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IRST CAME the conguest of the atom

Now another great revolution is upon

us. Like the atom, the new hiology ex-
plored in this issue offers incredible promise
—anud perhaps an equal measure of peril,

It is not a simple subject. In fact, no article
we have ever published has been more diffi-
cult, either in the amount of effort and skill
that went mnto its preparution, or in the per-
severance readers must bring to it if they are
to understand this complex new face of sci-
ence. You will find the effort worthwhile
What could be more important to us as
human beings than a glimpse of the inner
workings of life iteelf?

Bat therein, as Shakespeare observed, lies
the rub. For in reporting such mind-shaking
scientific theonzing, we must also report the
consensus of the world's astronomers and
greologrsts that our universe developed slowly
during hillions of years, and that of the biolo-
gists that life, too, developed in a slow but
erand design over the eons

A significant number of readers will find
neither of these explanations acceptable. The
majestic words of Genesis continue (o pro-
vide for many of us a satisfactory answer
(which science still cannot give) to those deegp-
est of all mysteries: Who are we? Where are
we? How did it all begin? “1 cannot believe,”
wrote Albert Einstein, “that God plays dice
with the world ™ Thus others among us see,
behind everv revelation of science, the gud-
ing hand of a higher power.

In reporting the headlong pace of biology,
geology, and astronomy, we follow the same
precepts that led us to cover Kansas City and
siberia, ecology amd pollution, rerotest Afri-
ca and downtown Toronto, Our mission, the
increase and diffusion of geographic knowl-
edge, bids us hold up a mirror to the world,
s0 that the magazine's pages will reflect the
earth and the universe around us as clearly
as we are capable of perceiving it. But all of
us, as individuals, must accept or reject other
peoples’ interpretations as they accord with
or disagree with our deeply held political,
religious, and coltural values

| like to think that this chershed combi-
nation—access  to  knowledge, presented
factually and fairly, and the freedim to arrive
at our own conclusions—is what makes Na-
TIONAL GEOGRAPHIC readers among the best-
informed people on the planet
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India Struggles to Save
Her Wildlife 249

Muoxt of ay are familiar with the threar 1o Africa’s
wild ereurures, bt India’s srand in even

greater peril. A team headed by John J. Putman
and Stanley Breeden spent more than a year
assembling vhix divturbing repori.

Who Are Earth's Richest People? 344
For the moiment, that feonor belongs 1o the cliizens
of i Pacific fslet called Nawru. Mike Holmaes

finds most Nawrwans basking in today's afffuence
witfle their efficialy worry abowt tomorrow—ihe day
the phosphate runs oW,

THE NEW BIOLOGY

1-Awesome Worlds Within

a Cell 155

M vsteries fade away only fo revial greater myvsieries
ax scfentisty strive to solve the riddies of lfe.

Rick Care and Brice Dale help as glimpse this shill-
hafffing aniverse of tiny worldy that ofl af wa

carry within ourselves, Paintings by Davix Melizer,

1-The Cancer Puzzle 396

In hiy quest for clues to cancer causes, bioche st
Robert F. Weaver studies one of life's mosi
primitive forma—the slime mold.

i-Seven Giants Who
led the Way aen
Today's invights are firmly grounded in the work

of @ handful of plonecring Biplogives, Paintings
by Ned Seidier,

California’s Surprising

Inland Delta 409

Dikes bexpeak the Nerherlonds, fieldy of scarlee
pomodoras hing of Htaly, Add Chinexe villagers,
voll thar burns ar blows away, and cargo ships
stedaming into the heart of California. Judith and
Neil Morgan find one surprise after another in
thiv aften-overlvoked crossroads of the Golden
Srate. Photographs by Charles €' Rear.

COVER: Unknown to science unil § 9097, the rare
weldlen angwr typifies India's rich bt theeatened
wildlife (foldowr, pagexs 307-30%9). Photograph

by Staniev Breeden.
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India Struggles to
Save Her Wildlife

By JOHN J. PUTMAN

RS O T S & &

Photographs by STANLEY BREEDEN, RAIESH BEDI,
and BELINDA WRIGHT

The tipresy. .. had wrrived n Kymaon a5 a
full-fledged man-eater, from Nepal, whence
sive had been driven out by a body of armed
Nepalese after she had killed two indred
heman beings, and duving the four yvears she
lad been opervating in Kumaon had added
two hundred and thivty-four. ... This is how
matters stood . .. I would stavt for Champamwal
immediately on rveceipt of wews of the next

hﬂ'mﬂﬂ k'”llII " —CCH. JINE CTFREETT N

PRLANILATI RS OF EUAMAGA™ 1ngd

ASHMIR, LATE SEFTEMBER. The
nights were cold now, and there had

been snow at 13,000 feet. The Gujars,
tribal nomads, were coming down from the
high pastures. The men walked, driving their
sheep; women, children, tents, and cooking
pots rode on belled ponies; the aged and dy-
g were carried on litters: At the sound of
the pony bells, the hill farmers would pause
in their harvest to watch the caravans piss,
harbingers of winter.

Very early in the morning in the valley be-
law, vou could watch the geese and ducks—
greviags, pintails, mallards—ome 1n from
China to the north. Dark clouds of birds, they

passed low with the whisper of hundreds of
beating wings to settle on Dal Lake.

While T was at Dachigam Wild Life Sane-
tuary, northeast of Srinagar (map, page 309,
the last of the Kashmir stags, or hanguils, were
coming down to the lower slopes. The velvet
wins off their antlers, and they called and
challenged, Now and then came an answer-
ing bugle. Soon the stronger males would
drive ofl their rivals, collect their harems, and
hreed. Not long after, they would go their sep-
arate wivs. The fmwns would be born in May

The rhyvthms of nature are sharply per-
cetved in India. Nature is its calendar—the
coming of winter, the drv season, the mon-
soon. The precise vear, the century seem less
important. Sometimes, camped in the hills, it
15 possible to imagine that the vears have
passed Indin by—that the Hindu gods still
ride their favorite mounts, the swan, the kite,
the bull; that Mogul emperors still ride forth
with hooded hunting cheetahs selected from
a stable of hundreds; that forests and hills
still teem with such game that a British colo-
nial, jaded with shooting, might turn to hunt-
mg with matched bulldogs and a knife: that
the redoubtable Jim Corbett still putters

Reaping the roval bounty, 4 maharani takes alm at & tiger in un 1 8th-century hunt,
Two bundred vears iter, much of India’s wililife—somong the world's most varied-—
s extinction. Recently the povernment has taken steps (o protect i3 endanpered
speecies within some 130 sanctugries, But a bigger problem looms: Six hundred milbon
people demand room [or living Can they and India’s wild creatures survive side by side

HikidaFakbl orhiiaPiinl, il sl | AT CEEPOEr: CCAATIOTY RATIDEEl HLUSrGN . & FILH
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“Tigers steal
beneath the
brake ...”

Gelare of a bip cat in Ranha
MNational Park echoes the
words of the Kamayana, a
2000-vear-old Trihian e
Towlay Imalin's tiger population
s dwindled to an esttmated
20080 A government prograom
called Project Tiger fights

tor save them, with nine
sanctuanes designed o allow
ample habitat and prey

N S

around hiz cottage at Kaladhung, awaiting
word of the next kill by a man-eating tger.

But these are imaginings. The vears have
not passed India by, but ravaged her. The
great forests have shrunk under the ax and
the plow, and shrunk again; the vast herds,
[OLOUE) strong, and herd after herd, have di-
minizhed to small pockets; the predators have
become the hunted. The Indian cheetah is
now extincl, the bger gravely endangered,
even the birds have dwindled in both num-
bers and species

=0 greal has been the slaughter of animals,
so entrenched the pattern of destruction of
habitat, that manv came to bebeve that In-
din’s treasure of wildlife was doomed. Naot
until the early 1970's did the central and state
povernments of India join in the first firm
steps o rescue her wildlife. It was viery late,
but the struogele had begun

Durning four months in India [ visited al-
mosl every cormer of the subcontinent and
tnlked with scores of persons concerned] with
its wildlife. | wanted to learn what steps were
now being taken to preserve the animals that
remain and what the chances were of success,

The cost of failure would be great, for
India has a remarkable varety of wildlife:
sorme 500 different mammals, 1,200 species of
birds, more than 30,000 species of insects, as
well as many kmds of fish, amphibians, and

reptiles. Some—such as the blackbuck, the

WK










('rackdown on
the poachers

[llegal hoard of B9 skins was
wized by officials (above) in
riid on & poacher’s den in New
Detht. FEach teer or leopard
pell could have brought the
lawbreaker $1,000. One cat that
pol pwEv—a muagenificent
jeopard (left)—roams free m
the 125 square miles of Tiger
Haven (map, page 309

Trcdia Stripeles ro Save Her Wildlife

Mileird tahr, the golden laneur, the lion-tailed
macague, the pyvgmy hog—are unigque to the
subcontinent (pages 307-300)

This unusuai assembiage of animals began
long ago. when India was a separate land
mass drifting northward toward Asia After
the continents met, India's indigenous ani-
mals were joined by migrants moving east
from Europe and Afnca, south from central
A=in, and west from China

It became a lund that offered a rich variety
of habitats: the ereat sSWoEp of the Himalivis
to the north, mangrove swamps along the
eastern coast, desert to the west, deciduous
forests in the central platesu, reed jungles in
the vallevs of the Ganges and Brahmaputra

5 EARLY AS 2000 B.C. Hindu sapes be-

LW man to classify this bounty of wildlife,
o noting the “ovam or <eed,” the habitat,

the food preferences of hundreds ol species

A notion of conservation was introduced in
the Hindu precept of aftmsa, nonviolence to
any living creature. In the Gfth century B.C,,
Buddha, sitting under a pipal tree in what 1s
now the State of Bihar, taught s disciples
that a man's mind must embrace all living
thing=s “as a mother cares for her son, her
anly son

Not long after, the Emperor Ashoka issued
his Filth Pillar Edict, perhaps the lirst con-
servation law in historv. It decreed that an
mals such as “bats, monkevs, rhinocerases,
porcupines, and tree squirrels” were to be
strictly preserved and that “forests must nod
be burned, either for mischief or to destroy
living creatures.”

And while Mogul emperors of the 16th and
17th centuries won renown &5 hunters (one
arraneed & month-long hunt with 50,000 beat-
ers), they were also keen naturalists. The Em-
peror Jehangir filled notebook after notebook
with ohservations: how, unlike the birth of
most humans, “voung elephants are born with
their feet first”; how the clever ped-crested
eposits its eges in the nests of bab
blers, to be cared for by the latter.

These traditions—the Hindu reverence for
iving: things and the Mogul deal of the
sportsman-naturalist—would  reemerge  to
spur India’s present conservation effort

With the comimg of the British raj, colomal

cuckoo

sporismen r||lJI:||i. a Cxarden of Eden: ™ wiltd
plg, [OrCUpine, (Comlenued on page 310)
TR
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TWILIGHT VIGIL: Pamted storks guard nests
in a treetop of Keoladeo Ghana Bird
Sanctuary. From July through September,
monsoon forrents cocer ”H:'!:ﬂ[' h'.l-l-l'.';-[il'l'i{f-"l!

with an eleven-sguare-mile lake, creating

i neshing place for 40 0N bnirds.
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MARKHDOR Sorme 350 of these GREAT INDHAN RHINOCEROS WHITE-WINGED WOOD DUCK Thess HIMALAYAN TAHR Tha wild SNOW LEOPARD The damand LADAKH URIAL They survive
elusive wild goats hold out in Displaced by agriculturs and beset witerfow| have bean Gttle studied goats are thinly scattared far fur coats has all but wiped la seattored herds along the
india’s Himaiayan foathills. by poacherz, ondy 00 remain dus to their socluded junghe habltat. betwean Kashmir and Bhutan. out thase beautiful cals in Indla. uppeer India in the Himalayas.

LION-TAILED MACAGLE Ridfed and GAVIAL Once inhabited the many INDIAN WILD ASS Human disturbance GALIR These ungulates have DROW -ANTLERED DEER Fawar WESTERN TRAGOPAN A
tifted, the 500 remaining monkeys rivers af nartharn india. but have and disease have reduced them to 720, suffarad from hunters. farmers, and than 25 remain in marehiands type of pheasant Tound anly
exint anly in tiny dots of territory beer gravely depleted by hunters. moastiy in the Little Rann of Kutch. tha diseases of domentic catthn. in the State of Manipur, inthe Westarn FHimalayes.

1.-".

SWAMF DEER (BARASINGHA! ASIATIC ELEPHANT Once roamad KASHMIR STAG iHANGLIL) SIBERIAN WHITE CRANE Once regular GOLDEN LANGUR LUnknown ta MUSK DEER Protectad since 1873,
About 3,000 live in inotated almost all the forested countrynids Prohably fawsr than 250 infakll winter visitors to much of the Ganges, thay seimnce until 1907, thoy exist in one many are still shot by poachars
marshes and open woodland. About 7,000 are now laft in the wild farests around the Vala of Kashmir. are now seen anly in Keoladeo Ghans. small packet on the Bhutan border. for the valuable musk giand.

[
Iy
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T

ASIATIC BUFFALD Fewar BLALKBUCK These anteiopes INEHAMN TIGER Grand prive af MILGIRI TAHR Some 1,000 cling GREAT INIMAN BUSTARD FYGMY HOG Thay remain
than 2,000 remain in jungles are marely sprinkled throughout Indign hunters, the great mt to precipitous chffe Inthe Szattered through open pnly in balts of marahy grasaland in
and rivaring marshes thair originad range today. has dwindled to about 2,000, Westarn Ghats, their anly homa, grasslard of westarn India Axsam and the Himalayan foothilfs
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Man's encroachment qii

= CULTIVATED OR ARABLE

© WASTELAND AND SCRLIB
= WILDLIFE SANCTUARY

Original range as known

# Presantconcentrations

Thinky distributad
remnant populations

India’s wildlife vanishes
as man alters the land

Compassion for all lving things has been a tenet of Hindusm
for 4,000 vear= Even the princely rulers, who collectively shot
game by the millions, were often conservationists. But, since
Inclependence in 1947, a darker story has been written for-India’s
wildlife. Uncontrolled killing has prevatled in mony areas. Ever-
increasing pressure for land by an ever-increasing population
threatens the living space of the nation’s hundreds of species
of mammals and 1.200 species of birds.

But the battle lines have heen drawn to try 1o save other
animals from the fate of the Indian cheelah The last of its kind

ASIATIC LION Most of thair kingdom was shaot in 1948,

has boor taken over by habitation snd . PAINTINGS BY NED SEIDLER 309




(Continued from page 303) wild fowl, game
fowl, and other animals, dear to the sparts-
mzn, are to be met with in incredible num-
bers.” Enghshman and raja blasted away.
There seemed no end to the game. It was
still so within the memory of living men.
Dir. Sahim AlL, 80, a small Gundhi-like figure
and India's most renowned ornithologist, re-
members: “Forty or fifty vears ago, when vou
traveled by train from Bombay to Ahmada-
bad, there was hardly a time after vou left the
settled areas that vou didn't see herds of black-
buck. At that tme we all shot;, in a morning
vou could easily bag three or four blackbucks
“And every hunter with anv ambition
wanted a tiger. Some shot five, tén, thirty. 1
remember once, about 1933, when I was do-
ing some fieldwork in Madhyva Pradesh, T met
the Maharaja of Surguin. He was an old man
with palsy and braced his rifle on a stick.
“*1 am very happy today,” he told me,
““Whye' I asked.
*'Because today 1 have shot my 1,100th
Liger!
“He ended up with 1,157.7

HE CRAUK of the great smoothbores
during the days of the raj significantly
reduced India's wildlife, but the maha-
rajas protected game in their preserves, while
British civil servants prevented wholesale
slaughter in the forests.
[hsaster came with independence in 1947,
Exultant Indians rejected the old shooting
regulations along with colonialism. They be-
gan to shoot wildlife everywhere, on private
estates, mn sanctuaries, in forest and field. The
sluughter was increased when the govern-
ment, facing food shortages, distributed crop-
protection guns to farmers, dooming those
animils that lived near cultivated fields, The
availability of jeepe led to motornzed hunt-
ing at might, when hunters fired away at any
animal eves reflected in the beam of their
sparchlights. In time the government made
agricultural poisons readily available, and
tarmers learned they could poison not only

tnsects but also the big cats that raided their
farms at night.

Harn Dang, ecologist and educator, recalls:
“Postwar exploitation—opén season on all
resources! Shoot evervthing, burn what's left,
destroy the rest It was our disaster period

‘ou hard the same thing in the American West
—in the 1800° evervhody started shooting,
and the great herds were destroyved.”

Dharmakumarsinhji, 59, of the Princely
House of Bhaunagar, remembers how “war
broke out against the animals. Before the re-
duction was felt, it Wiks Lo0 lute It can never
again be like it was in the past.”

At the same time, thanks to improved
health care, India’s population began an ex-
traordinary climb. Whereas it grew by anly
eighty million from the turn of the century to
1941, the population ballooned by 280 miilion
from that vear to today's 600 million.

Each new mouth cried for food, each new
body needed a piece of earth to sleep on, each
cook pot required fAirewood Between 1000
and today, perhaps hall of India’s forests,
home for much of its wildlife, vanished. Most
was converted to cropland.

Into the remaining forests poured millions
of domestic livestock, searching for grazing
Protected from slaughter by Hindu belief and
tradition, India’s cattle numbered 200 million,
most undernourished, many dizeased.

For India’s wildlife the struggle for survival
became a competition with human beings and
their livestock for the very basics of life—
food, shelter, space.

It 15 not surprising that the government of
India did not recognize the problem and act
to remedy it Independence had been preced-
ed by half a century of political strugzle and
by World War I1: it had been accompanied
by partition, migantic exchanges of popula-
tions, massacres; it was succeeded by severe
econamic and social problems, four wars, po-
liieal uncertainty.

But a handful of people did keep alive In-
dia’s traditional concern for her animals. M.
D. Chaturvedi, a  (Continued on page 314)

Apothecary of Asia, the great Indian rhinoceros is still desired by Chinese who
believe the animal's horn possesses medicinal powers. In times past the creatures
roamed the entire Gunges Basing then they were slaughtered until only a few
dozen individunls remaimed. Today about 700 are safeguarded in Kanranga
Mational Park. Tungle myvnas rid the amimals of insects and warn of intruders.
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forest officer wh Heers before Turn-

o saving wildlife: E. P. Gee, an Enelish

ten planter who traded his gun for a camera
P D), Slracey, an Eneghsh mspector genera
Assam. Zafar Futehally, a Hom-
by industrialist; M. Krishnan, a gournalisi
in Macras; and perhaps o score more, Mam,

were members of the venerable Bombay Nt

ural History Societv. tounded in 18383 1o en
courage the studyv ol India’s wildlife

1t wus through 5 i
that the Indian Board for Wild Lafe was cre

Al 1 L
povernments on wildlife conservation prob

the efforts of such people

wlvise the centrad LR

lems. But it was not until the end of the | 961

that things begnl renuy o come Logelner

L he turmin
m 19609 when the
i CNSErY AL ol I-l"-.:'-.:'l"' ||I|| 1=
noasvew Delht The umon 1= 4 sce

with a3 red tatinn

2 point, according to many, cam

International U'mion for
P il oo
volralnn

tific baodd

1 L e
1l E =

I-l!:'-'-
l:._ I | :||| |_I;:| ||I - ':||- :=.:".:F| I Tasq

Hi£1s 11 Lhe citv. thetr visits 1o sanctuaries ani

MRS,

LY ETARY ||'r A

Ll LI I'l .-: AHE IMNIErnationat ew's
iitenbion to the plight of 1
| hose Indinns already working

O CORSE8rvalion were €Neourase | LEb® SEIEN e

din’s wildife

was hrought to the attention of those who had




Prime Mimster Indira Gandba gave the in
aurural mddress, strongly endorsing  conser-
vation Her AppeRrgnee, miin? sl vE, wWis
the vital factor, Une Indian participant n
members: “From being a catch phrse, will-
e Decamd d sertous Commutment Of Pover:
ment. The mintsters ant involved; all those
who hid hindersd now began to help”™

Action  followed swiftly, In 1970 lndia

itlawerd the shooting of tirers and orderen
a census of their population. snce 19 a1
centrl and most state governments Hive

wlooted the Wild Life Protectwon Act, which

bans the killing of 01 endangered spectes

[V IS a1 |-:-r|.||'||-- for offenders iy

s kit '||Il !r"_'_l_ [T WAOrR 107 ENIOrcement

yiobey e o moyve irom e center |

-I'!r LA i I TARE ||||' lII"'.l' il

anctodries. In 1973, spurred. by

el ol
L madlion

dollar pledige from the World Wildlife Fund,

rwlia inaueurated Project Tiger. 1 he spécies
i1 l

had dwinddled trom an estimnted

the turn of the century to 2,006

O EE EXISHND sanciuanes wWere

N5 [IF0T Tesorves, il Uhe centrald g

] R L]
H ron

.
=T Le I

MWETTIIT

llocated 4.5 mallion dollars. “The obiect

Pronect Lhrector B > Sankbals

il Mme in

i Dhel bt 1= to start 4 nucieus [or fegenerit-

I LR SpdeCies, i S0rt Of SETTeEs of

NUT=eTHes 10T

Heers, where thiry cian rest, bhreedd, -|':|'.II| CFLI

Iy need
and tamed...

