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HE SIGN SAID we were entering the
Thighest road in the world. We probably

wiere, since it would lead us through
20,000-foot mountain passes. But—more
imporiant—it was taking us 10 a war be-
tween the two most populous nations on
earth.

It was Christmas Eve 22 vears ago. There
was no single bright star in the east this
night. They were all brilliant and unblink-
ing. Their light passed unfiltered through
the thin, drv, numbingly cold, hgh Himala-
yvan atmosphere to cast a gray glow on the
treeless, moonlike landscape. For the right
to cliuim and occupy bits of this desolate,
poorly surveved mutual borderland, Indis
and China were engaged in & brief, hitter,
undeclared war.

For five weeks | had been with the Indian
Army at the two major points of fighting—
in Ladakh in the west and along the north-
east frontier. I was learning firsthand how
serious border disputes can be. The war
soon ended, but the bitterness continues to
this day. Asthe South Asia map supplement
to this issue indicates, the dispute remains
unresalyved along both borders

In September this vear a Japanese delega-
tion, led by three members of their Daet, or
parliament, visited our offices to urge us to
change our maps to show certain Russian-
occupied isiands north of Japan to be Japa-
nese, not Saviet. At the end of World War I
the Soviet Union simply took them and still
refuses to leave—dividing families and cut-
ting people off from their homes.

Regardless of where justice or our sympa-
thies may lie, by color and border we indi-
cate the country that holds and administers
the land at press time. We adhere rigorously
to a de facto policy regarding all the scores of
border disputes in the world.

All, that is, but one of the most unusual.
snce the governments in both Beljing and
Taipei claim that Taiwan 1s Chinese, we so
show it by color. But as in the Japanese is-
linds claim, we explain in a note what can-
not be told by a simiple line or tint on 4 map.

There 15 no Solomonic solution that will
please both parties to an international bor-
der dispute, and no brief note can explain
the bitterness and bloodshed that often per-
sist for centuries along such borders.
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Blessed and cursed, destructive and sustaining, By PRIIT J. VESILIND
India’s summer monsoon floods a Delhi street. o . '

For half the world’s people, the rain-bearing Shiiaan e e
seasonal winds that sweep into Asia from STEVE McCURRY

tropical oceans remain life’s critical uncertainty.



HE SEA EAGLE lifted skyward, nearly motionless ina shaft of
tropical air rising from the Malabar Coast of India. It wasthe
sixth of | une 1983, Inthetro il I:i-|1-}'l ere athin _iL‘1 stream beganto
slip westward. The earth offered its northern half to the sun.
New heat scorched the Tibetan Plateau and the deserts of
Rajasthan and Arabia. It was the time of tension and expectation in

Before the monsoon, cruel winds sear the arid plains of Rajasthan as women seek




Incha, the time before the monsoon that Hindu astrologers call
roliini, a time of heat and dry winds that send grit and dust clawing
across the arid plains of the north. At midday the earth burnsunder
anunrelenting sky, and at mght, as Rudyard Kipling wrote, “The
dry-eved Moon in spite glares through the haze and mocks with
watery light the torment of the uncomplaining trees.”

scant shelter in the lee of a tree,

Monsorcrns

The monsoon was late. That week
near Ahmadnagar, in the state of
Maharashtra, several women
collapsed and died from heat
exhaustion; aftereight hoursof heavy
labor they had to haul drinking water
from a distance of three kilometers over
wild and hillv terrain, in temperatures
hoveringat46°C (115°F). A dust storm
lashed New Delhi with winds that
reached 105 kilometers (65 miles) an
hour and engulfed the city in darkness.
Cloud seeders from California were
hired by the city of Madras to replenish
dwindling reservoirs. And onthe
central plateau, water was being sold
at seven rupees a barrel in the city of
Hyderabad. Fistfights erupted at
public water taps in front of the
waterworks, and office workers
wearing expensive wristwatches drove
frantically through the streets in their
automobiles, searching for their share.

The eagle soared even higher in the
updraft as 1 picked my way along the
dark rocks beside the Arabian Sea. The
winds shifted with promise, deepening
the resonance of the surf, muffling even
the crows that cackled and lurched
along the seawalls. The water grew
choppy, and the black thorns of
fishermen’'s sails seratched the horizon.
Surely the time was at hand.



At the wesdather station at 'mivandrum,
capital of the state of Kerala, chief meteoro
opist Julius Joseph (left) thombed impatient
lv through the morning's charts and graphs
“Look," he said triumphant
swirl of isobars, “the low-pressure trough
has moved directly over us. A slight shift (o
the north could bring the monsoon.”

Hut when? There was nothing left but to
wait, with the rest of India, for that storied
monsoon onset that inspired ancient Himdu
poets 1o eloquence. (See Peoples of South
Asin, o supplement to this issue. )

“The clouds advance like rutting ele
phants,” wrote the fifth-century Indian poet
Kalidasa, “enormous and full of rain. They
come forward as kings among tumultuous
armies; their flags are lightning, the thunder
i% their drum y

For this I had traveled four months
through the breadth of the monsoon
world—from Africa to north China, from
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the tropical coast of Australia to the lofty
Himalayas of Nepal—to this middling
coastal city on the southwest tp of India,
where the monsoon was awaited by the
first of June each vear
But the onset fizzled. The
trough retreated south,
mezkly; and next morning the
seaeagle turned o slow adagio
in pale skies. The rain was
stalled at seq, storming over the
Maldive Islands. |
50 we waited, We waited as
the sun stoked the powerful
atmosphericengines of heat
and water, We waited as the
dusty streets of Trivandrum
baked in sweat and evil smells,
Wandering cattle licked their
lips. Julius Joseph studied
nischarts.
It would come, it would come.

142

The monsoon, after all, is the verdict of the
gods. When the monsoon falters, drought
and famine paralyze continents. When it
swells, cvclones and floods terrorize low-
lving coastlines,

But the fortunes of Asian agriculture, and
thus the survival of half the world's nearly
five billion people, ride on the monsoon's
promise, Vital economic decisions await its
whims, and paliticians stake their careers on
its fallure or success.

In India the monsoon is predictably un-
predictable. It will come, but it can arrive
covly, even gently, teasing with thunder-
showers. Rains can skip entire regions. It
canrainfordays, even weeks, until the earth
is squirming with life and walls are slippery
with mildew. For another week the skies
may be clear, but then rain will come again,
relentless, Anally tedious, until memaories of
cracked, dry earth and fierce sun fade into
wishful thinking. (Continued on page 722)
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ONSOON WINDS form one of
the muost massive weather

snlﬂll nﬂa, M swetems {n the world, port of the

fuels the
monsoon
engine

global heat transfer that keeps the
plianet habitable. Without the
monsoons to balance femperonures,
latitudes exposed to the sun’s direct

rays worldd shrivel with heat, and
preas of central Asio wpuld suecoumb
to deep, unimagineble cold.

Although the most importanst
monzaons oscillote betweon India, the
Far East, and Australia, and their
eropical pceans, monacon winds eviag
in Africa, Mevico, and perfiops even
irt the Arcilic

I'nits bogic form the mMonsoon 15 a

heat engine-—an enormous cycle-of
air &£t in motion by temperature
differences over land and sen. In
surrpner land heats more rupidly
becouse solur radiation does not
penefrate below (ts surfoce Warer
stavi cooler beconse it moxes, but it
stores heat in its upper lovers for long
pertds of time

Because the winds perform on o
global scale, they are also directed by
the tilt of the earth on (b8 axis and by
the Coriplis force resulfing from the
eorth's spin

In g simplified model of o summer
rrvcrtacon, below, air parcel X in
diagrom A 18 heated over the land
while parcel Y remgins coolar over the
seq. In diagram 8, parcel X rises,
expanads, and shedy 2 modsture,
allowing Y o fiow Inland to equaiize
air pressure. While crossing the sea, Y



fas piched up evaporating water,
wiich it reledses s rain when the
parcel réaches o lamdfall. When this
vapor condenses, (F releases laftent
energy that heats the surrounding air
and drives it upsard. allowing even
mare modsture-llen sea atr to rush
i And, as rain conls the [and, the
centor of heating and upwiard
convection moves farther inlond

in-diagram L, parcel ¥ has reached
land, rigen, anid expanded. Parcel T
hos monved in from the sea to replace
it, and X has alregdy moved to high
altitude and seaward. As it cools,
will sink toveard the Eguator to begin
o Hew cycle

I'ndingram D the two branchesof
India's summer monsoon have

arrived on different parts of the
subcantinent and are directed by
topography. The Arabion Séa branch
1 blows (rito the Western Ghats,
soais the const, and serds a near-
rizirtlezs flow across the peninsulo,
The Bay of Bengal branch 2 is foroed
west ot the Himalavas 3 onto the
Crangetic Plain 4. The [ow winds
gpiral g8 they rise and become high-
pititude enxteriies. Az [ong as the
lnd remuaing substantiolly warmmeer

than the seo, this summer moansoeon
errculation (globe af center)
comntinues

Dhurtrg the Northern Hemisphers
winter (globe at upper rightl, the =a
is woarmer than the lond, and cold air
pulsates out of Asia to replace air
rising above warm southern gens.
Thia 18 the wirter, or northeast,

FILOTLRINL,

A plobal reach

HE EMALL GLONES, (eft and aobove,

show that the earth’s tilt creates

seaspnil bands of moxcimum heating,
Arrows on the large globe represent the
sunmmar monsoon, Southern Hemiaphere
trade winds, including the intense lome
Level Somals jef stream 3, croas the
Equator &, are bent right by the Coriolis
force, and move into the updraft of the
nrertropical canyergence zone (ITCE)
7, where the winds of the south mest
those of the north. Uipper-level air 8 is
coarried back to the Southers
Hemisphere and beging o sink. On the
plobe at upper right, representing the
Winter FFECFALSE00, |._r_.li'|.|' P SEi r.gul dEriidH
the Far Egst, bends, and crosses the
Equator to flow (nto the ITCZ, which
hias shoted fo lafitudes betwern
Indonesio and Austrafio 9
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wieelt of June, there is little time for cooking or anything but work

In most of rural Asia monsoon means the renewal of life: It is awaited with
intensity, celebrated with joy, and is firmly bound in myth, proverb, and religion
For more than half of Asia's farmers, who are still primarily dependent on a
single growing season, the morngoon can mean survival (tself

Monsoans




JUNE 7. In Trivandrum the breeze
gquickened. Southern India's central weath-
er station 1n Madras 1ssued a gile warning
for fishermen. Julius Joseph was expectant.

“It’s a typical monsoon sky today,” he
said, "all kinds of clouds, at all levels—a
chaotic skv. But the wind i< mostly from the
northeast, the wrong way."™

Wind, not rainfall, defines the monsoon
for meteorologists—na seasonual wind that
shifts direction twice a vear. Asia breathes
in, then breathes out. The inhalation 1s the
summer, or southwest, monsoon that blows
from mid-May through September, bring-
ing heavy rains from tropical oceans into the
continent. The winter, or northeast, mon-
soarn is a reverse flow beginning in October,

hringing cool, dry, continental air to mast of

India and China and rain to Indonesia, Aus.
tralia, and areas with northeast coastlines.
Monsoons are often confuséd with ty-
phoons and other destructive winds. Al-
though & rain-bearing Monsoon can armve
with near-hurricane force, 1t is not a single
aberrant storm, but the first wave of a sus-
tained season. Where water is scarce, the
MONsGOn 15 ;:TI:"'I."TL“I'I with jov and relicl

HOLUGH the basic phyzics of monsoons
was described 300 years ago, no ont has
vet pieced together the entire mecha
nism or fully understood its behavior

“Imagine a puff of cigarette smoke blown
into a room,"” Universily of Maryiand mete-
orologist Dr. J, Shukla explained to me. “A
second puff will not follow the first; all wall
be different, totally unpredictable. We have
a similar turbulence in the atmosphere.”

Forecasting monsoons is often called the
world's most important weather prediction,
but, as Dr. Colin Ramage of the University
of Hawaii told me, “The more observations
we get, the more complex the monsoon gets
Some of us think we may be dealing with an
intractable problem.”

Other meteorologists feel they are closing
i on the elusive mechanism, drawing on an
immense data base compiled in the Mon-
spon Experiment of 197879 (MONEX)
Twentyv-three nuations participated in the
MONEX task force, which included more
than 300 =cientists, [ve satellites, and
ships and aircraft. Data poured in from the
South China Sea and, for the first time, from

Pushing replaces pedaling when
monsoon waters send the Ganges over LIS
banks to tnundate the city of Varanaosi

Narional Geographic, December 1984






isolated areas of the Indian Ocean, areas
previously covered only by occasional ship
reports. Facts are replacing guesswork as
MON EX scientists collite their research. In
1984 India and China each signed high-level
agreements with the United States to con-
duct new monsoon studies,

*The exciting thing is that we're golling
answers al all,"” savs Australian meteorolo
gist Dr. Peter Webster, now at Pennsylvania
State University. “In five years we've start-
ed to understand hkow it all hangs together ™

JUNES. That evening in Trivandrun
lightning danced soundlessly on the clouds
that lined the southern horizan, From the
seawall 1 scanned for pled-crested cuckoos
from Africa, said to fly before the wings. But
there were only the crows and the nasal
drone of the muezzin's call to praver, drift-
ing from a Muslim village across the water

lelam itself rode the winds to the Malabar
Coast. Through recorded time Arab dhows

have sailed from the Persian Gulf, borne an
the monsoons. Thev raked India for spices,
gems, and teak, and scoured the East Afri-
can coast for frankincense, mangrove, 1vo-
ryv, and slaves. The legendary Arab spilor
Sindbad was said 1o have reached China on
the shifting winds:® “Monsoon” dernives
from the Arable word [or season, mdansim

Back i mid-May 1 had been to the Afri-
can port of Mombasa to see the remnants of
the ancient traffic. A modern facility han
dles Kenva's containerized shipping there,

Rupees from heaven, rain enriches the
state of Drisgsa on the east codst of India
g% cumits clouds shed thetr motsiure
pver the swollen Mahanadi River (left)
Across the plains of northern India and
Rangladesh, entire villages are often
strunded on high ground wien such
gredt rivers overfiow with monsoon
waters, Bur the floods cover the felds
wriith rich silt washed down from
mouniains and ensire e success of
tHe SLMITIET Eroning seasin

In Goa, dilked rice _"'-l-c'rlil-"r- CHre lr hed
and brovwn in Moy (right), anid
resourceful farmers flood some of them
wiith seawiater ro roise fish and o use as
gwaporation pans for salt.

When the rains are late, Christion
Croans carry loads of rocks up steep
rmountain slopes in penance and
snmetimes lower g statue of St
Anthony. to whom they pray for
reEin, tnko a well

Bur with the arrtval of the monsoon
the same fields are transformed into
ermerild green by August (far right)

but wopden dhows still anchor m OHd
Town, & steamy, intimate warren that s1z
¢tles in chocolate, pungent curries, and fried
cassava. Masal tribesmen elbow through
the alleywavs with sleek Hindu merchants,
dark sailors from Abu Dhabi, and caramel-
colored maidens whose lustrous eves dance
over vells of Muslim silk

*TimSeverin folladwed "o the Wake of Sindibaed, " in
L Tuly 1982 GEOGEAFH

Narional Geegraphic, December WS4



The Sarina ad Aziz from India hnd been
unloading koko wood, kingfish, and shark

lins from Somalia when I arrived, and

Mombasa's longehoremen heaved bales of

coffee onto the Taysr from Dubai, bound
for the Red Sea. Like their predecessors, the
dhows rarely risk the Tull force of the south-
west monsoon, but bead north just ahead
of it. Supplementary diesel engines help
through rough weather.

“MNow there pre only a few days left,” de-
clared port dhow master Mr. Mnabe, a

broad-shouldered African given to repeat

ing himselfin a loud voice. "Only a few days
lett, If the dhows do not sail now, they can-
not go."

The Kenvan twilieht had shone like n
pearl, but by next afterncon the southerly
winds had strengthened and coalesced; dark
clouds pumped across the eastern skies. The
Somall jet stream, A major componeént of the
southwest monsoon, had set in.

Aornyoany

T his powerful, low-level stream of air be
gins as trade winds in the southern Indian
Ocean. Bent right by the Coriolis force,
caused by the spin of the earth, the air mass
veers off the Kenyva Highlands as [t crosses
the Equator, gathering momentum north-
¢ast along the African coast. The seas shift
with the wind until a virtual river within the
ocean, the Somali Current, rolls 150 kilome-
ters wide toward Arabia.

aouth of the West Afncan hump 1n the
south -Atlantic, ‘and all across the Indian
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Ccean, other winds pull north as the conti
nents heat. By the end of May the southwest
monsoon has usually begun; moist air 1s
pulsating into West Africa, the Indonesian
iIslands, and continental Asia

In the Far East the monsoon starts earlier
than in India and 18 just as important. The
“plum rains,” or meiyu, of China drench the
southern coast around mid-May. In Japan
the bain brings rain into the Ryokyus. But
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Swinging in celebration, village girls sing the

ancient melodics of Tedj, the Jestival marking

the retum of the monsoon -and the promise of
ty. In Indin's poetry, inter s brings=
deark ¢ i5 symbolize happiness. Heavy
re said to murmnwr the longing of lowers
tifud worman has hair black as
A5 gnd €yes Thal Aok [k

s qf the peacock (right) symbolize

g sensuality
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thundershowers, the kel Baisakhis, wrack
Bangladesh and the Indian states of West
Bengal and Assam. Tropical depressions
push north from the bay, are deflected west
by the southern flanks of the Himalayas,
and storm across the scorching Gangetic
Plain. Cherrapuniji, a perennially soggy vil-
lnge on the south slopes of the Khasi Hills, is
overwhelmed with one of the highest aver-
age yvearly rainfalls on earth, 1,142 centime-
ters (450 inches).

The two branches usually merge over cen-
tral India by the second week of July, By the
end of September the monsoon has played
out against the Himalayas.

JUNE 9. At midnight a stifling silence
descended. Air conchtioners hiccuped 1o.a
halt as electric-power rationing reached
home consumers in Trivandrum. All power
to heavy industrial users had already been
severed. Now, movie houses were restricted
to one showing a day, neon display lights
were putlawed, and stores were compelled
to close by sundown.

Kerala was down to six days of power, its
major hydroelectric reservoirs drained toan
all-time low. Only the arrivil of a healthy
monsoon could preventatotal power nutnge
in the state

Julius Joseph, scientist and adviser, hung
up the telephone at the weather station.
“That was Mr. Pillai, Kerala's minister of
electricity,” he said. “He fears a tolal power
hreakdown. But I gave him some hope. The
monsoon will come any day now."

Across India reservoirs dwindled into
puddles as the rains hovered offshore.
About half of the nation's electricity 1s gener-
ated by hyvdropower, and thus by the mon-
spons. Government officials confessed to
newspapers in anxiety that late rains would
impede food production, aggravate infla-
tion, and increase prices—and all this in
a preelection year, Prime Minister Indira
Gandhi, touring in Europe, asked for mon-
spon forecasts to be added to her daily politi-
cal briefings.

The state of Karnataka found itself with
900 extra elephants that had migrated
from the parched forests of Tamil Nadu,
in India's southeast. Summer rain would
barely ease the drought in Tamil Nadu, for
the state lies in the shadow zone of the

728

southwesterly winds and depends heavily
on the winter monsoon for its water.

During that season of the northeast wind,
from Octobeér to March, the rest of the coun-
try stays relatively mild and dry. Surges of
winter-monscon cold from Siberia are
shunted off by the high-rising Tibetan Pla-
teau and funneled into eastern Asia.

LL OF EASTERN ASIA bears the
brunt of the winter monsoon. In the
middle latitudes, freezing tempera-
tures and bitter wind, not rain, pulse

out of Siberia. Frigpd, dry air pushes south.
Cold cvclones rear over the Gobl desert,
gusting in suffocating dust storms called
karaburvan. The winds stream southeast-
witrd, growing water heavy and warm over
the sea. Thev curve southwest, bent by the
Coriolis force, and probe toward the tropics

“In the days of the emperors the {rozen
bodies were stacked like cordwood on the
sireets of Beljing, waiting to be picked
up each morning.” 1 had heard this from
Zhao Zhen of the Academy of Meteorologi-
cal Sciences in Beijing, where | attended a
seminar between American and Chinese
monsoon experts

The science 15 deeply rooted in Chana. We
were each given a collection of weather
data, for example, thatl spanned 500 years.
Deep az well is the Chinegse love of learning.
A wave of newly published books had hit
Beijing as part of the liberalization of cultur-
al life, and on the broad boulevards people
gathered like moths to =it under streetlamps
after dark, simply to read.

By the tme surges of monsoonal cald hit
the tropics, they have lost most of their chill,
but winds can reach 35 to 45 knots, whip-
ping the South China Sea into a frenzy, s&t-
ting up rainstorms that drench the coasts of
Sputheast Asia, Borneo, or the Philippines,

Rejoicing i the renewal
NE P A of life that the monsoon

brings, women gather af
the Baghmati River in Kathmandu for a
ceremonial bath. They honor Parvati,
wife af the Hindu god Siva, who dwells
among the peaks and sends the streams
cascading to the plains,

National Geographic, December 1954






For the heavily commercial city-state ol
Singapore, the condition of the South China
Sea affects shipping schedules and work on

the forest of offshore oil rngs

“During the

strong winter monsoons even [shermen

Singapore meteorologist Dr

can't eo out,’

Lim Hock had told me. “Waves up to four
meters high sweep the hDeaches on the easl
coasts of Malaysia, causing much damage,
Racing toward the Equator, the norther
v winds are heated and sucked upward over
Indonesia. Rain squalls roll up mountai

Great columns of soaked, heated

Sl |; ML

clouds rise and tower over the 1slands and
northern Sumatrn, Borneo, and
most of the northern islands get ample rains

from both monsoons, but a marked dry sea-

Australia

son sears eastern Indonesia in wanter., In

1983 the tslands of Timor, Sulawest, and

Bali suffered severe drought

JUNE 10, The summer rains
reached Burma and Malavsia, but only a
drizzle trickled over thirsting Trivandrum

“Most pecubar,” said Julius fosepn
'‘Rarely does this much delay occur.”
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Since June 1982 the operative word for
world weather had been “crazy." Blamed
was a tongue of warmer-than-usual sea sur-
face in the eastern Pacific that South Ameri-
cans call El Nifo, The Child, since it o¢curs
around Christmas every four vears or 20."

El Nino tossed world weather patterns
into turmoil. It deflated the 1982-83 mon-
soun in drought-struck Australia, stifling
the November rains that usually pound the
northern coast. Only in early March did the
thunderheads straggle into Darwin, capital
of the Northern Territory,

Monzoons

To save fragile mountains from the erosion inevitable with
monsoon downpours, a village boy near Kathmoandu (left) plants
ping geedlings on slopes denuded for firewood and by overgruzing
Newrly, monsoon-triggered landslides have turned o
mountainside (below) into washed-out gullies
desert. Nepalese furmers, forced by rising population to [ook
higher and higher for firewood, fields, and graring grounds, have
stripped nearly a third of Nepal's forests in the past 30 years.
Now, with outside help, Nepal has mobilized villagers to help
themsalves; locol committees protect forests and mainiain more
than 600 tree nursertes. Although the destruction hos been
stemumied, more than a million hectares (2.5 million acres) must be
reforested Oy the vear 2000 to meet fuelwoeod needs alone

ar fnstant

Darwin was pure tropics in April. The af-
ternoon heat and humidity were staggering,
and only mad dogs and American journal-

ist= went “out in the mid-day sun.

In its normal cvcle the territory is a land of
gither-or. The monsoon heralds the Wet,
with & capital W, as distinct from the Dry.
And the Wet thunders into Darwin with en-
thusiasm; in 1974 the ity was virtually de-
stroyed by a tropical cyclone, or hurricane.

*Assistant Editor Thomas Y . Canbytald of the dey
astation wrought by El Nifio on five continents in the
February [984 NATIONAL GEOGRAPHIC
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At the height of the Wet, wild tropical
grasses grow eye-high, and the gullies are
choked with vegetation. When the rains
stop, the land turns tinder dry. Searing
winds sweep north from the outback; bush-
fires crackle across a territory the size of
Cregon, out of control by August.

“The more water, the more vegetation-
the more vegetation, the more fires," was
the neat but chilling synopsis of Mike
Rowell, chief officer of the Northern lern-
tory's Bush Fires Council in Darwin.

“The vastness of it all,” he had sighed

r
¥
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What to wear to a monsoon poses o
dilemma to boys leading water buffulo on
a rocky road near Kathmuondu, A
banana-leaf slicker i3 one mexpensive
aption (above). Another: Woven strow
umbrellas (facing page) held on by
tumplines that fit around the forehead,
leaving hands free for work.

"“We have more country, more fuel on unde-
veloped land, and fewer people who know
how to handle it than any other monsoon re-
gion of Australiz. The old-timers under-
stand how to live with fire. Our big prablem
now is the growth of Darwin—and newcom-
ers not always aware of the problems of fire.
The result is a highly dangerous situation at
ieast four months of the year.”

¥ THE ANCIENT CALENDAK of
the Aboriginals it was still guajewg,
monsoon time. It was the time when
grass seeds are knocked to the ground
by the rains, and a lizard—bigwrr bagain-
men—calls from the trees, Perhaps the Ab-
originals still understood.

I had left for the Aboriginal settlement of
Maningrida, on the coast of Arnhem Land,
in a small twin-engine plane as the tardy
monsoon pushed inland from the Arafura
Sea. Rains riveted off the windshield, and
powerful updrafts sucked the aireraft up
and down like a piston. Below lay a vaguely
sinister wilderness, a fecund soup of green
mud, with rivers bloated like sated pythons.

Maningrida, an isolated administrative
center of about 700, supports 24 or so out-
stations of Aboriginals. When the rains turn
rivers into lakes, road traffic is severed and
many outstations are marooned. Despite
their four-wheel-drive trucks and shotguns,
the Aboriginals still rely on traditional hunt-
ing methods and foods such as crocodile
eggs. The crocodile is a totem animal to the
central Arnhem community

“There's a feeling of self-dependence
here," said David Bond, a white Australian
who is manager of the Bawinanga Corpora-
tion, the local economic body. ¥ People want
to live out in the bush and have their place in
the sun. But they're Australians. They want
to be part of the nation too,”

Nypalyod, the rainbow snake, is the cre-
ator spirit, Arnhem Land’s symbol of the
northedst monsoon. It brings the rains and
life; it stands as the rainbow after the storm.
But man himself, for a grudge or a sense of
revenge, also can summon natural forces

Jimmy Bunnvila, an Aboriginal and cu-
rator of the local museum, teld me how rain
is made: “The water snake, yellowbelly,
that one 15 hghtning. Now the file snake

the file snake vou find in fresh water, It

National Geographic, December 1984






AUSTRALIA

Masters of survival techniques for
northern Australio’'s monsoon,
Aboriginals like George Milpurru and
family still strip the stringybark
eucalyptus (top left). With help from the
family dog (abowve) they treat the bark
with fire to fashion a hunting canoe for
the crocodile-infested Arafura Swamp.
In his new craft {(above right) Milpurru
poles after tucker, or buish food, such as

fizh, goose, or file snake, @ creatire
whose hiss can bring the monsoon
clouds, according to Amhem Land
heliefs. Later, in the midst of a downpour
1right_j-, he carries embers from o
neighbor's fire to cook dinner

Many Aboriginals, frustrated with the
“whitefellow" world, have settled info
the bush to regain traditional values.
During the rainy seqson from November
to April, when they may be muarooned on
high ground as rivers swell into lakes,
they rety on old hunting methods:

National Geographic, December 19584







can float, and go tshihhhih! And make the
rain. Now a man can make the sound of the
snake, and that brings the rain. He will stay
home and sleep, and it will start pouring
and pouring, "

I had asked Luke Taylor, an Australian
anthropologist who does research in Manin-
grida, about the lack of rains this yvear.

