an howr-long video,
“Secrely gf the Titamc,” svailable from the Soci-
ely for 820,65 or gt videolape outlels.

For all the credit Ballard deserves, Isharply dis-
agred with one of his conclusions that deep-sea
reseprch can be done “{nster and better without
man’s physical presence in the sea.” This dees
Immeasurable harm to the future of ocean =ci-
ence. Man's “mind in the sen™ is our greates) ps-
¢l To contemplate replacing it with a machine
14 not o progres<ive view - for the future
Richard W. Grigg
Department of Oceanography
Urmiversity of Hawai
Honoluly, Hawsii
The nrticle was (ascinating. However, the meén-
=urements used were meanmgless oo me and
many colleggues. The majorty of the warld's
population functions with the metnc svstem
Could vou not accommodate us by listing both
nits of measurementin all your very interesting

urticles R. Sabn

Toranto, Ontarso

Starting today,

one dog in fifty will eat

like never before,




Tsetse Flvy

Having hunted big same all over Zimbabwe, [
cin assure you that, as stated in the December
1986 1ssue, when the fly goes. so will the game

After alreraft spraved our hunting area, we
found many dead or dyving snakes, toads, small
animals; and fish. The worst indirect effect of the
fly-control program is poaching. Onee an area s
partially cleared, human cecupation literally ex-
plodes and poaching becomes rampant, Not a
day went by during the twa monthe | hunted in
{lIv-controlled areax but that at least half a dozen
snares were found. The locals make these snares
{roum the high-tensile stainless wire they cut from
the flyv-control fences. In addition, controls over
chemicals are s0 lax, locals barter for them to use
ta kil river fish. While cattle and goats are de-
spollers af the African bush, thelr owners are the
miost vicious threat to 1ts wildlife

Emil A. Furlane
Toliet, THhinots

Westminster

“The Palace That Became Parliament™ (| Decem-

ber 1986) was veryinteresting and informative—

amuong the bestarticles of 1986, Congratulations
to Patrick Cormack and Adam Woalfitt

Spyros 5. Veliotis

Athens, Gresce

[t is nat true that & constitutional monarch has

the meht to consult and Lo advise. The monarch

s the right to be consulted, to encourage, and to
wamrm. It is the Queen’s ministers who advise ber,

pnd a copstitutional monarch must accept such
advice. They are answerable to Parhament,
which {5 ultimatelv answerahie to the ¢lectorate
Bernard Black

st. John's College

southseg, Hampshire

Although such articles provide a vivid and acou-
rate reflection of historical and coltural Britain,
the Society appears oblivious to the problems
facied in both rorld (e.g. agricultaral quotas, ure-
han sprawl, declining services) and urban {e.g.
unemplovment, housing, racial tension) society
here, Coverapge of such subjects in conjunction
with more pleasant aspects would not only pro-
vide balance and diversity but also reflect a lifie-
stvle more recognizable as that of the vast
majority of contemporary British people
Joseph Nicholsan
Prudhoe, Northumberland

.f,r'rr.ﬂ v shondd be u.u"ri'r.t si-r'..*.' o Members ."ur'l:..:rrl
National Geopraphic Mapazine, Box 37448,
Washington, D, C. 20013, and showld tnclude
sender's address and felephone numbear, Nof ali
letters can be used. Those that arve will often be
ccdited and excerpled.
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ONE-IN-50
AMERICANS
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JOIN MENSA

[ vou can st a or above the 98th
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could aualdy o poin 52 00 American
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You and family are the explorers
HOME STUDY COURSES pere, Discover exciting, one-of-a-kind

Kindergarten through 8th Grade. High-quality, effective exhibits that talk, move. light up. See

home study courses developed by certibed legchers at your Soclety's treasures of discovery,

outslandmg prvale school. SUccess 5 easy with exnhoil records of scigntific achievement. and

sEEp-by Hep .T..'iLF'Jl_..'l'__'n.lI'l“_-_ Al matenals mcluded, Start relics of ages past. Watch educational

':1::':”:__' FI:-I|I|:|11I3::t-r::—u::u:ujui::.r-l-.r:u.lj_ﬂ'.'-r.:,.ar. films. Only six blocks from the White
- e House. Opan daily

call for mformaton.

CALVERT % SCHOOL

E stablished IR97 JH-243-60.30
E-:--,- M7, Tusecsmny Wewd, Haltimore, SLD 18140

MATIDNAL GEOGRAPHIC SOCIETY
17th & M Streate NW., Washington, D, C
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Golden-shouldered Parrot  Genus: Psephotus
Length, 26cm  Adult weight: 53-564
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Australia -Surviving number: Uinknown

Species:
Habital: Saml-and savannah woodland and &pen
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Wildlife as Canon sees it

One of the greatest roles of photography 15 to record
and preserve images of the world around us worthy
to be handed down as a heritage {or all generations.
A photograph of a pair of golden-shouldered par-
rods has a unique power to capture the elegance
of thiz colorful bird,