Farapmy the hent. a female

ciefn it ancl her call share o

(LT Temenl i 4 Lraiiing
camp m southwestern India
(left), Domesticated for
centunes, the Indian clephant
has hauled evervthing: from
timber W battle-bounid
mahnrajas, thungering

aver bloodstzned desert

[n tribute to it labor,

i miarkle s ]||’l|r|- FTUCES O
'l'-l';.-||. of the Jans iabove)




Dut a
lucky few
still roam
free

Wikl eclephanty graze i
Corbett National Park helow
the Siwiahk Honsee, Thouseh

such herds have dwindlexd

their chances Tor sirvival ey

promismge. Workimng animal
mst, comwe from wabid stoack
since elephants are seldom

breel in captivity, but recent
mechamration has reduced

the demand [or new capinves

“"Although theve 15 much in the sporl of Heey

hranding that renders § imfertor as a mere ex-
Vel there 13

a stirring of the blood n altackime an antmol

FTCLIE, OoF Y IR r'i.".--'l'i' -:_-'_." shipll

before whom every other beast of the forest
guails, and an wnarmed man s Me Ipless ax the
moave under the patt of the col—ir cvealure

it the same LDimee matchiess i beanty of form
].l.m' colowr, ardd 1 lerrible power of offenstve
mrmiature—ichich drates men to its continued
pursuit after that of every other animal has
ceised to giford sufficient excilemen Loy daped -
g the todl of hunting 1t a btropical counlry.”

CATT. [ASMER MRS, ERTVLEA FANS

r CHE '. ‘K on theé progress of Project
[|-'+ headed townrd Ranbn Na
11O L| J wrk. 10 the center of Incha 1

s late February, when chital lawns were
EII‘.1'1'.F|L" their b
full plumage, the wald beoar m {full rul [he

the peacncks coming 1nto

preserve, founded in British days and later

expanded, sits on the western edge of one of




India's last great foreste. Swamp deer and
hizonlike gaur graze unafraud m its meadow's
Kanha is, by consensus, nmong India’s best
muianaged prks

The first morning out on elephant back, 1
saw o Uper—a hand<ome female with four
ciths. She let us approach fairly close, then
vanished into a bamboo lmir. Throusgh the
cnnes 1 glimpsed a bright red flash, the partiy
eaten haunch of a fresh ki

Kanha's tiger population has risen from 3]
o 48 in the past few vears. H 5 Panwar,
field director for Project Tiger at the park,
explained why: “The hasie problems were
hirst to stop the disturbance caused by logmng
cEEraL NS and to move out the villagers arnd
cattle. Then to rebuild
the prass to grow back, protect it from hre
build dams and water holes for the animals
and, of course, stop shooting of any Kind,™

Project Tiger funds help achieve

{
=

thi* habital—allow

these

eonls, paving for stall additions; roads and
doms, and the cost of moving oul villnges
The state provides land for resettlement

Progress, Mr. Panwar said, had been switt.
*The environment responds gquickly, and ance
the forestry aoperations have ceased and the
villnges have been shifted, the animals lose
therr fear.” When an addibionad ity sguare
miles was recently added to the park, the tiger
populntion there rose from five to cignt

Behind kanha's success: e hidden ingre-
dwnts; o state movernment and politieal lead-
ers attuned o the benefits of conservation,
relatively low population pressure, and the
vieor and diplematic abalities of both vdr
Panwar and his predecessor

Mr. Panwar had been “only a lorester” lor
ten vears. Unee he had been posted here As
he roamed the park’s sal forests and hills,
something happened:  “Therealter my in-
terest kepl coming back here—=o the An-
mals.” Now he's content sategunrding them.

One evening as we sat on the veranda of
the guesthouse. | asked him about ngers: |
had 1 mind the late Captain Forsyvth's lero-
oS portrayil nf the benst

“1 once had occasion,”™ Mr

Panwar sl
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“to ohaerve the |'1||:r'T.-'~!'ri!1 and mating of the
tieress you saw. She and a male lived toseth-
er, day and night, for 1 week. There were
various chsplay=: The female gave her mating
roar and spraved, the male answered in kKind.

“1t's quite a rourh affair, thelr muating. Cne
day 1 came on a kill site and followed the
dragline to where the two were. He sniffed
her, pot excited, gave o matng call, and be-
gan to circle her. After some play, they matied
Afterward, thev disappeared

“Then 1 heard the mating call again and
the sound of a big scuffle. When 1 saw them
liter, their conts were marked by bites and
cuts. They kept together lfor some time, then
wirnl

“The pestation period for a tiger i 95 (o
110 davs. The newborn are just slicghtlv big-

Wi OWT WHYS

ger than dog pupples, and dsually number

althousghn the average surnvival
The t1oriess rears them

four or Hve,
rale 15 onby about two
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|"' herself, firse ]‘lr'iT||_'1"|" fond to the den. In
e she will tike the cubs out for direct
ine on a kil

“Within the first few months
thedr understudies  at
they plav a hide-and-=eek game with their
mother. As she conceals herself in the orass,
||'II_" I_Ijt_l_- oy 'E-I_'.;I_'I'I:_!II:I:; :".'ll'Jl_' FiLl =% I!I'I'I' [.1|].
Hicks i, then soddenly shifts it and they
learn to pournce and grab. Later the cubs join
the mother i the hunt. Sometimes they fal,

“The tramming oes on for one and a half 1o
two vears, until the cubs leave the mother
she thén may mate agam: The cubs often
tay together for a time; they are (oo Inexpert-
enced o establish themselves alone. By three
veurs thev are off on thedir own and start o
establish their territorses.”

Mr. Panwir belleves that the survival of
the Uger 18 assured: “1here 18 00 goestion of
them being wiped out in preserves like this

feeck-

they begin

hufiting:  sometlimes
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ghide past elephant-bame visitors (above)

f;tf‘ f'{f’{fr'}l f!f- IIIHUJ’ n the r-..r beadters drove wild prey towsarnd

'.E1 ¢ kil of hunters such s Frif an's Laord
[-inl;llu.-i.-.-. (below. centery and his party
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['he guestion concerns those outside the na
tonal parks and sanctuares”

At kariranga National Park, wedeed be-
twieen the Brihmaputra River and the Mikir
Hills in the easterm Stite of Assam, [ found
more indications of progress in conservation
I revde on l-.']i_-|'|h;L1'11 hack with Indian tourists
through tall elephant grass 1o the clearings
and water holes where animals meet

There were hog deer, swamp deer, barking
deer; wild pigs: buffalo. Down by the river
willd elephants praced.

But the centerpiece of KRazirnnga i= the
(prouze
§11), Lone geo they ranped the length of the
Lranges Valley, but the reed jungles thes
require were converted o cropland. In Hime
mosl of the remaining rhinos came to dwell in
Aszam, Bariranen. The rhino's
horm 15 believed to contadn wondrous prop
erbies d4s an aphrodisiae ond as a medicine,

Freal i1.r:|I.'=|r1 I:'I:I'II_'-l'JIiI'I"III'Il !'I"I'I['llll Eiis

mednly in

This bullet
messed, but the
nert may not

andd poachers shot them until they had dwin-
dled to only a few dozen

Fough new miisures—Iin-
ueling guarc jursts inked by radio, jeep andd
clephant pitrols, amd  armed
stopped the slaughter just in me Tod
of the rhinos graze the pirk, their dainty
stride contrasting with their armorplate-like
shields of folded skin. Indeed, some observers
it hoariranes may have b
come overstocked with these animads

cHTOroermenl

D et o

ayv 700

Al COI I.'IflL'-ll i

I T ANHA AND KAZIRANGA are two

\.“‘E Imelia’s success stories; but not
every preserve hias shared equally in

the money and attention or success in resoly-
ing long-standing problemns

Perivar Wild Lale Sanctunry, situated in the
hills of the southern State of Kerala, 1s
[ndia’s most popular tourist attractions. Per
haps 100 visitors o vear come to ke n

oL Ol

A blackbuck flees a poacher, jeep-moanted and
heavily armed (right) The Wegal encounter occurred
in a desert wren of Rajosthan, where low: enforcement
15 difficalt. In the State of Bihar, a-povernmend

sdgn (above) admonishes in Hindi, “Stop Thieves
and Hunters
e andmals: immobilized by the blinding beam.

O depaits outlaw hunters jackhghting

they Become ersy pres
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Fleeting
freedom

Shadowed on a scarp, clusive
Mileiri whrs, or wild pooads,
range the high country of
wrthwestern Indin. Black-
bucks (below i —hunted for mead
and prized for thor =piral boms

—are¢ now scarce. P hese animels

profected in Velovidar sanctunry
bilong to n herd of 2, 500—
perhaps the larpest in Incin

boat ride around its man-made lake and view
the animals on the shore

Among them 3 one gravely endangered
species; the Lon-tailed macagque (page 343),
These unobtrusive monkevs once thnved m
the Western Ghats, but catchers snared them
for thie pet trade and their forest homes vield-
¢l to farms and tea and black-pepper planta-
tions. Lion-tails probably number fewer than
S00: perhaps twenty live in Periyar,

Wo detailed census has been attempted.
“There 15 a lack of devoted personnel, a lack
of the scientific feeling. We simply cannot
take an accurate count,” ane officer told me.

Last year about 300 gaur (page 308) died
in the park of an epidemic of rinderpest, a
viral disease probably transmitted by sick
cattle passing through, The herd dwindled to
about a hundred beasts, although it has now
begun to incrense.

When the park advertised for a fence to
keep out domestic livestock, no one hid. The
state government rates were too low. The
state 15 currently dimging a trench around
Perivar to thwart the cattle

Poaching and illegal lpgming contmnue
Wild pig, samhar deer, and teak bring good
money. Men are posted down the lake, but
they lack radios anid motors for their boats
“Are they to approach a beavily nrmed
party?” one officer said. “1t 15 very dangerous
If they close their eves or run away, who can
blame them:"

OR THE INDIAN WILD ASS, stll
another gravely endangered species,
major problems include poaching, dis
ease, and the human taste for salt

The wild ass 15 4 handsome beast—iawm
on top, white underneath, with a dark stripe
running along its spine. Dharmakumarsinhji,
when voung, had seen them “in the thou-
sands.” Today they number perhaps 720
Mast of themn ive i the salt-rich Little Rann
of Kutch, a scrubby wastelnnd in western
Indin (pages 340-41).

Durnmg the monsoon, from June to Uctober,
the Little Rann floods into a broad lake and
the wild asses take refuge on the bets, 1sland-
like bit= of higher ground. In the dry season,
when the Rann becomes a parched desert,
they travel to its edyges 1o browse.

In 1973 a sanctuary was established for
them. Tt includes (Continued on page 325)
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Men and animals
compete for food

i (erht) after drvan
e Jwon thad fell










“Herds of
lightsome
monlkeys...”

Fanglvg gE

India teems with monkeys, bul
SHNE SPECIEs are hoth TmIcyLic
and endangered. A bonrie
PO ] L (lefts sits harely twi
feet tall on s haunehes
Strolling showmen often use
the animals in their acts
Sprinting armmss open growand
a common langur (below) &=
protected by Hindu custom
Holwcks, or white-broswed
mhbons (righti—India’s onhy
npes—are trapere artists of the
forest, hurthng along treetop
trails with ear-=splittinge how =







evien a guarter of a mile away, sends the ner-
sensitive herd shifting. Plans are under
way tn step r
salt, the state needs the revenue. 50 the fate

VLS

up production. India needs the

al the wild ies remains problematic

"“Where ts Jerdon's Coursery An imguiry

Jevaon's 15 se vare thal if has not een reirabily
seen since the vear 1900, If this bevid 15 seen
by vou, kindly reporl lo voeur neiarest foresi

afftcial.

ISP T LIS TSR] o L LE el |

NE MORNING I went bird-watching
with Dir. =alimm Al 1o the Borivih N
thosnial Purk outside Bombay, We drove

through massive traffic and all the noise of a

_|l|:I|-:'l.| o ||.=, by Lhie '.5-'!'n-l|!"= ane

metropalis of soemillion, then through teem

e bustees whose inhabitants came out n
the streets to bathe and relieve themselves
wirk anrd atoot

¢ of palms in a g

Fhien we were i the

Lhere was the rust
brecze. We spotted padm swills, then a rufous-
hacked shrike, hlack-headed onoles, racket

titled drongos. Then out of the forest came a

column of tribesmien, each carrving branche:
.!-In'_‘. fled by, looking at us onlv brief
What 1= this! W hat = happening! An army
carning out of the forest!” Ur. Salim Aldl cried
Part of Borivli's habitat was disappearing be
fore our eves, “What can vou dor What should
vou do?” Dr Salim Ali added. *They must

; needd wood for their cooking hires.”’
He shook his hesud it 15 af tha
I_.-|||= |II' -"'_'r-l_.l ||r||ll!l_:|| 4

| saw this conflict also at heoladeo Ghanas,

il B

L spectacular bird sanctuary located a hun
Ired miles south of Mew Delin FBach summer
and fall the monsoon covers 11 souare miles
of wet meadowland with a shallow lake With
the ramns, some 400,000 resident birds arrv
toy breed; perhagps 200,000 migrant birds come
{ater, or winter feeding
[he hirds load tree limbs untal they droog
| -

fesesr] i the Likes 1 :-.'I.':.L'.I"“- -1f'|'|. in

wnd fill thé air with an imeredible din of

-h. irors,
o K
crics, cackles, and croaks Bul ther voices are
SONES ]
herdemen who lead some 7,000 buffalo to
:-|_-|-||_ i_“_ _i;l_ = AT |!i'.'|.'|_'|i el

e butlaloe disturh the birds 1n thelr niest
ing mnd may destrov {ood sources. 1l buffalo
were banned, the birds, which have no other
uch nesting prea within hundreds of miles
would benefit. But as the former Maharaga of
Bharatpur, who lrives nearby, sdaul: “Where
could the herdsmen =of They have plowed
up thelr own graging and.”

Surh pressures, along with hunting and

Street fighters

Eves afinme,. o monpoose
crshes the hesd of o
|II...'I-,I:"l-.'-' |'...r -|'|_|_|r:|' LT LT

doclme thi

repitile s it
Fichts between these nalura
ermmes are often stoeed

i LOUrist

1111 |'_:- "Irlll'l L]



the catching of birds for their feathers or the
pet trade, have substantially reduced Indin's
flocks. The pink-headed duck exists onlv in
the memory of men; the forest-dwelling white-
winged wood duck is now rarely seen, its
numbers unknown. Only a bunch by Dr
Silim Al led the Bombay Natural History
society to circularize for information on
Jerdon’s courser, a small pround-living bird.
not sighted in 76 vears. There was no response.

But even when a species 18 known to be
slipping into extinction, help is often slow to
come, The great Indian bustard, three feet tall
and weighing as much as forty pounds, is
such n creature (page 337),

1 found the rare bird some distance from
Bikaner, in the desert area of west Rajasthan
Villagers described its habits: “In the morning
it Tooks for food: at noon it goes and sits in the
shade. It never sits om o tree. At night it
simply folids its neck back over its back.

“The females mive one or two three-inch
eges, penerally one. The birds remain here
throughout the year. The meat is good, espe-
cially in summer.”

The bustard eats dung beetles and lzarels,
but principally the leaves and flowers of the
rerad bush. During the davs | observed them,
solitary males strolled the meadow—some-
times only a head and neck muwing above the
grass like a periscope. They moved heavily,
seemingly pompously, like Colonel Blimps
strolling with some distaste down Piccadilly.

=0 slow are the birds that they can easily
be shot with muzzle-loaders, or even killed at
takeoff by hurling a lorge stick at them
Poachers often approsch on camels or in
jeeps, nothing seems to frighten the bustard.

Protection is marginal. The local forest
guard’s first reésponsibility 15 o protect a
fenced-off area so that some gra=s can remain
when the drodght comes and all cther grass
dies or has béen eaten

One: local man said he bad in previous
yvears seen os many ns thirty bustards, this
vear only six or so. [ had been fortunate, he
saml. to see nine,

That night as the Bikaner Express rumbled
toward New Delhi, 1 pondered what 1 had
seien. Clearly, there had heen gains, but losses
continued in many areas. What were the
chances ol the government holding its forests,
providing more and better-trained  stuif,
above all checking the population growth?
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“What af thee [ dip out, let that quickly
ETIRD ETET,
Let me mot Wit thy vitals, or thy heart."

—VEINC HYMWN 10 FANTH, j000 L

NDIA'S FORESTS, 95 percent in state

hands, are still dwindling The most re-

cent survey shows an annual loss of 2
percent, 382,000 acres. This diminishment is
expected to continue for some Lime

“The loss now,” explained Inspector Gen-
eral of Forests S. K. Seth, “is to the construc-
tion of dams and industrial complexes. These
must he located in forests, because that is
where the streams are.”

Thus 18 square miles of the best grizing
[and in Corbett National Park was sub-
merged by the waters of the Ramganga Dam,
catising an artificial concentration of anmmals
that could be harmiul.

Mr. Beth believes, as power requirements
are met and the consciousness of the wildlife
problem grows, such projects will taper off

But India's conservationists see another
threat: ‘While forests continue to shrink,
demand for wood products soars.

Last vear India produced 13 million cubic
vards of industrial wood: by the year 2000,
demand is expected to reach 65 million cubic
vards. As forests cannot be expanded, Mr,
seth suid, the only method of meeting de-
mund 15 to turn to intensive forest practices—
cutting millions of acres of old mixed forests
and replacing them with plantations of quick-
ETOWING SPecies;

Conservationists  protest  that  wildlife
requires the old mixed forests with ther
viartety of shelter and food, and that the new
forests—teak, eucalyptus, and pine—provide
poor hahital. “Eucalvptus is the worsl,” one
told me “Even the birds will not come to
those treées, they bold no berries”

Mr. Seth disagrees. Time will tell.

To inguire about India’s progress in slow-
ing its birthrate, I called on Dr. Karan Singh,
Mimister of Health and Family Planning. A
handsome, bustling man, he s the former
Prince of Jammu and Kashmir, a poet and
Sanskrt scholar, and has served in varied
state and central government posts,

“Our population,” he said while ringing for
e, 95 Just over 600 million. Our increase is
13 million a vear, which is nearly the popu-
lation ol Awustralin. We are determined o

Nahonal CGeograpline, September 1976



Musk magic
Lures hunters

EXroopine canite teeth mark
mitles of the small, imper)led
musk deer (rght), prized for the
walmirt-s1re gland beneath 1ts
nhidomets Nattprnoale, or "Mk
mern,” ol Sew Dell buvy them
fromm poachers and =ell the plands
o0 local pharmacies. Here, one
musk man checks his old

fashioned shoteun (helow)

Two hundred dollars for

o musk gland? This enormaois
specimen will probabily fetch
thiat much Tor these merchonts
I he musk men =ell them as a8
PAriscel 1of impolience




overcome this problem, amnd have already
made progress. The birthrate has dropped
some 11 percent since 1956, Of course mathe
muatics will show that, despite the drop in the
rate of increase, our population will continue
to grow for many vears."

NE INDIAN SCIENTIST, projecting
Othe rate of decline foresees that Incha
will achieve zero population growth
by the vear 2081 But her population will
then be 1.6 hillion, almeost triple that of today,
An awareness of these numbers has shaped
the policy of the Indian Board for Wild Life.
Its chaarman? The same Dir, Karan Singh. He
paused to pour the tea

“Our strategy,” he said, “is to concentrate
our eflorts on national parks and sanctuaries,
to trv to keep secure certain islands of forest
that harbor wildlife.” Little hope is held for
animals outside these islands

Dir. Singh was proud of the board’s achieve-
ments: the 1972 Wild Life Protection Act, the
incresse in the number of sanctuaries to some
150, the cfforts to spread wildlife education in
schools, the export controls; “Perhaps our
greatest fadlure 1s in our mability to have our
administralive decisions and rules carried out
on the ground We are an advisory body,
without executive powers. We know exactly
what i3 to be done,” he said. “The problem is,
the doing of it!"

“The doinge of it!"—India's antipoaching
and export laws, enforced in some areas, have
slowed the sales of tiger, leopard, and croco-
dile skins. But the killing of certain animals =
so widespread, and the tradition so deep, that
much continues. What s one to do about cer-
tain tribesmen in the Punjab, so short of food
they have begun to kill not only wild boars
but even jackals? Or the Baverias, who roam
the serublands and forests of Rajasthan with
sleck hunting dogs lenshed with strips of
cloth? By tradition they have lived on the
small game their dogs catch, and by sniring
reptiles and performing as snake chormers.
Or the kasturiwale—the musk men?

| met the kastunnwale in a vacant lot In a
New Delln suburb, only g few miles from
where | had talked with Karan Singh. Their
tents were neatly aligned and immaculate,
The men, with gold earrings and necklaces,
were packimg their bags for a day's =elling,

They collect mecicines in the Himalavan
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foothille. Most prized i= musk, a secretion
from a walnit-size gland found under the
Gelly of the adull male musk deer. It is be-
lieved the male uses the secretions to attract
the female, for the gland functions only dur-
ing the month-long rutting season, The poack-
er must strike then (page 3510

He kills the animal, cuts off the gland, dries
it on @ warm stone, and sells it to the kastiri-
wale, who carry it to the citv. They sell most
to avurvedic (traditional) pharmacies as an
ingredient for perfumes and medicines. But
they ‘also offer the furry, fragrant pods to
mdividual buvers, and mix the musk in their
own potions. Their tonic for male sex trou-
bles. for instance, includes bitumen, amber, a
batled whole lizard, orchid tubers called “ice
of a stone,” und kasturi—musk.