“The peaple have had a two-month-long
ceremony in the bush," he answered. “They
were singing the rain away, keeping it from
coming, until they were finished. Others
were calling from all over the territory by ra-
dio, asking them to stop.

“The meteorologists blame pressure
troughs, but we know the real story here. It
rained for two hloody weeks after the people
broke up the ceremony and went home. "

JUNE 11. Indians, beseeching gods
and meteorologists alike, still waited. Julius
Joseph spent his morning comforting polit-
cians and press at Trivandrum. Heavy cu-
mulonimbus clouds had gathered, but the
wind still gusted from the northwest. “Two
or three more days,” he augured.

The state of Kerala, normally water rich,
shriveled. The last monsoon and seasonal
rains had failed. Tea fields had turned
brown; coffee had missed the crucial “blos-
som showers." Rubber tapping had been
suspended. Rice farmers stared bleakly at
the packed earth, awaiting the time to plow.

With the new high-vielding rice strains of
the green revolution, farmers who irrigate
can grow two, even three crops a year. But
half of India’s arable land depends solely on
monsoon rains and a single growing season.
For farmers the coming of the monsoon is
still life's critical uncertainty.

In the best of vears rice farming is a gam-
ble. Will pre-monsoon showers soften the
soilin time? When should seedlings be trans-
planted? If too soon, they will wither; if too
late, the crop will die when the rains stop.

But with a growing complex of irmgation
schemes, bore wells, and storage fanks,
India has become self-sufficient in food for
the first time,

In the west Indian state of Maharashtra,
farmerz have long been tethered to the mon-
soon stake. In May 1983, however, humble
acceptance was notin fashion, In the village
of Karjat 500 women marched in protest
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and staged a hunger strike against the gov-
ernment's water management policies. Nig-
gling rains had cut harvests to subsistence
levels, and, with the monsoon unknown
weeks awayv, even drinking water prospects
were grim.

HAD JOURNEYED through Karjat
soon after, on the road from Bombay to
Pune, and to the city of Aurangabad.
The road knifed through the bluffs of the
Western Ghats, where cripples and sadhus,
holy men, perched to gather alms from
wealthy travelers. Past Pune lay & flat, tor-
rid landscape of thornbushes and mud huts.
Villagers satin the stifling heat a=s if stunned,
and a dry wind sucked moisture from the
dving pipal trees that lined the roadside.

Near the village of Koregaon 1 stopped
an & bridge to watch as women hauled water
from a well sunk into & broad, snake-dry
riverbed. An old farmer in dirty linen ap-
proached, stuck out his chest, and saluted
stiffly, in the British manner. “T'm a military
man,” said Dattu Madhu Glonhane.

He wanted to explain the plight of his vil-
lage. “God doesn't like this place,™ he said.
“There was a solar eclipse and a lunar
eclipse here. We don't have enough water
for irrigation, just for drinking. But the
earth is good. If it rains this vear, there will
be lots of crops.”™

“What if the rains don't come?”

“People are going to start looting,” he
said. "Others are going to starve. If there 1s
no water, it doesn’t matter if yvou have a job
or not. So we're living on hope. Even the
birds die of thirst. But birds have wings—
they can fly away. We are stuck here.”

He dismissed a group of amused village
bovs with pomp. “I'm a military man,” he
said, saluting again, and was gone.

At the hotel in Aurangabad a pitiful golf
putting green had faded to dirt and singed
straw. Drinking water the colorof antifreeze
sat on the table at lunch, “It's been filtered
three times,"” said the waiter defensively,

That afternoon I wandered the narrow
streets of this timeless city of the Mogul
Empire. Aurangzeb had ruled here, giving
it his name. But its ornate stone carvings,
city walls, and mosques were finally aban-
doned to the enduring peasantry. Aurangs-
had lay limp in its thirst. Women flogged

National Geagraphic, December |984



laundry by the overworked stream. Street
pigs snuftied in doorways where weary mer-
chants 1n red turbans lounged on sacks of
grain. And the eternal bullocks plodded
under the eternal whip—their humps like
tumors, their faces lean, ascetic, and hope-
lessly vacant

A wind hit suddenly in whirls of hot grit
and stinging dust. The skyv blackened, and
poats cowered against walls. Traffic moved
on in a sepia haze, The high leaves tossed
dryly. There was no smell of rain, no prom-
ise. And then the dust storm passed, and the
dark clouds were gone again.

But pre-monscon rains had filled the
Bhima River near Pune when | returned on
my way back to Bombayv, Traces of green
stippled the fields, and mud puddles sank
into the caramel-colored earth, On the road-
side, villagers cremated one of their own, a
shrouded bodv on a metal-frame funeral
pyre. The shape of the frame mimicked the
form of their mud homes, and also the hay-
stacks that nurtured their cattle—the three
symbaolizing & cyvele of birth, strugele, and
death. The smoke rose into clear skies from
the pyre, seeding unseen clouds.

JUNE 12, I was awakened at night by
the bold, dry scrape ol cockroaches the size
of a thumb, soudding across the nmighistand

“We are all praving for rain,” said the
chambermaid thoughtfully, as she sprayed
in the corners next day.

The city grew impatient. Trivandrum’s
public schools, scheduled to open June 1, re-
mained shut. Not enough water for drinking
and sanitation, efficials explained

The monsoon can be poetic in the coun-
tryside but hard news for urban India. In
Bombay, drinkmg water was little in evi-
dence az 1 walked through the center of
India’s wealthiest metropolis. I remember a
saix-year-old boy, scrubbing aluminum pans
an the sidewalk, whao stood for 2a moment to
calch his breath. Then he walked to a carton
of empty soda bottles behind a kosk and
raised each to his lips to salvage the dregs

And I remember the water vendor who
pulled a barrel on a wooden cart through a
slum district in the city center shouting,
“Water, only one rupee!” A thin, shirtless
man mmplored him for a drink. The two ar-
pued. The vendor twirled a black mustache

Monsoons

like a melodrama villain and waited for the
rupee. l'he thm man licked his lips. The
vendaor, indifferent, moved on.,

“How much do vou make a day?" I asked
the vendor, hurrving after him

“Forty pails, forty rupees.”

“That's a lot of money,” | said, having
been told that the average Indian field labor-
er earns about 15 rupees a day. “How can
vou charge so much?"”

Wearing masks, mother and son protect
themselves against bitter cold winds in
Kaifeng in the Yellow River Valley. Here
surges of tntense cold, not rain,
characterize the winter monsoomn. Dust
storms are commaon in northern Ching as
repeated waves of winter-monsoon cold
pass on thetr way south.
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INDONESIA

Fighting off despair, a farmer in Java
(abowve) strugeles to save ree fields from
flood-borme volcanic debris spewed from
nearby Mount Galunggung and carried
down by monsoon waters. Such eruptions
have wreaked havoe since 1982, Another
family (Teft) stands in a home also
devastated by warer and volcanic ash.
Although thousands have fled into
refugee camps, mamy are spiritually ted
to their ancestral londs and refuse

tio give up and leave

Monsoons

The vendor did not answer; he simply
pointed to the cloudless, intimidating sky

But in the first sustained downpour, life
in Bombay sloshes to a halt. Muddy water
fills the taps. Many old buildings collapse.
Garbage and cattle dung clog drains, turn-
ing streets into sbhinking canals that invite
cholera and dvsentery. The low-lyving slums
that surround Bombay like a grimy quilt are
swept away. lrain service, lifeling of the
city, is severed. Where the tracks cross the
neighborhood of Parel, | had met with resi-
dents who routinely evacusate their families
into a nearby {actory building when the
water invades.

*We know we need the monsoon, butit'sa
problem for us,” P. G. Bhujbal, a local resi-
dent, explained. He pointed to a stream of
sewnge that trickled from an adjacent apart-
ment building, where chickens pecked at
grains of floating garbage,

"We are the lowest point in the area,” he
said, “The gutler water mixes with the rain
water and comes into the houses. We put the
tableson top of the beds and sit on the tables
The water is chest high sometimes. "™

Yoo many vears have passed and always
the same thing,"” said William D' Souza, an-
other resident. “But nobody 15 doing any-
thing for us., The government? They come,
they see, they go."

Yet Bombay waits eagerly for the rains, if
only through cultural mandate. Children in
underwear rush into the streets to rejoice in
mud puddles, and pravers of thanks fill the
temples. Unly when the reservoirs are full
does the rain's soggy monotony wear thin,

N THE CITY of Madras, where the
northeast monsoon 15 the culprit, reser-
voirs had stood nearly empty that May

The beleaguered Madras Metropaolitan

Water Supply and Sewerage Board had

sunk 132 new deep-bore wells. They had ini-

tiated a scheme to divert water to the city
from the Krishna River. some 400 kilome-
ters away. They had imported water by

steam-cleaned railroad tank cars, imposed a

tight rationing system, and dispatched fleets

of drnnkimg-water trucks daily to plumbing-
poor neighborhoods.

Still, Madras suffered. Trees and grass
had withered in the parks. Mere walking
wiis a trial through the cloying heat, exhaust
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fumes, and the constant whine of beggars. A
sign scrawled on a concrete wall offered,
“Repent! Jesus will give you rain. ™

In a poor neighborhood a line of deter-
mined women had already formed at dusk at
their water-rationing station; their alumi-
num and brass pots were strung like a neck-
lace on the sidewalk.

*“They sleep here in order to keep their
place in ling,” a local resident informed me.
“Tt goes on all night.”

' THE OFFICE of the water board,

managing director Dewan Moham-

med outlined the dilemma: *We have

to hold an till October,” he said. “All

our rivers are dry. You can walk from Ma-

dras to Kannivakumari [on the southern tip

of India] without getting your feet wet.

There are no snow-clad mountains for us, no

perennial rivers. Tamil Nadu is a dry state,
dependent totally on the rains.

“This is the third yvear that the monsoon
has faltered; it's a hardship. But it will not
fail; the rains will come. They havetocome.”

The previous October, when the winter
rains were expected, violinist Kunnakkudi
Vaidvanathan had waded into the Red Hills
Reservoir and rendered a 70-minute-long
regaas aninvocation to the gods. Self-styled
“miracle man” Thomas Jacob, a bank clerk
from Kerala, had sent out telepathic rain-
making waves, But only a puja, a Hindu
praver ceremony in which a thousand wom-
en in red robes sat with a thousand candles
and chanted heavenward, had succeeded in
bringing brief showers.

At Kapaleeswarar Hindu temple, where
the dried-up temple pool had been turned
into a cricket field by street urchins, 1
watched members of the red-robed sect as
they chanted: “Om, shakti, Parashakti! Om,
shakti, Povashakti!™ beseeching their god-
dess of supreme strength, The gathering
joined a growing procession, the men bear-
ing an altar that smoked with purifying
camphor and offerings. Musicians struck up
a reedy tune, temple bells tinkled, and
the procession clanked and chanted down
the Madras streets, past wandering cattle,
children being lathered at public water
taps;, and the ubiguitous movie billboards
where macho men postured with weapons
beside chubby-thighed maidens in distress.
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If pravers alone could bring rain, Madras
might be sated. But in Indiaeven prayerisa
matter of form. Said T.V.A. Seshan, a reli-
gious philosopher and an editor at the news-
paper Hindu, “It has to be incanted in a
certain way, with a certain inflection, pro-
nunciation, and pitch, The priests can deit.
Icantdoat.”™

He chanted unsuccessfully for me in a
gravelly voice.

“When a number of persons chant in a
particular way," he said, “it creates acertain
sound vibration that affects the atmosphere
and is capable of seeding the clouds. The
priests don't know the scientific aspects of
lti—they only know the sound has to be in
this fashion, in this way."

The wind had picked up that evening,
blowing the wrong way from the odorous
tidal backwater by the century-old Madras
Boat Club. Distant lightning flashed like
a pale eve winking. The wind touched
the neem trees and whispered through the
wicker chairs as Madras waited.

JUNE 13. The coast at Trivandrum
was lost in haze and drirzle; the air smelled
of iodine. The sky was castin chalk. I'satin
the coffee shop and sulked at the crows. In
the previous 83 years only four monsoons
had arrived here this late.

Yet rains were reparted over other parts
of Kerala, The city of Cochin, to the north,
had showers atnight. On the beach the foam
was tinged with evidence—yellow-brown
silt loosened by rains in upland watersheds.

Some erosion is natural, but too much of
India's topsoil has been lost to the sea. Ex-
posed earth, particularly in the mountains,
has little chance to hang together in the sus-
tained downpours of the monsoon. And veg-
etation has been indiscnminately stripped
to dangerous levels—sometimes for profit,
often for survival.

The loss of forests has become a major
concern and a potent political issue through-
out monsoonal Asia, The problem is near
critical in Nepal, where nearly athird of the
forests have been destroved in the past 30
vears. The Himalayas, the spine of Nepal,
are still in full geologic thrust, rising half a
centimeter g wvear with the concomitant
grind of earthquakes and crumbling rocks.
But Nepalese farmers have accelerated the
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natural process, carving foothills into ffelds.
anghing their terraces higher and higher,
hacking too many trees into firewood, and
leaving goats and cattle to nibble at what
ever 1= left

Lhese high, fragile mountains are the
IwWesl monsoon’'s natural barrier in the
Indian subcontinent, and the winds empty
against the newly shorn slopes with a Herce
linality. Each vear more frequent and more
powerful landslides sweep the hills. Ter-
people, and entire
villages have been lost, and many families
each monsoon with i
housands have already left for the increas-
ingly overcrowded Nepalese low

ST

races, fields, hivestock

IACe frowing fear

ands

e show poes on for o

I'he landslides add enormous loads to the
silt flushed into the snow-fed Himalavan
streams and suffocate the great rivers to Lthe
south, sending them into spate with heavy
rains and turning the northern plains into
viast lakes, A tenth of the world's population
lives here, LrR il
nppling Hoods that leave
intered, and whole

wiween seasons of blis

tering heatl and «

crops sodden, homes sp
communities stranded

JUNE 14. A lone fisherman, his dark
pody taut like wires and pullevs, worked
nis catamaran through the surf to the beach
at 1Trovandrum. He unlashes

silvery chala, sardine-like local fish, as

a2 NEL Dag Ol

family in Bojonegoro, lava, although

the monsoan-swollen Solo River has carpeted their living room
Jor two weeks. The water 15 [ittle more than annoying unless
it shorts out the electricol system—iua hazardous possibility

\ candle burris on the coffes table
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Rain, rain, go away. For two chilled Javanese girls huddled under a rice basket,
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the monsoon has lost (ts magic. With the rains, Mount Galunggung's debris has
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rurned their city of Tasikmalawa into a nightmarish landscape of gray ash, giving

Indonesta another reason to shift people from overcrowded Java to other islands,
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buvers gathered around. His name was Abel
Johnson. Such & man should know.

“The monsoon is God's way of providing
fish,” he said. "When the sea is rough, the
water near the shore will be very cold. Fish
like cold water, they will come very close,
and we will have good tuna, shark, and
prawns. And the vastness of the sea will not
matter to us.”

“But will it come today?" I pressed.

Abel squinted into the horizon where |
could see nothing. “It is very hot,” he said.
“Also the wind is from the west. There wasa
change in the waves this mormng. ™

Later I heard thunder, and the air was
quite still. There was no wind, 1 realized, for
the first time in eight days. And then, at 2:30
p.m., & squall line of gray edged from the
southwest. It deepened into a solid wall of
clouds that seemed to push the wind before
it. The seas leapt into whitecaps, and heavy
waves assaulted the shoreline.

Fishermen scrambled to lash their boats
to the wooden frames that linad the beach.
Palm trees thrashed hike gladiators. Dark-
ness covered the earth, and the monsoon, in
a churning mass of “rutting elephants,” rode
majestically into the Malabar Coast.

HE GRAND LOTTERY had begun,
The rains picked their way at ran-
dom—hlessing, denving, destroving,
They fell, asan Indian proverb savs, on
ane horn of the buffale but not the other
The initial burst merely doused Kerala
but overwhelmed the state of Gujarat. A
vicious evelonic storm, with winds reaching
115 kilometers an hour, tore roofs off houses
in the port of Veraval, and the merchant
ship Har Gange, en route from Dubai, was
reported missing. Overflowing dams left
150 villages stranded in the Junagadh dis-
trict., Military helicopters were dispatched
to drop food and supplies to hundreds
perched on rooftops, More than 500 people
perished
Almost overnight, grass appeared and
leafless trees sprouted mn green. Centipedes
and slugs and earthworms gloried in the rich
mud. Sowing began for the kharit—the au-
tumn crop—on June 17,
By June 21 hundreds of structures—of-
fices, homes, shanties—had collapsed in
ﬂl.r!'nh..'q.r' Floods had made shambles of
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Rice-paddy pudding of monsoon muid
crshions an Indonesian boy as he
tumbles harmlessly from a slippery
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terrace wiall nedar Ujung Pandang on the islond of Sulawesi. His brother, driving

oxern, smooths the field with a flot board. Later they will transplant seeditngs they

nave nurtured tn patches of irrigated soil while waiting for the roins

Maonsoons




Almost afloat in her front yard, nearly

el rft in a sel of ty ledves, a Jaanese

girl in the town of Bojonegoro knows
firsthand the ravages of MOnsoOn WAITETE
Yet the blessings of the monsoon more than
outweigh the Masts, as those who depend on
its {{fe-giving waters acknowledge

train schedules, and thousands of tele-
phones were cut off as water segped nto
buried cables.

By July & many of India's major rivers
were in spate, leaving countless victims,
The highway between Bombay and Lroa
was blocked by landslides, and three people
were killed by hightning. Exhausted Au-
rangabad finally got its rains by July 10.

NJULY 20 THE MONSOON was revi-
talized by a powerful cyclone over the
Arabian Sea. The rains reached New
Delhi on schedule, making up tor lost
time, and nourishedarid Punjaband thedes-
erts of Rajasthan four days early. Late rain
washed over Trivandrum, and Balakrishna
Pillai, minister for electricity, upped the
movie-house quota to two showings a day
Bangladesh rejoiced in the annual flood-
ing of its delta, and Burmese mountain
tribes hunkered under palm-frond rools
against the deluge. In Thailand Bangkok
sank deeper into the mud. In China the
Yangtze spilled into the countryside, inun-
dating 70,000 houses and 300 factories in the
city of Wuhan. A mmllion Chinese mobilized
to fight the waters. Ten thousand marooned
peasants were rescued by a boat-and-brndge
brigade of the People's Liberation Army
In Nepal 30 villagers were killed in a
wrenching landslide on August 1, 1 the
Baglung district near Pokhara
On August 11 the Indian government
cited a comfortable inventoryin the national
grain pool, putting the stamp of success on
the monsoon. By August 31 only three
states—Bihar, parts of Uttar Pradesh, and
Himachal Pradesh—were deficient in rains.
Even Madras drank deeply, as unusual
sweeps of the southwest system held off di-
saster in Tamil Nadu
And when the earth again offered s
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southern half to the sun, and the jet stréeams
had shifted in the troposphere, the rains
ebbed and eased out 1o sea. Asia exhaied

The cycle done, the wheel turned, pen-
ance paid, the gods appeased, India turned
once again to wait, searching the skies for
clouds as others await the healing sun

For the perception of rain and clouds dif-
fers profoundly between India and the
Wes=t, In the West clouds signal sadness and

Nattonal CGeopraphic, December 1984



melancholy. A smile 15 sunny, every cloud
must have a silver lining, shady ladies are.
well, shady, and mto each hife some rain
must fall

Butin India the monsoon clouds are preg-
nant with joy. The riin brings the mating
cry of the peacock, and darkness the longing
of lovers. When the rains come, people run
into the street, their arms spread, their
grateful tears blending with the sky's bene-

Monxoons
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diction., The patter of the rain is like the
laughter of yvoung girls, swinging in mango
groves and singing a traditional song:

Swing, swing, Rani Raja, Hll the
Sloweving of the rase
Swing, swimg, Rani Raja, il the

fowering of the marigold

Swing, swing, Roni Raja, bill the

fowering of the champa
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TIGER!

LORD OF THE
INDIAN JUNGLE

By STANLEY BREEDEN
Photographs by BELINDA WRIGHT

E SET OFF at sunrise on this

winter morning in central In-

dia, once again riding Pawan

Mala, an old and venerable el-

ephant. Out on the meadows the swamp

deer stags are rutting. A tiger roarsinthe dis-
tance, & good omen.

Mahavir, the mahout, steers the elephant
toward the tiger's stirrnng sound. We soan
find fresh tiger footprints along a sandy ra-
vine, or nullah—the broad strong pugs of a
male, They lead us into dense {orest.

We are on the right track; we can smell
where the tiger has spraved a bush to mark
his territory. Belinda, my wife, sees the tiger
first, an awesome vision in fiery orange and
black stripes gliding through the green bam-
boo tracery. Ignoring us, he walks on and
on. We are alongside him now, about 30 feet
distant. Once or twice he glances at us and
snarls, pale vellow-green eves burning.

Suddenly the tiger stops in his tracks. He
sees i herd of spotted deer browsing on bam-
hoo atthe edpeof a small clearing, He makes
not & motion—no tail twitch, no ear move-
ment, not even a whisker quivers, He is fro-
zen in the partial cover of a small patch of
grass. As long as he is motionless, the deer
cannot see him, even at 30 ar 40 feet. There
is no breeze, so they cannot scent him

Snarling in threat, a 300-pound Higress
warns the authors, in an aopén jeep 15 feet
fwy, against venturing closer. During
the past ten years the team has trached
the great carnivore throughout India.







For hall an
Then,

Slowly the tiger Hes down

hour or more he watches the deer

carefully placing one loot in fronl of the
other s0 as not to make a sound in the dry
leaf litter, he insinuates himself from bush

to bush. Closer and closer he moves. It
seems our hearts have stopped beating
Though graring quietly, the deer are
alert. Some does are especially watchiul
One sniffs the air; there must be a faint
tiger scent, for the doe stamps & forefoot,

a sign of mild alarm. The others look up.

The tiger 15 rigid in a crouch, poweriul
hind feet gathered under him. The doe
stamps her front foot again, raises her tail,
gives her bell-like alarm call. The tiger
bursts from cover, tail erect, ears forward
In unbelievably fast bounds he rushes the
deer. Thev scatter

He misses, snarls, and utters a series of
moaning roars, Then he rests, lvingina pool
of sunlight. We go closer, to be ereeted with
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a snarl and a low, rumbling growl. Never
pelore orsince have we seen a tiger with such
i bad disposition. We name the tigers we
study. This one is Snarl.

AWAN MALA is tired after her long
hike. She fidgets, letting us know it is
time to return to camp. “Camp” is, in
lact, a two-room cabin deep in the forests
and bamboo jungles of Kanha National
Park. It is an idvllic spot, far from India’s

Tiger! Lord aof the Indian Jungle

Solitary huntress, Nikhu checks her
territory in Ranthambhor National Park
in early morming, her tawny coat blending
with dry grass, her stripes resembiling
shadows. Highly termitorial, the tigress

. on a home rmange
af about six square miles; the territory
¢f o resident male overlaps that of four
gr more females. When residents leave or

dig; transient (I2ers move in

hunts, psually at night







crowded cities and towns. The only people
here are park officials and those who look af-
ter the park’s six specially trained elephants,

Elephants are essential to tger-watching
in Kanha. Owver the vears elephant and tiger
have come to tolernte each other. Even
when the elephants appear with five people
riding on them, many tigers ignore both the
elephants and their strange cargo

Qurs has been a ten-year affair with the
tiger, a quest that lured us back again and
again to the Indian jungles, We have met
some 20 individual tigers and have come to
know adozen of them well. We have tracked
tigers throughout the country

Mostly we have concentrated in two
widely differing places. The first, where we
spend more time than anywhere else, is
Kanha, a reserve of 232.000 acres. The
other, 41,000-4cre Ranthambhor National
Park, has no dense forest, no bamboo
thickels; it 15 a bowl of scrub jungle and
grassiand, its harshness relieved by 2treams
and lakes

In these parks we have had the good for-
tune to see tigers reguiarly and at close quar-
ters and to spend hours and sometimes days
with them. Slowly we heve learned some-
thing of their ways, of family life, relations
between male and female, hunting tech-
nigues, territoriality. The stripes and squig-
gles on the tigers' cheeks and evebrows are as
distinctive as the fingerprints of humans,
and Blue (Belinda's nickname, for her blue
eves) is able quickly to identify an individ-
ual, using her index of facial markings.

FEW DAYS after we meet Snarl, we
have a reunion with Arjuna,; an old
tiger friend, whoitsona kill, Heis as

benevolent as ever. Small scavenging birds
and a4 mongoose nibble at his sambar deer
kill. Arjuna is not #s tall st the shoulder ay
snarl (whom we had seen about three miles
away) but is much bulkier, broader in the
shoulder. He oozes power, where Snarl is all
athleticism.

T'hat evening at dusk we sit on the véran
da of our cabin listening to the calls of owls,
stone curlews, and nightjars. A distant bark
of alarm from a sambar suggests a tiger on
the prowl. Suddenly an unearthly sound
that shakes the forest brings Blue and me out
of our chairs. The back of my neck prickles.

figer! Lord of the Indian Junel

All other sounds cease. These are the full-
throated roars of two tigers in a life-and-
death fight. For about ten minutes the roars
continue. Then . . . guiet

The terrible sound had come from the di-
rection of Arjuna and his kill, The next dav
we set out in the predawn chill. We find Ar-
juna, still with hissambar—but he is a much
changed tiger. A huge swath of skin and
flesh has been ripped away between his eves

Almost hidden in shadow, an elusive tiger
{facing page) watches the watcher, Starnley
Breeden, who uses an | I-foot tripod to
steqdy a camera while working from atop
an elephant in Kanha National Park. The
Hreedens, veteran wildlife photographers,
located some of the park’s 80 tigers by
cistenmng for alorm calls of langurs, deer,
and birds, by watching for paw prints and
drag marks of a kill, and by scanning dense
cover where tigers conceal themselves,
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and down his nose. Constantly he wipes a
forepaw across it. We search for the other
contestant, A mile distant we come upon
Snarl, sitting in a thick patch of under-
growth. He bears a few slight wounds on his
shoulder and on the inside of one of his front
legs, He snarls atl us,; eves burning.

Three months later Arjuna is found dead
about eight miles away. His face had fes-
tered: unable to hont, he had died. Snarl
takes over his territory.

NE DAY we sight a tigress and her

three cubs under a beautiful fulu

tree, its white soulptured bark a

marvelous contrast Lo the surrounding black
rocks, So we call her Kulu.

It is May and hdt, 105°F in the shade.
Kulu has dragged her kill, a spotted deer
stag, to a cool and protected place—a rock
pool surrounded by bamboo. In the early
morning all four tigers are crammed into the
small water hole. Their coats, sleek and
glossy, shine in the sunlight.