Native to Australia, the golden-shouldered par-
rot nests in active termite mounds, burrowing an
entrance to a chamber where 1t lays four to six eggs
on & bed of cumbled earth, Gone from many areas
of its onginal range, this parrot suraves only

EOSsso

The new autofocus SLE camera
More than autofocus

Mors than ever

fragmented groups, leaving the species particularly
viulnerable. Trapping for the bird trade and the
disturbance of its habitat by agrnicultural activities
are further contributing to the decline of the species.
An invaluable research tool, photography can
also plav a vital role in preventing the demise rrf the
golden-shouldered parrot by enhancing our knowl
edge and understanding of this magnificent bird.
And understanding is perhaps the single most
important factor in gaving the golden-shouldered
parrol and all of wildlife.
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FORD ESCORT OFFERS
FOR ABOUT THE SAME

NISSAN
SENTRA XE

TOYOTA

COROLLA DELUXE

HONDA
CIVIC

FORD
ESCORT GL

e 6L SOHC Engine

® Aptomatic Trensaxie

& Proywer Steenng

¢ Electronic ANM/FM
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® Fiectronic Digital Clock

® Tinted (Glass

® interval Wipers

® Heclining Bucket Seals
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& Hear Window Deimster

® Light (zroup
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® Automabc Transaxie
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® Flectmeie: Digital Clook

® Tinted (iass
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Marvel at the giants

The North Pacific humpback whales will
thrill vou with their mysterious songs
and fluid movements, They've traveled
nearly 4,000 miles from Alaska to Hawai
(o sociialize and o raise thelr young
TUNE IN APRIL 12 and join scientists
as they study these majestic creanures,

NATIONAL GEOGRAPHIC

XPLORER

Check vour local cable listings

*Also Mondays 2t mbdoight E1

Every week in April (s an ddveniture!
APRIL 5—Visit a reserve in Kenya for a
look at the private world of leopards.
APRIL 19—Enjoy stunts of snow sKicrs
“taking air” in Oregon's Cascade Range
APRIL 26— Witness the performances
of Portugal s equestrian bullfighters,

SuperStation
WIBS

GREAT AMERICAN TELEVISION

(00 pom. PT aned Samurdsys ar 00 am El




sometimes, all you heed 8o
sedinded stretoh of beach and a
bedutiful sunset, (Kher thimes, vou'd
like to e a part of sanething
exciting. What you want &= 4 Florida
scation that offers the best of
everviiing — including value, Thatk
why vou should come to the
Finelbis Sunenst

Here, vou'll find more than jest
excibement or privacy You'll also
ifiscover ane of the most complete,
and affordable wcations tn Floric.
A wpeation that ofers a wide rango
i accommodationg and restgrants
S ighteiuts, sports and wiorld-Tamaons
attractions. All within minibes of tw
iternational alrports.

This wear take & different Kind of
vaiition. Come down to Florida

Pinedbiks Sunooast. Whiere you can

afford to hupew it all
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(3o on avacation thats close to everything
and next to nothing.,
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On Assignment

MAZING 1= the word heard most often al
NATIONAL GEOGRAPHIC headguarters to
lescribe Loren Mclntyre, who surmotnts all
shstadles with ease, asinthe mountains of east-
ern Peru labowel. A fitting tribute for his 70th
barthday this March, his Andes article caps a
2 1-vear strng of (GEOGRAPHIC assighments
that began with a 1966 look at Bolivia, whers

he served for five vears as a U, N, loreign-a

olftcer. At dge 51, Loren retired to launch A
new career in writing and photography, spe
Clilizing 1o two of south America’s most phvsi-
cally demanding repons: the Amaron and the
Andes. Fluent in Spanish, passable in Portu
il I"|-_' is &1 eme W nercyer |Ii‘- AssiEnmenis
take him, from the Carnbbean to Capx Harn
Alarm: were sounded in our halls in 1982
when Loren “disappeared in Venezuela while
jography of Alexander von
Humboldt (September 1985), It turned out he

researching his

fad been “detatned for two weeks 1n a gnm
trontiercell. followingan imbroghio overdocu
r]'_r_'l'_l.l_‘-illl'| fl'- f-l'||l'.'.| vnded when a o o}
Fmilasss

plane came to his rescue

In 1971 Loren led an expedition that traced
the Amazon o a tny ke on the slopes of
Mount Mismi in southern Peru. In this 1ssue,
whitewater expert Pietr Chmielinski (above,
holding kavak) record-breaking
journey (rom a frozen waterfall on Mount
Mismi to the mouth of the preat river. Chmie-
linska and his party survived not
dinary hazards of the upper Apurima

letails his

Y extraor-
River
hut also nerve-testing encounters with Peru's
Maoist guerrilias
weiene engineer in Washington,
]_J |._-__ I_|'_|_ '.-i-:-.'l_'._l_r-||||| Pilish l._"'-.i_l.l'f'. iler hAs
ran 23 rivers in Worth and South America, 13
never before conguered, and plans to tackle
La18N nvers niexl

:'":||-[I|-r|:r'.:.'_ homesell s an
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