They said business was increasing. “Maod-
erm medicing is too strong, hard on the sys-
tem. Chronic patients—those with gout,
general cisability, nervous-svstem diseasiss—
prefer our medicing especially.” Each carried
a thick book of endorsements, complete with
photographs.

I met them again that evening, "It was a
good dayv. In the north of the city we sold to a
policeman some general tonic and some saf-
fron.” They would remain in New Delhi per-
haps a month, depending on business, and
planned to return next yvear, The trade is
egal, the musk deer endangered.

“You ride the elephant, and the elephant
lmbers

Near the banks of the Chompa River;

Tell me the truth, O my darling makout,

Where do vou stay and where is your
shelter?”

—#h MLARNOMTT SO, ASHAM, 1G7H

IPLING WROTE of the elephant
catchers in The Jurnple Book: "“What

Little Toomai Liked was to scramble
up. bridie-paths that only an elephant could
take . .. the glimpses of the wild elephants
browsing miles away . . . the blinding warm
rains, when all the hills and vallevs smoked:
the beautiful misty momings when nobody
knew where they would camp that night.”

The elephant catchers of Assam still pur-
sue the wild herds, capturing some three hun-
dred each yvear. Most are sold to traders from



the State of Bthar who sell them in turn at the
sreft antmal fairs, the Sonepur, Singheswar
andd hhagaria medas. s elephants seldom an
permitted to breed in captivity, the wild hefyds

e almost the only sourc

=
-

the daily bath, the nice food; quit hghting,
ekt When an |-:-.-||h;|||r SErcK at a man
with 1t trunk, the man struck
stick, then resumed the rubbing and singing

As the elephants became more doctle, the

Dack with o

weach them a score or more of
cormmmnands: Aeelh! (Forword), Picha!l (Back-
ward), Chail (Citclel, Terel Litha!
(Latt one leg), Boa! (Lt with the trunk),

D! (Catch with the trunk)

i the hills of Assam mien began W
ik ].|_]_Ir_a._||5-;.,l-_|Jl_::-ll|_ a cluster al tents, Flall a ooz
en recently captured elephants were stiaked
aft with ropes to huge pegs. The

i e AT TN ruli-

I joined the catchers
."'.'il'l':.'..
fore
CALCIerES WwWierne Jeeoan
g them with grass o leaves, and sInging

them lullabies. “Uome on, halr,

Then one

left for the Mikir Hiils :E'||-:-_'. rode two to o

mornng my pariy ol CAlCers

see oW nice

1||I' "||E|||||'|u-. |

it will be If yvou become tame koonkre—a trained elephant When  the

ul
— T e

Sacred but not safe, the mugeer crocodile, <shown bere at the Delhi Zoological Park,
ares extimction i oits marsh pnd rover hanbatags, Hindus wi |'-.i".||. IMHEErTs I-|_'-|.r. T r-_-|-.||.|r_- s,
lunbile 4kims

Hunlers seeking the va

but the state-protected reptile wins no such prace from
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quarry wis found, the master would sit on
the koonkie's neck. give the commands, hurl
the great lasso. His assistant, clutching a rope,
wotld stand on the koonkie’s ramp, jabbing
it with 4 long metal-tipped spear to urge it on
Withan a few dayvs we were deep into the hills,
feeling both the hard raised spine and sooth-
g gait of our mounts

We slept under canvas, with leaves for
mattresses and fires at each end of the tents
to keep away wild animals. Each day we
drank tea and were on our koonkies by dawn.

Sometimes there were green clouds of
parakeets in the mornings, and at dusk
swarms of bats. Now and then we heard the
jabber of monkeys, perhaps warning of tigers

Three times we came on wild elephants,
three timex we failed to catch. Our only hope
wits 10 firel voung or female elephants same-
what apart. Instend, each time a great tusker
saw us and challenged. We stood no chance
agamst such wild males! they would have
killedl the strongest of our male koonkies

We pushed on and on. Often the muthouts
sang. In one snng a girl protests that the love
between a boy and a girl can provide as much
satisfaction #s the feeling that comes from
controlling a great elephant. In another song
a poet cautions that life i< full of troubles like
the dark night sky, and that happiness comes
only like lightning. briefly, for half a second.
And that amount of happiness, the poet savs,
1= sufficient.

Un the eighth morning we found more
signs: mashed grass, dung; a wallow where
the elephants had played. On and on. But we
never caught up. “The elephant kKeeps mowv-
ing,” one mahout said. “He goes and he goes.”

Un the tenth day we came down out of the
hills into tea plantations; it was warm and
sunny, and the workers paused to watch us
piss. The hunters began to sing; the vounger
men called to girls at o respectful diztance.

The days in the hills, the up and down, the
sliding on mud had punished the elephants.
We camped in a fallow Geld where the hunt-
ers would refit and rest their animals. In a
few dive they would resume the hunt. It
might be a month before they succeeded;
they might not succeed at all. Life, the poet
said, is like the dark night sky

The davs in the hills had been special,
something apart, vél even there [ could not
escape the strupgle between Indin's wildlife
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and its people. Now and then, from a hilltop,
I could see the smoke that signaled another
settlementin what wis junsgle. We had camped
one night in the ruins of 4 village attacked by
angry elephants, and each dav were eagerly
assisted by tribesmen who wanted crop-
raicling elephants caught; the very scarcity of
our prey indicated their decline

NTIL THE END of Warld War 11

Assam was thinly populated, remote,

a fit place for a Kipling tale. But there-
after came mdustnialization. The state is now
India's largest procducer of ol and tea, and
forest industries have been accelerated. Peo-
ple from Bihar moved in for the johs

To man’s changes were added nature’s In
1950 a catnsirophic eéarthguake struck the
state, shifting the terradn, changng the course
of the Brahmaputra River. This, along with
Inss of forest cover, hns led to heavier flooding
thin normal, and to the mundation of vil-
lages. The people are invading the forested
hill sbopes, seeking new homes.

Chiel Conservator P, Barua told me that
thousands of acres of forestland had been
lost to such settlement. Only recently has
the state povernment agreed (o the strong
M#AsUres necessary to stop it

“When we notice encroachment, we hirst
give notice o vacate. Then we take police
andd elephzants to the site. The police drive out
the encroachers; the elephants demolish
their houses;

“Where do the people go? That's the prob-
lem. 1 ¢can only sav: They came {rom some-
where, let them go back.”

Conservationists believe that a key w pre-
serving wildlife lies in the education of the
voung. The old cannot be changed. Many
state governments are planning to introduce
the subject into school curriculums. And pri-
vate organizations such as World Wildlife
Fund—India are making parallel efforts

In 1966 the World Wildhfe Fund asked
Fatesinghrap Gaekwad, former Maharaja or
Baroda, to set up a fund appeal in Indi Some
were surprised. True, he loved the outdoors
and was a successiul industrialist, but he was
alzo a noted hunter

Indeed, the vear before, Fatesinghrao had
gone on a two-month =afari to Africa with his
father, the late maharaja, and a cousin. They
shot 33 species,

Nl n‘.'jq'ugrnpi';r'.:'_ Ht';r{t'mhrr TG76H
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Drafted to help save his spectes, 2 male grent Indian bustard is
captured i Hagasthan o mate with g zoc-confined female. The enormons berdz,
welghing as much as forty pounds, have been severoly depleted by pouchers

But Fntesinghrn came back from Afnica
with more than trophies. He also had 4,000
feet of motion-pricture film. He spent da
after day ot the editing tahle, and something
happened doaring that sustamed viewing:
“The futility of shooting, of destroving wild-
ife, camé to me," he told me durnng a visit
ty his bunealow in MNew Delhi

Thus he was delighted 1o take on the World
Wildhie Fund job. He began to solicit fellow
industriglisis: with 21 other Indians, he
Jomed the World Wildlife Fund's exelusive
1001 Club, founded by HEH. Prince Beérn
harc, The Prince of the MNetherlands. Mem-
bers pledege 510,000 each

“Today we have now passed the hand-to
mouth level of existence,” Fatesinghrao told
me. The organization has a capitid fund ol
1| 23,750 dollars, which i set axude o eamn
meome. Annual membersiip in World Wild-
life Fund—India has climbed to 2,008 Yet the

frndia Strugeles to Save Her Wil

fund’s effort—ike that of Indin’s other con
sprvition groups—Iis described by one official
as “a pebble tossed nto a pond. Cur anly
hope 1= the ripple effect.”

An example of the ripple approach 15 the
fund’s plan to introduce nature clubs, start-
ing with piot programs in Geujarat and M-
harashira. “We hope to have o hundred clubs
active within a vear.” one official sand. *And
200 within 18 months " The budget for all of
India’ $33,000, 1The statl: two beadguarters
officers nnd one for each state.

It was to the Gir Forest in Gujarat that |
journeyved last It seemed to combine all the
mmgredients of India’s wildlife struggle The
forest, which has dwindled from 1,006 to 500
sequare miles since the turn of the century, 1=
cne of the few lett mn the state

signs of xerthcation, or dryving up, were
rrasses have been grazed

I.!|||;|!I'l'll'| 'JIHIHl

awiy and, i manv places, have vielded o



unpabitable ones. some streqms have dried
and the water table has dropped

For vears the forest has sheltered some 200

Asiatic hons, the [nst of a subspecies that once
ranged from Greece to eastern India: somie
6,000 Maldharn herdsmen and thetr 25000
cattle and buffalo; and, during periods of
drought, up to 80,000 domestic animals
brought in from the surrounding countryside

The strugple for survival in Gir was des
perate. The hons killed the Maldharis' cattle
{or {ood, the Maldharis in turn drove the
lions from their kills, and sometimies r|-ui_-.|_-r'.-;=-f|

Rare heauty, the satyr

LETEEO L, OF o FITeso - Doroed
pnhensint imbovel, ves in the
olty Himalavas, which offes
e protection if nedds 1o

FOTVIVE. Stately sarys crines
trigght) strut and EELLETT et
throwgh o4 mating rituwal al
Boroladdeo Cibann SAnNC TN,
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them. The cattle, meanwhile, overgrazed the
forest and trampled the very enrth, speeding
up the process of xertfication, ruinous 1o all

The state government s now acting to sgvi
the forest and its wildlife from the impending
destruction. The Maldharis and thelr cattle
are slowly bemng moved out, and a low rubble-
|, 1003 miles long, has been builh
to mark clearly the sanctunry boundanes, and
to Keep out cattle from surrounding villages

Forest officials report that the hon and oth-
er wildhife populations seem more stable, that
orass b5 coming back in some aregs, and that
prospects ane generally pood, The Maldharis,
thiey reported, are finding a better life m ther
new homies

anc-nerloe wa

WONDERED ABOUT THEM—the
numan equation i the strugele to save
wildlife. | visited one of the nesses, vil-
lagmes, still in the forest. It was earlv moming,
when the mist lifts =3n1.'..|j-. from the vallevs
ancl there 1= the smell of cookine fires. The
mien take thewr staves and axes and lead their
herds from thornbush stockades. Youny wom
en follow, collecting the droppinegs, which
they mix with topsoil and sell to village farm-
ers. 'This, along with ghee. o cooling oil mude
trom the milk of their buffalo. provides their
income. Hand churns were already busy when
the last herds vanished into the forest, leaving
|'||l]:111'-- nf clust

Then T went to the settlement of Chotila,
W miles awa
ilies. Each had received 2 conerete-block
house, 20 bighas of land, seed, instructions in
farming, and an iron rod around which a
plow could be bullt Their community seemed
set 1 o vast, fint sea ol I._TII[_L:.._[]Ill_

SHTI [here were 00 {am

Most found their new life in some wavs
better: There was a school for their children,
they ‘grew wheat and peanuts on theirr 8
ATES, ‘-.I-.I1'r|:‘ By el adl rll'.'l.'l'l WwWilnh stores 'I'IL'-,_I_-I"l'IEI.

But water and food for thetr cattle were in
hort supply. “There 5 only one well, and
there s no wasteland to groze
are farms” sance armving  three
hall of their i have chiedd

The men stll wore their traditional cos
tumes: golden ewrrings, sometimes three to an
car; white tunics, embros
jodbpur trousers, logse 1o the knees, then
tight. Yel something was missing. Not until
mter did | remember; the lonz staves and

all sround

VRS DD

| SO0 catt

ered and pleated

National CGeographic, September 1974






handmade gxes of the forest herdsmen, Their
lives are changing, their future uncertain.

So too is that of the Gir and its ions A Ca-
nadisun researcher concluded that the lions
prey so heavily on buffalo that once the live-
stock 1s moved out, the lions will lack ade-
quate food, Park officials disagree.

And there 15 the weather, which man can-
not control The last monsoon hud been
heavy, and so there had been relatively good
prazing in the surrounding countryside The
(zir Forest guards, reinforced by police, have
been able to check the annual invasion of
starving cattle and desperate herders

But the memory of 1973, when the mon-
soon failed, remains: “With drought came a

floow] of men and animals—a thousand head
of cattle arriving every day for a month,
continually coming. It was July. There was

nothing we could do.”
‘; ‘.- people concerned  with  wildlife
gave major credit for progress to
the “P.M."—Prime Minister Indira Gandhi,
In time it became clear that much that hap-
pened could be traced to the open door she
keeps for friends of wildlife. Despite even the
current political tensions, shi hears plens and,
i they are worthy, writes a letter, places a
nhone call, makes a visit
I called on her-at her office in Parliament

HEREVER 1T WENT in India,

Easily spooked, Indinn
wild @sses strenk across the
Little Rann of Kutch (above)
The presence of salt workers
aften disturbs the rare, high-
strung beasts. To give them
hdecuts, wildlife personmel
plant trees (Jeft). Eager to
display the creatures, Indian
toos affer ns much as 53,000
for o colt such as the ane here
roped by hoersemen (nght)




Haouse. She had, [ knew, grown up &= an only
child, and her childhood had been invaded by
the turbulence of India's strugvle for inde-
pendence. She recalled those dovs: “My par-
ents and relatives, most of the family, were
often being imprisoned. Our house was riuded
byv the police and things confiscated.”

she found companionship and a sense of
peace with nature. She developed a love for
stones no less than trees, and for animals of
il kinds." There were pets: horses; a bear,
dogs, a handsome blackbuck kept “for a ven
ling tme,” until 3t jabbed one (oo many
guests with its spiraled horns.

There were camping trips th Kashmir, and
at home the warm nights when evervone slept

outdoors. She remembered how her father,
the late Jawaharlal Nehru, who was to be-
comé India’s arst Prime Minister, would
peint out the constellations and name each.
Shie fearned that “when vou know a thing by
name, vou feel much cleser to it even with a
bird. if vou know it is 4 robin, there is & dif-
ferent relabionship.”™

In time she developed a certun philoso-
phy: “If a person is not at home with nature,
then 1 think he s not at home with himself

elther.”

(O her own efforts, she sad: “1t isn't at all
casv o wet any of this done; vou have to pur-
sue it all the tme. Even when we make a
sanctuary, there are sometimes problems. At

Eh e Fem o orECTR mEkhk AHD Bh DE AaRI BTEHLIT IRETEEN




keoladeo Ghana we have a problem because
there's no proper wall around it. Dachigam
has been injured by a sheep farm I'm told
miast of the stags have gone sway.

“But 1 don't think 1 have a choice. If vou
don't do it now, there won't be anv wildlife
left. And when vou are head of government,
vou have to deal with all the probléms more
or less simultaneoasiv.”

The personal interventon of the Prime
Minister is a fortunate thing for India's wild-
lile, yet her individual importance may also
mndicate a4 weakness in the sovernmental
mstitubond st up to preserve wildlife. 1
she poes,” one conservationmst smid, “then |
think we will have no chance of success. Tt
may all fall apart.”

The Delhi Zoological Park i# <pacious and
pleasant, 1n part because of Mrs. Gandhi's
personal intervention. There 15 a cheetah, but
Afrncan; male peacocks that dance with tails
funned; Manipur brow-antlered deer, whose
wild kin number fewer than 5. But its most
popular inhabitant s Jimmy the tiger. He
stalks a large enclosure, often concealing him-
self behind grass. Now and then, when people
stop before the enclosure, the keeper oblig-
ingly calis “7iv-M=-M-v1" The large and beau-
tiful cat comes charging out of the bumboo
and, with a heart-stopping roar, plunges into
the surrounding moat. He looks nt the view-
ers, padidles back, and retreats into his mini-
jungle. The audience is delighted.

diz’s larger wildlife will, like Jimmy, be

confined to zo0s or extended zoological
parks such us the Gir Forest. 1 thought of all
thase people who had strugeled so long to
prevent that: Salim AL, Dharmukumarsanhiji,
Krishnan, and all the others. What were their
chances of success?

Une United States scientist with much ex-
perence in India told me tersely, “Too httle,
too late” Another foresaw: “Thev'll keep
what's in their preserves, nothing more.™ Dr.
Karan Singh had answered the question in

IT [5 POSSIBLE that someday all of In-

words befitting a poet: “H there s any wild-
life left in India in the vear 2000, it will be
because of what we are doing now ™

The truth 5 that the future 15 uncertain
Une can only look for signs

FEW DAYS before 1 was to leave India,
A I happened to meet Mr. V. B. Singh,
chief wildlife warden for the State of
Uttar Prudesh. His is the most populated state
in India, with 28 million people. So intense is
the pressure for land that the state plans to
compel the settlement of its 3,000 nomacds
and their 10,000 animils. There is simply no
spare grazing land for migrants. To accom-
molite the reluctant settlers, the <tate will
carve 1,200 acres from a state forest

But Mr. Singh was quite optimistic
"Things are moving in the right direction.”
He cited increasing funds, a greater con-
sciousness of the problem, the expansion of
sanctuartes, and the establishment of 116
square miles of Corbett National Park as a
sanctum sanctorum, free from all distur-
bance, even logeing.

“The number of tgers in Corbett his
reached the saturation point,” he said, *about
33. And they are spilling out ™ Some, because
of lack of food, losz of habitat, or because of
injury or old age, have turned to cattle lifting,
cven man-cating.

“We have three man-eaters in Uttar Pra-
desh. OUne has taken five lives and has been
officially declared n man-eater and con-
demned. The other two have taken only one
person each,

“Twenty davs ago we began to gather in-
formation about the man-eater, and a senior
forest officer has been delegated to destrov it
He iz our chiel conservator, an old shikars
[hunter] and a fine shot. He 15 now staving
close to his office in Lucknow, awaiting word
of the next human kill."”

In India, time is sull measured by the end-
less turn of the seasons, and for both its wild-
life and its peaple, the struggle often remains
ome for survival, 0

Swinging ree in captivity, a licn-tafled macague—a species gravely endaneersd—

5 protected in & zoo, In the wild the reclusive monkevs exist only n-small

pattches of dense forest India has declared her resolve to preserve her wildlife hentage.
Ii shee fails, humanity le the loker. Wrote Kipling in T Jungle Book of Mowzli's

bond with his animal friends: “We be of one blood, ve and 1."
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Thislsthe
Worlds
Richest

Nation-
All of It!

ARTICLE AND PHOTOGRAPHS BY

MIKE HOLMES
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CMOHEEOW  wall take cor
itaelf." poes a familiar saving on

pny Navru (above), That sunnm
outlook 15 understandable, tor the hond
ful of 1slanders who own this miniature

1 C 1TT realm—earth s smallest  ince-
pendent republic—engoy  greater  per
capits wealth thon do the cotizens of
uny other nation
Hut without careiul planning, thear
rasy lomorrow could end i less thw
Lwenty vedrs, when the last scoo
rich calcium phosphate—the base o
superphosphate  fertiliter—will  hove
oeen goured from the teht-sguare-male
iand's low crown
yeainst thatl day, Presicent Hommaer
DeRoburt (nghti—here inspecting
phosphite chpmnes—busily directs an
aggressive program of myestments. Hi
rovides for the nresent as well, assir-
ing the zood life for the 3,700 Nauruans
L he povernment offers free or low-cog

evervihine for evervbodv, from
-

W Iers
I-II-lill.l'll.-.I'.l R e dal i

nd”™ to “phosphate land™ millionaires
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ILLIONAIEE m the making,
Baugie Dediva (left, m vellow
shirtyoun easily afford the video
tape 1V he and his lamaly walch in
their home, rented from the local @oy
ernmint for $3.35 a month. With &

|':‘||'\-il-| e owns M) Acres |IZII-:'-.|'II. '.l.|'.|'-

phasphate. The famidy also gwns iwn ex-
pensive steren, three washing machines,
twio Jeeps, A seclan, @ motoreyve e, and-o
motarboat A sobermhg sude effect of
mauru's vehiele boom has been a rash
of tragc traffic acoidents. Baugie's son
in-law, David Harms (in the wheel
chairl, has Jlost bDoth leEs—n two
sEpuirate mshaps

3 |I||L'- Islanders often take to the
lintks, Juanita Menke (helow) retrieves
her ball on a “ereen” of crushed cormal.