After a few minutes Kulu gets up, walks
up a small rise, and lies down in the shade.
First one cub, then another and another,
joins her, rubbing faces or rubbing the
whale length of their bodies under her chin
She rubs faces in return and licks them.

Later that day we are out searching for ti-
gers in the heart of Snarl's territory and
pause where a few pools of clear water re-
main deep in & cool forest. We are about
three miles from the place where Kulu usu-
ally lives with her cubs. We are astonished to
find her sitting beside a tiny pool in the bed
of a steep-sided stream, What is she doing
here? Why has she left her cubs?

Kulu is restless and preoccupied. Nor-
mally she would lie asleep in the water or on
her back in the sand. But she keeps looking
down the nullah, lashing her tail incessant-
lv. Occasionally she moans softly,

Suddenly she sits up, pricks her ears, and
stares down the nullah. We follow her gaze.
A mugnificent male tiger, lean, lithe, and
powerful, slowly walks along the stream-
hed. Within about 20 feet of Kulu, he flops
down in the sand, It is Snarl, grown larger
and more muscular in the months since he
defeated Arjuna.

This is no casual meeting. The easy famil-
iarity between the twois quite evident. Kulu

34

no longer lazshes her tail. She lies down full-
length in the sand. Snarl Lies with his head
held regally high.

Kulu snoozes, Then she gets up, vawns
widely, stretches, Head low, she walks over
to Snarl, who purrs in pleasure and friend-
ship. They touch faces. The tigress lies
down with all four feet under her, head on
the sand. As darkness falls, Snarl gets up,
walks over to Kulu, and straddles her.

Theyv mate. Snarl bites her neck roughly
and growls. Kulu turns her head, curls her
lips, and roars right into his face. He roars
back. Snarl walks a few paces and [lops
down again. Kulu rolls sensually onto her
back. Itis almost dark.

We wonder why Kulu would mate when
she already has eight-month-old cubs. They
will be with her another 13 to 15 months. If
she conceives, a new litter will be born in
about three and a half months, No tiger in
the wild could possibly look after two litters,
This mating, then, is most unusual.

A month passes. We see Kulu and her
cubs regularlv, Snarl occasionally. One
morning after a heavy downpourwe find the
tracks of Kulu and her cubs—but also those
of Snarl. They converge in a sandy nullah
not far from where the pair had mated.
There are signs of a struggle, spots of blood.

As we round a bend, Snarl sneaksoutofa
bamboo clump just ahead. Where he
emerged, we find the remains of the male
rub. Deep punctires in his throat show he
died a violent death. Part of his hindquar-
ters have been eaten. Snarl has killed again.

We have not long to mourn the cub. A
tiger roars nearby, and moments later Kulu
appears, Briefly she sniffs her dead cub,
then raises her head and roars loudly
a sound unlike anvy we have ever heard,
She turns and is guickly joined by her
remaining two cubs;

They walk so close to her that she almaost
trips over them. The trio disappears into
thick bamboo

tographers comes true. We will spend

two and a half vears making a National
Geographic Television Special.® Most of
that time we will work in Kanha.

“iLand of the Tiger" will air on PBS TV on
Wednesday, January 16, 1585,

lH 1982 our dearest wish as wildlife pho-

National Geographic, December 1984
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The shrinking range of the tiger

[DESPREAD IN ASTA

until the [ate 19th
century, the tiger appears in
tho fossil record of the early
Pleistocens, more thion o
mitllion years ago. The
carmivore adapted to diverse
habitots and evolved into
eight subspecies, or races,
each with different size, coat
pattern, and skull shape. In
the past 100 years. with

pressure from big-game

Figer! Lord of the Indian Jung

hunting and the destruction of
habitat, mnumbers dwindled
and some races disappeared.
Now tigers enjoy protected
status throughout their range.
When Indio found thar its
tiger populotion had fallen
from a pessibie 40,000 n
1M to fewer than 2,000 by
1572, the povernment joined
with the World Wildlife Fund
tn Project Tiger. Fifteen tiger
reserves hiove been set up,

le

saving varied ecosystems—
from the tenk-and-bamboo
forests of Maharashtra to the
mangrove swamps of Bengal,
Poachers have been tracked
down, education stepped up,
and some 6,000 villagers
relocated to create thess
protected islands in a seq of
humanity, The number of
Indian tigers has risen todoy
to more than 3,000, a third in
Project Tiger reserves
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We resume our pattern of tiger searching.
(On a cool April moming Blue rides on Shi-
vaji with Sabir, his mahout, Shivaji is the
pride of Kanha's elephants—a large male
tusker, powerful and well proportioned. 1
am with Lucknoo, the best tracker and the
mahout of a smallish female elephant called
Pawan Kali. She is voung, especially well
trained, and good at standing absolutely
still, which is essential for filming

Soon Lucknoo spots tiger pugmarksin the
sand—the large printsof a male. Deep green
bamboo rises on either side of us. Tts feather-
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like foliage reaches down to the grass, the
golden stems looking like tiger stripes. Then
I see something out of the corner of my eye
that is more orange than yvellow, with more
black and more white than the bamboo.

We move closer, pushing through foliage
dripping with dew. There lies Langra, a su-
perh tiger of clean-cut pattern and classical
features, He must weigh 500 pounds.

Langra stares at us with pale eves. He
keeps staring, which 1s unusual. Tigers that
are used to elephants, as is this one,
ordinarily flop down and go back to sleep

Nurional Geapraphic, December 954




after a cursory inspection. We soon realize
the reason. Half-hidden by a patch of bam-
boo lies the carcass of an enormous sambar
stag—the largest I have ever seen, alive or
dead. We retreat a short distance

In the warmth of midmorning Langra
leaves for a drink at a small poal half a mile
awayv., We take a closer look at the sambar.
Very little has been eaten, only about ten
pounds of meat from the back of one hind
leg, which suggests that he was killed only
recently. Ligers begin their feeding from the
rump and work forward

Tiger! Lord of the Indian Jungie

I'm here: Nikhu sprovs a palm tree with
urine and a glandular secretion (top)
that together proclaim her presence, her
rerritory, and, quring estrus, her
readiness o mate. Reacting to such scent
markings, Quiz grimaces {left), thus
opening ducts in her mouth to an organ
that “reads"” the compounds |

A reésident male moves through female
territories of will, Some males on
ocrasion kil cubs Jllll_-l'q_'.*]u_lurc'.-_lf el
pierced the throat of Kulu's male cub
(abowve) and ate part of the hindgquarters




Langra killed the stag by seizing him by
the throat and then asphyxiating him. The
deep puncture marks of the tiger's huge ca-
nines are clearly visible. We see that the kil
wis actually made in the sandy nullah, after

which the carcass was drageed about 150
vards to the protection of the bamboo,
where it 15 invisible to even the keenest-eyved
valture, Weighing some 700 pounds, the
deer was much heavier than the tiger, but
Langra moved it on his own

LEPHANTS PROVIDE the onlh
means by which we can follow tigers
into the forest. But the bigp animals

are slow and must rest frequently, For long
forays overo PER LETTAIN WE USE OUr jecph

In central Kanha lives another territorial
male. When we first meet him, some weeks
after ourencounter with Langra, the weath-
er has again become hot. Water holes are the
focal points for both tigers and their prey
We stop our jeep at the largest of the pools to
s¢¢ which animals may have come to drink
The water hole is deserted

Langur monkevs sit high in the trees, and
the troop’s adult male barks occasionally in
alarm: A large predator must lurk where the
maonkeys can see 1t We drive closer to scan
the entire pond, and we spot the tiger. His

el fLonind l.'-_;r.'q.JE-:'-l'r-'r"'n"J 1. December Y949
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%rljl__-an[ir_ shagry head is raised hi.l;_l‘l he 1s
watching us and trying to catch our scent
The rest of his body is hidden by grass and
the water in which he les.

Satisfied that we pose no threat, he les
down again, panting heavily. Tigers in
Kanha are not used to vehicles and usually
run when they see one, Encouraged by his
disregard, we edge the open jeep closer
Finally we come within 50 feet, close enough
to se¢ that he has just eaten an enormous
meal. His stomach i= grossly distended. He
is panting so hard that waves emanate from

his heavy body and ripple across the pond
For an hour we sit in the shade of a tall
yaja tree watching this giant in fascination.
He ignores us, vawning disdainfully., His
worn vellow teeth tell us that he is old, The
tip of his lower right canine is broken off.
After an especially wide yawn, groaning
with the effort, the tiger gets up and stretch-
es, dripping water and mud. Heiseven larg-
er than Langra, weighing around 530

pounds. He walks directly toward vs. In the
late sun he shares the saja tree's shade. No
more than 15 feet from our jeep he sits and

With long-sought trust, Banseri nurses her cubs within 50 feet of the authors,

who had watched her movements since she gave birth {n a cave five months earlier.




licks the mud off his coat. We call him Saja
after the tree that blesses us with its shade

Lver since, we have enjoved a special re-
lationship with Saja. When he spies us, he
often comes over and sits by our vehicle.
Saja occupies Snarl’s old territory. So the
malevolent snarl was not invincible.

When we are with wild tigers, when the
great cats show that they trust us, we feel as
though nature has revealed one of its great-
est tréasures. | hese feelings are engendered
by the tiger’s awesome presence, its pOWer,
and its uncanny ability to appear suddenly

and quietly and equally suddenly vanizh
{rom sight. There is something special about
being close to a lone hunter who moves by
stealth and is rarelv s

This feeling of privilege is heightened by
knowing we are close to an animal that is not
only formidable but also extremely rare,
The tiger, because of overhunting and the
massive destruction of its habitat, 1= an en-
dangered species throughout its range

Al times we seem to develop an extra
sense about tigers, to have a special rapport
with them (Contintied on page 768)

Soon to be weaned, the cubs accompany Banseri to her kills. Over the niext monthis
I-J'lr.‘-_’l' will [earn to hunt: medanwiile, she sometimes cr |,|_r|]'_'l||,'.'-. prey for them to ,-j_[g;_:ng[ﬂl_







Tale of persistence stars
Abu, an aperessive male in
Ranthambhor. At sunrise the
authors were drawn to this
water-lily-choked lake by
calls of alarmm—the resonant
bark of sambars, the cough of
langurs, the honk of
peacocks: There they found a
perplexed Abu staring at the
waoter (left). Twice he waded
in, snarling and hissing
(lower left). But each time
he changed his mind and
retreated to continue his long
vigil A few houwrs later, 150
feet away, the carcass of a
sambar appeared on the
surface surrounded by four
muggers, the freshwater
crocodiles of India. Possibly

when Abu killed the deer
the water, the crocs
Jrightened him off, Finally in
late afternoon Abu regained
his courage and charged
through the lilies, He grasped
the sambar at the throal
(above) and, struggling with
the heavy victim, swam his
supper back to shore,







Un great cat feet a tiger stalks o chital
(left), which cannot se

: the predator in
the dry grass. Bafore making its final

rish, the cot creeps to within 40 feet, 1is
pads ploced so carefully that there 5 no
sound during the 20-minute stalk.

Like g released spring, Abu explodes
across the shallows (below), driving a
sambar fawn into deep water where he
will bring it down with a powerful bite in
the neck, his caninegs pigrcing the
vertebroe. An exceéptionadl antmol, Abu
charges from as far as 150 feet: most
rigers display only short bursts of speed
If the hunter misses, as the average adull
does perhaps 19 out of 20 times, it ghves
up anid seeks a different prey, sometimes
lying tn wair beside a game tratl or
water hole

With no comcern for a former mate,
Mario feasts (right) on a sambar doe he

stole from Lakshmi. Fastidious even
| P

when fomished, o tiger carefully dresses
its preyv. Licking away any blpod, it cuts

through the skin of the hindguarters with

sfiearing teeth, pulls out Intestines with
LNCISOTS, ard |."|.'.'."1:"_ruL'['.' eI ILLES the rumen

sach. The tongue, rough as a scraper,

cleans the bones. In the end only the
[argest DOnes remain. forty pounds of

meal makes an ayverage day's meal
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Though sometimes within ten feet of them,
wie rarely know fear. "They come up Lo us, or
let us approach them, openly and mguisi-
tively, Never have they stalked us, and only
once have we been rushed in anger

We never feed them or stake out baits to
win their trust. We feel our mutoal respect
would suffer if the tigers came to see us mere-
ly as providers of {ood

E REGULARLY S5IGHT Live

adult tigresses in Kanha The

beautiful, quixotic, and aggressive

Banseri (after the Hindi word for bamboo

flute) we come to know best. We have spent
maore ime with her than any other tiger

Perhaps Banseri becomes my [avorite

tiger because of the startling intimacy of

our initial meeting. The first of the mon-
soon rains have come and gone. It 15 a
bright morning inearly July, sparkling with
dew and clear light., Bloe and 1 walch six

elephants and their rnders comb a small
meadow searching for tigers. The mahouts
see nothing of interest and move out of sight

I decide that it is safe enough to go bird-
watching. 1 follow & narrow ammal tral
that traverses the meadow, Across it T walk
up the bank of a damp gully. Rising out of
the three-foot-high grass, like slow fire,
loomsthe head of a tiger about 15 feet away

[ look straight into Banseri's eves, and |
turn to fce. The cat is ready to spring. Our
éves lock for only a split second. 1hen she
roars deafeningly, wheels, and runs off.

| walk back on rubbery legs to the jeep.
There is no time to dwell on the incident
Socn Sabir, riding the tusker Shivaii, comes
up excitedly to tell us they have found a
tiger. It had come running from behind
thern. It is Banseri, fully stretched out and
campletely relaxed on the topmost rock of an
outcrop of boulders. Traitling wisps of bam
boo screen her on all sides.

Fiercely possessive, Lakshmi [ies ciose 1o her chital siag dinner to profect if
from other tigers and scavengers. So protective dare tigers of their kill that they
fend off even small creatures like birds, After eating her fiil, Lakshmi will
cover the remains with leaves for her next meal With another kill—a sambar
dow brought down in a steep streambed—she could nol drag the carcass (o

THHR
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There isonlv one clearview of her. fromna
It i= wide enough for an ele
phant to stand on but has room for only three

roCKY ledg

of his legs. Sabirgingerly muneuvers Shivaji
'he ledge is less than 12 feet
from Bansert and shghtly

Hansen atl hrst acknowledges my Dres-
ence by no more than a raised evebrow. | be
min ta film. I look up {rom the camera tofind,
ondce more, my eves locked with those of the
tigress. ['his ome we stare loneer

Becouse a direct stare can be a challenge
o somme animals, 1 eventually look away
Perhaps she recognizes me from our earlier
shrls
[T nt

L |l||_-|'!|-'-|1

wlow her

encounter, for she hizses
with her Hps curied hack

SPiLS, and
l I:L‘
passes, banserd slumps, drapes herzelf ove
Lhe rock, and sleeps

As the months go by, there are

when wie st Banseri almest dails

[T s

In late
lanuary we notice as she hes beside her kill
that she has swollen teats, She has cubs! We

insuccessiully, to hude it with rocks (abowe). Ordinarily Hgers

corver and tried
L e B b o et bl life Rt a0 1 E .
EELCE TELY CFn) £0 L st |'||I|| ErE .'II.'| Er FELNT I'I"-.r_|lll [ e

the frdri-sabers dre

Phey attock humeans

dont see them until April, when Banser
emerges irom & cave tollowed by two small
rubis apout four months old

A month later the family moves down the
siope to a small, flat area of bamboo: The
ground 15 covered with large, dry leaves
Banseri lies on her side, stretches loxuriant-
lv. First one cub, then the other, comes over
Lo rub faces with herand to nurse. 1L isutter
Iv beguiling; the cubs, paws resting on theit
mother's flank, thewr faces moving up and
down with her breathing, nurse and nurse.
'or 45 minutes Lhey suckle uninterruptedly

O SEARCHOUT TIGERS 1In a veny

different habitat, we move on Lo
Ranthambhor, aboul 171 rikes

northwiest ol Ranha. he park consists
rounded hills covered with

seminnd scrub. But lakes e cradled in the

mostiv of low

hills. and it is because of this permanent wa

ter that tigers and their prey flourish here

STTETLIMEes
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cttle and plant fields inside the animaols? ranges: Dozens of deaths have beer
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[he terrain is too rocky and scrubby for
We fallow the tigers in an
weep. Blue drives while I sitin the back with
the camera mounted on a short tripod. 1t is
ldeal for Almineg. Beang lower and nd
perched an top of an eléphant, we have a
closer, more intimate view of the tgers

On a cool mornmg m
the tigress we call Links (the pattern on hes
tall resembles a chamn)., ahe 15

stretched out on a prominent rock, absorb

elephants LpeEn

N e

parly sprineg we tind
: .
HNKs In

ing the sun's early warmih
Fhoroughly warmed, she vawns
then twace. In
leaps down into the grass. Wi
briitat il muscular form. Sshe

LR,

e fluid motion she rises and
1olOWwW hiEr

2 1 i i el . ¥
walks le=urely through a iandscaps ol

occasional trees standing 10 a4 seg Of grass
From a thicket of bushes and Urees erupis
A peacodk’s Jar ai of alarm; we

.::I|II-.I. LA,
see the bird fly up in panic. Crows soon

II|II III|-r |L

i " . |
cawing and looKing
tvpical behavior

on it kill. Walking.
then trotlng, Links heéads for Lhe distur-

gather in the bushes,
down on the

when they find a lige:

erround

from another tiger defending 1ts kil

Instead, a jungle cat, about the size of an
ordinary house cat, runs off. It had caught a
which Links promptly steals. 1 he
LIEress P ks the hird L i [l JAWS, but in

peahel

surh & way that its wings fan oul and cove!
her eves, She blunders inlo bushes and trees,
She tries walking backward, with no better
results. The more Links runs into obstruc-
the more confused she becomes. Al-
most panic-stricken, she finally sits down
Vision restoreéd. she eats the bird, Alter her

snack she stretches out to sieep

OIS,

In midnafternoon Links walks to the edpge
of the thicket and scans the grasslanc. A

herd of spotted deer 15 emerging from the

ecember [ Y
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distant tree line. We are alerted by the
change in her. She is suddenly tense, all
senses directed at the deer, waiting intently
as they move nearer. We back off a little so
that we are no longer between Links and the
herd., slowly, almost immperceptibly, the t-
press rises toa half crouch and slinks into the
thicker grass. All we can see are the white
spots on the backs of her ears

She has gone 30 vards or so when she turns
back i our direction, staring directly at us
with an intensity we had not experienced
before. Slowly she turns completely around
and comes straight toward the jeep

We shift in our seats. Has she become so
nungry she is stalking us?

Instinctively looking behind me, 1 see
whatsheisstalking. A vearling male sambar
15 walking up behind us. The wily Links is
using us as cover. The unsuspecting sambar
comes ever closer,

Figer! Lord of the Indian Jungl

Links 15 crouched, frozen, taut muscles
standing out in ridges under her smooth
skin, Tautness and tension explode in one
gigantic leap. With the claws of her front
paws oul and straming, Links reaches for
the sambar. He barksin fmght and races off,
Links hot on hizs heels. Her claws must have
grazed his skin, but he escapes

Fifteen times we have seen tigers stalk
A deer. Not once did they kill their prev
Few attucks, perhaps only one in twenty,
are sucressiul.

XCITED A5 WE ARE by these expe-
riences, they pale into msignificance
when Abu makes his presence fell

Abu turns out to be & supertiger, one of ex-
traordingry power and assertiveness. He is
taster, stronger, more athletic than any we
have ever met. When he makes his move; he
does so with great determination and force
Yet he 15 no larger and certainly less bulky
than the other fully adult males with which
we have been involved

Abu is without malice. We often ap
proach him wvery closely without being
threatened. More than once he uses our jeep
as cover to stalk a sambar or spotted deer

Un @ chill and moonless night we sit be
sidde a comforting fire under & huge banvan
tree with our friend Fateh Singh Rathore,
field director of Ranthambhor, Halfway
through our evening meal, a full-throated
roar resounds across the lake. Again and
again the tiger roars, ever closer

We had never recorded such calls. We
unceremoniously leave our dinner, grab our
tape recorder, and race off in the jeep,
though ill prepared. The jeép's battery Is
almost dead; we can use our headlights
only sparingly. Ourtlashhght produces only
a ghmmer,

The tiger is still roaring as we set off, but
soon he falls silent. We stop where we think
he has last called, and Blue sets up the re-
corder. Onlythe stars, crackling and blaring

Expert at doing nothing, tigers spend
miost of thetr time conserving energy for
the hunr. Lakshmi lolls in the dry leaves
after feeding for three davs on a chital
stag. She won't hunt for two more days
tn a eyele of workand rest






in the cold sky, give us light—we are sur-
prizsed at how much we can see. But we hear
rather than see the tiger. Now he roars with
full force only 40 or 50 feet from uz—a thun-
dering sound that makes our hair stand on
end and our blood run cold.

Assuddenly as they began, the roars stop.
In the silence, our senses heightened by the
How of adrenaline, we can hear the faintest
cricket chirp. Anowl calling softly overhead
startles us unreasonably, The crackling
sound of footsteps on dry leaves and twigs
comes toward us.

In the famnt light we see the tiger emerging
from the underbrush. He advances purpose-
fully and steadily. When he isclose, perhaps
20 feet, we turn on our feeble flashlight. It=
beam is just enough to identify Abu, He
walks past without a glance at us.

For four hours Abu walks around and
roirs, his volume never dimimishing. Never
before or since have we heard a tiger roar or
produce any other sound for such a sus-

tained period.

AMBARS become compulsive lake
visitors as March ends, Herrds of a=
many as 30 ammals descend from the

hills two and sometimes three times a day to
drink and to feed greedily on the water lilies.
To reach the water, the sambars must walk
through tall grass that fringes the lakes. This
15 when they are most vulnerable toambush,
in which Abu specializes,

One morning we track Abu to a lake
where his pugmarks disappear inlo the
grass, They do not reappear at the other
side. We place ourselves with a good view
of where we think the tiger will make
his rush., Sambars arrive at the lake but
stay on the opposite shore. Constantly they
test the air with their sensitive noses.
More deer come as the day wears on; the
increase in numbers gives them confidence.
Walking through the shallows, nibbling
at waterweeds, thev slowly move towsard
Abu's hiding place,

We see him begin to stalk. Slowly he

creeps to the edge of the grass, Only a thin
screen hides him, He lies down. None of the
deer can see the tiger sitting immobile some
60 feet from them.

A doe with asmall fawn at heel finally de-
tects Abu, perhape scenting him on the light
breeze. She wheels. Before she has taken a
single running step, Abu, in an explosion of
power and speed, bursts from cover and
chases the herd into deeper water.

In four gigantic bounds Abu pounces on
the fawn, pushes it underwater, and grabs it
in his powerful jaws. He shakes it. Trotting
back to shore, he disappears into the grass,
The sambars have vanished. In a few mo-
ments birds sing again and monkeyvs resume
play. Tt is as though nothing has happened.

For the first time in & decade of tiger-
walching, we have witnessed a kill.

chase, he I1s even more tenacious

when it comes to defending his kill.

Blue and 1 know this too well. We watch for

hours one day as he struggles to reclaim his

sambar prey from the crocs in the lake and

then haul it ashore and into the forest, He is
eating hungrilv when we approach him

For Abu, our intrusion seems the last
straw. Without warning he charges, bound-
ing right up to the front of the jeep—claws
lashing out, teeth bared.

We shout and wave our cameras and
whatever else we can grab in his face. Atthe
last moment he relents, Growling under his
breath, he returns to his kill. As we slowly
back away, he dashes snarling at us again,
but we are able to keep our distance.

We can onlv assume that the tensions of
the day have put Abu on edge. We had been
much closer to him before, and have been
since, without a threat from him.

A few davs before we leave Ranthambhor
and tigercountry, Abu and Links get togeth-
er, and we manage to film them in some-
tmes tender, sometimes violent intimacy,
Our tiger story, thanks to Abu the super-
tiger, s complete. []

HL‘}WE‘U’ ERRESOLUTE Abu is in the

Beauty of the beast reflects from a forest pool that draws animals of Kanha from
great distances during the dry season. The tigress (s ever aware of other tigers in
her vicinity in order to avoid encounters. Brought back from the edge of extinetion,
the tiger remains an enduring part of Indio’s wildlife heritags.

Tiger! Lord of the Indian Jungle
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Six lolling sperm whales (abowve) chat in thetr
mysterious clicking language, Codas—apmig
patierns of ¢ may permmit indivduals to

i

identify each other, Other clichs
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resemrch wessel Tulip, the author (below) tracks

ST whales o the northern [ndian Ocean
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&Sri Lanka hos won woridwide gratifude and
congratulations for (ts role in establishing
the Indian Ocean as an internafional marine
mammals sanctuary. Leaders in that effort have
been Sri Lanka’s National Aguatic Resources
Agencyand Lis affiliated Centre for Rezearchon
Marine Mommals of the Indian Cloean.,
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hour watch my four fellow crew mem-
bers aboard the research vessel Tulip
are asleep, and 1 am alone with the sounds,

Through a sensitive hydrophone sus-
pended beneath Tulip, I hear the clicks of a
family group of about 15 whales half a mile
below me, spréad out over an areéa of several
square miles. Some of the whales are silent,
but most are clicking regularly, about once
every second, as they hunt for food in the
depths. To me they sound like several gal-
loping horses.

Most scientists bhelieve that these regular
clicks are a form of echolocation by which
sperm whales find their prev and home inon
it. As 1 listen, one of the louder series of
clicks suddenly pauses, then begins again at
a faster rate—perhaps three clicks a secand.

I can visualize the scene below as the
whale approaches its prey, probably squid
or fish. The clicks grow faster as the distance
narrows, until the whale sounds like a
creaking door. Then all at once the clicks
stop abruptly, and the hunt is over. Soon a
different series of clicks begins to speed up,
and another chase is on.

Such nightly foraging is vital to these
sperm whales, who must fuel their massive
| 2-ton bodies with an average of about 800
pounds of squid and fish a day.

Over the past three years my colleagues
and I have studied these fascinating, little-
known creatures in the waters off Sri Lanka
in the Indian Ocean (map, left), We socon
learned that although the whales have eyes,
and sometimes seem to be studving ws,
sound is more important 1o them than vi-
sion. It is principally with their clicks that
they “see” the world around them.

Thus, to me, these clicks resounding in
the depths give a clearer sense of the life of
the sperm whale than do the strange, wrin-
kled bodies we see in dayvlight on the surface.

But the clicks are more than & means of
echolocation; they appear to be a form of
communication. Dr. William Watkins of
the Woods Hole Oceanographic Tnstitution
in Massachusetts has detected what he calls
codas, which are distinctive patterns of
clicks that zeem to be different for each indi-
vidual whale,

We often hear these codas when the

TIS AT NIGHT that 1 feel closest to
the sperm whales, During this three-

whales are socializing—maneuvering close
to one another at or near the surface, usually
at midday. The whales seem to “talk™ by
means of the codas in patterns we have come
to recognize but cannot yvet understand.

During my three-hour watch that night T
heard few codas, for the whales were at
work down below, hunting rather than so-
cializing. As dawn swept the ocean, | knew
my colleagues and T would scon be able wo
see the whales

We were a well-matched team: Jonathan
(tordon, an English research student at the
University of Cambridge doing his doctoral
thesis on sperm whales; Americans Margo
Rice and Martha Smythe, both experienced
ohservers of whales; Gay Alling, a graduate
student at Yale University interested in dol-
phins and the smaller whales; and 1, a re-
search associate at the Newfoundland
Institute for Cold Ocean Science at Memoni-
al University in 5t John's

We were all o long way from home, and so
wiis Tudip, She was built in France as a sail-
ing yvacht, with a 33-foot fiberglass hull, n
25-horsepower diesel engine, and room
encugh below to sleep five. She had been
named after the flower symbaolic of the
Metherlands, in honor of the country whose
people supplied funds for our study through
the World Wildlife Fund of the Netherlands
and the International Union for Conserva-
tion of Nature (IUCN).

Over the course of our studv between
1981 and 1984, a dozen students and sci-
entists, all satlors, were to come and go
aboard Twlip, but that April morning of
1983 was typical in terms of crew and daily
routine.

STHE EASTERN 5SKY grew lighter,
A I adjusted Tulip's sails and self-
steering gear toa headingof 135°, the
direction the whales were moving at a lei-
surely two knots. Then I went below, put
the kettle on for téea, made an entry in the
ship's log, and shook Martha hightly,

“Wike up. Your watch—we're still with
the whales "

Minutes later Martha came on deck with
Iwo steammg mugs and handed me one
“Where are the whales?" she asked.

“Heading southeast at about two knots, "1
said, “You'll hear thém on the hvdrophone ™

T
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An hour after sunrise we spotted the
whales on the surface
tioned themselves at various points aboard
Fultp for davtime observation. Jonathan
climbed the mast and suspended himself in

and our orew sia-

hosun's chair at the crosstrees,
draped with cameras, a tape recorder, and
anintercom unit to Marthiaon deck. Martha
recorded Jonathan's observations and re-

laved directional signals to me at the helm.

d CAITVAS

Ac usual, Gav and Marpo stationeéd them-
selves at the bow with cameras. Thus nearly
everyvthing that happened would be record
& by at least one member of the tenm

Like the whalers of old, we normally
sighted sperm whales by spray irom their
low, slanted blows at the surface. Unlike
the whalers, however, we were engaged in
‘bemign® research—that is, research based
an observation of living whales rather than
on examination of harpooned carcaszes,
One of the pioneers of bénign research on
w hiiles 15 the distinguished Amencan cetolo
gist Pr. Koger Pavne, who joined us aboard
Fubp tor several days in 1983 and 19547

On that April morning the whales allowed
us to =ail within a few yvards as they saun
tered] slong at the surface. We .l[l]lt'l‘lii.1'|'|L'l|

one of them cautiously as | eased the sals
and we dnfted gently alongside. (nlv the
click of cameras and the regular blowing of
the whiaile it=elf broke the silence

With practiced routine we ook the
whale's portrait. Jonathan photographed
from above o determine its length, at the
same Lime tape-recording its blows o estab
lish their number and [réguend
Margn concentrated on photographing Lthe
dorsal fin, a kev element in the identification
of sperm whales. Martha noted a distin-
guishing feature of the dorsal

“It's a female; she's pol a callosity, she
said, pointing to a large pale callus at the top
of the fin, Mature male SPETI W hiiles do not
exhihit this phenomenon.

After 15 minutes on the surface and pre-
cisely 60 blows, the whale arched her back
and accelerivted. The great square forehead
thrust upward for a fingl blow, the whale
arched down, lifted her massive flulies; and
was eone. At the last moment Gav and Mar-
g0 managed to photograph the flukes, an
ecually vital feature for identficabon

{_-;'l-l.".' ani

see Roper Payvoe's NaTionan GEGGRAVEIC al
ches on bt whales (March 1976 and October 1973

ar] hamplacks (Aol 19482 and Jamiary 1979)
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Bul our portrait was still incomplete. As
the smooth slick from the whale's sounding
began to spread, we hurned to the spot and
with a dip net scooped up some of the feces
she had released on diving. As usual the fe
ces contained sqguid benks, ong of the few
maternials that seem to survive the sperm
whale's digestive system (below). Most of
the beaks were almost half an inch long,
remnants of squid roughly one to two feet in
length and two to four pounds in weight
Une beak, however, measured roughly an
inch, indicating a =quid about seven feet
long and weighing as much as 80 pounds

ROM HUNDREDS of such davs

and mghts we slowly gathered data

on what Herman Melville describec
in Maoby hick as “the most formidab
all whales to encounter; the most majestic
in aspect.” Probably Melville was referring
to the full-grown bull sperm whale, which
can reach a length of 60 feet and a weight ol
more than 60 tons. During our study, how-
ever, we encountered one species of whale
that 1s more majestic if not more lormideble
than the bull sperm whale. This is the greal
blue whale (pages 786-9), whose bulk can

& Ol

With misguided affection, a newbomn
calf (left) nuzzles the hull of Tulip. The
author theorized that the calf may have
mustaken the pings of the boat’s depth
sounder for the cliching noises of its
parent. To stndy feeding behavior, which
oceurs at great depths, crew members
gather whale feces (right) as indirec
ewidence. The feces contoined sgurd
beaks (above), which were saved for
species identification

The Unkmnown Gilants

equal that of 33 African elephants and
which remains the largest creature ever to
inhabit the earth.

Yet despite its somewhat smaller size, the
sperm whale to me 18 4 more fascinating ani-
mal, one that has few equals when it comes
to concentriated might. Among all the great
whales the sperm whale alone has teeth: the
rest have baleen with which to straan their
food from the sea

Cin the surface the sperm whale is admit-
tedly unimpressive, resembling a huge,
wrinkled log. Were it not for the periodic
blows, in fact, one might scarcely know the
ereal snimal was alive;

Onee  underwater, however, sperm
whales are different creatures-—flexible,
graceful, wonderfully maneuverahle

shll, the sperm whale 15 decidedly weird
in-appearance. [ts front quarter consists of
an enormous bulging "case,” avast forehead
Hlled with the finest 01l known to man. Early
whalers mistook the oil for sperm and
named the anmmal accordingly. Onece the

ail's value was known, the sperm whale was
relentlessly hunted down and reduced from
estimated original stocks of more than a mil-
lion to several hundred thousand today
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recent birth. Early on the
second morning an adult whale, whose eal-
lus on the dorsal finidentified itas a
suddenly surfaced 30 vards off Tulip's bow,
flexing her body so that at times both het
head and flukes were out of the water. Mo
ments later she rolled over, presenting her
belly to us, as a torrent of blood gushed from
her genital area. A dark object followed,
IJf:Lll‘ri.||1312|}' geconds into a nny
sperm whale calf with curled Aukes and a
bent dorsal .---||JILLJ;-T- alongside its mother
Lindy was pverboard with
mask and snorkel, and 1 was up the mas
We watched in amazen
rated itself from its |'.|_._-I_|_|_-:' and approached
to Lindy

i ﬂ'lljrl;f'ﬁ OfF VeI

female,

L] 1
WITIILN

instantly
et as the calf =

> el

closer and closer

"1 could see the umbilicus attached to the

calf,” Landy “as well as the after-
birth protruding from the mother. 1 was as
the call had bright bhlue eves,
So0n the call was put through a rigorous

Four adults gathered to

=a1] inter,

topids liedd that

ardeal mspect the

newcomet, pushing and squeezing it among

themselves as though to get closest to it. Al
of the
isttors retired, and the
Lindy agam, hovering a
Obviously intrigued, the

GNE [---IhT the calf was hited bodily out

water. F |':.1|._. the vi
call caugh : sight of
dozen vards away
calt swam :'lIJI':'_-! Vv OVER o investieate and
stopped a vard from Lindy while the mother
nung back :

Lindy was awed |
distance of such a newly born creature

Lateér, when Lindy returned aboard, Car
oline remarked, *You know, that calf -['-l'-lu'

wre time with .rb.-||.r|||"-:_'_l I|_1|| bt of
!-..!. than il did with its mother!

A calf hung
i.l]i-l} .if rIJLiIh'rII} lllﬂ-i-iL'{55J I Uf:j-

/ fl:'ﬂ.:- [JIIILH']JL: W as "flr]ngnl].
echo sounder was operating,
rnes of pings. To Lindy's su
SWEIM nuzzied the bDoat's
where the echo sounder was lo
Dy mastaking £yl for another adult

By this time there was no longer any sign
of the calf orrified at the

witching.
v being within touching

Ax the motionless inspecting
but the
emitting a se-
thie call
hull

[1f|5:ﬂ

?]1?1312
OY BT .1rnl

cated,

'« mother. We were h




thought of the calf as an ahandoned waif, a
victim of starvation or of the first predator to
come along, There was nothing we could do
but leave, for to stay with the calf might pre-
vent the mother from rejoining her off-
spring. An hour later, to our great relief, we
saw an adult female—the mother or some
other member of the group—with the calf

OR ALL their decimation of whales,
F:ﬂmmtﬂ:iﬂl whalers left one useful

legacy to the conservationists: They
have told them where to look for survivars.
In choosing the area for our study, Jonathan
Gordon and 1 had examined 19th-century
records that deseribed the Indian Oceanasa
vast and inexhaustible whale sanctuary.

Inexhaustible it is not, but a sanctuary it
haz become, thanks largely to the govern-
ment of the Sevchelles. In 1979 the Sey-
chelles proposed the Indian Ocean as an
international refuge for whales and suggest-
ed that studies of them be conducted there.

Ours was one of the first studies, and dur-
ing it we encountered nol only sperm whales
but also giant blues, Bryde's whales, and
rare beaked whales. We also heard the
haunting underwater songs of humpbacks.
We saw dolphins, too, and thanks to Gay
Alling’s research, Sri Lankans are aware of
the tragedy befalling these beautiful crea-
tures. Throughout the Indian Ocean, as
elsewhere, they are being unintentionally
caught and killed by the tens of thousands in
drift nets set by commercial fishermen.

Noris the Indian Ocean entirely safe from
whaling. Although the International Whal-
ing Commission has declared a worldwide
moratorium on commercial whaling begin-
ning in 1986, Japan and the Soviet Union
have objected and may continue whaling,
possibly in the southern Indian Ccean.

In the long run education will also help
save the whales. As one of the most impor-
tant elements of our work, Margo Rice visit-
ed the schools of Sri Lanka and talked with
the students about whales, the ocean, and
their conservation. The response from her

audiences wasenthusiastic, but Margo's lec-
tures—like the Tulip project itself—are only
a beginning on which we must capitalize.

And what does Tulip leave in her wake?
To begin with, identification of more than
200 individual sperm whales, with invalu-
able data on their lives and behavior. Asour
research continues and the identification
files grow, scientists will be able to explore
the long-term relationships among sperm
whales, to trace their home ranges, and o
estimate their numbers far more accurately.

During our days spent tracking the
whales, we charted their exact movements.
We recorded their daily routines of resting,
feeding, and socializing, for instance the re-
ciprocal way in which groupsof females care
for one another’s voung. Thus the elaborate
and hitherto little-known social relation-
ships among these mysterious animals have
begun to unfold.

Research techniques developed aboard
Tulip prove that sperm whales need not be
killed to investigate their populations. Most
information provided by examining slaugh-
tered carcasses can, with suificient time and
effort, be obtained by methods used and re-
fined aboard Tulip.

But there is more to whale research than
numbers. During our study we were privi-
leged to live in the waters with the whales
and deolphins, to swim with them and probe
the surface of their great secrets. That privi-
lege was the gift of many generous people
from the Netherlands, the World Wildlife
Fund, and the IUCN. The National Geo-
graphic Society contributed superb photog-
raphy, and the Sri Lankan government's
National Aquatic Resources Agency fur-
nished invaluable advice and support.

More such people and additional research
are needed if whales and dolphins are to be
protected against the accelerated use and
development of their environment by man.

Now, whenever I put on the headphones
and hear the whales sounding the mysteries
of their strange world, 1 pray that the oceans
may never be silent. * * *

On its ceaseless commute, o sperm whale heads for the depths to hunt after taking
air. Analvsis of stomach contents suggests that it may dive as deep as two miles. But
the extent of its realm, like much of its behavior, remaing unknown, “Far above all
ather hunted whales, ™ wrote Herman Melville, *his is an unwritten Life.”

TR4
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BLUE WHALES

Looming like a submarine, a young blue whale off the coast of
5ri Lanka measures about 435 feet long. With maximum lengths
of nearly 100 feet, blue whales easily outstrip dinosaurs as the
largest animals ever to live on earth.

Blues start out big— 20 to 25 feet at birth—and gain weight at
the rate of 200 pounds a day while nursing. After weaning,



they are finicky eaters, feeding almost exclusively on certain
species of krill.

The whale’s size and speed discouraged harvesting until steam-
powered ships and guns that fired explosive-tipped harpoons
were introduced in the late 1800s, Subsequent slaughter reached
a peak in 1931, when nearly 30,000 were killed. Under pressure
from the International Whaling Commission, hunting nations in
1966 agreed to worldwide protection of the blue.
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L e one less traveled by...

Journey Dozon

Old U,LS 1

PHOTOGRAPHS AND TEXT BY
Iﬂ-.:l ( r Lnl [

FF YALKEDMY EAR OFF, did "Aun road. He was a tax colles

r who drove his
He' Franeces Wood., Oh, well. 1 guess one-seated buery from home to home and

she's carned the right. For 40 of her 91 was often inovited o st 1y 1D dinner. He
vears she taueht school. Her great wouldn't be welcome today, Auntie said,
great-grandfather came to West Goulds “Nowadavs nobody would be to home. ™

boro, Maine, to build roads in the earh That's her |.Ii.'-.|.'-.i..".' above, WaVINE F OO
18305, and as a child she bounced along bye. I was just beginning my own jJourney
what was to become U. 5. Route 1 in car- down this first U, 5. highway to reach from
ringes whose hard bottoms are still vividin  Cenada to Kev West., It covers a lot of

her memory. Her uncle also traveled the ground, from brawling cities (o backwater
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AV Rk but all alone the way 1 ot [0 ravieledd a siretch where Lhe autumn :-_.j:.ll__"r_-
ple like Auntie, whose families had staked seemed Lo Hluoresce against the dark Asp 1alt
put their plece of the voung America and ahead; even the brilhant vellow dividing line
stayed on harmonized with the environment. And

since those families first set out roots Ltheére arg still forgotten bridges that shelter
much of the nation has moved west, and swimming holes, and small towns where life

much of the old road has been encrusted remamsquiel as a leaf chaneineg color. 1 hity

with the fast-food joints of suburban strips take the traveler back to an earlier time

Hul there ane still glorous stretches of shad- when roads were [or visits and people were
i

highway. Some 30 miles northof Bostonl  just neighbars
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~"Wororing

r HE AUTOMOBILE had begun the
g revolution of American life by the
19205, and freewhealing families took to
the road by the millions. The Federal High-
wiry Act of 1921 unified the rapidly growing
system of roads under the slogan “Get the
farmer out of the mud.” U. 5. Route | was
designated in 1925, For 40 vears it flour-
ished as the East Coast's premier highway
during the golden age of motoring.

Inthe far north the road was buned under
snow half the vear; during the other half,
motorcycle cop Sam Michaud (below), still
living in Van Buren, Maine, rode’in mud or

UUEFEFRY Lasl WL A

Linking 14 states, Route | stretched 2,500
miiles from Fort Kent, Moineg, to Key West
Flonida, when 1t was completed in 1938
Imterstate 85, part of the still uncompleted
timited-access system launched o 19586,
roughly pareliels Rowte | but bears muore
directly south from Petersburg, Virgina, to
Jacksonville, Flonda, soving the traveler
{00 miles and many hivure,
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aut of the mud...

stifling dust. He didn't bother much with
bootleggers during Prohibition. In fact, he
I used to get a little bit myself."
Many highway stretches were once coach
roads that connected towns of the 13 colo-
nies, From Baltimore north the road linked
seaports—Philadelphia, New York, Bos
ton. South of Baltimore it veered inland to
connect communities that had grown up at
the farthest points of navigation in coastal
rivers, such as Richmond on the James
Chvertand travel was hardship and adven-
ture for 300 vears, and many wrote wills be-
101e -.‘.-{rl'.i]]:_:' aout. Some sections that became

L

Route 1, still dirtinthe 19205, were regarded
as satisfactory if the mud didn't top travel-
bools. South of Washington, 1y L., In
below nght, construction workers
strugzle m spring ruts neir what is now Ford
Beivoir. In the citigs, cars vie with trolies
traffic, as shown on West Broad Street in
Wwestérly, Rhode Isinnd, in the mid-1920s,
helow left. KHoute 1 soon became svnony-
mous with vacation trips to Flonda, where
in 1922, bottom, travelers stop for oranges
Hut the halcvon days ended in the early 605
as the United States geared up the Interstate
Highway System

I;.I._
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its entire length, but long-

cistance travelers don't use it
F - L" 4” “‘- ‘:ﬂh‘ !  much any more. Too slow, thuv
i “l i Mﬂi“ SHY. Some add that the highw:
s | del 15 also too dangerous; "Old
_ m J‘m Bloody," they call it, Most prefer
iﬂi‘ |J'l"‘ H Interstote %5, but 85 a limited-

ncciess highway it whisks the
traveler past the towns and
viliages of the eastern seaboard
and pastits 80 million people
with hardly a friendly glance

Route 1 1s almost suffocated
with access. Manv folks back out
of thewr dnveways onto it. Where
it strugeles through huge and
indifferent cities, it's just another
street. In the country it divides a
iandscape of sagging toolsheds,
guest cottages, old hillboards,
and rusting gas pumps
OVETErOWnH Wil h wisteria.

Have vou ever driven through
g museums That's Route 1, an
open-air exhibition whose
displays change with the seasons.
‘The old car peering from its
garage | photographed in Maine;
| liked the way the flowers
swayed in the breeze

The abandoned gas station
and store near Woyveross,
Lieorgia, left, was typical along
remote sections. When the
[nterstates took the tourists
away, many businesses folded

“1t used to be the old General
Patton Store,” neighbor Nora
CGene Brooks told me. “It was
owned by Mr. McNeese, but 1
always called him ‘Uncle Mac’
He was a good old man. There'd
be potholes in the highway in
front of the store, and he'd get a
shovel and fill "'em in.™

The old Ford tractor,
festooned with weeds, plowed
many & field near Norhina, North
Carolinag. Its owner, Mr. Theo
Hecht, bought it from a man “an
the condition we would not et
the junkman have it.’

A Journey Down (Nd V. §. | /95



EOPLE I MET—some of
—* them—are pictured on these
pages. Sure, they're all as

different as Connecticut Yankees and
(reorriga Crackers. But what they seem
to share is a deep and quieting sense of
home, of belonging. They are the
bedrock for a restless nation

An elderly friend in a brisk, clean,
pine-scented New England town told
me why her family didn't migrate
elsewhere, “Look around vou. Why
would anyvone want 1o leaver”

Steving has left lavers of history so
distinct that a Smuthsonian Resident
Assoriates program sponsors
“commercial archacology tours along
the highway north of Washington
Tour director Peter H. Smith writeés

“*Today we revere the restored colonial
heritage of Williamsburg. It 1s easily

conceivable that, two hundred years

from now, the culture represented by
Eoute 1 will I"I_' I_'|i_|j.3:i|.:'-. revered. "

When | set out to document this
grand attic of a highway two years
ago, | had no idea it would become an
addiction. 1 have learned to love 1ts
character and its people. And I have
been drawn back again and again to
certain innocent places on the highway
—a snow-covered hill in the North, a
sharecropper's home in the South-
and 1 have not fully known why

But I can sayv with Robert Frost,
who wrote of another eastern road,
“1 took the one less traveled by, and
that has made all the difference.”
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the local people according
to the number of times the:
have to shovel their roofs
Ll Ore || i twie [
i y bad winter

I'his streich of high
hetwesen l'uta Buren and
Laritbou can get verv nasty
during a storm bDut 1s
usoally kept open v
snowplows. The hittle
mcture below shows thi
same hill, with the hom

Early road conditions
kept rural Mame n
isolation. When Launston
R. King, the first lawye:
settle in Canbou, arrived
town on April 14, 1865
rofdl was it mainly of

orduroy—rows of logs
-||l ating with swamp
.Il:ll' AEE b1 an ol
history book states, were
'slumping at every step in
the soft, IWED SNOW

That nizght President
Lincoln was assassinated o
Washington, but the new
didn’t reach Caribou for

:II””: LW WetK
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VOMETIMES I LOST the
original hghwav where 1t
L merged with a modern bypass
and 1 stopped to ask directions
That's how | first met 80-vear-ald
Norman Smith, the gentleman af
eit, a held engineer in the area for
many vears. Norman lives with his
wife, Edith, on a triangular piece of
land along Route 1, below, in
Newburvport, Massachusetts.
Although 1 didn' 210D for a histor
lesson, I sure got one. This was no
ordinary home. The plank floors
were too wide, the ceilings were tow
low, and the fireplace was too large
al least by "'"'!I:'.':.'I*'- ctandards
“How old is this house? 1 blurted
out, almaost before saying hello
“Well, it's never been out of the
smith family,"” replied Norman
‘Fart of 1t was built in 1678. I'm the
tenth generation to be born here.'
MNWow that sel off a conversation
Later dith dusted off an old
photograph of the house taken about

1800, far left. The homestead had 19

rooms ino those grand times, but the
wings were eventually removed.
Norman peéred at the boy and goat
in the foreground and chuckied
“Lhat's my father with his hilly goat,
the one that ate mv Aunt Annie’s go

to-meering hat!”

MNormin smith's ancestors co
from Romsey, England, in 1635, One
of them, Sgt. Thomas Smith, met his
maker in 1675, His compans
relurning from a mission, stopped to
“gather grapes, which hung in

usters in the forest that lined the
narrow road,” an old journal
expiains, when “they were surprised
by an ambascade of Indians.” The
evient was later called the Battle of
Ll el e B _ ~, Bloody Brook

e i e Norman s grandfather headed west
i after the Civil War and packed

= e supplies for the Union Pacific

g pos b dea sl Railroad, until Chief Red Cloud's
S1oux uprisings twice drove off his
mules; Then he came back to
Mazzsarhusetts:

And here the family stayed
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Gl VIEFP RIGHT UP! See the lovely
Princess Gaborah, the strange
young lady with the uncanny
ablity to transform herself into an
ugly old 480-pound gorilla! See the
1air sprout from her boc
That’s how barker Joel Geenshurg
captured thrill seekers for s
sicleshow it the Topsfield Fair in the
town of Topsfield, Massachusetts. |
was there loaded with cameras,
trying to capture the feeling of the
midway as the lights suddenly came
aliveat dusk. | remember that we
eved eiach other suspicionsly, each
wondering what kind of illusion the
other was tryving to perpetrate
T'he tair has been entertaining

local crowds for 160 vears,

Feonle from nearby towns such

as Newburyport, below, have
gathered over the vears to marvel at

nxen plowime matches, new cattle

A Jouraey Dovwn Eld U 5, |

breeds, the best draft horses, hooked
rugs, prizewinring jellies, and a

succession of technical dey clopments,

such as a noisy collection of gasoline
enmnes exhibited m 1903

They have also marveled at
Zachinni the Human Cannonball
and Bud Hamilton, who in 1935
performed here his famous “Dive of
Death,” 70 feet into a tank of water.

He missed and landed on the ground,

but onlv broke his arm

From the air Newburyvport looks a
lot like it did during its davs of glory
in thecarly 19th century, when
sadling ships so crowded the
sMerrimack Fiver that a man could
walk across without getting his feet
wet. Today smaller sailing crafi
cluster near the bridge that carries
Highway 1, while old warehouses af
dockside undergo renovation into
apariments and shops
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ECKED OUT in city lights al
luslk, Route 1 crosses the
Hudson Kiver on the George
Washington Bndge, passing the

ghitter of Manhattan's skvhne, In

New York City the highway has been
rerouted several times over the vears
[oday, where it cuts through the
heart of the Bronx, Number 1 does
double duty as a parking lot, a ball
field, a plavground, and,
occasionally, 4 junkvard with
far rignt
I'hat's Hector Lopez jozging the
Hronx streets, 1 didn’t know it was
Route 1"

Webister Avenue, It's a pPrecy Loueh

stripped Iorgotien cars,

he told me. "'We call 1

neirhborhood. There was a time

when I almost gave up running. Bu

when the touch guys would ask,
‘How's your running?’ they actoally
inspired me to keep at il

" Ivlay I ask vou a favor? Itwould
make me feel very zood if you conld
méntion Mr. Ror in your magazin
He was my high-school teacher nnd

also my gym teacher
~ure, Hector
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tferson’s Memorinl at center upside cdown in the taproom, near
| he nation prings money 1n the the bourbor
building at lefi 'he Smythe's Cottage own

-': |||-_|I |.|'| =1 0] LILER Yo e _| 1%L .lhu I il L || LI '|I|II.
Wwashington knew the road quite Lnion men captured my: great-
well back when it was called the prandfather Maurce Evans, whe
King's Hishway. Washington was a scout for Jeb Stuart and
SEPETIL ITILNCEY O s life a few miles faught in the Battle of
outh of here at Mount Vernon Fredericksburg. In prison thes

This 15 also Civil War countrv. hung him by his thumbs for

ind feclings still run steong. 1o a FeElUusIngE 10 i1 éntrencnment =
restaurant called the sSmythi when 1 got the restaurant, I said,

L ottage, 1n Fredenchkshure “Wwell] We'll hang Grrant upsile
Virginia, a picture of Union Ger lown 50 that Great-grandfathe;

lysses S. Grant hangs mockingh CHN rest 1H peac
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hese were left behind by the
changes of modern hghway
engineering. This byway neat
Bethune., South Carolinn, 1=
preservied more by chance than b

desizn and 15 quietly being reclaimed

[
v the lanrd

Many modern thoroughfares

started as narrow Indian trails

d Lsurney Doen €14 1

i To0f wicle

["he white man widenied

and deepened them with his
hobnailed plodding. Then came the

packhorse trail, the carrage road,

ind fimally the automobile highway

.I.-'ll.-"- LIELY I'II'I'- W E!'- VERture ol

the Interstate system often have to
mike their way through a forest of

commercial enterprises, emblazoned

with neon

--'||!||||'-!-I_':.- SIrips that

clash with the environmert, such as
Lthis one 1n Columbia, South

Carolina: It could be Anvwhere,
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' WAS IN WOLF PIT,
[ North Carolina, just above
the South Carolina border,
that I first met Eligah King
Hamilton and his wife, Lillie.

Later 1 went back to thiz rural
village astride Route 1 for
Lillie's "home-going,"” a simple,
emotional funeral witnessed by
family and friends who had
come to say good-bye. At the
funeral they sang, “Lean on
Jesus, He won't let vou down. ™
And as the pallbearers carried
Lillie from the church, bottom,
the choir leader laid down a
soul-searing Gospel boogie-
waogie on the piano that
reaffirmed the glory of God.

n that sad day 1 took thas
tamily portrait of King in his
front yard, surrounded by a half
brother, a son, and two of
Lillie's sisters. Later 1 followed
Lillie's granddaughter Lula Mae
Ratliff as she carried a rose to
Lillie's gravesite.

Un the day of the funeral King
took me across the fields and
pointed out the landmarks of his
lite, “1 got Lillie from night
there,” he said. [ was living
over that hill near them pine
We were married over yonder
top of that hill there. Fifty-nine
VEATS AZ0.

“I was born in nineteen-o-one,
the tenth day of July. 1 knowed
when this wasn't nuthin® but
sand. Oh, 1t was so beautiful o'er
vonder. Big cow pastures and
everything. 1'hey gzot tractors
now that can plant eight row
What & poor me! When I come
an, 1 had to do it from a pair of
mule. I plowed & many mules up
and down that hill."