In Melbourne, Australia, 3,000 miles
awny, the 52:story Nauru House (right)
nears completion. MNauru has invested
45 mullion dollars in the skyvscraper, the
city's tallest, in return for rent from

effices that will house 4,000
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I[—J:"'--l':“ir LODE midway between
.-. . Australin and Hawaii (left), Nauru
NALRU ' nheriied 1= fortune from eons-old

MICRO ar . Facifie (Orean depostts of either decaved marine or

anisms or bird puano, In 1990, Albert

New SILBERT Ellis discovered in Svdnev that a “fos-
(=1iines ISLAND alized rock” from MNouro—used
lnigrstop—was  actually fantasticalh
rich  phosphate. foday, power grabs
- ht']u'ul eriaw  the muneral from the
oril-clogked HAanks of limestone mn
ALISTRALLA nacies. After processing, the phosphati
b M ST )

dows on cantilever convevor belts inlo
b b L Rand d ADANneSse UK CAITIEr ll:'1|.',|Lrl moored

Wik W H T | .

", beyond the 1sland’s innging reef

"hlelt »
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EATING a path to Naura's dooe
the South Pacilic Commission ol
rA etiates and tertiton held i

annual conference 1n the =hind's new
ve-million<tlollar civic center (lacing
page ), Further evidence of the natinn's
affiuence, the Naury Pacific Line ship
T'ryphena (above), one of Nauru's five
OCEANMHNE WSS | gins ||:.| HioTi |j|
vond the sports held, a barrackslike
compound, called Location, hooses thi
oovernment-owned  Naury |'illl-:' ikl
Lorporation s 2, 600 workers and depen
Hlernts, mast L uvalu (fomerly Blleced

:!|':"| L "" I'l = I._!||E| ] iril | .E““:--_-.
Earmmines avernoe only about S=

manth, but houstng, meals, health care
and schooling are {ree Many of the for
errners boost their wages by fishing
which the MNiuruans now do only for
[un. lslander Kicardo Solomon (right
surfaces with a 26-h=h grin. He and a

- u . _ = i 1 " =
[FHENO SPEare | the Teast 1o Al an O]







ACTING THE RAINDROPS,

“footie” (Australian-rules foot-
ball) plavers pad piest phosphate
workers’ CLLATIEerS MNAUTUARS O s L cl
with 12 national teams in the Odyvmini

tvpe South Padithe Goames held on

Criiim RSt venr

A\ pohiceman halts traffic (below) on

a rodad ot the end of & runway as one of
Aar dZanru's three jets takes off. The ar
ine—wel another mvestment—iles 1o
Austrilia, Hong khong, Japan, and sev-
eral other Pacihe points. Unlortunately,
the big birds mayv have nghtened iway
most of the wild Irigate birds, once re-
lgrious symbols to islanders. Black nod-
dies, terns huntsd as delicacies, have
so been disrupted; minimge hos decimat -
erl the birds indigenous famano trees

4 panhient gets an X ray, free for 2
smake, from Nauruan dentist Ludwie
heke The fruits of this welfare state
are nivaler by an old ®land tradition
|I|‘.:II|I||'|.'|';i;, oFf Z1vingy a [HESSESE10N L3 '.'|.'|'|-.'-
ever openly admires . The president
cven parted with a Mercedes-Benz

An envious Australinn administra
tor—one ol some 3,500 foreigners on
the  phosphate-rich Pacihe  sland-
succinctly sums up the Nagruans' care-
free Dfe-stvie: “We die WOTrrvinig, _h1_'_'-.'

die laughing ]
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The essential process by which the
likeness of the parent is transmitted to
the offspring. . . . is as piterly mysterious
o us ds a Hash of lightning is to & savage.

= WHILEMITEST WILLIAM RATESS, [gns

fiask of jellvhike soup.

“Twirl and BLft," directed Maggie
Chamberlin, a lab technician at the Califor-
nid Institute of Technology, Az T wound, a
growing globule of clear organic glue spooled
ot of the Bask and around the rod

“Tust think."” said Maprie with 4 prin. “You
are raveling the Ssecret of Tife”

What I was winding looked no more im-
pressive than egz white, Could it really be
DNA, the most celebrated chemical of our
tmer? DNA, the master choresgrapher of the
hving cell and carmer of the genetic code?

I had seen DNA (even scentists seldom call
it desvovnbomuclewe acid) take a much more
convincing form earlier that day. Embrvolo-
vists Barbara Hough and Mike Smith were
showing me on gguarium containing dozens
of purple sea urchins

Mike plucked out n male amdd injected
severad sguirts of salt solution through its
prickly hide, Slowly, a white fluid cozed from
pores in its back

He put a few drops of the fluid on a side
Through a microscope 1 saw millions of tiny
spermy wrigghng frantically, their tail-like
flagells whipping back and forth with awe-
SOME UTrFency (pages A70-7),

sperm, 1 lenrned, is essentinlly a bundle of
DNA with a tail. It was this substance that
Magrie had distilled into the pure DNA in the
Hask. How different these thrashing missiles
of pNA seemed from the mert goo 1 had spun
around a stirrng rod|

Yet this contrast siruck at the heart of my
mission. | wis a journalistic traveler in the
“new biology,” taking notes on the explosion
of knowledge that in recent vears has utteri
transformed the fife sciences

If anvthing illustrates what has happened
in biology, it ¥ this profound new ability (o
take the very stuff of life out of the cell, to is6-
late 1t In a test tube, to dis=ect it, and o probe
the deep mysteries borne 1n its fragments

Little more than a generation ago the cell,
the living capsule from which all plants and
animals are built, was largely uncharted

I PLUNGED A GLASS ROD into the

THE NEW BIOLOGY: |

1€

Awesome
Worlds
Within

a Cell

By RICK GORE

Photographs by
BRUCE DALE

Bl PP e THEN L] L= s TR &7 &

Paintings by
DAVIS MELTZER

Keeper of the kevs to life, the
dayble helix, or twin ipiral, of

thie bxa molecule stores the code
that every cell uses to sustam

und duplicate wself. It = shown here
m o painting based on o stylized
atomiie model. Man and bes, wild
fower and microbe, share n kinship
i A And along s elegant
structure lie penetic messapes that
miake eves hlue, feathers indescent,
arel 1nce fragrant,



LTIy "'"1.l-i WHAS scienee sure what i J{ by [ 1L ]!.- TN SLNT, TOF esamile—are mes

the basic unit of heredity, was made of. Tod:ay enper protems that celis use o order other
the cell has been mapped, and biolomst celis o respond W such conditions as Lo
know that our esenes are made up of tha miuch suear m the hloodstrean
arvelouns choermical, DA Proteins codlin] enzvmes trigger most of the
e evenls of a A vkl uses dozens of dif
YLOMY has now worked oot a lomi ferenl enzymes, for Instince. just to direst o
J3 of life that revolves around the semn imprariant cell food, elucos
v ogiehe 15 basically o baochemica [here are also many, many structural pro
il of inlormation, written in the recently de-  teins—the “bricks” from which cells are bigilt
cded  lanpanee of DNA. A human eel] has Uhe fact thit vou are @ man or a mouse. Ll
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protein is the name given to a versatile  exactly like their own
class ol chemicnl compounds. Protein-rich Enormously long strands of DA intertwin
oiacls, when broken down, mve our cells th withun the core ol [ving oells =0 narrmow and

Phere are countless ICECLTES o ol Ul the cells in a human body would it i
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to do the same with humans, (0 make limit-
less copies. or clones, of people considered 1o
be deésirable by transplanting their pxa into
human eggs Science-fiction writers already
fantnsize about armies cloned from a hy-
brid Goltath, or & world filled with clones of
famous and powerful people

such conformity, however, would require
much more than biological identity, Disturb-
ing pevchological conditioning, for example,
wotlld be needed. Morcover, binlogists strong-
Iv disavow any interest in human cloning. Nor
would our society today tolerate the attempt.

More imminent, however, 15 the risk that
wiell-meuning genetic manipulators, working
on, sav, the cancer problem, might inadver-
tently turn a common bacterium into a lethal
germ and thereby unleash a great new plague.

Such hazards resulted in a self-imposed
maralorium on experimentation by many of
the world’s leading biologists while they
spent the past two vears developing what
they regard as ultrasafe guidelines for their
work. Critics, meanwhile, contend that some
of these experiments cannot be mace fail-safe,
and that, despite their potential for good, they
are too dangerous for sociely to permit,

The DNA age is clearly and urgently upon
us, and while 1 seldom found biology's new
laws ws easy ns twirling bNaA on the end of
i rod, I did find that, behind their abstruse
termunalogy, biologists have discovered a
surprising, elegant simphicity to the game
plan of hife.

Any one cell, embaodying as it does

the record of & billion years of evolution,
represents more an historical than a physical
event. You cannot expect 1o explain such

a wise old bird in a lew simple words,

= MAX DELBRLCK
CALIFOMNIA INSTITUTE oo THCHNOLO6GY

HE I'HL'!'IJ"": ARENA of current h‘lL‘lhip_'!.-',
the stage upon which pNA acts, is the

living cell, Cells are the basic units of
life; all plants and animals are buill from
these tiny chemical factories,

We are whatever we are becouse of our
cells. Our every breath is the work of lung
cells and red blood cells. Ench step we take,
each word we speak is the collaboration of
thousands of nerve and muscle cells

358

Bacteria and other microscopic orginisms
conzist of only a <ingle cell. It takes a hun-
tired trillion cells or more, however, to make a
human being. We have about a million cells
in every squure inch of our skin, and shout
thirty billion in our brains. Our blood holds
twenty trillion red blood cells; thirty thou-
=and would fit in this one 0.

some cells are spheres, some are spirnls,
many gre rectangilar. Some have tails: Others,
certain nerve cells, are star-shaped, with
mirroscopi; bodies, each with a wispy “arm"
severa] feet lone.

The English microscopist Rohert Hooke
named cells in 1665 after he detected their
dead remnants in n shavine of cork. Duteh-
man Anton van Lecuwenhoek in 1673 wis
first to describe a living cell (page 4011 But
not until 1838 did two German scientists,
Matthias Schieiden and Theodor Schwann,
deduce that all plants and animals are made
of cells Buwlogsts subsegquently found that
cells divide to make more cells, that each cell
manufactures a series of chemicals. But as
Inte as the early 1950%, scientists knew few
details shout the Iife of a cell

Now, using high-powered electron micro-
scopes and ingenious technigues borrowed
rom physics and chemistry, biologists have
broken through the cell's barrier of invis-
ibility and have charted its interior. They
have found a forbiddingly small vet enor-
mousiv complex world; 1t magmtudes, like
those of the cosmos, astonish and confound.

Each cell 5 a world brimming with as
many #= twio bundred trillion tiny groups of
atome called molecules. Even the largest
molecules, like DNA, are measured in units
called angstroms—1/250,000,000 of an inch

“It. would be mind-boggling for the early
cell biologists to see this," Peter Hepler, a
voung Manford University biologist, told me
as he flipped through a recentlv published
clectron-microscope atlas of the cell. “They
had no idea the cell was so chock-full of
things. "The electron microscope has let us
divide the cell into many compartments.™

The cell has torned owt to be a micro-
umiverse, science now tells us, ahounding
with discrete preces of life, each performing
with exquigite precision, and often in thou-
sandths of a second, a biochemical dance its
ancestors began to perfect countless penera-
nons ago in the primordial ocenn,
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Moreover, binlogists now have concluded
that all cells shire a grand unity of life. Tt wis
at Stanford, while I was looking through a
microscope At a common dlen, watching its
vital juices stream bustly through the chlore
phyll-colored corridors of its single cell, that 1
perceived this kimship. What a humbling rec-
cenition it wis: that my cells, those of the
most advanced species on earth, operate with
many of the same pieces of machinery, the
samie chemical reactions, and under the same
genetic code us this lowly green scum plucked
from o roadside mud puddle

ATURE HAS SCULPTED a remark-
able meography into the cell. It has
been my privilege to examine that
geopgraphy with some of the world’s most re-
spected biologists as my guides. Touring the
cell means crossing o languawre! barrer. |
encountered words 1 had never heard and
names I still stutter over. Exploring the basic
topography of the cell is a challenge But there
i5 no other way to comprehend what won-
drously complex creations we are, nor to un
derstand what the new hiology has wrought.

surrounding the cell, enveloping it into a
world of its own, is a membrane only one.
half-milbionth of an inch thick. Within this
outer membrane the most obvious feature of
every cell | looked at was the nucleus. Some-
times tiny and dark, scometimes seeming to al-
most fill the cell, the nucleus evoked a special
excitemnent in me. There wie the thrilling
feeling, when 1 focused the microscope to
bring the nucleus into sharp relief, that 1 was
drawing a bewd on the center of the universe,

The nucleus is, indéed, a special place. Tt is

dominated by bodies called chromosomes
Fach plant and ammal has a characteristic
number of chromosomes, Humans have 46
mice, 4; garden peas, 14,

Lach chromosome is a packsge of DNA
cdivided mto hundreds of different genes. It is
from the chromosomes that the genes send
messapes to other parts of the cell on how o
make the engymes and other proteins in
which that cell specializes

The genes responsible for blue eves or any
other physical trait are alwiys located at spe-
cific spots on specific chromosomes. (ur 44
hromosome “threads” linked together would
measure more than six feet. Yet the nucleys
that contains theém s less than four ten-
thousandths of an inch in dizsmeter.

The nucleus is most dynamic when a cell
divittes: Before division, the psa ineach chro-
msome duplicates. The result s two iden-
tical setz of chromosomes. These condense
tightly inlo snakelike shapes and pull apart,

IZarch set then migrates to opposite ends of
the dividing cell New membranes form to
separate the two setz, and each set takes
reign over its own new domain

UT THERE IS MUCH MORE to the
peography of o cell thun the nucleus.

It we could shrink down, shp through
the outer membrone of 3 humian cell. and
stand on the nucleus, we would see fantastic
sights. We would be in the cvtoplasm, & wa-
tery world seething with chemical activity,

As we look outward from the nucleus, we
might find ourselves entangled in pelatinogs
meshwork, which pervades the cvtoplasmic
wi like kelp in a shallow cove This is the
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DNA 1n action

Humun DNA Is known to muke exact copics
of itself, but its complexity defies direct oli-
servabtion: Certain bacteria, however. have
arnldl rings of DNA called plasmids, which
allow us 10 see 3 sequence of replication
from ane into two venetically identical enti-
tics. First, a tiny “bubhle,” or point of sep:
aration, becomes visible (near vight), Ths
Erows into g second epang strand (center)
Finally, replication s nearly complete (far
right), with the two rings now connected
only at o stmnall point at lower right

300 Nationul Geographic, Seprember [976



endoplasmic reticulum, or more comfortably,
the Er. This scaffold of inner membrane 1s a
great interlocking system of channels through
which the cell moves molecules it is making,
Studding much of this membrane and float-
ing in the cvtoplasm are millions of small
dark particles called ribosomes. The ribo-
somes are, in i sense, the cell's anvils, where
its many different proteins are fashioned.
We watch this process: A ribbonlike male-
cule, called ryva or ribonucleic acid, arrives
from the nucleus at a ribosome. The rRNA bears
a message from a gene: how to assemble one
specific protein. This “messenger RNA" rib-
hon feeds into the ribosome to be transcribed
Immediately other smaller bits of RNA—
called “transfer rNA"—begin to bring com-
ponents of proteins, molecules called amine
acids, through the evioplasm. At the nbo-
some these amino acids are linked, in a
particulur sequence, into a chain that, once
completed, will be the designated protein.
Proteins being assembled at ribosomes
along the Er then shp into one of its channels.
These are proteins that the cell secretes, such
as hormones or digestive engymes. Some need
additional grooming, which they receive as
they are shuttled through the channels of the
ki, Then they are packaged in a membrane
bar called a secretion granule, taken to the
cell’s surface, and expelled. Other proteins,
those made by the unattached ribosomes,
remain within the cell to do the housekeeping
chores that keep it alive.
Throughout the sea of cytoplasm are bun-
dles and strands of tubules and fibers. Some
appear and quickly disappear, others are

microfilaments have many jobs. Thev help
pull a dividing cell apart. Also, like the hoop
of 4 barrel, they give structure to the cell
They are the cell's muscles, pushing and tug-
ging its parts around, changing its shape.

The rim of the nucleus can be a dangerous
spot for an intruder. We must watch out {or
globules called heosomes that cruise the
cvtoplasm. Lysosomes are sacs of corrosive
enzgvmes that con digest almost anvthing
White bloodd cells use lyvsosomes o attack
bacteria wd other mvaders. Protozoa need
lvsasomes to digest food.

Lysosomes alzo serve as cell janitors,
breaking down worn-out cell parts and spent
enzymes. (n rare occasion, they even attack
their own cells, earning themselves the nick-
name “suicide bage" Normally, however,
they merely aid in the removal of old or de-
fective cells, an essential to healthy growth.
For instance, when a tadpole turns into a frog,
the lysosomes in its tail eat the tail up, With-
out such cell death we would all be born with
the webbed hands that the human fetus has
al ane slape,

also drift bean-shaped dynamos called
mitochondria. Manyv scientists now
suspect they were once free-floating one-
celled creatures that eons ago found a cozy
niche inside an ancestor of the modern cell
Mitochondria actually look like puny, pedes-
trian pieces of punctuation. Yet without the
wizardry they evolved ages ago, we would
never have made it out of the primordial soup.
Mitochondria are the powerhouses of the

THRUUGHDL’T THE CYTOPLASM

more permanent These microtubules and  cell. They (Comtinued on page 368)
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T'he geography of the cell

TF HE WERE SHRUNK to a hl-

lionth of normal size, a human
would be small enough to explore a
Iving cell. But on its surface, he would
be quickly overwhelmed by chemical
troops, digested, and done with. Only
scientists armed with electron micm-
scopes-and other specialized tools have
become observers of thiz bustling world.

Whether specialized to function in
the brain of a fiea or the claw of a hird,
a single cell is built from internal struc-
tures called organelles that mirror the
complexity of the organs, Ussues, ner-
vous system, skeleton, and skin of the
whaole body

Much remains unknown, but the
composite cell illustrated here (foldout,
facing page, and kev, below) shows
major internal features of both plant
and animal cells.

T ———

ART TijavEiiim

1 Nuclaus, the cell's heredity-bearing core,
functions within a thin membrane called

2 Fibers of protein-laced DNA within the
nucleus comprise chromasomas, ar
packages of heradity-carrying genas.

3 An important component of ribosomes [£3)

= made In the nucieols.

4

-6

7-8

10

1

12

13

14

15

16-17

Protrusions that greatly enlarge the cell
surface — microvilli — promote increased
absorptian.

Giving the cell some muscle, fine fibers
called microfilameants (5} and microtubules
16} help maintain the call's shape and have

a roke in its motkn,

Scavenger organelles, lysosomes such as
the digestive vacuole [7) and residual body
(&), not enly consumea forsign mattsr and
dead parts of the cell but, in the normal
growth process, eventually recycls the
warn-out cell itsalf.

Found in large numbers an certain cells,
cllia act as oars in & liguid medium,

[ynamas of the cell, mitochondria convert
sugar and fat derivatives into energy for
the call’s use.

Porters for the cell, pinocytosis vesicles
convey material from the surface to the
interiar.

Fores allow substances to pass to and
from the cell's nucleus.

Anvils of the call, ribosomes are where the
many needed proteins are fashionad from
amino acids (page 367!, following a genetic
code carried by a courier known as
"messenger RNA™ [ribanucleic acid).

A maze of channels, the endoplasmic
reticulum, or ER, transports hormones,

enrymes, and other compounds produced
by the cell.

Unique to plant cells, the chloroplast
carries out 15, which provides
the cell with food and our atmosphere with
GRYGEn.

Cell membrane 8] and, in plants, the much
thicker cell wall (17} provide form and
protection. Membranes, which control
what enters and leaves the cell, have
complex functions, including a role in the
immune system's responses to infection
and cancer—a putzle now under intensive
study [pages 378-9),

ST S TAaARR 6,000 THETE
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4.‘l'|rl|'IE|1 a cell prepares to
manufacture a protain, =
wegment of its DNA — & gene
—begina to opan.  Free-
floating nucleotides attach
to one pirand of the gone.
These nuclentides ressmble
those of DNA, but they have
s slightly different backbane,
and uracil, or base Ll pe
piaces base T, As the nucles
tides are Joined in a single
chain called RMNA, thay unzip
from the gene. BNA synthe
s moves wavelibe down the
gane to compiete the pro-
poss. | ha long  ribboan of
mossenger HNA, having been
eoded by the sequence of
DNA bases zlong. the gens,
Ehus relays Instructions for
protain building

<

T'he language of 1ife

N INTRICATE molecular code spells oul the genetic
A nstructions DNA carries within its double helix
Shown hire are two mechnunisms pxa uses. One enables
DRA Lo make a copy of it=ell before a cell divides
Through the other it directs the manufacture of a cell’s
proteéins—ithe vitnl molecules such as enzvmes and
hormones that carry ont the business of being alive
Actually components of DNa are joined chemically,
they are here depicted as interlocking color-coded
umits similir to a child's constroction set

), S0

Befare a call divides, DNA i3
replicated. or made into identical B
copies, one for each resuiting cefl. §
A section of the DNA strand leftl
unwinds 3nd separatds along its
base joints. The A's, T's, C's. and
G's, now single. quickly scquire
new partrises from the many
nucleotides floating frae within
the cell, E'.'-un'ta.-a.”'r", tWo New
complete and identica!l DNA
maleculas Farm,

DN A units called nueleotides,
laft, each carry one of four
different basss anchored

Lo a ||ugn"-:'.||".|:|-$|:|ha:5-
backbone. Thase bases —
adening, cytosine, guanine,
and thymine, or A, L, G, and
T — bond the nucleotides in
the apiral DNA molecule. a
section af which wm dhown
balow. The shapes of the
bases demonatrate that A
can pair up only with T,
and C anly with G

e
T

= 2 The sequance of A's, T C's, and G's
: along the lengthy DNA ribbon containg
in eode the specific information that a
cell needs to manufacture its particular
wet of proteins. By varying the sequence,
nature varies the instructinmm.