A Jowrney Down Oid U, §. ] 51l
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T HOWFES were held for
//I;"' New Alma Hotel w

Vir. Braswell Deen, U. S
L ressman from south Gaeorga
uilt it in 1938 1 the =mall town
Almn on the ereat
el flourished
welcaming Georgla Fovernot
ther distinguished guests. Then it
1ed, like many others, especiall

wilh the ©i neE ol the Interstate: 11

5 and

lay 1dle for years, serving

north-south tourist

Then in 1980 Jay and Elizabeth
williams turned the lobby mnto a
antigue shop and craft
I |'."-"'|'rl'-:! I'-lll'l FLE TS TTLATLS

L& onEnal fiurniture—inlo stornge

| additional display areas
louring the rooms 1s a fantasy
and find a

ane door raomiul of

] missing and legs
Lipeén another to seg a

dismantied Austin-Healey sports

Rooms like this one, below

) [ |
s " 1 4 [} - . -
221ee of swetl nostalma for the no

sO-mislant past
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TTDERNESS of
/ reen, the great
Ih;- fenokee Swamp

siraddles the |:.-1.'|.l'.':.:li+-F]I'IEJIL:I
border: Route 1 just skirts i
ta the northeast. The vast
wetland is actually the source
of both the 5t. Marys and
Suwannee Rivers. Here |

ﬂ'n'ﬁﬂ! I Ifz M ILES H“RGER _ photographed JI*J':-E'I'I]:'.-'

" G Hickox, right, poling tea-
I — Kl“G brown water, the fifth
generation of his family to

live near the Okefenokee
Chief guide and jack-of-all-
trades, Johnny informed me
that " There's not & single
mosquito in the swamp
They're all marned and have
children.”

In Fort Lauderdale,
Florida, | noticed this man
and his macaw sharing some
secrel on a park bench,
upper left. Later he gave me
his business card: Leroy H.
Moe, Circuit Judge.

In Key West you usually
find John Meek at Mallory
Square pier in the evenings
At his nearby home, left, he
ralses iguanas. l've gol
Tony, Pancho, Cisco, and
Igeyv,” he told me. “Theyrea
hundred percent tame, but
they're primitive as hell,
They are not affectionate
pets, although everyvone
thinks they are. The
temperature drops, and then
instinet tells them to seek out
heat. My dog, or my neck
and shoulders.”

When did he come here?

“Let's see, wait'll I figure
out what I was driving
Yeah, a '65 Merc. It was

1965."

F 1 ] 1 ] LLE I-- %o
514 MNirtional Geagrapli December 1984









SLAND HOPPING south from
by Largo to Key West, Route ]
begins its countdown. At mil
marker 50, S¢ven Mile Bridge seems
1o head otl into the open sea,
Completed in 1982 it replaced 4
much narrower one, originally the
old Flagler ratlroad bridse. Before
hitting the north end of the bridee.
I always fortified myself with a
prece of Kev lime pie from the Seven
Mile Corill
Unetime deputy sherntt Everett
Rivas, left, began patrolling the
lower Keyvs ona H--'.':l'_‘- -Davidson

maotarcycle as ne told me
short of "27." That's him on the right
in an old photograph, sitting on his
Harley. Bootleggers hauling in liguor
from Havana ook up much of
Everetl's time in those Frohibition

VEArs: speedets pol off casier.

“1 used to do a lot of calling
down," said Everett, “You can get
better results talking to a person than
vou can by saving, ‘Hey, here's a
ticket.' ™

He once found it necessary to
reprimand one of Kev Wesl's most
famoirs residents. Ernest
Hemingway, whose house, now a
muselm, sits on Koute 1 just a few
olocks from its endd

~aid Everett: “One night Ernest
came out of 2loppy loe's Bar where
he hung out, and I told him, ‘Ernie, I
don't give a damn if vou kill vourself,
but you got innocent people in this
streel vou're hable to ran OVEer Anel
kill. And if vou get behind that car
wheel, I'll put vou injail.’

“*He looked at me and said. ‘T d
believe yvou mean it." "

Foverett and [ reminisced into thi
balmy tropical evening about this
redat old highway, and 1 told lnm

how 1 would never forget the people ]
{

i gotten 1o know along the war

Toure,  be said, "You know,

strangers are st friends who never
miet. "
And that's what I have learned

on Number 1 |:|



BEYOND SUPERMOUSE Changing

By ROBERT F. WEAVER

HE TWO MICE closely resembled
each other—the same brown hair with
patches of white, the same beady eyes
Indeed, they were siblings, {rom the
same litter. Yet in one respect the difference
wis shocking: One was normal 1n size, the
olther acolossius, more Lhan twice as big [.I:II.
contrast called to mind science Netion mov
es in which a mad scientist inadvertently
IE'_:'|_|i.l_':- ._-II'.I[hii!- ETOW T MONSIToUs S12E
The explanation for this “supermouse,”
however, lay not in fiction but in elegant sci
entilic work. Molecular biologists had given
it pro
duces the growth hormone in human beings.
'he gene obviously works well 1n mice Loo

Thi= is one of Lthe showier achievements of

it a working human gene—a gene t

hiotechnology, a burgeoning field in which ]
work as a molecular geneticist at the Univer-
sity of Kansas, Its powerful new technigques,
itting the
atom, promise help in resolving three of our

nlanet’s toughest problems: hunger, sick-

As awesome i their way as sp

We are nearly five billion people in this
tiplving (ast. Many countries

world and mu
have too little food, and hunger even more
widespread looms ahead. Thus genetic engi-
negrs are trving Lo modily crops so they will
Make more nutribous proteins, resist 15-
ease and other stresses, and even provide
zome of their own fertilizer. Biologmsts are
producing wvaccines against diseases that
attack livestock, and eventually they ma)
be genetically engineering finer animals

In the field of medicine, biotechnology

nromises aid for millions of people who sui-

fer from diabetes and for thousands of
vounesters afflicted with dwarfism. Deadly
human ailments including heart disease and !
cancer are beginmng to vield to biotechnol- E

DEY S weapons. 20, too, May intractabie ge

nietic disorders such as sickle-cell anenua

Mounting an assault on the COETER short- As the genetic structure found in the cells
age, molecu

ar biaologists are modifving of living things is grodually deciphered,
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garbage or cornstalks into alcohol or natural
gas, and studying a tree whose oily sap could
serve as diesel fuel.

Some of these wonders are only dreams.
But there are realities too, and every day
sees new advances,

This promise generates great excitement,
not least in the stock market. When Genen-
tech, & San Francisco biotechnology firm,
offered its stock for sale in 1980, speculators
snatched up more than a miilion shares at
the opening price of $35 each, then bid them
up to £88 on the first day. Though the price
soon fell, this was a buying craze many Wall
Streeters had not seen ina lifetime, Todayin
the U. &, alone, some 200 companics vie for
the rewards of what Britain's Economist
calls “one of the biggest industrial opportu-
nities of the late 20th century.™

POTENT TOOL of the hiotechnology
revolution developed during the past
decade is the marvel of gene cloning.
Essentially cloning is a process that can
produce unlimited numbers of identical
organisms. We can insert a gene—the deter-
minant of heredity in & living thing—into
a bhacterial cell and allow this passenger
gene Lo reproduce along with the host cell.
This way we clone the gene and bacterium
simultaneously,

The possibility of cloning human beings
has fascinated novelists. The rulers of Al-
dous Huxlev's Brave New World produced
legions of mindless automatons this way.
Similarly, the young Hitlers in Ira Levin's
The Boys from Brasil were created from
genes in the dictatar's cells.

Higher organisms can indeed be cloned.
Aslongago as 1961 Tir. J. B. Gurdon of the
Medical Research Council Laboratory of
Molecular Biology in Cambridge, England,
manipulated frog eggs to produce identical
tadpoles. '

Some cloning eccurs naturally; identical
twins are an example. But even if scientists
overcome formidable technical problems,
intentional human cloning will probably
never occur (in this country, at least) be-
cause of ethical reservations.

To understand gene cloning, consider
that genes are part of extremely long, chain-
like molecules of deoxyvribonucleic acid—
DNA_ They form the chromosomes that are
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part of the cells in all living things. These
DNA chains carry coded mstructions that a
cell follows to make proteins—the stuff that
makes life possible. Thus a gene is a blue-
print for a protein, a program followed by an
organism during its life but susceptible to
manipulation by the genetic engineer.

One such manipulation produces recom-
binant DINA, the heart of genetic engineer-
ing. Producing it is a task that Carolyn
Rankin, a University of Kansas graduate
student, often performs in my laboratory.

Carolyn begins the process by filling a test
tube with dead caterpillars, victims of an in-
sect virus we are studyving because of its sim-
ple genetic structure. In a small centrifuge
she separates the heavier virus from the
lighter host material, just as milk and cream
are separated in a dairy.

Her goal is to separate the viral genes and
reproduce each of them in handy amounts.
To do this, she isolntes the DNA of the virus
in & test tube and cuts it into pieces. This
cannol be done with a scalpel; DNA is too
amall, But it can be done with certain en-
gyvmes that act as molecular knives. For rea-
sons that we do not fully understand, such
AT EnZyme recognizes certain sequences in
the DNA strands, attaches itsell to them,
and by chemical action snips them apart.

Carolvn mixes these fragments with a
cloning vehicle—in this case a DNA frag-
ment from the workhorse of genetic engi-
neering, the common intestinal bacterium
Escherichia coli. It has been cut with the
same molecular knife, so that the viral and
bacterinl DNA fragments can combine,
forming recombinant DN A, Thisis the well-
known gene splice, accomplished by a com-
plex enzymatic reaction whose development
led to international recognition for several
scientists. Finally Carolyn inserts her DNA
hybrids hack into the E. coli cells and
spreads the cellsin alaboratory dish. At first
they are invisible. But after a few hours we
detect growths that resemble beads of tapi-
ocit. These are individual clones. Each has
become a factory for reproducing its own re-
combinant DNA.

In effect, gene cloning is like cutting a
printed page in half, inserting a new para-
graph in the middle, and photocopying the
altered version over and over to reproduce
the new material along with the old.

Narignal Geographic, December 1984




Eyes of hope. Ten-vear-old Tracy Moreno
California (abowve), borm with a growth
I::-'.' MIGATEE GETICIETMCY, FrEW [TVe INCres o O
treatmient with a man-made hormone
selentists af Genentech Inc. tn San Francise
mserted Auman growth-hormone genes into
oomimon sacteria. As the bacteria multiplied
ITE G FEFMEninlinom will, ey prodiices
if the hormone, later harvested
In 1983 scientists at the [Untversities of
i figrman

Frowiin-normone genes into mouse eml

Pennsylvanio and Washington inserti
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producing a giant mouse (right). This wias

e forst time that a human gene functioned n
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ATGC:

A simple
code of four
parts spells

out life

A PERFECT machineg not
only does its job but alss
duplicates ttself, producing
generations of machines

to continue the work. Within
each of us more than a trillion
such perfect machines

carry on the work of Life, a
cycle of creation and
renewal, an orchestration of
tissues and flulds into a
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functioning body. The machines
are called cells.

Ina cell (abowe) the
nucleus functions as the
controd center, containing
tightly pached coils of thread-
like molecules called
deoxyribonucleic acid, or
DINA—carrier of the genetic
blueprints for an erganism.
The strands of DNA ind
human cell are less than a
trillionth of an inch thick, but
if unraveled would stretch out
almost two yards.

In the nucleus, some of the
blueprints are copied, to be
dispatched like detailed
drawings to the foctory of the
endomplasmic reticulum. Here
tirry shops called ribosomes,
buils with proteins and
muaterial from the nucleolus,
use the drawings to assembile

amino acids into the proteing
that the cell neads.

Mitochondria provide
energy for the cell by burning
sugar products. In plant cells
chloroplasts use sunlight to
smymthesize sugars.

A schematic strand of DNA
curves out of the nuciews and
urwinds to reveal itz chemical
structure in the form of a
tadder, Twin bockbones of
sugars and phosphates,
colored in red, make up the
sides of the ladder. Two pairs
of chemical bases form the
ludder’s rungs. Ademine, A,
joins with thymine, T, both
shown in green. Guanine, O,
Jjoins with cytosing, C, blue.

Another model of DINA,
above the loddear, shows the
molecule’s characteristic
douwble-helix form much

National Geographic, December 1954



s tt oocurs tn nature.

The segquence of the base
patrs—itie ladder's rungs-
spells out the DNAS genetic
messages. Each complete
message detalling the
bludprint for one profein
I8 @ gends

Aead along one side of the
laddar, a gene message might
begin ATGC—for adenine,
thymine, guanineg, cytosine
Some 5,000 base pairs could
ENCOMpass e gniire seC of
genes—the genome—for a
SIMPLe VIrns

I'o spell out the blueprint
within each human cell,
though, would reguire more
than a million pages of the
INATIONAL GEOGRAFHIC
Wonderfully aimple, deeply
compiex—-I{ike life, {ike

MArUre
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Ploneéers of molecular biology, physicist Francis H. C. Crick,
eft, and biochemist James [, Watson deduced the double-haelix
structure aof DNA in 1853. They later received a Nobel prize for

therr historic discovery
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ball—pass along the length of In bacterial cells, replicated
its DNA molecules inside the loops of DNA migrate to
nucleus, uneipping them. opposite ends of the cell,
TO CONTINUE LIFE, the Other enzymes pair which then divides. In more
cell must duplicate its DNA unattached nuclestides— complex cells, such as human
blueprint, @ process called ladder nings joined to cells, the replicated molecules-
replication, in order that new  frogments of ladder sides— of DNA move apart within
cells may grow. with corresponding nucleotides  the nucleus. The cell divides
Before a cell divides, along the original DNA strands  across the nucleus to form two

enzymées—seen here a5 a blue
HE EARLIEST FRUITS of recomhbi-
T nant DNA have brought clear benefits
through the manufacture of human 1n-
sulin. Millions of diabetics depend upon reg-
ular injections of insulin, usually derived
from pigs and cattle. But animal insulin dif-
fers slightly from human insulin—some peo-
ple are allergic to it—and its supply varies
with the livestock market.

In 1978 scientists at Genentech endowed
E_ coli bacteria with synthesized human in-
sulin genes. As hoped, the bucteria respond-
ed by making the human protein. Produced
by Eli Lilly and Company and sold original-
lv in Europe and now also in the United
States, this first pharmaceutical product of
recombinant DN A can be made by microbes
in unlimited quantities.

I spoke with Sandy Atherton of Derby,
Kansas, who was the first diabetic in the
U. 8. to receive the engineered hormone, “1
read in the paper about this product and
asked to be included in tests at the Universi-
tv of Kansus School of Medicine at Wichita.

Fortunately, 1 was chosen. My father was a-

diabetic for 30 vears before he passed away,
and he had watched people die of the disease
before there was any insulin at all. T am

824

to form exact copies.

rer ol

very thankful for the progress scientists
have made.”

Today's microbial drug factories also pro-
duce human growth hormone, or HGH—
the stuff of supermouse. Its potential benefi-
ciaries: children, several thousand in the
U. 5., alone, who suffer from atypeof dwartf-
ism that occurs when the pituitary gland
makes insufficient HGH.

Doctors traditionally obtain HGH from
the pituitary glands of human cadavers. But
it takes hormones from 30 cadavers. extract-
ed at great cost, to treat a child for a single
vear. This limits treatment to one patient
in five. Worse, a black market in HGH has
diverted some of the precious protein to the
bodybuilding fad.

Dependence on cadavers persists, but
already genetic engineering can produce
enough HGH to treat every case of hypopi-
tuitary dwarfism. However, Food and Drug
Administration approval is needed before
this product can be marketed in the U, 5.

Human growth hormone holds promise
for treating other growth-stunting condi-
tions. It also may help people whose bodies
have been stressed, as by severe bums or
by widespread cancer. In response to the

National Geographic, December | 984



m.*‘:-;-._ //Iﬂn..-

-llr e
~.|‘..:;.“r"“““""“*'..

— - -

GLORD &, TN D SR FLLCE SUTTRD

it exposes the bases, whose maolecules, sichas transfer

Expression

sequence 1s the blueprint fora  RNA, or tRNA. reéad the

desired protein. mRNA code in groups of three
CELLS PRODUCE, or express, In a process similar to bases called codons.
thousands of proteins, First replication, the blueprint Each codon corresponds to

a chemical signal makes a
small opening in a DNA
molecule at a coded start signal,
As the opening rippleés along

the DNA towerd a stop signal,

one of 20 amino aclds in the
cell The ribosome drranges
the amino acids in the proper
order and links them to make
the protein.

i5 copied, resulting in a
one-sided molecule called
messenger RNA, often
abbreviated az mRNA.
Within the ribosome other

stress the body consumes itself, a phenome-
non known as wasting syndrome. Experi-
ments show that growth hormone helps
combat this dangerous reaction in animals,
and treatments that work with animals of-
ten help people.

CIENTISTS are also closing in on
America's leading killer, heart dis-

case, Gene splicers at Genentech have
produced a protein that activates the sub-
stence known as plasminogen found on
blood clots. When activated, it dissolves
clots that obstruct coronary arteries and
cause heart attacks, It is so potent and spe-
cific that it may even arrest a heart attack
under way. Another biotechnology firm,
Collaborative Research in Massachusetts,
soon will enter the clot-disselving sweep-
stakes. Says Dir. Orrie Friedman, chairman
of the board, “We have high hopes, It's one
of the hottest things we have going."
Finally, hundreds of scientists are turn-
ing biotechnology apainst the disease we
probably fear most, cancer. Tremendous
advances are being made in understanding
this frighttul affliction.
Cancer can be so devastating, growing 50

Changing Life’s Genetic Bluepring

inexorably and absorbing the hody's nutri-
ents so voraciously, thatl it almost seems
& foreign invader. Yet malignant tumors
descend from normal cells that stop acting
cooperatively and become parasites.

What transforms a cell from team player
into killer?

It now appears that we carry, in most of
our trillions of cells, a group of at least 20
so-called proto-oncogenes, These are very
similar to oncogenes, found in certain virus-
es, that can transform cells from normal to
cancerous. Proto-oncogenes may help with
routine cell life until something goes
wrong—Ifrom radiation, chemicals in ciga-
rette smoke, or other environmental influ-
ences—and the gene mutates, or changes.
Or the surroundings of the gene may change
and make it hyperactive.

Byitself, such a change is probably harm-
less; the person's life goes on unaffected. But
if another of these special genes is disrupted,
and it too mutates or becomes hyperactive,
the ¢ell begins the unfettered division that
signals cancer.

The brillinnt research that led to this con-
cept depended on cloned genes; only thev
could produce (Continued on page 830)
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Cutting an
embryo
yields twins

WO FORONE. The
technigue of embryo splitting
and transfer, developed by
scientists at Colorado State
Liniversity, can produce two
calves from a single embryo
[his increnses the reproduction
rates of superior animals o8
well as providing senetically
idemtical twins for laboratory
strdies

Demonstruting the procedur
at the school's Embryo Transfer
Laborgtory at Fort Collins, Dr
Ietsuo Takeda (left, top)
prepares to move o hollow gloss
pipette, indicated by his finger,
into a petri dish contatning
cattle embrvos g week old

Looking throwugh thi
microscope, Dr. Tokeda secures
an embryo for splitting (left,
center). The pipette, at left,
immobilizes the embiryo, cerbe
'1.:'" Lft'flrlll“ suctiorn, 1 hen Jakada
Maneuwvers a microsureicol
hlaode, right, that prerces a
pelatinous sac and cleaves the
embryo it two,. The embrvos
re then transferred 10 two
strropate mothers.

Bull calves (bottom) that
resulted from such a procedure
wedr backpacks in o pubarty-
tnducing study. From its
backpack, the calf ar right
receives regular tnjections af d
hormone that muty stimiulate
enriier sperm production, Fhe
calfat left, an ideal control
gince it 15 a genetically
identical twin, receives
infections of an tnert saline

eollition

MNarional Geoeraphic, December [9584



Cows gave more milk when

D Dale Baipmari, a

Cornzll University, [thao

Mew York, and his research
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When a strawberry creates a new plant
with a runner, left, the offspring’s
genetic blueprint is unchan sed since

it carries identical chromosomes from
the top of the triangle. This is asexusal
reproduction. Calves from & cow and

i, N ﬁ-. i .
. : bull mating inherit waried characterisiics,

-"_-{I # _ This is sexual reproduction.
3 L

[

| "1__

LONG BEFORE the genetic  at the plow, for fighting

)
Nature 5 basis of heredity was spirit, and, a& early as 1700,

understood, farmers bred for more milk or beef (below)

]
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enhance destrahle traits. Ina  in which an éntire organism

1 sense the first genetic grows to the genetic blueprint
Imprﬂves engineers, they recognized of a sole parent, sexual mating
that selecting superior is nature's way of varving the
thE brEEd parents produced fmproved genetic pattern by combining
offspring, alements from two blusprints
Since domestication, cattle Az DNA within the ovary
have been bred for strength ard testis cells replicates,
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SEXUAL REPRODUCTION

.li',EF".[..I' LATTON CROSSOVER

UIEYCARE) Sl 1)

Chromesomes called X and ¥
determine sex. An ovary cell, above
feft, carries two X chromosomes. A
testrs cell, befow left, carrres an X
and a ¥, As the calls divide, sex cells
are formed, Esqg cells carry only the X
rOmasome, Sperm cefls can carry
an X or a ¥ chromasame.

Eﬂ-"."-TJ'DH

Merger of two X

cells results in
= female calf,

a number of DNA molecules

truat the jotning of sperm cell Sarmé genetic traits, (ke

L7 CArITIOSOITIES CrOSS O eEr
and exchange genetic
information before the cells

divide. The resulting cells
blueprints have the same

gengral order but new patterns,

When the sex cells divide
for the second time, creating
egg cells and sperm cells, a
change occurs. The number of
chromosomes s halved, so

il "ERREEE. PR ETS
FOFER, MELE, EEA WIHEE

and egg cell will constitute g
normal doubde set of
chromosormes

I'raits passed on by the
parents to the new cell’s genes
may appear or e hedden., A
dominant trait is expressed
il | '-'.'i'.':'H |:'?1|'_'.l are i|_l-rJ:,r.-_'f'.:
cortributes it A recess{ve
trivit is notexpressed unless it
t5 passed on by both parents.

BEEr FrOCE, | -0
BETFD FON ERLT MAFLUEHITY

celor blindness, are sex
[mked. Since only X
chromosomes carry these
genes, males inherit them
from thetr mothers, while
females inherit them from
both parents:

This nature, the ulftmate
genetic engineer, fushions
cregiureés of seemingly tnfimite
wariety,
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enough DNA to reveal the subtle differences
between the altered genes and their normal
counterparts.

Much of cancer's notorious resistance to
therapy lies in the ability of tumor cells to
metastasize—break off from the primary
tumor, migrate through the bloodstream or
lymph system, and colonize other areas of
the body, This often foredooms surgery or
local radiation treatment.

Chemotherapy, which treats the whole
body, offers at present the best hope ofacure
once cancer has begun to spread. But the
drugs now used are powerful poisons; they
kill healthy cells in hair follicles, intestinal
lining, and bone marrow, and cause hair
loss, nausea, and partial loss of immunity.

New products of biotechnology that could
kill cancers withoul harming normal cells
may eventually supplement conventional
chemotherapy, Most would stimulate or
mimic the body"s own immune system, help-
ing it repel cancer cells as well as invaders
such as viruses and bacteria by producing
defensive cells and antibodies.

cells can frustrate almost any defense.

Like master spies they even seem to dis-
guise themselves in order to evade the im-
mune systerm. To penetrate these disguises,
the body needs clever counterspies, which
biotechnology can provide in the form of
monoclonal antibodies.

These agents were merely a doctor's
dream until Cesar Milstein and Georges
Kidhler created them in 1975 at the Medical
Research Council laboratory in Cambridge,
England.

Dirs. Milstein and Kéhler began by inject-
ing a mouse with an antigen, a foreign sub-
stance that elicits an immune response—
thatis, the body produces antibodies to repel
the invader. Taking antibody-producing
cells from the immunized mouse, they fused
them with mouse tumor cells, conferring on
them the ability to divide indefinitely like
cancer cells. The resulting cells—called
hyvbridomas—have the staying power to
produce the antibody continuously.

Molecular binlogists devote a lot of time
and ingenuity toward making monoclonal
antibodies more deadly to cancer cells. One
approach is to tag them with a radicactive

lT WILLNOT beeasy, Established cancer
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element. Such “hot” antibodies bind o tu-
mor cells and zap them with their radioac-
tivity. Scientists at several research centers
arpund the country have aimed these agents
at a variety of tumors,

Inthe handsof Drs. John Kersey and Nor-
ma Ramsay at the University of Minnesots,
monoclonal antibodies isolated by immu-
nologist Tucker LeBien have dealt a blow to
the dreaded malignancy of the bone mar-
row, leukemia. In their procedure, the phy-
sicians take bone marrow from the patient
and treat it outside the body with mono-
clonal antibodies and certain hlood proteins
to kill the leukemia cells. Then the patient
receives chemotherapy and a dose of radia-
tion sufficient to kill the bone-marrow cells
remaining in his body. This would be lethal
but for the precious marrow cells removed
and cleansed earlier, and now returned to
the patient. If all goes well, these cells repop-
ulate the bone marrow and grow normally.

Twenty-three leukemia patients, for
whom conventional therapy had failed,
hawve received the treatment, and four of the
first thirteen were still in remission after 16
months, in the summer of 1984.

Monoclonal antibodies also aid the fight
against leukemia by assisting in the trans-
plant of bone marrow from a healthy per-
son. Marrow produces the cells that reject
transplants, However, when marrow ilself
is transplanted it can reject its new host,
causing the life-threatening graft-versus-
host disease, But pretreatment of the mar-
row withantibodies kills the cells that would
cause this disease, so the guest marmrow ac-
ceplis its new guarters.

To strengthen the antibodies’ punch,
teams of researchers are coupling them to a
potent toxin. Dr. L. L. Houston and 1 have
collaborated on this approach at the Univer-
sity of Kansas.

One of our toxins comes from the castor
bean, & cause of accidental human poison-
ings since antquity. A lethsl ingredient
15 ricin, a two-part protein composed of
the poison and an agent that binds it to
the victim's cells. This castor poison alone
would be a poor antitumor agent because it
also kills normal cells, But what if we re-
place the binder with a monoclonal anti-
body that can home in on enemy cancer
cells? Dr. Houston has shown that such

National Geographic, December 1984



IMMUnotoxins can protect mice from tumor
cells, and clinicians are already conducting
with human caneer

My colleagues and I, supported by Eli Lil

Lrials patients

vy, have alzo cloned the poison gene, o we
will be able to shape it and its protein prod-
ucts to our own design, a process Lthat his

rise o the pun “designer genes. "™
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Milestones

1869 FElegant experiments with ped
planis enable Atistrian monk Gregor Men-
del to describe the mechanismsof heredity.

1944 Working with o bocterium that
causes pnewnonta, O. T, Avery of Rocke-
feller University and colleagues discover
that genes are made of DNA.

1953 Thedouble-helix structiure of DNA
i discovered by Francis H. C. Crick and
James D). Watson.

1965 RNA is used to achieve protein
synthesis in a test tube. Scientists demon-
strate that sequences of thre¢ nucteotides
specifamino acids to be linked together to
Jorm proteins by the ribosome. The genctic
code is crucked.

19740 Homilton Smith and Daniel No-
thans of Johns Hoplins University discov.
er and use a mew closs of restriction
enrymes, the chemical scissors that slice
and separate DNA molecules.

1972 Paul Berg and others ot Stanford
University combine the DNA from two vi-
ruses, a technigue that yields what is
called recombinant DNA.

1973 Stanley Cohen of Stanford and
Herbert Boyer of the Unpversity of Califor-
il af Son Froncisco insert recombinant
DNA into host bacteria that reproduce, or
clone, the foreign DNA. The age of genetic
engineering begins.

1977 Genentech, one of the first genetic
engineering companies, embarks on the
biosynthesis of important drugs by
recombinant DNA methods.

1977 Frederick Sanger of the British
Medical Reseorch Council and Walter
Gilbert of Harvard University indepen-
dently discover technigues for the rapid se-
quencing, or reading, of the order of
nucleotides in DNA molectiles.

1978 Sichle-cell anemio is diagnosed be-
forg birth of an infant by analysis of
irs POINA

1982 Humuor -insulin  produced by
recombinant DNA technigues 15 marheted
uitder the trade name Humulin,
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herpes infections, and the common cold.

The interferons belong to a class of pro-
tein hormones called lymphokines that
work by regulating the immune system.
Gamma interferon, for instance, stimulates
macrophages, cells that prowl the blood-
stream to search out and eat enemy cells,
including cancer cells.

In time lymphokines may help reverse
dangerous immune suppression caused by
cancer and its treatment. Interleukin-2 de-
veloped by the West Coast firms Cetus and
Immunex is being tested in clinical trigls.
Lymphokines may assist victims of acquired
immune defictency syndrome (AIDS), a
growing health threat. And they may benefit
children born with immune-system defects
so severe that they must live in germ-proof
plastic chambers—the plight of the nation-
ally mourned “bubble boy," David.

Occasionally our immune systemn works
too well. Then it turns the body against itself
in self-destructive diseases including rheu-
matoid arthritis, multiple sclerosis, and ju-
venile diabetes, Work 15 afoot to produce
Ilvmphokines that depress such immune sys-
tems and thereby halt the destruction, This
eventually could benefit the millions of us
afflicted with less severe forms of immune
hyperactivity—allergies.

Cancer specialists like toemphasize thatif
wie detect tumors early in growth, they will
be easier to treat and may not have metasta-
sized to remote areas of the body, Here again
biotechnology is looming large.

Monoclonal antibodies that are able to
recognize tumor cells may make ideal cancer
detectors, Dr. John Weinstein of the Nation-
al Institutes of Health injects cancerous
guinen pigs with antibodies tagged with
radioactivity, then scans with a detector
to locate metastases. This technique is be-
ginning to be applied to humsans,

HEN THE SALK polio vaccine
w-:ﬂme an the market in the early
19508, phvsicians  vaccinated
millions of patients, possibly including me,
before discovering that monkey cells used
for growing the vaccine carried unwanted
viruses. One of these was a rodent tumor
virus. Fortunately the wvaccine caused
no known increase n human cancer.
But as this case illustrates, most vaccines

Natitonal CGeographic, December 1984



carry an assortment of risks. Each contains,
in dead or weakened state, the virus it seeks
to defeat. This way it presumably will not
cause disease but will provide the proteins
that stimulate the patient's production of
antibodies—a key part of immunity. Occa-
sionallv, however, this weakened wviros
causes serious, even fatal, reactions. A
smallpox vaccination today is more dan-
gerous than the almost nonexistent risk of
contracting the disease itself,

Gene cloning can avoid such hazards, We
simply produce the viral protein that stimu-
lates our bodies to make antibodies, purify
it, and use it as g vaccine, free of contaming-
tion by the whaole virus,

Genentech already uses gene cloning for
developing a vaccine against the foot-and-
mouth virus that attacks cattle and swine,
sometimes forcing the destruction of whole
herds. Defective vaccines themselves have
caused outhbreaks. In the U. 5. the disease
has been eliminated, and even research on
the virus is banned on the mainland. Genen-
tech and United States Department of Agri-
culture (USDA) scientistz had to journey to
the Plum Island Animal Disease Center, off
the tip of Long Island, to clone foot-and-
mouth-virus protein genes.

Soientists at Biogen in Geneva, Swit-
rerland, hawve applied the same approach
to hepatitis in humans. And their vaccine
could have deeper implications: A hepatitis
virus can lead to liver cancer as well, and
vaccination could prevent both diseases,
This may become the first instance of using
the immune system to prevent, rather than
treat, cancer. This would be the ideal an-
swer to cancer: Never let it start.

One researcher who believes strongly in
the potential of purified vaccines is Profes-
sor Ariel Hollinshead of George Washington
University in Washington, D. C. Collabo-
rating with Dir. Thomas Stewart of the Uni-
versity of Ottawa, she feels she has scored
success in & challenging area, lung cancer,

Savagely aggressive, lung cancer usually
has metastasized by the time the patient
secks help, In cases when the cancer is de-
tected early, one out of two surgery patients
survives at least five years. But in clinical
trials, three out of four patients who under-
go surgery and injections of experimental
vaccine enjoy a five-vear survival rate.
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Glossary

Antibody A protein that binds to an in-
vading antigen prior to the destruction of

the antigen.

Antigen A joreign substance, usually a
protein, that triggers the body's produc-
tion ofa specific antibody directed against
the antigen.

Bacterium A single-celled microorgan-
ism with a primitive nucleus.

Chromosome A segment of DNA con-
tainirg many genes.

Clone (Uhneormore genetically identical
OTRANisEmS.

DNA Deoxyribonucleic acid, the stuffof
which genes are made, a long choinlike
molecule composed of nucleotides.

E.coli Fscherichia cali—a common in-
testinal bacterium, studied by generations
of biologists, that has probably provided
more knowledge of biochemistry and ge-
netics than any other iving thing.

Enzyme A protein that catalyzes one of
life’s chemical reactions.

Gene A segment of DNA containing the
coded information for making a specific

profemn.

Hormone A substance secreted by one
type of cell that carries a signal to another
type of cell.

Monoclonal antibodies ldentical anti-
bodies cloned from a single source and tar-

geted for a specific antigen

Nucleotide Building biock of the DNA
molecule composed of an organic base, a
sugar, and a phosphate.

Plasmid A self-replicating circular
DNA maolecule found in bacteria and car-
FYEME PW0 OF mire genes.

Protein A molecule of linked amino ac-
ids. Proteins serve primarily as biochemi-
cal catalysts and as structural parts for an
organism.

Recombinant DNA A new combination
of genes spliced together on a single piece
of DNA.
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Engineering
new plants

CAN A FOREIGN gene be
introduced into a plant? If
g0, then plants could be
engineered to resist diseass or
drought, or to improve their
food value.

Seeking answers, scientists
at Agrigenetics Corporation
use ¢ soil microbe to carry a
foreign gene into a crown gall
at the base of a sunflower

(facing page)
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But could o foreign gene be
expressed in all the cells of a
plant? A French-bean gene
was inserted into a T
plasmid (above left) from a
microbe, The plasmid was
then retumed to the microbe,
which was used to (nfect a
tobacco plant.

After cells from the plant’'s
crown gall were cudtured,
hormones caused the cells to
form a tiny plant, which was
grufted onto the stem of @
tobacco plant. The bean pene
was successfully expressed
threughout the new plant,
now called a Tobean.

FgmTImEY H) afOERE ST F R

What next? In theory a
bean’s primary protein,
phaseolin, could be mode
nutritionally complete
bv increasing a single
amino acid, methionine.
Clamped tnto the workbench
of an E. coli plasmid {above
right}, a phaseolin gene is
supplemented with
methionine codons

The altered gene is
transferred to a T1 plasmid,
which carries it to begn
cells whose own phassolin
genes have been destroyed
The cells grow to prodice o
e bean.

National CGeographic, December 984






Going a step beyond treating the disease,
the team plans to launch an immunization
program for people likely to contract lung
cancer: heavy smokers who work with as-
hestos, Although it will be vears before we
know finally how well either program
works, Dr, Hollinshead is confident. “In the
future,” she asserts, “we will be able to use
immunology for the prevention of cancer.”

NTREPRENEURS have been quick
to recognize the enormous value of
monoclonal antibodies for diagnosis,

therapy, and biochemical research.

In San Diego, California, I toured the pio-
neer monoclonal company, Hybritech, now
all of zix years old. Moving from lab to lab,
we stopped at each door Lo manipulate a
push-button combination lock. “Our prod-
ucts are valuable and highly portable,”
commented my host, Cole Owen. “These
discourage theft.”

In the labs, animal rooms housed hun-
dreds of mice—the antibody factories.
There I watched technicians inject the ani-
mals with antigens, turning on the produc-
tion of antibodies,

Some were nude mice—homely, hairless
creatures, whose hair-growing powers were
sacrificed in the process of building in other
genetic traits (page 84 1), One such trait 1s an
inability to reject foreign tissue. When one
of the mice is injected with hybridoma cells,
instead of rejecting the foreign cells the
mouse serves as an incubator or factory in
which the cells can grow and produce large
amounts of antibody.

I watched the technicians take tissue from
mice that already were producing antibod-
ies, then followed them to the fusion lab,
where the tissue cells were joined with tu-
mor cells to give them staying power.

From the fused cells, staff members
would later choose the most promising and
inject them into the ahdominal cavities of
other mice. This is the actual factory, the
favorable environment in which the cells
produce antibodies in copious quantities. A
single mouse, Ilearned, can produceinafew
weeks antibodies that may sell for $20, 000—
well worth keeping behind locked doors!

The first commercial return comes not
from drugs, which take yvears and millions of
dollars to develop before marketing, but
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from diagnostic aids that can be used in
simple laboratory tests.

A pregnancy test developed by Hybritech
yields results in minutes. Similar Hybritech
kits diagnose allergies, anemia, and even
heart disease.

Sexually transmitted diseases can be diag-
nosed by monoclonal antibodies developed
by Genetic Systems Corporation in Seattle,
So far the tests detect gonorrhea, syphilis,
herpes, and other infections.

One of the most intractable of human dis-
eases, sickle-cell anemia, has a genetic ori-
gin, s0 we hope that its cure, too, lies in
genetic engineering.

The disease, found almost exclusivelv in
blacks, evolved in tropical Africa, where
malaria is rampant. As a defense agamnst
malariz, nature provided many Africans
with a mutant gene that enables red blood
cells to resist invasion by the malarial para-
site. Unfortunately, one in four children of
healthy parents who are sickle-cell carriers
receives two mutant genes. Under stressed
conditions the mutant gene product, a type
of hemoglobin, crystallizes in the blood
cells, distorting them from round to sickle-
shaped. Sickle cells can painfully block
small blood vessels, or burst and leave the
patient anemic, often leading to death.

Since a defective gene causes this malady,
& cur¢ may be to introduce a normal gene
into the patient's blood-forming bone mar-
row cells, Many of the basic procedures
needed for this task already exist.

ESPITE THE EXCITEMENT gen-
erated by medical gene splicing, some
experts predict it will be overshad-

owed by applications even more profound in

agriculture,

Consider a few of the possibilities: Seed
proteins deficient in some amino acid build-
ing blocks could be made whole. We could
equip crops with disease resistance and pest
resistance. Optimists believe we might even
modify cereal plants such ascorn and wheat
50 they can make some of their own nitrogen
fertilizer.

One of the best-known companies pur-
suing the new agronomy is Agrigenetics
Corporation, whose location in Madison,
Wisconsin, facilitates cooperation with
scientists at the state university.

National Geographic, Décember 954



To enter the grounds of Agrigenetics is to
realize that these people care about plants.
Flower beds hne the walkways between
buildings; the lawn is lush and green; thriv-
ing greenery fills an atrium forming the en-
try to the mam buillding. Remarked Dr
Timothy Hall, then director of the labo-
ratory, 1 guess we'd betler know how to
grow piants.”

Seed companmes traditionally improve
their products through selective breeding:
mating piants to maximize cdesirable fea-
tures and eliminate the undesirable. How-
ever, this is a slow process. It often reguires
many plant generations spread over vears

A maore direct route 18 o introduce new
renes directly into the crops themselves—
not easy, bul precisely the role ol genetic
ENgineering.

For example, researchers at Agrigenetics
are concentrating on a gene for phaseolin, a
major protein of the French bean. This bean
15 well known for its protein, but phaseolin
15 low in one amino aclid, methionimme. This
deficiency reduces the bean's food value

To manipulate this phaseolin gene, it
musl 1irst be removed from the parent bean
and introduced into another host so it can be
observed in izolation.

Agrigenetics engineers led by Drs. Timo-
thy Hall and John Kemp have successfully
transterred the gene to sunflower cells in cul-
ture, Their creation is the fancifully named
“sunbean.” The sunbean i actually an un-
fanciful callus, an amorphous mass of tissue
resembling a shimy piece of cauliflower.

But this callus does something no ordi-
nary sunflower can—it makes a bean pro-
temn. Ultimately it could enable Dr, Hall and
his colleagues to alter the cloned phaseolin
rene so that its product possesses more me-
thionine. The improved gene could then be
put back into the bean plant. This should
¢nhance the crop's nutritional value,

N A WORLD that lives from harvest to
harvest, fertilizers are of crucial impor-
tance. heir production can take consid-
erable energy, and during the past decade
energy costs have risen astronomically.

Nobel prizewinner and former Harvard professor Dr. Walter Gilbert, left,

neiped found Biogen, which in 1979 cloned a gene for interferon

believed useful

it treafing certain cancers. Here in Biogen's Cambridge, Mossachusetts,
offices Lrithert confers with Dr. Walter Fiers, a Belgian colleqgue
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Cell wars:
attackers and
defenders

on a living
battleground

= =]

o
il i

ANTIBODIES

A FANTASY hattleground
portriavs the daily warfore
that rages between invaders
and defenders within our
hodies, Each cell in the body
has a distinct shape on its

surface 1 that disttriguahes 1

from foretgn cells

The body's army-—its
(e system—patrols for
unfomiligr shapes using

:'.;'.-na'u:rn.! oS _rll'r-.lzn:-rr.i i fhe

bone marrow. A macrophoge
(left, top) is ready to engulf

and digest an enemty, A plasma

cell (left, middie) leams o

recorHize the molectlor

signature, or aniigen, of
an trvader and produces
antibodies capable of locking
onto it. The T cell (left,
bottom) recognizes invader
SiFnatures and summons
macrophages with chemicaol
signails. It 'can also destrov
an grremy with a toxmn 2

In this battle (abowe)
mvading celis 3 carmyving a
new antigen shape enter
throwgh a nift in the cedlular

National Geographic, December 1954



structure. [davs pass before
plasma and T cells recognize
the new shape. Meanwhile,
the systom battles previous
eritruders 4 and 5

Antihodies loclk onto
trivdders &, then bomd 0o
macrophagre 7, which
surrounds and digests them 8
Antibodies can also
prrmobilize tmvaders by
[ocking onto more than one 9

Cancer cells 10, produced
withitn the by, frustrote the
immune systemn because their

recogniion shapds 11 are
similar to the body's. T cells,
however, may attack them or
signal a macrophage to
deatroy them 12

Forging a rniw weapon
srlentists grow plasma cells
that respond to a specific
antigen, yielding a4 smaoall
number of antibodies to fight
that invader (right, top). To
make more antibodies, the
plasma cells are merged with
long-lived tumor cells called
myelomas (right, middle),

Cranging Life s Genetic Blueprin

producing hybridoma cells,
which haove genetic information
froom both parent cells

A hybridoma is cloned—
muitiplied from a single cell—
in the laboratory and injected
into @ mouse (right, bottom).
The tumor that grows withiin
the animal makes large
quantities of a monoclonal
antibody, 80 called because
1 descended from a single
gertebic source. Such
antibodies are being tested
dgainst disease in humans,
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Agricultural costs have soared correspond-
ingly, while malnutntion has spreaa, partic-
ularly among peoples of poorer nations

Genetic engineering may offer a solution
to the rising price of fertilizer. Since the
dawn of gene cloning, some molecular ti-
ologists have dreamed of transferring cer-
tuin genes to cereal plants, the backbone of
world agriculture. Ideally these genes would
produce enzymes enabling the cereals to
synthesize nitrogen fertilizer from the nitro-
gen in the atmosphere, just as legumes such
as beans do naturally

In reality legumes produce nitrogen fertil-
izer only with the help of nitrogen-fixing
bacteria that inhabit little nodules on their
roots. Cereal plants, unhappily, do not
form the nodules normally associated with
nitrogen-fixing bactera

To give cereals this gift of nitrogen fixa-
tion would be a difficult task. We would
have to collect the 15 or so bactenal genes
needed to fix nitrogen, rebuild them so they
could function in & plant, and introduce
them into a plant cell. From this cell we
would have to generate a plant that would
pass the priceless genes on in its seed. This
regeneralion process has been a problem
Scientist= have been unable to regenerate ce-
real plants, Perhaps most difficult of all, the
plant must somehow provide an oxyveen-free
environment, because oxygen profoundly
poisons one of the key enzymes in the
nitrogen-fixing svstem.

For these and other reasons Dr. Winston
Brill of Agracetusin Wisconsin, another 1m-
portant plant-engineering firm, believes
that directly endowing cereal plants with
nitrogen-fixing genes is impractical

He favors allernative tactics, “We could
induce cereal roots to form nodules that
nitrogen-fixing bacteria would colonize," he
explained. “Another avenue 15 o engineer
nitrogen-fixing bacteria to associate with ce
real roots ¢éven in the ahsence of nodules.”
Already, bacteria from Dr. Brll's lanborato-
rv can meet oné percent of a corn plant’s
nitrogen needs. This seemingly small
achievement meant screening thousands of
corn plants. Additional selective breeding
might improve this to 10 percent.

As of today we do not know how to insert
new genes into cereal-plant cells. A solution
to the problem may emerge from a discovery
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made in 1948 by Dr. Barbara McClintock in
her work on corn genetics—studies that only
last vear won a Nobel prize for the 81-vear-
old pioneer.

Dr. McClintock found that certain genes
do not necessarily stay in one place in a
chromosome. but can jump from one place
to another, and even to different chromo-
somes, Skepticism greeted her findings untl
sich “jumping genes" were discovered in
bacteria, [ruit flies, and other organisms
Now we see these transposable elements as
potential carriers of engineered plant genes

Dr. James Peacock and his colleagues at
the Commonwealth Scientific and Indus-
trinl Research Orpganization in Canberra,
Australia, were able to isolate one of
McClintock’s controlling elements. The
team hopes to use the transposable elements
as vehicles to introduce genes of agronomic
importance into corn.

Vi

[Yiagnostic sleuths, monoclonal
artibodies on the surface of a bead
(above) are used to detect the presence
of hepatitis B virus in donated blood
at Massachusetts General Hospital

Narional Geographic, December 984



Why are we working so hard to increase
plant vields when United States farms al-
ready produce surplus food? In answer,
Dravid Padwa, chairman of Agrigenetics,
picked up the day's newspaper and pointed
to headlines he had circled in red. They told
gloomy stories of drought, crop devastation,
and farmers' bankruptcies.

Padwa amplified: “In one vear our sur-
plus stocks fell by 55 percent, to g razor-thin
5 percent above absolute need. The world
ordinarly has only a five-to-ten-week sup-
ply of food on hand, Near ten weeks, prices
plummet and farmers go broke. At the five-
week level, food gets scarce and expensive,
and consumers revolt; the drought of 1983
pushed us toward that lower level. Even
when we have a surplus, millions in poorer
countries go hungry."

How soon will genetic engineering make
its contribution to agriculture? David

in Boston. The new test is neqgrly twice
Qs sersitive as previous ones,

{mpected with hybridoma cells, the
whiguitous loboratory mouse (above)
serves as a living incubdator to produce

Changing Life's Genetic Blueprini

Padwa expects only a trickle of products un-
til the end of the decade, then & steady in-
crease. In & more optimistic vein Dr. Bnll
says, “Two years ago 1 would have predict-
éd it would take ten vears to get to where we
are today. We are going to be even more
surprised in the future.”

IOTECHNOLOGY'S ROLE in our
energy future is at first less obvious
than for health and food, because we
cannot clone inanimate things such as oil
and gas. Nevertheless, we will probably be
using genetic engineering to increase our
supplies of these substances.

Chne resource 15 petroleum that refuses to
flow from spent wells, There may be as
much as 200 billion barrels of this oil, worth
trillions of dollars, trapped under the United
States alone. Dr. Orlo Childs of the Univer-
sity of Arizona explains. "Most of the oil

guantities of a menoclonal antibody at
Hvbritech Inc., in San Diego, California.
By such means. scientists hope to
revolutionize the dingnosis and
trearment of many (inesses

nal



The gauge of success in the treatment of
23-year-old Cheryl Gasper, mother of
haby Gregory, is monoeclonal antibodies
After Cheryl received a kidney from an
unrelated donor two yvears ago, Dr

A. Benedict Cosimi, right, began using
monoclonal antibodies (MABs) to detect
her body's level of T cells—fighters
against infection and other foréign
erctities. Within a week a high tevel of

I" cells tndicated an attempt to reject the
alien kidrey. To suppress the T-cell level,
Cheryl was given an injection of a
specific MAB Enown as OKT3. Here Dir
Cosimi takes samples of her blood o
continue the monitoring of her T cells.
Fhis preécision prescription (5 the first
hroad-scale use of MABs for theraopy as
well as detection,

remains underground even after we flush
with water, because it clings tightly by coat-
ing the rock surface. Think of what happens
when vou pour ¢il, water, or mercury onto a
glass plate, The oil actually wets the plate,
forming a thin film, just asit sticks to rock 1n
awell. The water béadsup and leavesonlya
few wet streaks, The mercury beads, on the
other hand, dance across the glass as ifin a
hurry ta leave, not wetting the plate at all.
The trick is to make the oil behave more
like moercury. ™

Bacteria could help if they could be modi-
fied to release agents that act hke detergents
and loosen the oil, but the extreme condi-
tions deep within rock formations comph-
cate this simple concept. Such bacteria must
he formidable organiams indeed: able Lo
logsen the oil; able to survive high tempera-
tures, pressures, and salt concentrations;
and able to live without oxygen—inan envi-
ronment known as anagrobic.

Several bacteria meet one or another of
these requirements, and some bactera, such
as those living near hot vents in the ocean
floor, even satisfy several. Putting all the re-
gquired charncteristics into one Microorgan-
ism would be relatively easy if we knew
more about the genetics of these bacieria
Unhappily, we know wvery little. The gap
underscores the importance of basic re
search to technology.

N THE LONG TEEM, when we have
squeezed the planet for its o1l and gas, we
will need renewable energy sources. Here

hiotechnology would operate on more famil-

jar ground and could fill a vital niche.

“The green plant,” observes Dy, Melvin
Calvin of the University of Califorma at
Berkeley, “is the best device known for cap-
turing and storing solar energy.” Plants al-
ready produce the sugars that we have been
fermenting to alcohol for millennia. Alcohol
mixed with gasoline makes gasohol, We can
enasily design cars to run on pure alcohaol, Un-
fortunately, in distilling alcohol we expend
considerable costly energy

Imagine instead a veritable petroleum
tree: You drive a pipe into its trunk, as in
tapping a sugar maple, and out flows fuel.
Just such a plant inhabits Dr. Calvin’s ener-
gy nUrsery
The tree, Copaifera mulbzjupga, can be

Marional Cregpraphie, December 954



tapped to give about ten gallons pervearof a
substance remarkably similar to diesel fuel.
However, tropical Copaifera grows poorly
in the temperate U. 5. Dr. Calvin sugpests
a genetic solution.

A cactuslike plant, Euphorbia lathyris, is
adapted to northern climes and already pro-
duces an inferior oil. This plant lacks an en-
zyme that Copaifero relies on to produce its
bhetter product. Dr. Calvin hopes someday
to identify and transfer the gene (or genes)
for this enzyme to Euphorbia, allowing it to
make a higher-grade ail.

What about our mountains of waste mate-
rials—trash, sawdust, cornstalks? Farms in

Revolutionary
new technique
fights
bone-marrow
cancer

BONE-MARROW CANCER attacks the
source of the body’s immune system, the
muzrrow that provfuces cells anid
antibodies needed to fight all manner of
infections and abnormalities. Recently
medical science has developed o bold
strategy that seeks to destroy the cancer
and replace the diseased marrow,

Here syringes extract samples of
diseased marrow 1 from a patient’s
larger bones. The marrow {s then
clegnsed 2 outside the body, by means of
mionoclonal antibodies coupled to toxfns
or radipactive substances thot could be
dangerous (f uied n the bloodstream.

Diseazed marmow remaining in the
body 15 then destroyed by high-energy
radigtion 3. At this point the patient {s
put into g totally sterile environment 4,
since without bone marrow there 15 no
P syestem (o repel even the
slightest infection. Then his own
cleansed marrow, now free of cancer, is
implarited in his bones 5, Growing
quickly, it can restore itself and the
hody’s immune system in a few weeks.
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the United States produce about 200 million
tons a yvear of comstalks., These can be
burned for energy, but a more effective use
might be to convert them into sugar and
thence into alcohol.

These wastes, however, contain cellu-
lose, & chain of sugar molecules linked by
chemical bonds that some bacteria cannot
break. That is one reason why cellulose in
foods such as bran or celery passes through
our bodies undigested. Enzyvmes do exist,
however, to do the job. Genetic engineering
permits us to transfer these to the proper
microorganism for breaking down cellulose
Lo Sugnar.

ENONED ¥FTLEIH
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Within a decade we may be able to cost-
effectively engineer sugar into methane
natural gas—and other useful chemicals.

DECADE AGQ, at the beginning of
the gene-cloning era, many people, in-
cluding the gene cloners themselves,
saw potential danger in their new technol-
ogy. A major concern was the choice of £,
coli to carry recombinant DNA
What if engineered bacteria escaped and
set up shop in people's intestines? If the es-
capees carried novel genes (for cellulose
breakdown, for example), could they cause
unforeseen problems?
These fears, which led to an 18-month

Search for cancer cells
scores a win. These Scans
shiw radioactive fracers
lintked by researchers at
the Nationol Institutes of
Health to monoclongl
agntibodies that
specifically bind to
metastotic cancer cells
First scun (top), made
twier hovrs after the MABs
were tnjected, confirms
the ertry of sesk-and-
hind MABs in the heart.
Sevent days later, tin d
subsequent scan (below),
physicians can discemn
that the vellowish spots at
right center are formed by
MABs that have found
and bound themsefves to
the sought-for cancer cells

moratorium on recombinant DINA  re-
search, probably were groundless. The spe-
cial strain of E. coli that pene clopers use has
been so pampered 1o the laboratory that now
it cannol long survive in the human mtes-
tine; it fares poorly in competition with other
bacteria that inhabit the gut.

The responsible record of molecular bi-
ologists has quieted maost criticism of the
safety of genetic engineering. But a deeper
concern persists—uneasiness about where
genetic tinkering could finally lead us.

This uneasiness was explored in 1982 by

LS

the President’s Commission for the Study of
Ethical Problems in Medicine and Biomedi-
cal and Behavioral Research. Few would
object 1o trying to cure sickle-cell anemia,
the commission noted. But the line between
good and bad can quickly blur. “What for
one person is therapy, is to somebody else
fiddling with human charactenstics,” com-
ments Alexander Capron, then executive
director of the commission.