E The arder of the amino acids
tn & protein detearmines the Job it
performs. To make the myogiohin
molecule at far left, the protein
globin combines with 4 red hemas,
at iren complex. The myoglabin in
mwscle cnlls is what stores oxygen

\ AMING ACID _..J to fire their energy furnacea }l'l.?n-

malochondoa LD page 363! ; ﬂ'
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TRANSFER RNA

%,

= MNUCLEAR
ENVELOPE

MESSENGER
RNA

"

5 The messenger RNA maves out of the and brings the specified aming acid in from
niuclein and ffnds a ribosome (13, page 3682 the cell's ppa of chemicals to themhosome
far the assemnbly of the designated protein, There the particular muclealide word of the

The sequence of A's, U's, C'g, and G's on the transfor RNA matchas up'with the counter-
RMNA farms in groups of three-letter "words”  part section of mescenger RNA. In turn, thé
- such as ACLL CGG, and CCLU, Each ward amino acid links on td a growing chain that
spacifian one of the different amino acids, will became 4 pﬂ_[l,-!'Tn. Its wark done, the
tne bigilding blocks of protein. Another type transfer HH:{-,”?HH and raturms to a

of ANA, galled transfer RNA, seads the words Tres state within the call medium
" i
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(Contintued from page 361) produce a
powder keg of a chemical called ATP o
agennsine triphosphate

“ATP 15 the electniaty of the system,” bio-
chemist Philip Handler, president of the Na
tional Academy of Sciences, told me. “It is a
form of energy that the cell can use to do any
thing—make other compounds, contract
muscles, permit yvou to see, to think."

An dctive cell needs more than two mullion
molecules of ATP a se aond to drve 1t bio
chemical machinery. There may be one
mitochondron or thousands, Ce
predat gquantities of energy, as in the wing mus-
cles of irds, have tremendous numbers, Mito

le that use

chondria often cluster wherg energy 1s re-
quired, as at the base of a sperm’s |

What muochondrin do, essentiadly, 15 to
bumn the breakdown products of sugars and
fals to make energy, Rather than give off the
enerey a3 heat, they <tore it in the ATP mole
cule Animal cells obtain the sugnrs that their
mitochondria burn directly from the food the
ammal eats, Plant cells rely for sugars on
photosynthesis, which 13 carried out by an
other of the cell’s workers, the chloroplast.

Photosynthesis is to me the cell’s ultimate
magc (page J87). What alchemy it seems to

agrelium

take a sunbeam and turn common carbon
cdioxide and water into food! What an ad-
Vaniage that primeval organism  attained
when it first managed this feat, letting others
scavenge In oa kean sen And without the
oxviEen photosynt
as we know it could never have developed.

Biologists have not vet determined all the
jobs performed by the many inhabitants of

T i B J||'l.-|||'_-. s, ammal bie

the cell It 1= clear, however, that the cell 15 a
society unto itself, and that the mmtricacies of
s socology will puzzle vs fong after we
hnish charting its terram

Umne really begins to understand now how
the living cell does what it does. The gap
between life and nonlife has disappeared.
— ROMERT SINSHEIMER
CALIFORNLA INSTTIUTE OF TECHNOE DG Y

N APRIL 1953 a 25-yvear-nld American
postgraduate  student nemed James
Dewev Watson and a British physicist,
Francis Cnck;, dropped a biological bomb
shell, one that left newspaper editors around

ik

Molecular modeling

Biologists pursue anatomy past the lmits

visible with even the most powerful electron
microscope. The discovery of DNA'S structure
pwed much to meodel budldine. One crocial in
sight came ne James Watson srraneed and re-
ArTInEe arciboard cutouls  representing
DMA's bases

Modehng also helps scientists stugdving th
architecture of molectiles used by Immune sys-
s, AL the Natonal Institutes of Health
investigntors hove crvstallized part of an anti
Erudy, -1I'I|;1- that attacks bacteria in mice :"'lu.-ril'_-
photographs of these ervstals (above) are inter-
preted into three-dimensional eléctron density
maps (right, foreground). The maps reveal
mitCular structure, the basis {of constrochn
1 mode] of the guardian molecule (hackeround)
o hetter understand immune svstem operution

[pages 37581






(renetic
CHEHCerme:
bane or blessing ?

Viruses dre old hands ol allering GNA In
Hving cells, scienti=sts are new al the job,
simplified. here's how it's done (diagram,
abovek Isolite n convenient carmier of
A OWikth s smadl pNa, & plasmidd from
i bacterium 15 o goind chotee.) Then use
chzvimes o memove a section of “old”
DNA, center, andd splice on “new” DNA
eeddl Irom another ongmsm. When this
composile DNA = inseried into & cell, the
restdlt 1= a hwvbnd not found in nature
Lhe Tear: that, despite strongent research
gubdelinee, virlent tatlor-meade bactena
might ecape mbaratories and cayse new
pondemic dizenses

Viruses cannol reprodoee by them-
selves, so they take over Lhe nmchinen,
i cells. Une kind called 74 nttacks thy
bacterium K. colr found an human in
testines. Microbypodermics loaded wath
BaaA, T4 adieht an £ colf's membrang
(helow), penctrate it, and sguirt thesr DA
into the interior, where # {orces the cell
i |'|.'|'I|'l'.]- = Mo T4s 'I-I.'I'I. hlnck S|

Hinlogists hope virtses com be o modis

hed o carmy human genes to cells lickma

Eherm, thus remurine eenete defects
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M=t

trugeling to Bt thee worrds
into a catchy headline
opted to use the abbreviation DNA
DNA. Almosl overnight the announcement
by Watson and Crick that thev had de
termmuned the stracturs

tied togrether =0me Iy

the worlid
ribonucleic acud”

af that e molecule

research in brochemistry,
penetics. It foreed
new science Thie DNA structure was a long
missing ink

The two mam
r (i make exact copies of them-

|:||||||:_'_'-. nto a rachealls

events 1 the life ol mos

el is—li
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proteins needed to butld a human body, Just
as you can change the meaning of a sentence
by rearranging 145 words, nature can “spell”
an enormous vocabulary of proteins, using
only the four nucleoticles of DNA. Geneticist
H. J. Muller tnce estimated that the number
of different wayvs of putting together all the
Al 1%, ¢'s, and G's m a set of hiitman chro-
masomes wolld be the figure 256 followed by
2.4 nllion zeros.

My wife, Mary, calculated that it would
take her 45 vears, working 24 hours a day,
just to write that number, Each of us, ge-
netically, 15 an unfathomable long shot.

.. . 2 riddle wrapped in a mystery inside
an enigma.

= WIRSTON CHLRCITLL

AVING MAPPED THE CELL and
decoded its bDNA, hiologists are now
trving to understand how it accom-

phishes some of its amazing feats. Every cell,
for instance, has its special chores. Each ob
serves its own intricate calendor, knowing
when to grow, when to divide, when to make
hormones, when to die

M:any cells can actually tell time to within
half an hour. Consider the cells of a cockle-
bur. This scruffy plant will not bloom if kept
continuously in light, bul give it just one
nine-hour period of darkness—not eight and
a half——and s cells mgeer the entire
blooming sequence:,

I have often thought, as | impatiently
waiter] for the asters in my garden to blossom
or the tomatoes to ripen, of the mscrutable

(hromosome surgery
' g

To operate on a biving cell with even the smallest,
sharpest scalpel imaginable would be like shcing
onions with a chain saw, Dr. Michael W. Berns of
the University of Califernia at Irvine (left) focuses
o lmser beam through o microscope o cut so finely
that just one part’ of one chromosome can be
removed iright, arrow)

Image on sereen ot left 28 human blood cell
through which two holes have been drilled by a
lazer. How the cell reacts us specific components
are destroverd will asstst in determindng the func-
ton of the missing parts

biological clocks operating within  those
flower and fruit cells. Cells have no con-
sciotsness, | have been repeatedly assured.
Their life cveles are determined chemically
by such outside influences as how long a
period  of sunlight excites their pigments,
what the temperature is, and what other
chemicals they come in contact with.

If the dividing of cells in a flower s not 4
conscious act, 1t 15 at least one of supreme de-
sign. The control of cell divizion in humans
15 even more impressive. A human cell in the
laboratory, free from bodily influences; may
divide some ffty times before dyving. If all our
cells divided that often, we would reach a
welght of more than eighty trillion tons

Draring a @miven moment in the life of a cell,
thousands of events are being precisely co-
ardinated at the molecular level, even though
only & small fraction of a cell’s genes are
being expressed. There are countless tnggers,
red lights, preen lights, and feedback chan-
nels involved in each response a cell makes.

At Harvard University, Dr. Mark Ptashne
drew for me diagrams of how molecules
callerd repressors switch penes on and off in
bactenia and viruses. He might as well have
been diagraming the circuitry of a big com-
puter. Yet the regulation of human genes ap-
pears to be much more complex.

Studving how genes are turned on and off,
however, is just one approach to understand-
ing the intellipence of the cell. More and
more, hiologists are finding that some of this
wisdom 12 built into the cell’s surface

The cell surface 15 ke an ultrathin layver of
heavy oil on water. That narrow periphery
controls everything that goes in or out of a
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cell It 1s the face the cell shows 1o the autside
world, and all that a cell needs 1o know about

that world it must learn through intelligence
asenls i 115 suriace

Within this fatty membrane, protein mole-
ciles float like corks, often protruding from
Atached o many of

omplex antennaer madee

the top and bottom
these proleins are
L |'f':.|"i-.1.r:-|'1 Of SLUEArs

‘Thise Lt =1t m the
surface are the first troops to see the world,”
erald Edelman told me at the Rockefeller
U'niversitv in New York L LLY “1'he molecules

[ ]
don't 1 fixed

1 2 ¥
meleécules cell's

hey move randomlv, ke a

celetrant crowd in Times Square”

— SAW just how important these itinerant
molecules are to o cell when I visated Do
Thomas Humphrevs

[rorn 1 imes Square, at the

Hawan. | I dal
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sponees are the lowest formol Many- e lecd

animal,” Sarver told me. “They huave a bit of

L communicalions system—enough o close
I when danger approsches—but no nerves
Basical

‘Tt was found around the turm of the cen-

tury,” Lir. Humphrevs then explained, “thal

vihiey nrejust a colony of single cells,

vou could tnke a sponge apart, and its cells
ck together again. They have

A way ol Knowing where thin

woukl come b

belong."
LUr. Humphrevs ran a film showing, first,

sponge that

hadd been chopped up, Two of the cells seemied

A suspension of cetls rom a whaite

Lo e snifhine each other out, climbine all over
one another untl thes

I'hen, snap! They locked to each

[ownd just the rghit
(RSN
other and became a two-celled organissm, A
third cell approached, sniffed, and lntched on
[t wns followed by dozens more

*1They reestablish o sponge that s an or-
pamsm just ke the onginal,” said Dre. Hum
phrevs. “Interestingly, when voo put cells
trom different

will recogmzee its own.”

LW S[HEEES 'lr=_':l:‘-'|"|l|.‘l". ] | ||
I'he next ilm sequence showed both whits
and red sponge cells. A red cell beean sniffinge

owhite, moving patenthy all over the white's

suriace. as if looking lor somelliinge
“They are trying, but they can't quite make
i, =aid Dr. Humphrevs Soon the red sponge

cell gave up on (Combinned on page 378)
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lo attack o1l spills
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by Lir. Ananda M. Chakrabarty (above)
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Life divides to multiply

Tame-lpoking as it clings 1o a glass stirring rod
(lefth, pure DXA licks the frantic animation of its
sarTe, so@ urchin sperm (below), shown swarm-
Ing over an egg. The fusion of sperm and eoe—
cach supplving half the hereditary characteristics

of the new GERITESIT—ENEUTes LR C s ooty

and dhversity, As the ey divides, its chromosomes

double and pull apart to provide dentical penes




for two cells {detnil. below). From n single forti rrgmnism develops through the larval stage, meta

Fed ege wo-an pdult urching, pholograpts on the marphoses, and uldmately reaches maturmty. Thi
Iw'er Pwio fows of Lhese [acihy pages triace Lhe pro- adult 15 heing inected with a saline solution to
ves=. [ncreasing (o [owr, andd geometrically o a reledase spperm for experiments (lower right)

eluster, the cells continue to mdtaply Extracted from sperm, strands of urchin nxa

Lhen, within the undorm custer, one of the can be mapped and amabvzed. Caltech [al tech
mosl profound and mystenous of all bologcl nictan Mageie Chamberlin (helow ) uses o digitize
ranslormations begins. Cell=s specinlize 10 lorn Lo meesiire DNA IFAEmenls Drom A piro jecieo jeiol
lissue and organs. In the urchin a primitive gut praph of prepared urchin pxaA thken with an
starts o form (botiom row, second (rom left). 1 he plecirom microscop ==




the white and moved to another red, with
which it gquackly paired.

Dir. Humphrevs and his colleagues recently
have identified a particular melecule in the
cell surface, one of the large proteins with
supsrs bonded to it This molecule apparently
acts like a critical piece in a jigsaw puzzle.
Cinly if it is there will two sponge cells recog-
nize cach other and fit towether,

Biologsts find such “recognition molecules”

all over the cellular world, Hormones, which
govern body processes ranging from heart-
beat to hunger, latch onto their tareet cells
through recognition molecules It is the
recognition molecules on our red blood cells
that make us tyvpe A, B, aB, or 0. We reong-
nize an odor because its molecules fit the

shape of specific receptors in our nose cells,
The most intensely studied recogmition mole-
cules toduy, however, are the ones that play
the pawns in our body's mmune system.

Not only in his thoughts, his feelings,

and his will, but in the chemical markings
of his body each human individual is unlike
any other that has ever existed.

—&. L. LURKA.
SLIFE — THE UNFINISHED EXPERIMENT™

NE OF THE PRIMAL NEEDS of an
organism is to recognize its own cells,
Otherwise, it might destrov itself. Con-

sequently, each of our cells bas embedded in

How our immune svstem

. .
Farly warning
Buoys in a shallow sea, protein molecules float
in the oily cell membrane. With branching
“antennas," or receptors, they sonse the
environment beyond the membrane and transmit
messages to the interjior. Some messages are
routine. For example, when you suck a leman,
molecules in the juice mesh with specific receptors
in taste-bud celis. But certain messages trigger
responses fram cells of the immune system.
Recognizing allen antennae on bacterial molecules,
the cells signal a counterattack,

378

Monocyte

T call
Thﬂ;l:in 4 lymphocyta)

B cell
lymphocytel
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The defenders

The defense department of the body's immune
system headquarters in bone marrow. which
caontinoously produces cells that are processed
into three specialized divisions. One division
becomes promonocytes, then monocytes — the
potential attack force. Altered by the thymus
gland, a second division becomes T cells, the
signal corps. The third division becomes

B calls, the supply corps. These three divisions
make a highly mobile, coordinated brigade
capable of detecting and destroying an Invader.



its surface recognition molecules that are
uniquely our own, markers of our biological
individuality. These surface markers are
probably the reason, for instance, that a trans-
plant patient's iImmune system triggers the
rejection of another’s heart or kidney.

The immune system also uses another
sophisticiated group of recognition molecules,
called antibodies, to help it in identifving
and eliminating such invaders as bacternia and
viruses. The bocdy manufactures muny thou-
spunds of different tyvpes of antibodies, each
one shaped to recognize a specific intruder.

They are not large, these antibodies, A
thimble would hold more than & quintillhion
Seme circulate through the body, binding
to intruders and to scavenger cells known as

macrophages, which ingest the foreigners

Antthodies aid also in another of the im-
mune system's lines of defense, that manned
by white blood cells called Ivmphocytes
Many have antibodies on their surfaces.
and when they recognize an invader, a com-
plex reaction ensues (diagrams, below], Some
Iwmphocytes, once alerted by their recogni-
tion malecules, attack the invaders them-
selves, These so-called T cells begin to divide,
quickly creating an army of identical de-
(enders, They also summon macrophages to
the scene and stimulate other lvmphocytes,
cilled B cells, to multiply and produce great
numbers of the specific antibody needed to
help deactivate the invader

Usually when an antibody makes a match,

wages war on infection

o -

Masma cell

Antibody

Battle cry: Search and destroy Victory
Bacteria invade, perhaps through a tiny scratch. and begin to Bacteria destroyed,
multiply. Some become stuck to monocytes, activating them into macrophages take a
mare aggressive macrophages. Circulating randomly, T cells adhere breather. The immune
to macrophages and to the bacteria. This linkage stimulates T cells system presants two
to send thres messages. One: Activate and summon more macrophages. urgent challenges: Can
Two: Produce more T celis. Three: Signal B calls to proliferate and it be suppressed safely
become plasma cells that produce and release antibodies — Y-shaped 5o the body will accept
moleculas. Antibodies latch onto intruder melecules, or antigens, on tissue transplants?
bacteria and fink the yoke of the Y to them. The shaft of the Y attaches Can it learn to recognize
to macrophages. They, in turn, envelop the bacteria, which ars all cancer cells and
consurmnid by snzymes and becoma harmiess debris: destroy them?
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Tay-Sachs disease
For aboutl six months pfter birth the
infant develops as healthy, happy, and
bright; evervthing seems fine. Then
phyvsical and mental deterforation set
n, progressing until the loss & ol
with death inevitabie

A child affficted with Tay-Sachs
disease inhemts from each parent a
recessive pene that permits buildup of
o latty substance around cells of the
hervolus system. Dy, John O'Broen of
the University of California at San
Diego (Bar right, above) discovered the
missing gene-coded enzyvme that nor
mully controls harmiul ot accumula
tinn. He also perfected o blood test to
screen  potential | carriers.  Lectiuring
with a light pomter, he indicates a 1ell-
Lkt sl on the retina characteristic
of the dizense, other slides show the
lethal buildup around a cell nueleos
(right above) and o single fatty particle,
highly magnified (right)

Although anvene can carry the Tay.
Sachs gene, It is most common amonge
persons of enstern European Jewish
heritage, When both parents are carri-
ers, epch pregnancy holds a 25 percent
chance of producing the affliction

At Kmeshrook  Jewish  Medical
Center in Brooklyn, which specializes
in canng lor victims (right, below),
doctors routinely give iests for early
diagnosis. Even when both parents
have been identified as carriers, they
iy still radse o healthy family. By test-
iy i sample of the amniotic Auld sur-
rounding the fetus, Tav-Sachs can be
detected. If the test 1s pasitive, doc-
tors may ditcuss with the parents the
ditficult option of terminating the
rEegnancy

But how happy o nemative test! Such
n test had predicted that half-day-old
David (har night. below) would be o
healthy son to Richard and Barbars
Lould—and a brother for their daugh-
ters Midle and Tammy, who flashes the
victory sigm.
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our immune svstem hehts off the intruder
withoul our #ven beine aware of the war: oc
casionally our protectors lose, and we come
down with a cold, the flu, or worse,

But even when it loses, the memory of the
battle lingers. The next time the same imvader
APPears, our response s belter, quicker. We
have, in other words, become immune

I'he cells of the immune system are prime
subjects of study in man’s war on cancer. For
one thing, a cancer cell often sprouts ab-
narmal recognition molecules, which should
be red flags to the iImmune syalem

"Why don’t we reject our own cincer cells?
That is a major here,” said

QUEsTIOn A

Just oné that's mussed, and 1

researcher at the Nationgl Cancer Institute
11 ]'El'llfll'-llul: 1'I-'Llr_'.;.'_lﬂll ':'I-]LLI'-l'Il' Wt [0 .'I-!.;'I'_-'
b we reject hundreds every |

AV Ancl tHere's
1ik1

1dl's the one 't

rets yg”

A hen is only an egg’s way of making
anolher egg,

- RAMLUEL RITTLER

NEOFTHEMOST ACTIVE AREAS
in ology today 1s called differentin
ton—or how cells become different

r'rlnlrl cach other



Each many-celled creature starts out mn fife
as a -single fertilized ege cell. Then division
begins, each new cell acguinng identical
genes. But soon different sets of genes turn on
in different cells, producing different traits,
New cells become more specialized, at first as
inner body or outer body, later os liver, eve,
ar skin,

“Dhifferentiation 5 to mé biology's most
challenging problem,” Beatrice Mintz told me
nt the Institute for Cancer Research in Phili-
delphia. She showed me her unigue approach
—u mouse, quite normd 1 appearance, but
with black and white stripes,

“You are looking at what would have been
two mice,” she said “This animal has four
parents,”

But it was Dr. Mintz who had really made
the mouse, and, with her collaboratars, thou-
sande more like it She had taken embrvos
only & few cell divisions old out of mice from
two different stramns. In this case, one strain
had the genes for o black coat and the other
for a white coat. She then placed the two
embrvonic clumps i a dish, dissalved the
envelopes around each embryvo, and placed
the two clumps of cells together. She later in-
sertted the new composite embryvo into the
uterus af a surropate mouse mother. When
born, the haby mouse was & mosaic of two
kinds of cells, each with the traits of one pair
of parent<

Dr. Mintz's mice let her monitor how pig-
ment cells first develop, and, through the color
muarkers. trace the cells’ lineage as the em-
bhvos mature. Biologists have bred many
genetically uniform strains of mice. Apart
from color differences, some have various
genetic  disorders; some are susceptible to
certam cancers. Beatrice Mintz's mice offer
one way to identify which cells rst deviate
from pormal and then to learn how thew
interactions with other cells during develop-
ment may contribute o diseases

I suw muany other approaches to the prob-
lem of differenitiation.

When T mentioned Donald Brown's name
to a fellow biologist, she said: *Oh, yves. The
Frop Man " That nickname s understand-
able. Frog posters, statues, mobiles; ash trays,
and candles domimate his Baltumore lab of the
Carnegie Institution of Washington{page 371},

“It 15 oy fate,” he explained, “to receive for
every present a frog of some kind."

Dr. Brown has four rooms that he calls his
“frog farm.” They are furnished with hath-
tubs, which, whenever we walked through
the door, erupted with the frantic splashing
of hundreds of finny feet.

“Why do blood genes work in blomd cells,
but not in hiver cells or skin cells?” That ts
how Dwon Brown explains his basic field of
study., Une reason he uses frogs is because
their embrvos are easy to experiment with

Y STUDYING what rNA the frog
embrvos’ geneés are making at any one
time, biologists learn a great deal

about how gene activity changes ns an animal
develops. Thev have discovered some sur-
prising and still perplexing things about the
nature of pNA

For ane, an animal cell carnes many copies
of some genes and only the basic pair—one
from each parent—of others  Also, large
amounts of DNA have no apparent function.
Nobody knows why it is there.

What all that extra Dxa is dotng is one of
biologyv's great riddles. Dr. Brown suggpsts
that some of 1f 15 used for genetic control:
“There are genes that regulate the genes that
muke the protein,”

Dir. Brown in 197 | 1solated an animal gene
whose (unction was konown, the second bolo-
gkt in history to do so, after Dr. Max Birnstie]
of Scotland m 1066, Both sclentiste were
working with frog pNa, Now Dr. Brown is
trying to isolate the gene responsible for
miaking silk in the silkworm.

“COhur ulumate goal 15 to make these genes
work in {est tubes,” he told me. With the
eenes freed from the complex chemical chat-
ter within a cell, biologists could discover
more easily the mechanisms that turm them
on and off.

The introduction of such genes into a bac-
terium, a recent accomplishment, has poten-
tial practical application. If the gene that
codes for insulin, say, could be isoluted and
put mto bacterin, the bacteria might be
tarnid into little insulin factories that drug
companies could harvest Other bacteria
might be designed to manufacture antiliotics.

At General Electric’s Research and Devel-
opment Center in Schenectady, New York,
L. Ananda M. Chakrabarty showed me a
remirkable man-made bug He put genes of
four different oii-eating bacteria into a single
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The fat was building up, destroving her cells
and gradually her entire nervous system.

There is no cure for Tay-Sachs disense, but
it is one of a growing list of inherited dis-
orders for which specific missing enzymes
have been identified (pases 380-811 Many
major diseases from diabetes to cvstic fibrosis
are causerd by missing or defective genes

A few days after visiting the Tav-Sachs
ward, I watched, with a shudder, as New
York City obstetrician Sheldon Cherry pierced
the abdomen and womb of a pregnant patient
with a long hvpodermic needle. It was pun-
less, the yvoung woman assured me, as Dt
Cherry drew g sample of amniotic fluid, the
liguid that cushions a baby in the womb,

Analyzing cells in this fuid, technicians
can tell whether a fetus 5 afflicted with Tuv-
Sachs or anyv of the other disenses for which
the causative missing enzvme i= known.

At the Unmiversity of California at San Die-
go | asked Johin OFBrien, one of the leading
researchers on Tav-Sachs disepse, whether
binlogy might not come up with a way of
dealing with disorders of the genes

“One thing we can think about for the dis-
tant future,” D, (VBrien answered, “is gene
replacement—to make the missing gene it-
self. Then we might be able to tailor a virus
that can carry the gene into the cell”

!HD THAT BRINGS US to oné of the
strangest of all iving things—if in-
deed it does have life. A virus is basi-

cally a little package of genes that mvades
cells und can canse problems ranging from
the common cold to polio. Some biplogsts
argue that viruses are not technteally alive,
because they lack the machinery to reproduce
themselves. Instead, viruses invade a cell and
commandeer its reproductive equipment.

At Caltech, virologist Hill Wood showed
me electron-microscope pictures of the vins
he studies, one called T4, T4 looks remark-
ably like the lunar module that landed Apolio
astronauts on the moon. However, it behaves
more ke a mosqguito; ahghting on the cell
surface, driving a tubular shaft into the cellu-
lar innards, and then squirting in itsown genes,

Somie viral genes attach themselves to the
host's DNAL This kind of virus can caose can-
cer in some animals, and perhaps in man, by
changing the instructioms the DNA sends to
the rest of the cell. But because they do net as
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a shuttle into the gene pool of the cell, viruses
are potentially a key tool of genetic engineers,

Genetic engineering conjures up the image
of a drugstore scientist taking vials of genes
—uone for beauty, one for athletic prowess,
one for brams—and injecting them into an
ege cell to miake a custom-ordered embryo.
Cine af the resulting “eugenic”™ men or wom-
en might be a delight, two good company, but
thres or more a drag on the diversity that life
and most living things require.

How far off 1= genetic engineering? In a
sense, 1t 15 here. The men who 1solate genes
and crudely transplant them into. bacteria
are the pioneers.

“It would take at least five vears to identify
ant locate the gene whose absence is respon-
sitile for Tayv-Sachs disease,” Dr. (3'Brien told
me “Then we would have to decide whether
wewanl to produce the gene artificially. Mak-
ing a gene would be a very big, expensive
cffort. We have to ask whether, relative to
such other needs as the conguest of cancer,
it 15 worth the time and money.™

What about the prospecis for genetically
engineering trivis like intelligence, beauty, or
superhuman strength into human cells?

Dr. OYBrien emitted comething between a
stgh aned a laugh. “There are thousands of
enes involved 1n each of those trodts We
can't begin to define intelligence genetically.
What vou ask is like going to the star Alpha
Centaurt. It is technically feasible; we know
we can go there if we want to spend the time
and the money it would take But to modify
the human genetic pool in the way you sug-
gest 15 so far from our current capabilities
that it will be manv generations after we are
dead before mankind can begin to think
seripusty about doing it”

Genetic engineering with plants is not
science fiction any more. It's here.

— TOSHH MURASHIGE,
EMIVERSTTY O CALIFOHNIL 4T RIVERSTIVE

LANTS ARE much more satisfving

than bacteria.” Peter Carlson sad s

we walked past tall stalks of corn and

puzhed aside a thicket of tobacco leaves in

his greenhouse. He plucked a gardenia near
the greenhouse door and handed 1t 1o me,

“In nature a gardema can’t mate with an

Nanoenal Geographic, Sepiember 1976
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nist said. “But now we've found & way around
that. It 15 possible to release plants Irom Uhe
resirciions of sex.

Lrardenia-orchids. Corn-sorghum. W head
wans. Ur “pomatoes"—hvpothetical ves

etables with the fruit-bearine folizee of a
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tomato and the tuberous rools of 4 polato
To =ome bholanist<, 10 1= just a matter of Gme
until almost any tbvpe of plant can be hy-
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faney, 18 first to dissolve the toueh cell wall
thint encapsules plant cells. Then they fuse the
niticed cells, or protoplnsts, from two different
nlants. Finallvand so far this has been a
comphished only with cefls trom two Dypes ol |
tobacco—they grow the fused cells into full Carrots and clones
blown plants. More dramatic hvbrids than

tobacco have been fused, but the technicues

Nhat smete. mature: cells contmn @l thi
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e I..IIIHI st 'I_I YOUL imagine how Wy identical bo the doncr. Althoush clonmg
much we'd save on fertilizer? has not vet been .|"'II§:.-'|=' Fin Jower man

"Ur say vou'd like to grow o navel orine mals. much less mun. the possibility ralses
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frost-resistant tvpes of citrus. Their fruit rous guestions Engneered plants ool b
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. .« this really is the major problem ol
biology. How did this complexity arse?

- FRANCTS UHMCK, “00F MEN ASND SOLECULES"

YVEN AS THEY EXFPLORE the ad
vancing frontlers of penetic engineer
. .j g, biolomsts shill confront the deep

basic mystery of sctence: How ohidd it all begin?
Like an agitatied Qrefly, the coil in the glass

globe sputiered sparks of electricits
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“This -is the primitive atmosphere,” sad
sanley Miller, chemistry professor at the
University of California at San [Mego, as he
pointed to the transparent mixture of zases
mskde the globe, “And this representz the
primitive ocean,” he said, indicating a pool of
water in the bottom of his Afaraias

The atmosphere Stanley Miller was re-
creating was that of the andent earth. Dr
Miller astonished his colleagues in 1033,
when, a5 a graduate student at the Univer-
ar contruption
to produce a mixture of amino acids, the
butlding blocks of proteins.

|
-
|
i

sty of Chicapen, he used a simi

Since then scientists have created not only
aming acids, but most of the other impertant
hasic molecules of hfe out of the raw mate
rials of the earth’s early atmosphers-
methane, hyvdrogen, waler vapor, ammaonia,
nitrogen, and carbon monoxide. They have
done It not anky with an electne charee, but
al=0 with ultraviolet bght and heat, each of
which wou
newly formed planet

Much to their frustration, however, binl-
ogists can still only speculate on how these
simple organic molecules emerged throueh
the eons as proteins and genes

d have been abundant on the

ORE BAFFLIMNG still is how these
proteins and penes got together in the
first self I'!']'I]jl.'l1iI:L: iell, The oddds
agmnst the right molecules being in the reht
place at the right time are staggering. Yet, as
sUienceE mensures it 5o 15 the nme seale on
which nature works. Indeed, what seems an

.-..r:ll:lll'”".':".!l._d'i.' GCCUITence Al .Elr'l'-. I TNAOmMient
would, mven untold eons, become a certainty
ind after that Arst cell appeared, it would be
as Certamn that bacterma, alese, and higher
forms of hie could resu
mechanisms of nature
Interestingly, astronomers hove recently
tound many ol the simple precursor maole

t from the wondrous

cutes of hle, such as hvdrogen cvanide and
formaldehvide, 1n interstellar space. And sci-
entists have identified amine acids in a
[reshlv fallen meteorite found in southern
Aunstraliy i 1969

“The organic compounds they are Ainding
in interstellar space are the same chemicals
that we work with," Dr. Miller explained

“The formation of the basic building
blocks of hife 1< (Conlinued on page 395
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Fusing a " pomato
Take one cell cach from A tomalo ond o
potato; dissolve the cell walls (diagram,
above! Fuse the unsheathed cells, or proto-
nlasts, into one cell, which then divides,
bearing characieristics of both orgmal cell=
Plant and—in theory—grow a pomalo in
your garden. In actual practice, Dr. Peter
Carlson (left), inspecting wheat in his Mich-
tran State laboratory, hos grown o hybrsd
tobacen by fusimg protoplasts from two
natural species of tobacco

Iir. K. N. Kan of Cannda's Natonal Re-
search Council has fused dissimilar species
in experiments. In one, the dark protoplast

kil
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of barley (helow, lelt) begins to fuse with
the Hght protoplist of sevbean The fused
cell divicdes as would a natural species—ion a
point. Dr. Kao's superhyvbrids have vet to
vrow bevond the hundred-cell stage Still
the promise is enormous. hybhrids designed
i make their own fertibizer through nitro-
pen fixing, o be adapiable to o wide range
of climiates and soils; 1o be disease and pest
resksiant. A hongry world looks on
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THE NEW BIOLOGY: 11

The Canc
Puzzle

By ROBERT F. WEAVER. Ph.D

“. o o2 savaee cell which some-
how .. .corrupis  the forces
which normally protect the
hody, invades the well-ordered
siciely ol cells surrounding it,
colonires distant areas and, as
a fimale to its cannibalistic orgy
of flesh consuming flesh, com-
mits  swicide by destroving
its host.™ FAT MOGRADY,
THE SAVAGE CRLL™
WELL-ENOWXN ston
ol six blind men and
i nn elephant tells how
parh man tned to un
derstamd the beast by touching
ally salurally, the
o whi felt the trunk ot a far
different trom the
o who grasped o tusk
| sometimes think of the
cancer puzzle this wav, be-
fm si
many different points of view
It is no surprise that the virol
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CARLUSsE SCIenLsts see |1l

OFis]l SpEs CUNceT

A tumor virus, the geneticist

141G

boaw by =lime mold (le

heplthy cell 1o i o an

thscerns an effect caused by a
mutation, and the de
velopmental biolo@mst pomts to
an abnormal cell
tion. boven though none of ws
DETCEIVE 1IN K0

fshion e the b
the story, the puzzle remains
in preces, some of which are
massing. We cannot yvel soe the

whole elephant

EEnNeLIc

differentia-

restrictect

nd men In

Why can we prevent polio
with relatively simple yuccines,
CUrie phneumonia Wil §
biofacs, make only

anti-
amul vet
|'|'illl||"-r II'IF-.I.I.-'l'- dAdginst cancerr-
Chne redson is that cancer 15 not
ot drsense, bt 'hie
LT CONnLidlns ITIETs
than a hundred different tvpes
of cells, and each of 1
OO WY in s own distinelvie
The cancer purzle Is o
whote senes of puzsles

Uin the other hand, we recog-
chiractenstcs
common to most cancer cells
I'he most obvious trait of these

TNy

by

L LA I A

WS

Nnize CEFTIn

scienbists a clue o the _Im,:.l:

“efther plant nor animal, th

by may oflier

eried-Fvrdee transformaton aof a

oLl RNl
one. By learmni how this smmiple
mne=cetled organtsm changees
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Frestarr hers ‘.I-||'-I' o unrover the

e ltanismes thiat aller e cell

savaee cells s that they run
amok. Thev go out of control
w it
happens when vou cut a finger
accidentally. Very quickly the
|'|"||_= -L':|IIJrI|| ”IL' INCISMNN NCeae

A signal to divide more rapadls

Consider, for example

and bhed the wound. Then, a=
won as they accomplish the
job, anather sitnal tells them to

cells al-

down. Normal
winvs obeyv this slow-down sigm,

2w

PrEerving an excuisite bialance
between old cells dving  and
new cells pppeanng

Hut renegade cancer cells no
longer abev, They conlinue Lo
control until
ther voracious appetites over-
whelm o

Cancer cells show n distress-
ing aghilitv o invade the tis

divide without

'||'i:' ||1|-.‘.

sipes around them, disruptinge
them and rabbing them of food
Worse, metastasize, or
spread. For instance
cells mav break off from a bone
lumor, mugrate through the

I*u'_ﬁ.
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bloodstream, and establish new
tumors in the lungs Once a
tumor has metastasized, the
cancer is much harder to trent
This points to the mportance
of frequent phyvaical exami-
nitions and prompt attention
1o the seven warning signals
publicized by the American
Cancer Society,

These two characterstics of
cancer cells—lack of control
over gmrowth and tendency to
invade—imply a third guality
the ability of cancer cells to
pass the mualignant propertics
an to their progeny, cell divi-
sion after cell division.

What tnggers a perfectly
normal cell to lose control and
become a runawmy? First of
all, there are environmental
arrnts—substances in the air
we hreathe, the water we drink,
or the food we eat The World
Health Orgamzation estimates
that the<e ngeénts muay be as-
socimted with 60 to 90 percent
of all human cancer.

Sir Percival Pott first drew a
connection between chemucals
and cancer more than two hun-
dred vears apo when he dis-
covered the high incddence of
s)rotum  cancer in chimney
sweeps. The constant exposure
of these unwashed bovs Lo
carcinogens (cancer producers)
in sool inevitably took its toll

These carcino@Eens ane pre-
domanantly hyvdrocarbons, sim-
ilar 1o those found I cipnrette
lar. Scientific data relepsed by
the Surgeon General of the
United States support un-
equivocally the link between
cigarette smoking and cancer,
60 percent of all lung-cuncer
patients are smokers,

Another environmental fac-
tor is radintion. The sun's ultra-
violet light, for example, can

cause genetic mutntions in ex-
pased  skin  cells, =saometimes
lending to cancer. ln Fact, ex-
tensive, long-term exposure to
sunfight, especially among
hght-skinned | people, makes
skin cancer one of the most
comman bypes

Emissions from radicactive
materials can also make cells
ooy wild, as illustrated by the
tragic case of the watch-dial
painters of the early 20th cen-
turv, These womeh used a
luminous paint containing the
rclipactive  element radium
To keep a fine tip on their paint-
brushes, they twirled them be-
tween their lips The radium
they absorbed in this way led
to @ high rate of bone dizease,
including cancer

[RUSES are a second
cause of cancer, at least
in some animals. These

agents ane tiny  packages ol
genies without life of their own
that are capable of mfecting
cells and converting them to
virus-reproducing machines.
Pevton Rous of the Rocke-
feller Institute performed the
classic tumor-virus expenment
in 1911 when he showed that
he could produce n malignant
tumor called & sarcoma in a
chicken by injecting it with a
hltered extroct of a tumor from
another chicken. The filter re-
moved all animal cells and
hacteria, leaving only viruses
ns possible seeds of cancer.
Using similar techniques,
virologists have linked tumor
viruses with cancer in many
species of birds and mammals,
imncluding primates. Because no
one would ever mtentionally
perform these expermments on
peaple, we do not have abso-
lute prool that viruses cause

any human cancer. But studies
sugpest such a rélationship, and
it would be odd indeed if viros-
s caused cancer in lower mame-
mals hut not in humans.

If viruzes cause cancer, why
doesn't cancer seem to be con-
tamous? In some animals it can
be. There are strains of mice in
which almost all the females
fall prey to mammary carcino-
mit, of breast cancer. These
“hirh incidence” mide inherit
u tendency to contract the
disease. However, if they are
suckled by substitute mothers
of a *low Incidence” struin, ondy
ahout a third of them actually
develop it. This supgests that
the milk of the high-incidence
mother contains snme CAncer-
prodlucing agent. In this case it
turns oul to be an RNA virus,
one that has genes made of ”RNA
insteadd of DNA, the usual
penetic coding material

But the normal way tumor
virgses act may be much more
insidious  than simple con-
tamon. A controversial theory
holds that all of us have, in all
our cells, genes for an RNA
tumor virus They may have
entered our ancestors’ cells eons
ago and have been passed to us
along with our genes for eye
color, stature, and 50 forth.

Normally, these genes do no
harm, but they sometimes
switch on at the wrong time,
with disastrous results.

Az implausible ns this the-
ory may sound, there is some
experimental evidence to sup-
port tl. For example, we can
erow chick-embryo cells in the
laboratory where no lumor vi-
ruses get to them. But if the ex-
perimenter perturbs these cells
with chemicals or radmation,
they besin  producing RMa
wimor viruses, This seemingly

3o/
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Divamatic shift of <iime mold from amochalike feeding to plantlike reproduction begins
when sunlight trigmers changes in cell behavior. Doplets appear (left), producing ting
stntks (middlel and then thick clusters of spores (rght), which ferminate new life
when researchers better understand this process, they may be ¢loser to o cancer cure

<pontaneous generation of vi
ruses means that the chick
cells contammedd in their genes,
all alomg, the blueprint for an
RMNA [UMOr vVirss

This 1= not =0 surprising
when we realize thot tumaor
viruses operate by wedpring
new DNA nto the very genes
of their hosts. Onee this new
DNA 5 in place, 3 may behave
iust as normal host DxA anid
be passed on Trom one cell o
Lthe next forever after

THIRI) possible factor in

f the couse of cancer is
A simply our bodies’ -
evitable imperfection. Nature

has endowed us with nearly
nerfert machinery for runninge
our cells’ lives and especially
for reproducing our genes. But
a certain amount of mperfec-
Lion remains, dand this allows
for that rare mistake that wall
improve our genes rather than
harm them. Without such er-
rors, indeed, evolution would
be much slower and our an-
cestral life forms might vet be
mucldling about in their pri-
H'I-I_"-.'.'I.l LHES .I.:II.' '||'|'|I_ L Wi i'l.;-l:-.'
for accelerated evalution 1= n
smmaall, but siemfieant, tendencs

b R ]

to miake mistakes. A mistake or
series of mistakes in the genes
that control cell diviszon could
iree the cell from s normal
resiriints, with dire resulls:

A inad fnctor does niot hear
directly on the cause of can-
cer, but 15 nevertheless an im-
portant element in the develop
ment of the diseasze, This 15 the

bodv's  invaluible immune
svstem, which hehts disease
Many investigators suspect

'..||ZI1 CANCErNls I.I"]I- Arse IF.IZ‘
i all of us, but they are il
terent enough from our normal
I'-I'_'ll':- '|r|.” rhl!_":'. illl'l'r 1|'IL' Imimuane
system, which kills them before
they cause trouble. Rarely, this
Ir e -:.
OF 4 NUW CAancer succeeds In
eluding it unta] the cancer 1s
tows big 1o destron

;

slem Fdls 1o operale.