Consider a child with a below-average I()
of 80, If we could raise that child’s IQ to 100
by genetic means, should wer Andif so0, how
about raising another child's above-average
1Q of 120 1o 1407 Today such alterations are
as unattainable as the questions are dith-
cult, 20 it may be premature to worry about
the line between therapy and tinkering,

Maore immediate is the gquestion of ma-
nipulating the genes of a human embryo. In
such a case we would be altering not only the
patient but his or her descendants as well
Yet that intervention is theoretically possi-
hle, Supermouse demonstrates that we cian
place new, active genes in mammalian em-
brvos. However, selective breeding tech-
niques applicable to human beings have
been available for centuries and people
have, by and large, had the good sense not to
use them

Mr. Capron’s commission recommended
that & permanent federal panel be estab-
lished to propose regulations and momtor
genetic engineering in human beings. Mean-
while, a watchdog group known as the Re-
combinant DNA Advisory Commatlee,
created by the National Institutes of Health,
requires review and approval of “deliberate
transfer . . . into human subjects.” Viola-
tion would mean loss of grant sapport, a
severe penalty for scientists,

THER DILEMMAS deeplv trouble
many researchers. The increasing ties
of research to industrial applications

create aneed for secrecy that casts a pall over
what was once a delightfully open field. 1 he
amazing pace of research in industry—as
well as the vision of riches—is luring away
many talented academic scientists. In addi-
tion, the increasing percentage of research
supported by industry tends to emphasize
product development at the expense of ex-
panding fundamental knowlerge

Nanonal Geographic, December [Y04



Magic bullets battle
cancer

MONOCLONAL antibodies
hiold potential as precise
Weapans for the war against
cancer. Conventional
treatment Aas nvolved a
"shotgun" approach, treating
the whole body with drugs or
radiation that attack all high
matabolism cells in an often

mcomplete arttempt (o destroy

the cancer cells

This-wide poisoning
destroyvs many of the body's
neaithy cells in hatr follicles,

intestingl (ining. and
reproductive organs, causing
loss of hair, nausea, and other
discouraging side effects

With the accuracy of a
sniper's rifle, o monoclonal
antibody bound to a low-
energy radioactive fracer can
recognize a cancer cell by the
shape of one of 1ts surface
proteins, thus pinpointing
cancer sites (top left and 1)
s0 the diseased cells can be
treated locally,

Changing Life s Genetic Blueprint

ANTIBODY

Then, arntthodies inked to
(CEXIriE 51.|L'r|'.l CES TR IT: CEr ||_'|1_"'
dispatched as hmunter-killer
teams to bind to the cancer
cell 2 and destroy it with o
dose of poison 3 without
affecting healthy cells nearby

[n a variation of the same
technigue, high-energy
radinoisotopes can gccompany
g monoclonal antibody on the
same mission, destroving the
cancer with short-{ived
radiation 4

(S
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To fight frost, plant pathologust Dir
S e

California at Berkeley (above right) devel

¥
B, Lindow of the LTntviersity of S

n plant Iegves

- | S - : 4 & =1
F hube of fuad thatf somid

_:lr.l.ll..'ll[ _I.rllil.' |_I.I;II.|.'-.|I ill.l.

oped a mutant bacterial strain lacking to spray d newly plowed jrebd m a test
the gene that promotes the formation of (ce authorized by the National Institutes

COur newfound ability to engineer human
penes ralses philosophical questions that
mav be debated for vears to come. By alter-
ing life-forms to sult our needs, are we play-
ing God? There are those who argue that we
have been deing this for centuries by breed-
ing plants and animals. Others counter that
gpne Clomng 15 50 mu h more efficient and
powerful that it i a new and different social
force, not just an improvement of existing

technology

a1

A related question has to do with the mo
rality of meddling with the natural course of
evoiubion emineni
chemist Dre. Erwin Chargaff asked: “Have

SOINE YEATS AED

1

we the right to counteract. irreversibly, the
svolutionary wisdom of millions of years?"

Thiz makes nature sound both bentgn and
wise, but L Cohen of Stanford
University, one of the onginators of gene

LAY

cloning, points to nature’s durker side: “It

1s this so-cilled evolutionarv wisdom that

||-|r'| e mher .'.'-"':-:

"ll_llrllllfllllq i ré |';'|--Ii||"'|i|"
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of Health. Fearnng conseguences from next year. [n o demonstration (top
left) a citrus leaf freezes in ice-cold
wiiter containing the frost-producing
pacterid. Another leaf exposed Lo

Lindow s mutant strain does nol freeze

the release of mutant organisms into
the environment, activist Jeremy Riflin
(bottom left) filed o lawsuit that

Y . L g . AL L
LT N '!.ll e st I:'I FLLEEME o1 CONgl : (LCISIOM

Eave us pubonic plague, smallpox, vel-
low f{ever, [}'Tlfll=ill. PO, o
He reminds us that we have been

Lrying o counterict this “wisdom” since the

labeles, and

CAlCer

birth of medicine and 1 many cases have
succeeded. Is this wrong?

Finally, by probing the secrets of the atom
we created the threat of global annihilation:
are there also hologmcal truths that might
better remain hidden? But think of how
a be 1t it were

I I'I MEeaAner our II'-.-I_"_- WOkl

Changing [ [je § Crenefic Sineprint

0 Lhis century
Dir. Paul Berg of Stanford University, one
of the ploneers of the gene-splicing era, ob-

serves! “In the acquisition of knowledge, |

not for knowledge gatheres

think it would be disastrous to Lry Lo anticr-
pate what we don't want to know, what we
don't want to learn.”™

Tlll_"-_.ﬂ" 311 |'i|_! LSsSUICS Whe '!:I,I_J"_-' ill!_"l'll_l'..'r s W
pursue the excitement of screntific dizcovery
and the hfe-enhancoing technaologies that lie
Deyvond supermaouse I:l



Key to "84

Which 1984 jssue featured the
cagle hologram on the cover, the
article on the preat gray owl,

or the histerical map of Japant

Here ks a brief key (o the past vear,

More detailed six-month
indexes are free to members upon
request to Dept. 4671, The index
for the first six months of 1984
[ Vol. 165) is now available. That
for the last six months ( Vol. 166)
will be ready in Jaouary 1985,

Members with collections
spanning & number of years may
want tn purchiase the new GU8-
poge Nalfonal Geographic Index
1947-1981, which inchydes entries
on maps, books, and television
speciale. This is available from
the Sociely for 313,95,

Ir -.H-. ' ""Ii
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Silk—The Queen of Textiles 2
Aluska's Southeast
A Place Apart 50

An Incredible Feasting
of Whales 88

Catalopla; Spain's Country
Within o Country 95

Explonng a Sunken Realm
in Australia 129

Map Supplement: The Making nof
America; Alasha

FEHRUARY

El Mifio's Tl Wind 144
Surviving, [talian Style 185
Texns West of the Pecos 110
Jordan:

Kingdom in the Middle 236
Mantids, the Praving

Predators 168

MARCH
Peoples of China's
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Lasers-"A Splendid Light™ 335
The Wonder of Holography 364
Calgary! Canada's
Not-50-Wild West 378

.
il | R |

R LERTUTT

APRIL
East of Eden:

California’s Mid-coast 424
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Lord of the Shallows
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MAY

The Dead Do Tell Tiales

at Vesuvius 557
A Prayer for Pozzuoh 614
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The Underground Katlroad 3
Scotland, Ghosts, and Glory 40
The Forpolten Face of Everest 71
Conguea of the Summit 79
Time and Again in Burma 00
The Great Gray Owl 123

AUGUST
Mexico City:

They're Killing Off the Rhino 404 An Alarming Giant 138

843

The Warld's Urban Explosion 179

Colorady Dreaming 186
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The Japan Alps 238

The Preposterous Puffer 260
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Dallas! 272
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River 3106
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Beyond the Dust Bowl 122

Do We Treat Qur Sotl
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Farming 3v1
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Togetherr 400
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Following Cortés: Path 1o
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and Sneeges 00
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At Home in Two Worlds 322
Treasures of the Tradition 542
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Troubles and Triumphs 562
Africa Adomed 600
Ieebound in Antarctica 634
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Marking Time in Grenada 688
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Monwpons' Life Breath of Half
the World 712
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E iverybody loves the old family vacation.

But while Mom wants to see the great
cities of the world and Dad is envisioning golf,
- golf and more golf, the kids are eager to meet a
certain mouse. Now there's a way to have it all on
your next family outing. Come visit the Walt
Disney World resort, home of

A Special Advertising Supplemeant = 1084 ‘Wat Drnnmy Procuchomm
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1. For the fugt mme ever 3
Audio-Anmmatomics Ngune waiks
gen Frankfin chmbmng ithe slars
i e American Adventure,
pgrasented by Amencan Express
ar ':!-_'-:.'.-J-!'.‘;'.-J.'-L 5 enough &
raise mong an a low evebirows
2. Il may ook ke we moved the
ciffgl Tewer in Central Flonda
DU S aCTUany. & wary ciu:
VIRCING reproduchion of '-;I.'_'Ilr:"-'
II_.||'II|!:-|I' :-I'F;I;?-'I-rll ,I'_'u'| i FrFfE
3. With 222 Morpccan .||__|I.'_'.'..".I|;|
hixtures ang manve orafismen gy
ing the intricats tife work, the
hewes!, most oxole couniy i
Qrace Epcol Cander is authentic
to fhe smaftest detal
4. Io im footage lor the Won-
ﬂr."r'a‘ ol China mowe, a Disiay
A Mg |-II IO Sarm y i T|'i|-|-r' 'Jl"'l'll
Carmerg up 8 Fid SIOE =i B [
China's Huar Hrshdn Mountsins
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ower meant DaWng close atfen
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We do a lot more at Epcot Center-
than make SMRT-1"smart.

The robot’s name is SMRT-1, ( pronounced
*amart one”). He can recognize your voice,
and -i':fhil]ﬂ'uL’,r.' youtoav arety of exciting
EFELITIERS. An d we're [JlL*[HmH pehimd am
Along with robot power, our computers
provide continuous momtoring of every
attraction at Epcot Center. Thev oversee
security and energy managy ment thi ugh-
out the Walt Disne) World resort. And
over 18,000 Wall ['|I-=|:'.|- "} Wi |:h]4-[r‘-[ ||-|_1.I s

depend on them lor up-to-the-mmute work
schedules based on that dav's actual
number of gFuests

We help bring imagination to life af
Epcot Center, and we're helping its dreams,
from robotics to energy management,
become realities worldwide.

(fhetal C 4|_.-|1}u_'.Lf_'T Suppler to Walt Disney World Epcot Center.




6. The Land, presentad by Kraf
COVRrS a vasl i acras in RN
three acological cornmunities, an
Audic-AmMmaironice show, a
mowvie theatnr and a rolating
reglauran

7. Moboe “theaier cars” fravel
OGN Drefsions SCends pow-
gred Dy o acres of solar colls
o the roof of the Uiniverse of
Energy, presented by Cxxon

8. Dt you know thers wers
12,000 centenarans ving in the
UL 5. today, or that Alaskans
have g higher average income
fdan any ather sfare’s paaa’?
Ihese and other fun facts are 51
your fingertics in Epcot Com-
puter tral, presenied by
Sparry

8. Hosts of Journey info Imagi-
fation, prasented Oy Kodak,
Hgment and Dreamiinder 58y
haifo to Future World guests. In
the background, Spaceship
Earth, praganied by ATAT fes
lures an ower “skin” with 14,310
Smnum &rd pashc aloy
ingngias on o5 surface

- ':F;-Il“f"z'l -:_'.' 2

Ir 1
gt {?"“

TRY THE FUTURE ON FOR SIZE Won-
dering what the world might be like five
years down the road? Ten years? One hun-
dred years? In Epcot Center’s Future World.,
youll be surrounded by a future that you
can see, touch and experience right now!
Build and ride yvour own roller coaster with
the aid of a computer. Experience the feel-
ing ol traveling at breakneck speeds
through special "speedrooms.” Conduct a
symphonywith beams of light and a wave of
your hand. Take a trip through the heart of
a DNA molelcule, Exercise your artistic side
using laser beams and a touch-sensitive
television screen. Converse with a robot
that can guess your birthday. It's a future
beyond vour wildest mnu,grm[mn but you
won { need to imagine to experience it.

A Special Advertising Supplement




10. For & fast-paced ride, iy
River Country whera waler s
pamped through bwo slidas ang
a while walar rapidls &t the rals
of 5000 gallons a minute.

11, Discovery Isiand covers

114 acres and = homa ool
r;lm*f arras and 250 SpiEcies of
pfants from around the Wworld
12 Cwer 225 salboats, ponioon
Rogls, mirv-speadbosle and
olher oleasure crall make the
Vacabon Kingagorn Bomo 1D Uhe
20 larges! prvate navy in e

W Caric

13, if you ke camping, you'l
love Fort Widermess and its 828
campsitng on 650 lun-fed-acres

e
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LEISURE TO PLEASE YA Go ahead, soak
yvour toes in a cool pool, play a round ol goll as
a matter of course, love tennis or cruise the
waters of the world in a splashy, sporty mini-
speedboal. The Walt Disney World resort has
a wide variety of unique diversions that are
sure to please. Watch the birdies and avoid
the bogies on three world-class goll courses.
Slide and splash through wailer [umes,
white water rapids and the besl darn ol
swimmin' hole this side of the Mississippi at
River Country. On Discovery Island, rub el-

bows (or tailfeathers) with birds and beasts
ol every color and description; caress a cock-

atoo, pet a parrot and just enjoy nature at its
very best, It's leisure, Disney style and it's all
here at the vacation destination of the world.

A Speclal Advertiging Supplemeant



Lt iy weramining.

DINNERS YOU'LL RELISH So vou've just 14, The populanty of french pas-

Iy 1= Bwidemt i Epcol Conter’s

plaved two full rounds of golf, traveled Les Chefs de France whate
around the world or met vour favorite mouse. s okl o .
Now sit back, relax and enjoy dinner. At Ep- 15, Just for the 1 of i vex
cot Center, sit down to a hearty portion of SNV IV S SRS 8 e Y
placa in he worl? whers you can
Bangers and Mash in the United Kingdom or sy treakias! with your favonte
try the Mole Poblano in Mexico. Then there's it dlenin it allb e
: 6. The Polynesian Revue, a!
the seafood of the Fisherman's Deck, and the Prlynesisn Resart, serves up
other restaurants of the Empress Lilly River- ;';L’m”’fﬁ;ﬁ'ﬁ;‘iﬁ’i’f;"ﬂfﬂm o
boat in Walt Disney World Shopping Village. 200,000 guests every yesr
) 17, The Empress Liily River-
The fabulous dinner shows may find vou Bt B 220 kot reslica o
L:l-r—"]-]].l--. an island dﬂﬂl.'E' W ”_I] - i-]n-"lhr 4 4 .:].h.“-H.- Amencan starn-whealis cerma-
t . P 1 nently mooted in Wait Disnoy
at the Polynesian Revue, humming to the World Shopping Wiliage, is hame

fo three line regfagranis

great tunes of the Great White Way at Broad-
way at the Top. or filling your belly with
laughs and barbequed ribs at the Hoop-Dee

Doo Revue, It's a dining paradise, found in
the Vacation Kingdom.

A Special Advertising Suppismeani
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DaysInnisa beer place to stay.
For less.

Stay with us an your next trip and vou'll see winy
Al Dirys Inn motels, you'll get clean, quiet acoommodations with two double beds,
color TV, direct diial phone, plus, a well lighted and appointed bathroom with separate
dressing area. You'll also enyoy great food and friendby;, quick service in our restaurants.
Best of all, when you stay at most Days inn motels your kids 12 and under eat free
. breakfast, lunch and dinner. That's value! With comvenient locations all across

America, vou're sure tofind a Davs Inn motel close to where you're going. Try us. Just DAYS I
once. And compare: You'll see why we're a better place to sty . for less ®

e !
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o A
o]
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Trv us. And compare. Call 1-800-325-2525
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LOTSA MICKEY, LOADSA MAGIC! When
was the last time you shook hands with a five
oot mouse or were serenaded by a troupe of
singing bears? If you're hard-pressed for an
answer, come visit the Magic Kingdom. Here

youll ride a runaway mine train through Big

Thunder Mountain, pick-up a hitchhiking
ghost and blast off to a pulse pounding ﬂlL,hi
through Space Mountain. The magic's here.
And itﬁ waiting for you!

There you have it. Mom gets the world, Dad
gets his golf and the kids meet the mouse.
But more than that, evervone has a vacation
of non-stop fun and a lifetime of unforget-
table memories at the Walt Disney World Va-
cation Kingdom. So come visit!

For more information on & Walt Disncy World vacaticn and acoom-

modalions write 1o “-l"']'ll'-.._lr Warld Co., Dept, US (NG, PO. Box 40,
Lake Buenn Vista, FL 42850

A Special Advenrtising Supplement

29, Ew one | w:!.fr;‘;
t:ﬂs Tmr and fauna from dr—m
verse lendscapes including
Southeast Asian jungls, the Nile
valley, the African vald! and the
Amazan rain forest:
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15 it toa much Lo ask for space
bahind the seat <o you don't leal

grapmn equaleer thet puts others 10 i VAYHLAT A

shama. Like 8 $-spead suton@ahe over '
cramped? S0 your tools or sports gaas drve transmssqdon, Lie a way adiust
wonl need the pEssenger seal? shle drvers Sport
Thia Toynta SR% XTRACAE doesn’t - Seat 1o indulge
think s, Thals why theres exira VOL EVEN Mose
space behind the seatand, up fron It thns 15 the
mare leg room than inany small truck kind of 2guipment an XTRACAR, you'll wondear
p— The XTRA- o ve bean lookang for wihy you ahways thought Y |

i a truck mead on trucks swere only for driv

A .-'""'" CAB alsn has
XTRACABS 24 fiter gnging with

S irns vou Il Bind hare that make drv
ma thom as aasy &5 possihia

Unce you test glide the sasy ride of

-
full, rich carpes

ars dedivanng kags fron

tha mounisins and aguip

Y, TACinETg butke:
I Sents and options

11k hp 15 the most poveer Tl sver built
for & truck in its class And it sll-new
ehimputer-contraifed Electronic Fusgl

et b0 Bulbding sites
I:||T|: TP £

44 ol wouldn'

j*  expect to find ina
touegh ruck. Like an
AMENMPX sound systam with aing

trome thnng, casselte gnd hand

I RotEn system provides the most
BOWET Winke never ming s eve off
GLONOTTY

HII

world of XTRACAE. Wrw .f"‘-'!’
1 ; - ]
nergs axtra fun "

Araitineg farvod here thats just your style
TOYOTA TRUCRS MOST POWERFUL EVER!

Theso are mom of the s 1Al

THE 1985 TOYOTA SRS XTRACAB.
BECAUSE YOU SHOULDN'T HAVE YOUR BACK
UP AGAINST THE WALL.
= il
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i Enstanan Modak [ omsfiasn |t

1. ELECTRONIC VIEWFINDER.

4. AUTO FOCUS, 6X AUTO Z0OM,
AUTOMATIC IRIS AND
COLOR BALANCE.

2. HAND-STRAP GRIP WITH
CONTROLS FOR STOP/START,
TELE/WIDE AND TRIGGER.

3. BMM CASSETTE
COMPARTMENT.

3. WEIGHT: ABOUT G LBS.
WITH BATTERY.

The new Smm KO davisio
Its features werc desi

|||I|r

Evervthing Kodak's learned about peopl b
=5 Lhem click has gone it T EXLTIHOIOINATY N yikd W s 1D # ". et from Rodnk, Yet a i, bt or S
vaL#m. mute casselle takes up h yre roam than a regular
pricve PO vide r . ncasserte. Thats what allowed ug 1o ¢reate a smal
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BMM. IT PUTS AS
LITTLE AS POSSIBLE BETWEEN - o etk gy ol
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4. The Kodavision camcorder is designed
to let you keep your mind on what
your're recording. It remembers to forus
the shot and adjust the color balance
and exposure—continuously and
automatically—so you don't have 1o,

1. Can't wait to get home and see what
vou' ve shot? Well, we see eve-to-eye
with you. With the Kodavision
camecorder, you can review the resulis
instantly because the monitor is built
right into the eyepiece.

-
2. You hardly have to lift a finger to 3
operate the Kodavision camcorder,
We put all the important shooting
cantrols within easy reach. 4
M

5. The smaller the tape, the

smaller we can make the

camera and recorder. In fact,

they're all in one piece,

a0 yvou don't have to shoulder

the burden of a separate
recorder unit. |

in one hand. 56 naturally, you'll want to

et enough to be carried }
carry it'more places.

6. Smile! With the Kodavision video
sysatem, you never have to worry about
1.'[|m|1-|1ti1|':i|it with your current video
equipment. ﬂl hooks up easily Lo any TV
set and lets you dub recordings to either
¥ H5 or Heta format

r

camcorder from Koda
xned to match yours.

| : i §
": 5K S0 L1 i
S

grade-schiodd viadhin recital
NOW, RELIVING THE MOMENTS IS AS
EASY AS CREATING THEM.
} CRme Fudat lels
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Everything we do grows
from the membership

HAT IMPORTANCE do we attach to
the membership of the National Geo-
graphic Society? Simply put, members are
all-important. Collectively, you enable the
Society to support research, to publish per-
iodicals and books, to produce TV programs
for public broadcast and other educational
materials for use in schools,

At nearly 10,5 million members, our size
(1 emphasize our) is enormously helpful in
realizing theze projects. Yet that samée sixe
may leave many membeérs without a strong

Society President Gilbert M. Grosvenor
arid Mrs, Grosvenor, at left, and Dr. Frank

C. Whitmaore, [r., fisten to Ameérican
archaeologist Dr. John Camp exploin now a
second-century travel guide to ancient
(reece aids his investigations of the Agora,

or marketplace, of Athens' classical period

personal feeling of their partnership role in
the Sociely's enterprises.

There are, I think. two other factors that
contribute to this situation. First, the Soci-
ety does not try to build member solidarnty
by advocating causes—no matter how good
they might seem to be. We do not lobby for
legislation, nor do we urge members to sup-
port or attack special interests or doctrines.

Another factor that may dilute the sense
of membership is what might appear to be a
short list of benefits. The principal member-
ship benefit is, of course, the monthly arriv-
al of NATIoNAL GEOGRAPHIC. Less obvious
ismember access toother Society periodicals
and books at low cost for value received

We are now considering what additional
benefits we might realistically offer Society
members, vet we are proceeding cautiously.
Anv future benefits must be useful, must be
available to all members, and must be 1n
harmony with our fundamental purpose,

I began these columns last January with
an account of the Society’s founding, and 1
have reported on such Society activities as
a new building, two new periodicals, and
help for gifted children in New York City
schools, While this is a season for annual re-
ports, I hope that members will excuse me if
I forgo a roundup of the past vear—properly
done, that would take dozens of pages—and
instead continue to share with vou the Soci-
ety’s progress on a monthly basis

Many current and deserving projects
await mention. Others are imminent or are
in the development or planning stages.
Some are dreams, 1 hope to discuss these as
theév move into the testing ground of reality

Evervthing we do grows from the mem-
bership, Nothing the Society has done, is
doing, or will do is apart from Society
members.

Instead of sending vou bumper stickers or
manifestos, the Society supports explora-
tion and research. I hope that vou the mem-
bers will take personal satisfaction in the
Society's work to advance knowledge.

Together, we have become the world's
largest scientific and educational organiza-
tion—an evervman's gniversity, 1hat is a
major accomplishment, and 1 commend
vou all.

PRESIDENT

SNATIONAL GEOOGHRAFHIC SOCIETY



The costliest, most flavorful
coffee beans found in gourmet
coffee stores, Arabica beans,
are the very same beans used
to make Taster’s Choice a
superior coffee. Only Taster's
Choice uses this gourmet
blend, Arabica Supreme,
The more you know
about coffee, the more
vou'll know why the choice
for taste is Taster's Choice.

{
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The choice for taste E..J‘asters Cnnice: L
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The 1985 Turbo New Yorker. Once you

Chrysler infroduces ng new f"'"l"'"-'"':'!'-_l':'
af driving: Turbopower® in its most ogdvanced

||_|--:|._|r':r Tafalaly

Here 1o the contidence of tront-whee

drive. the secunty of odvanced electronics and
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in a distinchive luxury co

And Rere are the luxuries you demdand

Avutlamatic tronsaission, DOWar w
power steering, power brakes, powes ramole
mirrors and inaividual p cw-shyle T
spats are all stoncord

And finally. here is the new technology
U ODOpOWel More pOwer IO MOve yoi '-:’l__-

clinin

sower 1o accelerale. o poss. o cruiss n
rene comtort. . yel with remarkabile mileage



drwe it, youll never go back to a V-8 again.
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lurbo New Yorker, Once vou drive if, yvou'll
never go bock 1o o V-8 ogoin
Furchase or legse yvour 1985 Turbo New
Yorker at your local Chrysler- |
Plymouth dealer i
Buckle up for sately : ba

| Chrysles

Chrysler, The best built, best baocked American cars



National Geographics
Collected Like Fine Books
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: ~ _“" v cool shaded home
s raan S and 21 searing land-
i Mk Al SUAPE May seem

warlds apart, bul
the only difference
Pretween the two are
frees. .. Loiseryvialion
[rees thal con turn o
desert o o conling oasts

Fhanks to trees, we can coddl Lhe ravs of the
s, When trees shade our homes, the
e temperature drops substantially, That
miciins our air conditioners won't have to
@ work so hard in the summer. We save
‘r ERErEy, and mones as well,
Sa e a e. Cogiservalion Trees do o whaole ot more.
Manted on steep hills, the trees” rools keep
the land From washing away when it rains,

And in the country, Lrees can be pJ-.LJJI:HiI as
shelterbelts keeping the soill from blow-
I away.
Find out how Conservatlion Trees can help
v, For vour free hrochure, wrile:
P Conservation frees, The Mational Arbor

Dav Foundation, T Arbor Avenue,
Sehraska City, NE 68410

American
Red Cross

. We'll Help Will Yo I’




ATeT
GIVES YOU
THE OUTLETS

YOU NEED
TO COPE IN
TODAY’S
WORI.D.
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heres one word to describe today's
world.

Hectic.

Information coming in. Information
going out. Voice, video and data.

It can all get pretty pressure-packed.

Which 1s where AT¢l comes m.

We'll help you cope with this new world of
information management.

Something we've been doing for 108 vears
with the best telephone system in the world.

Arnd what we did for telephone communi-
cations, were now domg forall Kinds of
information.

Making it easily available and easy to use,

PHONES THAT SAVE EVERYTHING
FROM TIME TO LIVES,

We've designed our phones to make your
life a lot easier. And a little safer, too.

Phones that will dial and redial busy and
unanswered numbers, 30 theres no agerava
tion, And phones that will answer the phone
for you.

Cordless phones that'll go the distance
with clearer and more secure frequencies.

Cellular mobile car phones that go far-
ther, so youre never out of touch even when
voute driving,

A phone that automatically calls not
one, but two preprogrammed numbers in
case of fire or other emergencies. All

phones you can count on as well as call on.

Whether vou buy them or lease them.

OUR INFORMATION SYSTEMS
MAKE YOUR WORK LESS WORK.

We destgned our information systems
for business by putting ourselves in
vour place. Systems that grow when

. yOu @row, change when you

change. Complete with
digital technology that'll

mntegrite communications
with evervthing from temperature
cantrol, to electronic mail, to security, Or data
communications terminals, modems, tele-
conferencing equipment and more,

For customers who only want phones in
ther offices, we are constantlv improving
Centrex services to satisty many of Lhese
same sophisticated voice and data needs,

And we offer a quality that's petting harder
ancd harder to find in today’s world,

Reliability

Not only do we have customized systems
that monitor themselves, we also have a
hat keeps tabs on them 24 hours a
day. Plus the industry's largest and most expe-
rienced service force at vour beck and call,

S0 your lines stay up,

Not to mention your product ity

=TS iit |

A GLOBAL NETWORK THAT OFFERS
A WORLD OF DEPENDABILITY.

Whether its a home phone, mformation




gystem, or computer, ATEL lets you reach out
and touch any place in the worid.

With an meredible computerized network
that takes you from Tokyo to Kokomeo, from
Cairo, [lhnos, to Cairo, Egypt. And every-

where in between.

So vou can send and receive voice, video,
or data across the country or amund the
world. Or meet face to face through telecon-
ferencing, so vou don't have to worry about
tirme and travel costs. Or even have unlimited
access and budget control through our 800
numbers and WATS lines.

An intelligent network that’s not only the
most rehiable in the world, but the most
flexible.

As well as personal,

With real human bemgs—44 000 opera-

tors—whno are always there to help if you ever

have a problem.

AT:T TURNS SCIENCE INTO SOMETHING
YOU CAN COPE WITH.

Through vears of inventing evervthing
from the telephone to the transistor, we've
always Kept one thing in mand.

The people who actually use what we
umvent,

so everything we come up with isn't just
sophisticated technology

[ts user-friendly technology.

And as refiable as it is advanced.

Our switching systems are second to none,
with built-in computer intelligence.

We can handLe the telecommunications
needs of any size city, town, or village.

In fact, our switches are used by countries
and companies all over the world.

Our hghtwave technology is now
bringing the world closer, faster—by
moving millions of bits of video, voice,
or data thousands of miles ina split
second.

All on a hair-thin strand of glass
fiber. Across the country or under the
sei.

AT¢T Bell Laboratories is develap-
ing new advanced svstems of even
higher levels of communication and
information control.

Systems that utilize conventional phone
Imes for data access—lowering the cost of
(lata calls,

Svstems for the home and business
that let vou know who's calling even
betore vou pick up the receiver,

But that’s just a sample.

Today our scientists and engineers

« *_.
F -!:

Are agvancing
technglogy in all of the
areas crucial to the movement and -
management of information. Creating and
mmproving evervthing from more powerful
computer chips to software applications.

Which all comes down to a future where
the Age of Information will be available to
mare people in more places than ever before.

THE MOST EXTENSIVE
COMPUTER ENTRY EVER MADE.
Legally, we couldn't sell our computers
before, But now we can,



In fact, we've already introduced the broad-  operating system is already becoming the
est initial product ling in the history of infor- industry standard for multi-user, multi-tasking

mation processing. machines,
Computers ranging in size from desk-top Linked with ATEDs communications
SUPET MICros, to SUper minis. systern, vou'll be in touch with more informa-
Along with cur new personal computer tion faster than ever before.
that can handle everything from financal We think vou'll he impressed with our full
analysis, torecasting, and budgeting to word line of computers.
processing and inventory, Even some of the toughest people in the
Userfriendly’ computers that'1] take the warld to impress are impressed.
complexity out of miormation movement and The Japanese,
management. Japans Nippon Telephone and Telegraph
Computers capable of working withother  Public Corporation has bought 60 of our
equipment yvou may already have. AB205 super minicomputers.
To give vou the most flexible information S0 vou're gomg o be hearing more and
systems in the world. more about ATET computers.
And thats not all. Our UNIX™ System V
CALL US AND WE'LL HELP YOU WITH
MORE INFORMATION.

Even after reading these pages, you've
only skimmed our surface,

So you just might have a few questions.

No problem, just call us at 1 800 247-1212.

We'll try to give vou the information you
need, Or put you i touch with the nght
people to help vou.

We think vou'll see that were not just here
to sel] vou the Information Age.

were here to help yvou cope withit.
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How Mitsubishi Eliminates
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The new Typestar
personal electronic

typewriter from Canon.

I's-amall. It light. Its briliant

You can hald it in the palm of your hand. Or carry it in
a bnekcase or rest i on your lap

" The new lypestar™ personal electomc typewriter
from Canon,

But don't et its smaliress fool you. | has a complete
professional keyboand and afl the features youd expect
from an efectronc typewriter fheee times ifs sie Typestar
for instance, has a full-page memory 32-character
display for easy comechon, automatc centenng and
uncierlining and the abdiity to pint in double wadth, Plus a
choice of five typestyles.

Typestar 5 has a 15-character display and a host of

equally impressve features. But most mportant, they both
you
Because Typestar runs on senple battenes or AC
Sowhy not reach up now and hold your very own star

Reach for astar. Typestar. Typestac from Canor

Meveer has 50 lithe done so much
© F84 Canon LS A inc Canon WSA, inc, One Canon Plac, Lake Sucoess, NY 11042




IT WON' TAKE “NO”
FOR AN ANSWER.

NOW THERE'S A GE PHONE THAT AUTOMATICALLY
CALLS BACK BUSY NUMBERS EVERY 30 SECONDS.

And now, General Electnic gives you a very good reason to replace your main
phone Because with the GE Auto Busy Redial Phone, you may never have to suffer
the ion of a busy signal ogain

If the number you call is busy, you simply press the Auto Redial
button. The phone automatically redials the busy number up fo
15 times and rings you back when it gets through. It can also
remember 3 emergency numbers, plus 13 other numbers you call
most offen. it even gives you the convenience of hands-free,
on-hook dialing.

All with the reassurance of GE E.lLIﬂlIT‘Ip’ Its nugged construction
has been rigorously tested. Ifs high-grade components assure i
ve-urmf reliable performance. And it's bocked by a full two-year m:m::ﬁtv and the

support of the GE Arswer Center® there to help 24 hours a day. (800) 626-2000.

The new GE MAINFONE™ SERIES. The qucﬂ'rh.r rings true.

@-A L STERED TRADGEMAIN OF GEMEFRAL FI ECTEN. LT




DURACELL.WHEN YOU WANT TO BE SURE
NOT TO MISS THE BOAT
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system does more than
[l ever thought possible!l"

Hayes. Leading the way
with quality telecomputing
systems for the personal
caomputers that businesses
LUSE IMOST

When it comes to communicating
—computer to computér—Haves
says it best. All youneed isa
Hayes Smarmmodem* (like a tele-
phone for your computer) and
Sinartcom Il communications
software. In no time at all you
can create, send and store fles.
And automatically log on to infor-
mation services

Tour Hayes Smartmodem pro-
vides the definitive connection
while Smartcom 1T makes every
thing simple

Smartcom 1, now available for
more than 21 personal comput-
ers, lets you easily communicate
with an [BM PC or PC AT an
AT&T 6300** and others!

I'he Hayes Verification and
AMODEM protocols guarantee

erfor-Iree ransmission to a wide capabilities of your 300 or 1200
range of personal computersand  bps Haves Smartmodem.
mainirames at information ser- See your authorized Hayes
vices. Smartcom ] also allows dealer for a demonstration of
your cormnpiuiter to emulate 2 Smartmodern and Smartcom |1
DEC** VT52 and VT100/102.s0  The most reliable telecomputing
you can communicate with system for your personal com-
many mainframes puter. From Havyes. The telecom:
Smartcom [l adds convenience  puting leader
and economy o your communi-
cations. You can easily switch
trom voice to data transmission
(and back again) in the same
phone call This saves time
and money. since you don't
have to hang up and redial
And Smartcom Il can opet
ate totally unattemded. It will
take a message when you're
out, and leave iton your diskor B
printer You can also tell Smart-
com 11 to "save” messages you've §
: A

created, and send them at night

when phone rates dre Jowest,
Emartcom 11 will help you

streamiine your communications

and maximize the o utstanding
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ayes

Hayes Microcomputer Products, Inc
§923 Peachtres [ndustrizl Bhed

eorcrons, Geotga 30092 404/441-1017
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Willyourﬁrstvdeosystem

Panasonic EM the VHS™ Video

with true sound. Everything you'l

really need to record mnﬂn-!ip-ldil:l.ﬁndnl
lifes magic moments. indoors. Outdoors. Now,
And years from now.

Take a look. This sterep video camera. Stereo Hi-Fi
video recorder. And stereo color TV, All have the tech-
nology 1o be here today. And here tomaorrow.
camera, PK-958, can shoot by the light of a
single birthday candle. Thanks to a fast 1.4 lens and
sensitive 34" Newvicon™ tube. 50 now you can capture
all those special moments. Without any special lights.
The right exposure level is set automatically Focusi
it also done automatically. Utilizing a .'.ﬂnphlitl-l:a‘ltﬁ
infrared sensing system.

you want to see what you've just shot. The
hu:huhh:ttmgimymlm ay. Rightin the
ﬂﬂHﬁ'sﬂlEHﬂﬂﬁ:Hﬂﬂﬂﬂblnﬁm even a built-in
keyboard. can type in titles on favorite
mtnldwrkinfﬂ:umﬂm A

mmmmmmmmﬁ.'

A lot of video mﬂtﬂmmﬂn‘rﬂ

also light on recording time

mﬂmmtﬁummﬂﬂ.

il 00 & singll Cagici OF 18 micieraietils batiury
on a e

Inside. slide recorder onto its compact

tuner-timer. now you can record up to eight

hours of TV on a single cassette. Or program it.




good enough to be your last?

record up to eight of your favorite shows. Over a two-
week period. r you're home or away.

And whether its & high-stepping pro halfback.
Or your child’s first steps. You'll enjoy watching them
even more with special effects like slow motion and
stop motion. And every motion will be clear and jitter-
free. Thanks to Tech-4™ playback technology.

L Hi-Fi. For sound beyond stereo.

Experience sound conventional stereo alone could
never give you. Just connect the Panasonic PV-9600 to
your stereo system. Put in a prerecorded VHS Hi-Fi
cassette. And movies or musical performances come
alive. With a sound presence that actually feels like
you're front row center.

Eﬂlﬂl‘ﬂlFﬂ-ﬂ.ll"‘" with Data-Grade.
For the picture of the future.

CompuFocus = an advanced system of video optic and
electronics. The Data-Grade picture tube produces more
dots per square inch than ordinary TV, her, they
give our CTF-2077R color TV an | bly precise
picture. Ready for all the new technologres. From
computers. To teletext. To videotex. And beyond.

And when the television networks are ready to
broadcast in stereo sound. You'll be all set to listen.
Because this color TV has its own integrated decoder,
amplifier, and stereo speakers,

50 tune in. To the new VHS Video System from
Panasonic, Because your first video system should be
good enough to be your last. TV Pt assmlatoed

Panasonic.
just slightly ahead of our time.



Thereis only one
other 35mm program
camera that1s gséz
made aswell B
as this one. \ D),

And that Camera
costs four times as
much and can’t do halt
the things that the new

Olympus OM-25
Program camera can.
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Car repairs
guaranteed

for life.
¥ -
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Only at these signs!

The Lifetime Service Guaraniee, Free Parts. Free Labor, For Life.
I:I ylv I_"li -I?_.I_.:E- el e |-I_|I-,.: Iy -.I W, WA YO nav for @ covered How rarf

S0 B TEFE S l YRR LLEY PREIE s Fo e - G YOLUN DariciGaiimg Ford G
ren 0 vour car of light truck. for But here's the best oart the L e o - ; dedgler
15 | g a5 yOl W I i-'".'l | Lifetime Service Guarantee 15 itself — i
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WE FIX CARS FOR KEEPS.




In aworld of airlines,one airline
has always been something special.

At first glance, all airlines may appearto  vou time, vou can get all your boarding
be the same. But when you look closer,  passes for all vour flights before vou get
one airling offers vou a H}‘H_c_lhk[ way tofly.  to the airport.

Its an airline so large it carries over Its an airline thats always led the way
30 million people a vear; vet so person- by being innovative, not imitative.
alizex], vou can reserve vour seatavear  American Airlines. In a world of airlines,
In advance. its the one special airline that can make

s an airline so committed o saving  vour trip something special.

AmericanAirliines

Something special in the ai:




Members

Topsoil

I have just read vour article on soil (September
1984), Asinthe U, 5., we hove people in Canada
who don't understand =oil conservation. They
continue 1o bulldoze our trees and drain our
sloughs. And when the fall and spring winds
blow away the tapsoll, they blame 1t on everyone
bt themselves, When the water table drops, do
they stop to consider that, had they left the slough
where it was, none of this would have happened ?
A number of farmers have gone to zero tilling,
which seéms to stem the snow from drifting off
the fields in the winter. The last thing we need
now Is another drovght. But unless the farmer
changes his ways, it will soon be on us

Doug L. Brown
Rivers, Manitoba

Thanks for the stirring article “Do We Treat Our
Soil Like Dirt?” To quote an old Texas farmeron
the soil he bas farmed for 25 years, It used to be
we could just plant the peanuts, and when the
soil got wore out, we'd just move on. Now we're
running out of places to move on to.™

Nature is resilient. With proper management
we will be able to renew one of our most precious

resources, the soil, Elizaheth Jewell
Conway, Arkansas

In January 1877 we had a very dirty show in
Joliet. In some places in our vard the dirty layver
was more than elght inches thick. I recognized it
for what it was—the cream of someone’s farm-—
and in midwinter got out my wheelharrow and
shovel and put the snow from my driveway on
my garden. That growing season its output was
30 percent greater than before,

Thank vou, farmers of Colorado, for my back-
vard bonus. However, I hope my grandchildren
don't g0 hungry becauss of vou. Anytime one sees
a dust storm, he is seeing the future of our
country’s agricultural productivity disappearing

before his eves Johin J, Balek
Joliet, Nllmaos

Colorado

References to shale "oil” in your “Colorado
Direaming” article (August 1954) lack some basic
facts. Kerogen is & very low-quality hydrocarbon
and must be upgraded with energy inputs to

make anything close to gasoline. Current shale
processing is a net energy loss system, and this
the demand for multibillion-dollar subsidies and
price gunranteés at 344 to 392 per barrel while
high-grade crude is at $28. No surprise then that
the anly customer in sight for shale oil is the Pen-
tagon. Environmental effects of shale operations
would create severe mir, land, and water degra-
dation here in Colorado,
Chester McQueary
Parachute, Colorgdo

[t's obwious that one of the things Mike Edwards
likes most about Colorado is its mining industry,
He prefers Leadville as a “lusty, loud, miner's
daughter.” Mavbe we should also add & “pollut-
ing, environmentally irresponsible, miner's
daughter.” Is he fond of the hideous apen gash
hundreds of feet across that runs from Leadville
to Climax? Or perhaps all those colorful mine
tailings that spangle the surrounding mountains?
It could be that Mr. Edwards is simply capti-
vated by romantic notions of Colorado'sold gold-
rush davs, but his treatment of modern yranium
mining is another matter. He tells us that the
presence of rndicuctive tailings is “provoking de-
bate,” asif it weren't dangerous. These aren’t ob-
scure little piles; we're talking about mountains
of the stuff, Nothing will grow on them, nothing
can live around them. Of all the evilzof the nucle-
Ar power game, uramum mining 15 the most
insidinns,
Richard Bruhn
Austin, Texas

Japan Alps

It was with great pleasure and surprise that |
opened the August 1984 issue to see the photo of
Tatevama. In the summer of 1968, ns a twenty-
vear-old, 1 climbed Tateyama, and it was with a
great deal of endurance and pride that I reached
the top. As I stood on the summit, sweating and
tired, 1 glanced around to find an elderly monk
dispensing blessings to a group of 20 smiling,
cheerful en-vear-olds.
John Oliver
Hartsville, Tennessee

Mexico City

Congratulations to Bart McDowell and Steph-

anie Maze for the excellent article { August 1954).

A large metropolis develops its character and

personality from its geologic location, I thinkyou
captured the feeling of this great city.

Dir. Lui= Roberto Ocon

Leén, Mexico

“Mexico City: An Alsrming Giant" was read
with consternation and disapproval by those

National CGreographic, December 1954



who, like me, have spent 30 or more vears in this
exuberant, fascinating, delightful, mujestic,
ever growing, sometimes shabby, sometimes un-
ruly, bt alwavs beloved city we call home. The
emphasis of your story is overwhelmingly on the
underprivileged population of the inner city,
which is very similar to the ghettos of New York.
Chicago, or any other large, aging city. In only a
very partial sense does such a focus truly reflect
the character of the city as a whole or accurately
tescribe its form or substance.
Juan Wortman
Mexico, D.F,

Forty vears ago my uncle Lavoisier Lamar, a
worldwide consulting engineer, was in Mexico
and was asked his opinion of Mexico City. He
said, “When o large group of people ignoring ge-
ography, climate, politics, and reason decide to
live in a community, they live, largely, off each
other. The money flies around, changing hands;
most of it stayz there. The clever siphon some
awny, It means little, The more peaple, the more
confidence, the more growth, That is Mexico
City today. "
William H. Lamar
San Antonio, Texas

Population Bomb

In an otherwise excellent article (August 1924}
vou got the central point backward, On page 184
vou stale "primitive farming methods limit crop
vield—and profit.” The truth is that the lack of
profit in modern farming forces farmers o con-
tinue primative farming methods,
Giilles Stockton
Crassrange, Montana

Whales

For the past two weeks 1 have been attending a
class on marine mammals at Scripps Institution
of Oceanography in La Jolla, California. In*The
Whales Called *Killer’ " (August 1984) a caption
states the eve gel is for protection when the whale
comes out of the water. According to my teacher
nt acripps, the eve gel of the killer whale is used
for protection underwater. Please confirm which
18 correct
Bobby D. Highfill
Spring Valtley, California

Most scientists think the glandular secrelion pro-
tectsthe oreay’ eves both above and below water.
Orcasare among the few cetaceans to deliberately
lift their heads above waler in search of prey.

Scotland

Rowe Findley's fine article on Scotland’s
“ghosts” might have included more on Sir Wil-
liam Wallace (1270-1305), who more than any

Members Fornm
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Once vou move in, it's not a house anymore...it'’s a home.

As a maker of home apphances, W

Whirlpool Corporation understanas
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how important the h of people. Yve know that it
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.'-l__;.:':r nome aj “‘I ances go a long way toward
making a house a home. This is why we promise o bullg ang

quality, honest appliances designed to give you your money s worth...and [o
stand bemnd them '-.."'-."F- stand ;_'-u- shind them by offering programs that inciude
our Cool-Line® service, Tech-Care®
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other fired the national instincts of the clans and
brought unity and independence to his people.
His defeatof King Edward’s forces at Stirling ral-
lied the Scots, and that fervor never died. 5o en-
shrined s Wallace's heroism in Scottish hearts
that his statue stands to the right az you enter
Edinburgh Castle. To the left is Robert Bruce.
Willinm Whallace
Fraser, New York

Creat Gray Owl

Michael Quinton, in his article on the great gray

owl { July 1984), mentioned the American Bird-

ing Association’s list of Most Wanted Birds. I'd

never heard of it. Now that [ have, I'd sure like to
know their “top ten.”

Tommy DeMarco

Eatonia, Sazkatchewnn

They are as follows: Backman's warbler, Califor-
nia condor, tvorv-billed woodpecker, preat pray
auwd, black rail, gyrfalcon, boresl owel, vellow rail,
aplomado falcon, and Eskitmo curiew

Mr.Quinton's stary of the great gray owl was ab-

salutely marvelous: His report showed me what

an incredible creature the great gray is. One

question still lingers in my mind, though—is the
great gray considered endangered?

Peter Bilden

fionsyille, Indiana

The great gray owl ismwol onthe U, & endangered
species list. Im Conado—ils basic range—ii 1
comsidered “vave,"” aranking below “threatened.”

Cover

Thank you so much for the March 1984 issue and
the article on lasers. The cover wlone must have
attracted world comment. Last evening [ took
that 1ssue to-school for the evening study period
for our Grade Sevens, all local kids of the Lunda-
Ndembu tribe. Maost of them tilted the cover at
various angles, exclaimed on the different color
effects, and then went on with thedir studies. But
one more curious than the rest took the mogazine
to A quiet corner of the room, studied the cover
very carefully from different angles, and four dif-
ferent times cautiously opensd the magazine to
seg where the rest of the bird was!
Brother Joseph Weissling
Mwintlungs, Lambia

Letters should be addressed to Members Forum,
National Geographic Mogazine, Box 37448,
Washington, D_C. 20013, and should include
sender’s address and telephone number. Not all
letters can he wied. Those that arve will often be
ediled and excerpled.

Members Forum

E.'as:k in 1967, wmrlpml d&ﬂlﬁ&d it
was important for customers to
have someone 1o talk to whenaver
they had questions about any of
our appliances. The result of that
decision was the establishment of
our tol-iree Cool-Line service®

Today, after more than sixteen
years and two milhon calls, our
Cool-Line service is still going
strong. In fact, we now receive over
250,000 calls annually from cus-
tomers in need of help and
information.

The enormous number of
calls received
through our
24-hour
Cool-Line

wide variety

of questions. Information on appli-
ance installation, clothes stains,
food storage hints, ruined recipes
and the location of authorized
service companies are just a few of
the reasons customers call our
Cooi-Line service.

Whirlpool's 24-hour, toll-free
Cool-Line service. It's a quick and
easy way 1o save time and monay,
And another way we help make
vour world a little easier.

* (Ol B-294- 530
In Ak ore] i, 8002535121
fr Michipan, 8004122234
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We don't buy just any seats. We design
thiemn.

(M begmns with detailed studies
of the hLuuaJL body. Biomedical research.
The kind of comprehensive investigation
of anatomy da Vina undertook in the
1500)s.

As a leader in the field of Human Factors
Engineenng, we design interiors saentifically

to minimize the pessible distractions from your

driving.
It may take us two years and countless
clay models to amve at a more comiortable,

durable seat for new (GM cars and trucks.
But we think 1t's worth 1t.

And we beheve old Leonardo would have
1]]1 '|I,_]j;,||'f[ S0, TO0.

We be llw + In taking the extra tume, giving
the extra effort and payving attention to every
detail. That's what 1t takes to provide the
quahty that leads more people to
buy (GM cars and trucks than any
other kind. And why GM owners
are the most loval on the road. |

That's the GM commitment
o excellence.

Chevrolet » Pomtine * (Oldsmobile * Buck = Cadhllae = ¢ MU T
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Hobody sweats the details like GM.
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They were revolutionaries lot has changed And the of $225 when you order
fram the beginning. Because  changes are simply an AM/FM radio, rear
they were created to be beautiful. Ares now adds a window defrosler, power
better steering,
i~ REVOLUTIONARIES. ::
than any matic
SiX-pasSenger cars you sophisticated new look to speed control, tilt steenng
could buy. Last year, for a proven tradition of wheel, and other popular
example, they had the low- 14 billion front-whesl- options™*
est sticker prices, the drive miles. Ask any of over 400 000
highest EFPA mileage rating, Bul the changes aren't American families who've
the longest warranties, and just cosretic. This year, owned Aries what they think
solid resale records® They Anes LE gives you over 40 Then ask your Dodge dealer
were true rey- v : standard fea- abioul buying or leasing a
olutionaries— lﬁ! S tures. Some new Arnes, It's traditional
Aries 2-doar, : s J3improve K-car value in a beautiful
ddoor, and | ments and new style that makes Aries
waann. Ls . annovations - 2-doar, 4-door, and wagon
or 1985, ' . both standard true revolutionanes
all the practi- and optional, again for 1985,
cality under And, with
the sheet: otferings like S
metal has remained intacl the Premium Equipment AMERICAN
But i the sheetmetal, a Discount Package, savings REVOLUTION

*15984 6 passenger mode! comparisons: lowest base and comparably eguipped sticker prices; highesi
mifeage — 28 EPA est. mpg. used for comparison, actual mpg vared depending on speed, distance
and wealher; longes! warranty — 5 years/50,000 miles, whichever came first, Limited warranty an
Eﬂm:rr!ram and oufer body rusi-through, excluded leases, deductible applied. Dealer supplied delails
"Aries LE savings based on sticker prices of package items if purchased separately. Ask lor delails.

BUCKLE P FOR SAFETY



On Assignment

AILING THE INDIAN OCEAN off the

coasts of India and Sri L.anka may seem
like a delightful adventure, but if your sched-
ule is dictated by the erratic movements of
sperm whales, the glamor quickly fades.

“Tt sounds exotic, but it's actually quite ex-
hausting. because we follow them day and
night,” savs zoologist Hal Whitehead. Here,
aboard the sloop Tulip (below), which served
az the project’s research vessel, he stands
watch fanked bv crew members Caroline
Smyvthe and Philip Gilligan

A native of Derby, England, Whitehead
learned to sail in the United States during boy-
hood summers spent at his maternal grand-
mother's house on Maine's Islesboro [sland.
He holds a Ph.D. in zoology from Cambridge
University and has studied whales off the
coasts of Greenland and Newfoundland and in
the West Indies. Though his fondness for the
piints isunshakable, he says, “The whales had
no idea what anguish thev caused us when
they suddenly changed direction or crossed in
front of o passing ship.™

“T've worked with a lot of whales before,”
says photographer Flip Nicklin (below), "but
the sperm whale isspecial. It's ike diving with
Mohy Dick. " For this assignment Nicklin put
his scuba gear aside and used onlv a snorkel,
since sperm whales shy away from bubbles
produced by air tanks

A veteran diver, the San Diego native has
photographed articles on three other whale
species—humpbacks, rnghis, and killer
whales—ior NATIONAL GEOGRAPHIC, Aand
another on krill, a favorite whale food. “We're
just getting beyond the survey vears in whale
photographv,” Nicklin. “Eventually
we'll see pictures that will really knock your
socks off.” And Nicklin hopes to be the one
who trips the shutter
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Wildlife as Canon sees it:
A photographic heritage for all generations.

Unce abundant in the tropical forests of Brazil,
the stunnmgly beautiful seven-colored tanager
has senously declined i the past 30 yvears, Con:
tinually sought after as a cage bird because of its
fanciful plumage and threatened with the loss of
its hahitat, this species of tanager today faces an
uncertian future

Nothmg could bring the seven-colored tanager
back should it vanish completely, And while
photography can record it for posterity, more
importantly photography can help save it and the
rest of wildhfe.

Photography is an invaluable research tool that
can assist 0 efforts to save the seven-colored
tanager. Continued protection from the pet trade
and the preservation of its natural habitat are
needed to ensure the survival of the species. Also
through phatography, one can better appreciate
and understand this exotic and fabulous denizen

of tropical forests.

And understanding is perhaps the single most
important factor m saving the seven-colored
tanager and all of wildhfe,

FD 150-800mm 1/5.6L

Canon
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Soon,besidesdoing
the walking,your iingers will
do the shopping, banking

and awhole ot more.

In the very near future,
Hmas Bell will help vou get
miare out of your telephone
service, your television, and
more importantly, your life
That's because new technol
ogy will link vour television
or home comiputer, via the
phone line, to sophisticated
mnformation banks.
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Videotex 15 just one ex-
ample of how [lnos Bell
will change the way you hive
and work, We think you'll
find 1it'll be a change for
the better.

Say hello to the future,
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