We suspect that the svstem
bemng (o fall in aging animals,
which might explain why can
e 15 primari by a disease of old-
er people Hut there = evidence
that cancer cells can also cam
ouflage themselves by

1idine
lul-t.ll"\-l-
seErve  in

surface antieens
OTOLEITES OCCHTary
alert the body's immunie defens
e=. bul if they are hidden, the
LLIFTROF CIEh LT with LT rerniEN

thetr

We have exanuned several
probable causes of cancer, but
we have not reallv probed the
critical cellular events that ledqd
the cell t brenk its bonds and
begin growmne wildly, To un-
derstand these events 1= to be
abite to trv to reverse them and
thereby cure the disease. But
thi= understanding 15 the most
clusive of al

=ame Bcientiste view the
problem  In stricthy
terms; Cancer 1S caused by mu-
tations, alterations in a cell’s
DNA, 30 that a kev gene, or
o of genes, no longer works
properly. These mutations may
be caused by known carcino
Pl R

penetl

dirents incluchnge chems-
cals, ‘rachation, and perhaps
PLITIGT VIFLLSes

Others take a broader ap-

proach: Cancer may ilso have
a more subtle cause, one that
does not invoalve changes m the
genes  themselves. To under-
stand this, consider the normal
development of a human fetus
At an early stage of the baby's
hfe in its mother’s womb, it
congsists of only a few cells, all
identical in appearance. Then

iy A winderful but still VETY

mivsterions some Ol

[ITERLSS

Vatiomal Gepgraphne, Seprember (976



these cells differentuate, or
change. 1o liver cells, others to
brain cells, and so forth until
a complete baby takes form.

And wet, virtually all the
cells in the baby's body, wheth-
er they are liver cells or brain
cells, contain precisely  the
same genes on identical strands
of pxA_ This means that a liver
cell somehow keeps its gencs
for bram proteins turmed off
anid switches on its liver-
specific penes

In the same way, cancer may
represent an  abnormal type
of differentiation in which cer-
tain “normal” genes cease 1o
function, as “malignant”™ genes
are turned on, Such a switch
ought to be reversible, and
expeniments suggest that can-
cer can indeed be turned off

{ne of the most dramatic of
thes¢ experiments cOnNCerns a
kidney tumor in the leopard
frog In the 1960's Dr, Robert G.
MeKinnell and his colleagues
at Tulane University in N
Cirleans ook nuclel containing
complete =et= of genés from
sych tumor cells and placed
them in {rog eggs whose own
nuclel had been destroved. It is
wonderful enough that some of
these “fertilized” exzgs grew into
tadpoles; it 1= marvelpus that
the tadpoles were completely
free of cancer

If an irremeédiable change
had vceurred in the tumaor cells'
nNA, this defect would with-
out a doubt have been passed
on o the eges along with the
donor nuclel, thus lending pre-
sumably to cancer in the recip-
ients, But no sign of cancer
appeared. In the environment
of healthy esg cytoplasm, the
donor nucheus acted normally,
whereas in the old tumor cell
it wis it partner in malignancy.

The Cuncer Puz=le

HAT FACTORS in-
fluence genes to be-
have normally in one

context and abnormally in an-
other? Perhaps this is almost
the same as nsking what couses
ordinary cell differentiation. 1
feel certain that the answer to
thiz question is a key plece in
the cancer puzzle.

In mv laboratory at the Uni-
versity of RKansas, we are
attucking this question by
studving differentintion in a
primitivie form of Jife known as
i slime mold. In nature, this
usyally bright-vellow mass of
protoplasm lives on the damp
forest floor, feedinge on rotting
leaves and tree stumps. Such a
ample organism, neither ani-
mal nor plant, which is not
known 1o gel cancer, may Seem
an unlikely subject for cancer
research. But its simplicity (be-
hed by its long Latin name,
Physarim polycephalum) and
its distinet stages of differentia-
tion make it much easier to
study than mouse or mun.

We are focusimg on one type
of differenfiation in the shime
mold: sporulation, or the de-
vielopment of spores. When the
vellow, growing shime mold
runs out of lood, it crowls up
into the sunlight. Then it un-
dergoes a4 profound change,
sending up slender stalks with
multiheaded black caps con-
taining thousands upon thou-
sands of dormant spores. The
wind carmies: many of these
spores to new regions where
food abounds. There the spores
germinaie, and the life cvele
begins anew

During sporulation certain
wenes thit are needed for spore
formation seem to switch on
while others necessary anly for
growth turn off. This gene

switch-on, switch-off probubly
also occurs during the devas-
tating transformation of a nor-
mitl cell to a cancer cell. It is
true that we are studving the
turn-on of sporulation genes
rather than cancer genes, but
gene turn-on is such a funda-
mental life process that it is
likely to work the same way In
both cases.

Mike Wormington, a grad-
uite student in my laboratory,
has demonstrated that light
triggers sporulation by activat-
ing one of the slime mold’s vel-
low pigments, When he isolates
and purifies this pigment from
the slime mold, shines a bright
hght on it in the test tubeé, pod
then injects the activated pig-
ment mto a strved, unillum-
nated slime mold, the latter, to
ogur preat satisfaction, almaost
alwavs sporulates.

Mike umd three other stu-
dents, Chong-Gun Cha, Pennis
Byme, and Bob Herman, are
now tackling the more difficult
problem of tracing the steps
that must intervene between
pigment activation and ulb-
mute sporulation. These are the
steps that we expect will be
analogous to those in cancernus
trunsformation.

Even if cancer were not a
momentous problem, the quest
for an understanding of cell
differentiation would keep us
coming back to the lab each
morning, our hearts beating o
little faster as we open the
drawer to see whether our
stime mold has sporulated over-
night in response to its latest
mnjection. But we also hope
that a better understanding of
cell differentiation in ths lowly
creature will contribute, In 1ts
small way, to a solution to the
cancer puzele. []
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THE NEW BIOLOGY: I

Seven Giants Who
Led the Way

Paintings by NED SEIDLER
Text by RICK GORE

BETEIR SETErss] HEDGERAPHE. TTANY

OR HOW many millenmums has man
marveled at the force that sprouts a
seedl and drives itz green shoot towarid

the sun? Or pondered the puzzle of how like
begets ke To ancient harvesters and herid-
ers these mysteries of life were the workings
of unpredictable spirits. Early Greeks, how-
ever, made the study of lie a soence

Aristotle, the hirst great biologist, deduced
thust life bepins in advanced animals when an
“innate heat” in the male seed energizes and
givies form to a shapeless embryvo in the le-
male. But he wos baffed by the origin of
small creatures that lacked obhvious seeds or
eres. Well bevond the Middle Ages, serious
men maintained that toads arose from the
muil, magrots from rotting meat, and snakes
from a lady'stresses dropped mto arain barrel

Not until the invention of the microscope
and the discovery of the cell in the 17th
century did biological reality begin to emerge
The medieval mind had ranked hife in de-
grees of perfection, from angel to man Lo
vermin. As it became clear that all creatures
were butlt from cells, the logie of the old
chains of bemg no longer held

LEEUWENHOEK

I the mid-1700"s Swedish botanist Carolus
Linnaeus gave a new order to the living world,
pioheering the svstem we now use to classify
all plants and animals ntoe kingdoms, phyla,
rlasses; orders, famibes, penera, and species
Man =zoon had to accept. not without ress-
tance, that he himself was an animal, In 858
German pathologist Rudolf Viechow theo-
rizedd that all iving cells anse from preexisting
livinge eells. A vear later Charles Diarwin made
the stunning proposal that modern species
hiul actually evolved from ssmpler life forms.

Biologists then found that the julces with-
in the cell, the very catalvsts of life, are bhuilt
from the same hieless elements that compose
air, earth, and ocean. Today laboratories are
competing intensely to explain how these
chemicals—DNA, RNA, and mynad proteins—
work their wonders.

Progress in biology comes mostly through
the thousands of unsung experimenters who
slowly develop and test hypotheses. Yet hi-
ology has known giants whose contributions,
either through a lifetime of effort or one bril-
liant insight, have broken ground for im-
mense harvests of knowledpe.

"No more plensant sight has met my eve
than this of = many thousands of living

creatures in one small drop of water,” wrote Antan van Lecuwenhoek in 1676, With his
discovery of protozoa and bacterin, Leeuwenhoek, an unschooled Dutchman, aston-
ished the |7th-century Intellect. Today we would scarcely mecognize his lenses as micro-
scopes. Some of them, smaller than pens, were set into large metal light shields, like the
aote on the table. Many had to be hand-held before the ight Until his death at 90, Leou-
wenhoek drew and described the domains of nature, from the housefly to microbes from
his own mouth, bere drawn and designated A to Goon a work sheet. To dissover why
spices such as pepper, shown dizsolverd in vials, and nutmeg, at right, pricked the palate,

e examined their particles for oy harbs.
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remains of horses and mant <loths, why had thes

e exiect therer
LR59 he finally publishied his answers His
boak, The Origmm of

l
dly written., scholnrl
thundered through scentihe, relipous

il
Shee s
and intellectual circles
wrote of his theéory of evolution througl natural

“‘Uan we dogbt.” Diarwin

sehecton, “thal individuals having any advaniage
however sheht over others would have the best
chance of surviving and procreating their kind?™
Or that ®
rions would be nmdly destroved,’

Here

uses to rezulate the development of life on earth

afy warnaticn in the least degoee inju

sand Darwin, was the princple nature




ME\TDEL With a garden

spaule and basic
muthematics, Gregor Mendel (left) founed
in the backyard of his Austrian monastery
what had eluded selence’s most luminoos
minds: the laws of heredity,

Mendel crosshred garden peas to deter-
miitt how offspring rezemble their parents.
He found, for instance, that the hybrid
setils from erssing o green and a vellow
pea produced] an F, genoration of plants
bearing only vellow peas. However, the
Fi plants; when self-fertilized, produced
an Fy peneration in which one out of every
four plants produced green peas When
these green peas sell-fertilized, they pro-
duced only greens. A< for the remaining
Fo's, ome produced anly yellow offspring,
while the rest produced three yellows for
overy preen. Yellow coloring was what
Mendel termed dominant; green was re
cessive The threeslo-one mtio in which
these traits reappeared in succeeding gen-
erations bed Mendel 1o propose that inherit
able characteristics are parssed  on, et
randomly, but by discrete fartors we now
call gones  Unfortunately, Mendel wns
ymored. Not unti] 1900, 16 years after his
death, did the scientific world discover the
prand achievement of this modest monk

PASTE[:R In the 1860's

Liouis Pasteur
tamzht the Fremch how 1o keep wine from
sourmg. That alone would have made him
a national hero. Pasteur inght) proved the
veasts that turm grape sugars into wineg are
living beines. and that fermentation is 3
product of their digestion. This showed
that basic life procedses are chemical re-
actions. Therefore, killing the yeasts hy
gentle heating, or pasteyrization, prevent-
ed the wine from going Ll

“isteur destroyed thwe popular belief thal
microoreanisme aml other lew forms of Tife
gencrate spontaneously friom dust, rotting
mieat, or dung Each microbe, he proved,
comes from an existing microbe. Pasteur
wis the first to establish the hasic cvele of
fe: that all living bemis: eventually be
comne food for microorganisms, which i
turn become fodder for new ife

Pasteur concluded that such microbes,
or germs, are what couse disease, and he
became an early crusader for the wse of nn-
tizepiie technigques. He also developed
varcines agaimst rmbies and, working with
sherp, arninst anthrix

L1l



LA

VACCINATION

CHARBONNEUSE

THEORIE ps GERMES




N B
/

For nearly lwenby Vears
ThomasHunt Morean's

MORGAN

“fiv room” at Columbia l'hi'l.'r.r-.i.!j. was alive with
bottlefuls: of the fruit v Dvosophiila
some of the greatest minds in genetics. Drosophila
multiplies rapidly and has only the four paies of
chromosomes symbohzed in black above. Morgan
iound It ideal for studving how specific traits are

and with

iransmitted through many penerabons. Charting
the family trees of fruit fes with such mutations
as stunted wings, asymmetrie bodies, and mis-
matched eve coloring, Morgan elaborated on
Mendel’s proposals, workine out the details of
mhertance. Thanks largely to Morgan's 1926
hook, The Theory of the Gene, penetics was ac-
|n!||[I‘.|'| as & lemtimate arm of I_I||.'_I|I!|_::.

National Geagraphic, Semtember 1976




WATSON AND CRICK

Chemisim

In college, American Wolomst James
Taking ans
courses thatl looked of even medium difficulty.”
Nevertheless, n 1951 Watson (righti

doctoral student in Enpgland tesrtved up with Brat-

stiedierd  hird obding

i5 L st

15N phvsicest Prancis Crick. A vear andd a half bnter

the two had solved one of biologys great riddles
the moleculnr structure of the chemical DNA
Meir douwble-helix, o =piral, moded hrst suggested
the mechanisms a cell's pNA wees fo store its penet-
i blueprmits pond pasz them on to s offsprimg
Mhis msieht sparked @ golden age of moleculo
that has brought us to the brimk of

I'I_I'II::I""". I K
P-

FFFLERE E Llating out own eetiel

inheritance D
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Galifornia’s

By JUDITH anp NEII

‘I“I' MORGANMN
Photoo

—ry l.l hs I._ '|

CHARLES (YREAR

GENTLE THERASHING SOUND came

with dawn's velviel rosiness, ane wi

i'-.'ulll-!' i |.'|I! I.-.'llI = 0F L W I 1A T

i = E ||:!'_' 'I.r' FHREEN Ii||' R lj ¥ 0 OUr
rentad househont. Tt was an unexpected wi
COme Oon our first morning m the Califormnia
Lhelta, & nmsaw maze of nvers, sloughs, and
ked 1sland:

A we slept, we had been hited six lfeel
amanit the imbs by a tide pushing sixty miles
mpriver from san Francisco Bay, Now we
seemed]l alone in a2 goodencck of the hitth
Viokelumne Hiver, (s miurky Sreen Waters
'-.-\.I-.-lli!._' II'-. ETEY LI '-.'..-“"-E II'. '.|::I li:"

lewvees thick with blackherries

suddendy shreddine the silehic L vie o
iinlane roomed up from behind the lev
turnecl, and disappeared. The famt scen

chemicals drifted back. Curious, we jumped
S[O0e At o mbered o the levee's criest
stretching away like a vast pie pan, twent
feel cleep, was il =lant =WEH Ereen with
e lds of sugar beels, asparagus, and corn, | h

['I.'rl'l"-.l'l'lll'.'l.ll I e UK T |'|'-!-
Water Chanm bt these hiotisebontemrs




biplane skimmed below us, dusting fertilizer.
Two brown plumes of peat dust rose in the
air, marking the movement of distant trac-
tors, AL our feéel, rusty pipes siphoned river
waler over the levee to the fields. Nothing else
linked this <cene of mechanized farming with
the water labyvrinth behind us.

Few but farmers and pleasure boaters
know this delta, and they are curtained from
cach other by 1,100 miles of levees that rim 55
islands rectaimed from marshland. This is
the water crossroads of California, where the
state's longest rivers—the Sacramento and
San Joagquin—meet to flow westward to San
Francisco Bay and the Golden Gate, Like
costal deltas it is triangular, but this one lies
inland, behind mountains It extends no more
than 70 miles on any side (map, right).

Green Heart of the Golden State

The California Delta is an isolated remnant
of other times, woven in its own watery web
ner the center of the nation’s most populous
state, OUmnly nine of its 1slands have towns,
none lorger than about 1,000 residents. Mo
major highways eross it, and Californians in
a hurry avoid its penderous drawbridges and
tiny cable ferries. Some farm islands, owned
by affiuent city dwellers or corporations, are
inhabited only by foremen and Inborers living
in barrncks. Others, like Bethel, are nimmed
with marinas serving pleasure boaters from
the cities, Some, like Venice, are owned by
hunting clubs. Thetr cornfields lure ducks aned
peerse migrating along the Pacific flvway.

The people of the delta recall the passage of
vears not by cvic triumphs but by natural
dizsasters. The levees give them a tenuous
hold on the land. It can be lost when flood-
waters from winter rains and melting Sierra
snows surge through the delta on their way
tir the Pacific, or wind-whipped tides drive up
from the <ea. Even a tinv burrowing animal
can cause a catastrophe by weakening a leves
agninst the gnawing current

We stood atop a levee one dav with Ed
Wilson, a marna owner who serves as a
trustee of the Andrus Island levee district.
From beneath his battered cap brim, Ed
lpoked warily out on the hroad waters.

“Evervthing depends on these levees, and
when they go it's chaos,” he said *We had &
break here in 1972, in the middle of the night.
That water was like a torrent, rushing into

4101

redch cubic yard of dirt moved, &
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ruin. Their nsks are heightened by the in “Poat 15 full of nitrogen,” Percy Stumbaugh
stahility of the peat. It was formed over th told us at his home beside Steamboat Slough
millenniums by rotting reeds-and the bul on (rrandd Island, 1 was with the ©
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CGUNKHOLING,  in the hoater's
dictionary, means pursuing
the essentialy of life: dipping
towrs in calin waler, poking
wp o sloush, RN in
the midday heat.

For youngsters on a sailboat
moared near Tinsley Ivland,
i also means sipinging
from a spinnaker, hallooned

i wentle hreoze.
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anad ripe wheat, daeshnge gold safflower and

PUe-green Aspardzus lerns

Ten miles northeast of the Stambagsh
farm he stopped to Kick the dirt in a plowed
fielel. It breke into hessy chunks

‘W hen vou get clod=s like this, vou're out of
the delta” he saael. “The peat s vone Yol v

In catte country,
Pwo Wavs to Pick Pears

We turned south to the village of Courtland
and followed the sound of mariachi musni

.Illi I=||' AAFOITRER 0 ||:-r|-|--. LE* 1D & -||.l|'!'- s P

vitred and the annual Pear Par. Jim Dahlberg,

st-control adviser, was presiding over

booth where odelta fam ETs, whose [Pear or-
harcls are among the mosl [rEociL Fiviee 1 L
wirld, were brimmng their prize fruit

st 50 far = 15 ounces, e s

HTF" 1
[he Lares
(i |
I

it we'll get bigger ones by evening. The

It welghed

recornd pegr was picked mo19

twio pounds, four cunces.”
~Nearby, in Dennis Leary’s archard, pear

pickers—many of Meacan and Pilipino de

Tl 1 l_'|i|' "-|- I.I

Wit contractors’ buses and

leaned ladders against the trees, They picked

by hand, easing the frunt into shoulder baggs

“There are twio wavs (o ack pears,” said

Uary Horl, a voung Japanese-American who
b

'_|'|_r'-."-|_-; L | i - -|||_' | |'..I':|_' il'-. |i||

hour or the plece: If vou pay by the piece, vour
pickers tear along and hurt the pears. We go
by the hour 1o be kind to our frut.”

Across the Sacramento River we visited the
huddle of plank sidewalks, leanine walls, and

wirhanging balconies called Locke [ ALEE:
22-23) 1t 15 only three blocks long, with lew
¢ than 80 residents. But it holds bittersweel
tes lor many elderly Chinese

I '|| ir _:I ||._-.E. T =, I_.l_rll'“ 1 = |I_|||'|'r-. 1i |'||

lelta from the voldfields. and later from ganes

that ladel the earlyv fhddroadds, In the 1850

e of them butlt the first levees with shovel

Working' nine hours a dav, seven davs o
wierk, mugrant el hancs don't Eyve maacd
borae L F0 L0 mdrkel SO L markel cormies
to them: At a camp neer Clarksbure, a ven-
dor offers clothimg aond radios

Mugrants follow crops all across the
wiosterrm Uniited States. Cher workers, sucl

s these wialching an tleral cockiteht neal

Tslotan fright), say in the deltn vear round
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arid wheelbarrow, then farmied the land Lhey
il helped to rechium. Always they sought to
lve among themselves, Locke 1= the last of

their frail wooden villages to escape fire. As
we strolled a nrrow street, three venemible
Chinese stared silenty past us a5 o (o ernse
our presence or theirs

Pouline Stambaugh troed o door but fotnd
it holted. *1 was postmistress nght thiere for
1 i cracked

13 venrs.” she said, peering throug
and dusty window, It was the Depression,
and | needed a job. Locke was wade open then

. ‘_-_”-.-:- 5
¥

-

To bld a better mansion than hod one of
hi= neighbors, beinker Lous Myers spent
more than 5300000 European crafismen
malded tile, seulped walnut paneling, cut
marhle, and installed a bowlhing alley in the
hsermeenl of River Muansion (left) on Steam-
Lol Sloweh. Kaun-chiliecd from o niehl when
hiz levee hroke, Myers pot pneumonia and
digdd in the still-ainfinsbed house i 1022

Fruit painted on a pomys hide (bove)
celetirates Courtland’s antisl Pear Fasr
Uhe crop bringes millons of dollars 1o delis

archardisis wnd ranchers éach veir

Califorrnte’s Sarpesing Lidand Dl

—fan-tan parlors, opum dens, girls. But vou
didn't have to see anvthing | could speak a
ttle Chinese, and the people trusted me. 1§
they were sick, 'd call the ambulance or tell
the doctor what was wrong. If strangers came,
the Chinese wouldn't speak until 1 saud it was
OK. But then people started moving to the
cities, and one day Locke just didn’t need a
post office anymaore.”

At sundown we returned to our houzeboat
among the trees of Snodernss Sloush, Early
the next morming we hiked back to Locke
wone a ratlroad track and watched the villaee
nwaken with the melancholy groans of an old
=hl|| rat adrift. Fraved PO S that once had
leern clotheslines hanee
flnking wulls; rppled boardwalks erenked
uncerfoot in reply. Finallv a kev turned in the
door of thee Yuen Chonge Market, and we went
in to visit Connie king. who bridges the eth
mc gap in Locke and often acts as interpreter

“We have mostly old bachelors left in
ocke.” she smid. “Our town 15 slowly dyving
Chir children are pone. We have mavbe six
DEE TS, bl I'r1l'j. T o after they finish high

in the wind between

school in Courtland. There is nothing for

them here.”

Will the Last Chinese Town Disappear?

FPine Lee, a leader among the Chinese whi
remain in these rIvier towns, 18 4 merchant m
nearby Walnut Cirove

“Locke may be the only town left in Amer
wa that was built entirely by Chinese.” he
smicl. "It showlkd be preserved. Lhe Locke fam
iy hetrs own the townsite and want to sell,
but our people can't afford to buy We're look-
g for a wny o save Locke ™

Walnut Grove 15 much more substantial, 1t
was founded early in the gold-rush vears as a
port for river steamers. It has small C
and Japanese neighborhoods on the east bank
of the Sacramento. (n the west, across o
drawbridee. lacy Victortan houses flirt with
the solid brick homes of merchants and Tarm-
ers. [he volunteer fire department mamtams
twio truicks on the east bank and three on the
wesl, 1 case the bridpe 15 up

From Walnut Grove, Warden Bl Slawson
patrols the delta in his outhosrd skifi, check.
ing fishermen's licenses and pursuing
tempted to excess by the abundance of waler
fow' L Ower his basement bar he his posted thie
code once used by the late Judge Milo Dive 1o
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ows, i favorite houseboating area ear Locke

we snotted our own boat at
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~tockton ship channel, an
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mrl in o red sweater darted, waving, 1o meet
us. Lou, clingme to the dock with one hand
el the rope on a4 mailbox and took out
ietters addressed to Mexico. In then
place he left a Bears catalog, TV Gude, and a
letter from Jalisco marked sSPECIAL DELIVERY

“It must get lonely here for these workers,"
Loy sl “Buoat I tell them not to ket thetr fam-
ilies spend extra. My deliveries are as special

Pl
'I|'|='L'-|,'

as vou can et

soon the banks splaved awav, leaving us in
il L|]r'-]1|l'- inland sea. “This is Franks Tract.”
Lo shouted, gnpping the wheel. " The |aroest
open water in the delta, and the roughest. The
wind can benat vou to death. This was oll a
farm 1s levee broke n 10938

Lost too much to pump 1t out, so they keft 1t

-1I|l| |:-I"||.‘L' |!'|I_'

Lireat place to catch striped bass—unless vou
et vour ine tanpled in an old harvester™

It seemed wrong to be there, like walkine
on 4 grave, and we were glad to pull into a
saug channel and tieup by a clump of cotton-
woods at Happy Isle. Lou jumped out to
Vera and Carl Maertins, two jovial

N e

Patrick CUhinn stands with s grandfather in the family

sreil-priandinther catie

Butl she's never forsotien kebana

floawer nrrafissinse

refugess from city life who leased this five-
T "We've been picking

blackbermes,” Vera sad. *Come bave some. "

acre  tsland | 6.3
We sat beneath alder trees on a tidy lawn
oesicle a rotted rowboat m which tomato and
squash plants
“There's no telephone. no road, no ferry,”
vera sal YwWe keep our car on the levee road

across the slough and po over by outhoard

Vinssormied

when we need to go o market.”

It can be lonely in winter. “I get kind of is-
ind bound when the tule fog settles in and
vou can't see acrnss the river," Vera admitted
“But it never lasts long

‘Beefaloes™ May Bring Cheaper Meat

As we skimmed away down Middle River.
a train whistle sounded overhead, and the
cnmneer waver as he clanked over a trestle

“That's the Amtrak from Oakland," Lou
cand, checking his watch. *He's late today too
Lisually we pass before noon.”

[slands deep in fragile peat will not suppeor

nearby Hollrndd

the wietirht of cattle, but on

e,

e R

Patrick’s

rereral store (leR)

ratt Lhina to work on Lthe MNartherm Pacific Badlroad. Mes. Yasu

Kawamira (elght ), who came to Walnut Grove in 1913, learned to speak anbv a hittle Enelish
i

i sKill learmed in her native Jepan
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Wheat for Indis. walnuts and canned
asparngus [or Europe, cottle feed for fnpan
—ielta harvests go nearly around the workd
frodn inloand ports ol Stockton and Sacra
mento. ldke g swuarm of yvellow-buacked
Deetles, trocks wmut to ondogad ther whedat
on i pier ot the Port of Stockton (right)

The Liberian frelehter Bod T (above)
mmnians a8 seven-Knot [ECE 1T e narrnw
sacramento ship channel [T the skipper
went much faster, his wake might damae
the man-meude banks

The freighter = hidden to its gunwalies by
the levee, boundary between water anid
earth v the delts and rusrantor of privac
Pleasure boaoiers cant see the (ormers
Farmers can'l see the boater=. " But we hear
the water-skiers,” says a Tarmers wile
“Thism and ther darn nodse!”
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Tract, where the soil 1s sandier, we saw hun-
dreds of animals called *Beetaloes." A cross-
breed of cattle with buffaloes, Beefaloes—
which are three-eighths buffalo—are long and
graceful, with small heads and high haunches

“They calve easily, thrive in hot or cold
weather, and fatten on roughage,” said Rav
Amett of the World Beefalo Association,
“They'll eal almost anvthing, and reach mar-
ket weight in half the time g beef steer takes
The meat tastes good, and it's high in protemn.
We think Heefaloes can lower meatl prices
when enough of them become available for
slaughter.”

Innovation is a tradition in the delta In a
riverfront house al Rio Vista we talked to Al-
bert (Fum) Jongeneel, a genial giant of Dutch
parentage who was born in these nether Linds
and has been a leader in agncultural change.

“Once,” he said, “1 supervised farming as
many as 20000 acres m the delta Used to
have 300 workhorses; now vou can't find one.
Uelta [arming started with Chinese field
hands, then Japanese, Ttalians, Portuguese,
and Hindus After a while they make a stake
and go on their own. In the 1930° the Fili-
pinas came and fnally the Mexicans. Mostly
now it's machines But they cost so much 1
don’t «e how a voung person can get started
farming todav. Down the strect they make
tomato harvesters that cost 110,000 each.”

Huge Picking Machines Take Over

The search for machines has obsessed Fum,
He developed o mechanical beet harvester,
then challenged experts at the Davis campus
of the University of California to invent a
tomato harvester. They succeeded in devel-
oping & hybrid tomato sturdy enough to sur-
vive such a machine, one that ripens uniform-
Iv s0 that the whole vine ¢an be harvested at
once: The harvesting machine that followed
has eliminated the use of most field laborers
in the California tomato harvest, which pro-
vides 85 percent of the nation’s processed
tomatoes, many of them grown in the delta.

In late summer and early fall, big trucks
heaped high with tomatoes inch along delta

roadsides like scarlet necklaces, waiting their
turn to unload in processions that reach half
a mile in length and continue day and night
for 13 weeks, The tomatoes iwre processed ot
factories that ring the delta. Nearly all the to-
mito paste and balf the catsup consumed in
the United States come from these canneries.

[n the clattering, hissing hubbub of a can-
nery at Thornton we watched torrents of red
spurting into 353gallon drums

“About 60 percent of our tomatoes go into
juice,” shouted George Cox, the manager.

Tons of Tomatoes for Spaghetti Sauce

The name Tillie Lewis has meant much to
tomato people for vears, We found her at her
English-stvle manor in Stockton (page 412),

“The harvest is just beginning,” she said, “1
would guess it will be a 6,500,000-t0n ¢rop
That’s 650,000 tons for us. We're 10 percent
of the California tomato industry.”

Tillie was a Brooklvn girl who, as a teen-
ager, helped out in a wholesale import market
and wondered why American tomato paste
was less piquant than lahan, The secrel, she
decided, was the pear-shaped [talian tomato
called pomodaro.

“IL won't grow in this couniryv,” she re-
members being Lold. But in 1935, after travel-
e in search ol sobl and climate like those of
Naples and Palermo, she borrowed 510,000
and leased 20 acres of delta farmland 1o plant
pomoddoros. In 1966 she sold her firm 10 New
York's Opden Corp. {for 514,300,000 and
joined Ogden’s board.

“] used to climb up on 4 box to watch the
tormattoes roll past,” she sad. "It's a beautiful
sight. At my plant one day in 1936, at the
height of the harvest, 2 man ran up to me—
vou could alwavs see me because of my long
red hair—and said: ‘The boilers are down!
It take 36 hours to fix them. What wall we
do? In that time. enough tomatoes would
have spoiled to take the vear's profits:

“1 had to get steam, so I thought and
thought, and fOnally raced (or the Santa Fe
station. Thev rented me two locomotives for
15 dollars. We shunted them to the plant,

Label the lighter fields corn, wheat, and safflower, the darker ones asparngus,
berries, tomitoes, and pears. But color them all bountiful Some corn farmers in
the Clarksbure arca of the delta harvest around 200 bushels to the acme—about
twice a2 much as the average vield in lowa, heart of the U.S. carn belt
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he cdelta. The cliimshell dredee imoroved on
the Chinese shovel and wheelbamow  for
|

iddine bevees, Py

mps were hrought in fo
mauntam delta farms that lav below sea level
neE wave 1o ke [ LNe [hohves ol thetr
norses and mules Irom =inking in thi At
farmers devized awkward 1 2-mmch-wide horse-

shoes 1o distribute the anirals’ weighi
Deltn Tractors Gave Birth to Army Timks

w hien wie visited Michael N, Canlis, shernifl
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v lot of this stuff will go to the museum ax
00N a8 thervs room,” he said, movine an old
re bell from a chor. “See this newspaper?
|'ve been rearhine about Bentamin | lolL Hi
wias a combine builider nere at the turn of thi
Century. Farmers ime to hum because then
CULEREHTICRE WIS ::I]I-ZITE IR LEE !|12I'

He tried all kinds of outlandizh solutions

nifluding o wide-wheeled steam tractor thal
stretchedl 46 teet across. | hen he invented
tractor Lhal AL | il= aw 1 L Ia I L Was i
904 He called them “Caterpillars” because
i the wov they crawledl
i 1915 Wainston Churchildl became con
vinced Lhat i land destrover based on the Holt
Cnterpilllar-tractor pronople could be used
rinsl Lverman trench bnes: A model was
Gieaidt o Poiigland i sectecy. 1o cover the ms
st word went out it was to be 2 water tank

O use m I BN [.

ame tanks =tiuck
(ther delta mmnovators, too, have sentl
heir products afgr, One Aurest dav Dick
=ephens led us through a labyrimth of fiver
front sheds nt Stockton where s | 1 hier,
Cheadore, began a sln=vachl business,
stephens Marine, i 19 i1 4 loll where thi
wemperdaiuare stooa al 0" F., Peter Croulan-

dris was kneeling over the plans of a B2-foot

hshine vie'nt tor s Lathet E M I Hliios, one of
the Gareek shipping Utans, In another shed

alt 83-loel cruser for two Venvzuelan fmmilies

W thout o slide down the wavs
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KNown among vachtsmen worldssde—m a
Larm town TRe alockton, “Ouar family farmed

to, LMcK ssac “'There weren't many bridoees



in the delta, and my father saw the need for
boats. Produce buvers were the first custom-
ers. By the 1920's we were bullding vachts ™

Next to a stately 1920's Stephens vacht of
teak and brass at the familv-owned marina
on the Stockton channel, we boarded a slesk
fiberglass patrol boat with Sgt. Wilbert Vieira,
a Portuguese-American who heads Sheriff
Canhis's four-boat delta patrol. We rode along
as Sergeant Vieira nosed up beside boats to
ask to see their registrations and to give
urgent lectures on hoating safety

It was a Saturday afternoon, and zailboats
tacked through phalanxes of speedboats,
cruisers, and barpes. Pleasure-boat operators
are unlicensed, and there are problems. “It's
like taking a busy freeway and saving vou
can go dunce on it, skate on it, anything vou
want," Sherifl Canlis had said.

Winter storms add danger. *Old logs off
levee walls go barrehng down the sloughs.”
he said, “Ohl drums tear loose from docks and
come at vou like bowhng balls."”

We vieered off to Disappointment Slough,
witlled by thick tule slands, and on to
Whistkey Slough, where a few shanty barpes
marked the hideaways of river recluses.

“Most of the old-timers are pone,” Vielra
zail, “ A lot of them once lived on homemade
boats or in tin shacks up these sloughs. Then
the delta was discovered by the plessure
boaters, and the solitude disappeared ™

Too Much Pamping Threatens the Delta

More worrisome than lost solitude, how-
ever, 1= the growing threat to the delta's
supply of good water. Fresh water is the del-
ta's life, 1ts farms, its boating, its fishing, its
commerce—all depend on it But already mil-
ions of mullons of water are being pumped
each vear from the delta to arid central and
southern California Now manv farmers fear
the Periphéeral Canal, o proposed 43-mile
diversion that would take Sacramento River
waier southward around the east side of the
delta for export to the south (map, pages 4 10-
11). The canal carries both threat and promise
for farming and Hshing

Walter engineers and attormevs have lined
up on both sides. At the center of the storm
= Governor Edmund G. Brown, Ir.. who in
1075 delaved construction of the canal He
placed its potential cost at S600,000,000 and
asked for further studv.
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Already harassed by levee breaks. flooding,
and therr disappenning peat lunds, delta peo-
ple are understandably ediey at any new men-
ace. In 1975 a state study deseribed hundreds
of miles of substandard levees—some more
than a century old—and raised the prospect
of mass flooding. Yet the cost of reinforcing
all delta levees 15 estimated at 128,000,000,
Paoliticad support for such funding is in deubt

Eugene Bege, a University of California
soils expert, has studied the delta for more
than 15 vears. He showed us Bacon Island,
whose surface has dropped 15 to 20 feet since
it was first cultivated in 1915, Oxidation of
peat and blowaway are the causes. Tilling
the =oil aggravates both,

“Peat 15 a nonrenewable resource, When
it's pone, 1t's gone,” he said. “The lower these
islands get in relation to the water, the great-
er the differentinl pressure on the levees.
There's a far greater chance for levee breaks
than many farmers have faced up to. Some-
day they may have to stop farming.”

Residents Defy Flood and Fire

But academic Jogic figures without the grit
of men like Butch Franscioni. the mayor of
[zletan, who has lived and farmed on Andrus
Island since 1924, He became a symbaol of
delta dogeedness during the 1972 flood that
ruined his farm, his home, and his village, As
waters from the levee break crossed the is-
land to lap at the edpe of Isleton, he refused
to ISSUE 0N eVACUATIon order.

A temporary dike was thrown up: When it
collapsed at 930 on the second night. flood-
waters knocked out [sleton’s water and
sewage plants and left Franscioni no choice.
As wrecked boats slammed through ruined
pear orchards, he led his people off the island.

“It was 70 vears since the last big flood on
Andrus Island,” he =aid as he prepared to pre-
side over a recent weekly council meeting in
the little Isleton city hall “Mavbe it'll be 70
vears until the next one.”

A taut, stooped man of 75, he then sat down
with his council to plan the future. The only
mterruption came when the Are alarm sound-
el and Cectl Tomlin left to dispatch the town
fire truck. In a few minutes he dashed back.

“What was it#" Butch asked.

“Peat fire”

“In the deltn,” Butch sighed, “even the
earth burns." []

Natienal Ceographic, September 1976
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“The room was clean.

worked. Everything work
Amazing? : i O

"IH!EH‘III. there is something beautiful the big thing about Holida\tinnsis
m what they are supposed to “1 know that the A1 ;':'
enough these days. card is always welcome, o0, Like
Iﬂyﬁ oliday Inns are amazing.  in the ads, | never leave home
liday Inn?® everything works. you don’t have one there's [
The hght:s £0 on imd off, the TV set works  an application in every room)
like a charm, the climate control does a “Needless to say, I'm '
remarkable thing, it actually controls thE a big Holiday Inn fan. When ClESS
climate in my room. j.u::u travel as much as | do, you I'E'&“}
“It's got something to do with .:E)hm you can count on after a
those 152 standards at every tough on the road. Holiday Inn,
Holiday Inn™ that make sure fyﬂu Eel you just keep on not surprising me.”
ortable

a room that’s clean and com Hﬂllﬂ IW lﬂ 1
ﬂl:mnrpﬂse is
no surprise.

and a good restaurant. And when
you travel as much as | do, you
come o really appreciate and count |
on Holiday Inn Every time! That's




Before they can even tell time,
theyre always reminding you how
quickly it passes.

If you're like most parents, vou
MEASHTe tme in outgrows
snenkers and ackets.

Children are a constant
reminder of the obvious: thar
Lme walts for no man, or

WOITHn, Or wardrobe, And while

vou and vour famuly are racing
toward the future, it helps o
[BEE & Monent fo '_"l.'ll-'lE.l'.'IL"l W t].]l
it might be like once you arrive.
That's where Metropolitan Life
can help

We think insurance should be
more than just secuntv for vour

tarmuly. While one third of all the
money Metropolitan pays out goes
to beneficiaries, the other moo thrds
goes b v policvholders. And
that s rmoney vou ¢can ase to help
payv for vour future.

Take the time to listen when a
Metropolitan representanve
calls, We can help design not
[U51 an nsurance program for
you, but a secure furure. And
I['S eveT oo soon 1 begin.

Because yvour Size-2 will soon
be Sure-4.,

| hen a Size-6. 1 hen a
~ize-8. Then...

%2 Metropolitan

Where the (ulure 1s now



One last look?

THHGUGHDUT INDIA 2 panorama of animal

life is threatenad by human competition for
tood and habitat Even in sanctuaries tha
painted stork (above) must share its nesting
ground with cattle, and the endangerad great
indlan rhinoceros (upper right} falls prey 10
poachers To report on India's sltruggle 1o save
her wildlife, we marshaled a team of joummal-
igts, Including Australian photographer Stan-
ley Breeden (right) and senior stalf writer
Jahn J. Putman, Thair account leads this i5sue
(page 299). Such timely reports are an im-
portant part of MaATIONAL GEOGRAPHIC. Nomi-
rnale a friend for membership now
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Out of town for the holidays.
The very idea rings with
promise. Until you think of all
the travel hassles,

There are those of us,
however, who know that
getting there is half the fun.

Beecherift's high-flving
Duke gmives a full measure of
pleasure to any holiday trip,
Beginning the moment vou
atep on board.

Youll have more hours
to schuss a seeret slope. To
redlly explore your favorite
city. To spend in the warm
company of far-off family or
friends. To get right down to
the serious business of
petting away from it all.

The Duke will take you
to every major metropolitan
airport and thousands more

that the airlines don't serve.
(hances are, you'll lund very
nesr your holiday destination.,

The Beecheraft Duke is a
iimited-production aoreraft,
lts pressurized, air-
conditionsd eabin lets you flv
over Lthe highest mountain
ringes mn a comiortable, living
room environment. Custom
furnizhings reflect your own
ool taste.

Heecheraft Duke. The
best exmuse anyvone ever had
to go out of town for the
holidays.

Just to get vou started,
we've put together an
updated and expanded
version of our populer
Beecheraft Adventure Kit.
YouTl find it an miormative,
entertaining suide to

oe A

out-of-the ordinary places and
events in the 1.8, We'd like
to senid you one free of charpe.

T TR R M N B S S e o sl s ——— S — — - —1

THIS I8 NITT

L TN PO

Bt we do urge you to wrile to
s on your lettornesd instead.

Wie'll semd your Beecheraft
Adventure Kit by return msil,
ahsnlutely free. And we know
vou'll like it

Write {0 Beech Aireraft
Larporation, Department A,
Wichitn, Kansas #7981,

Flease melude mime,
poddress, occupaiion, and title
Also, please
leet 1 now
W vou're
alrendy n
ot

—— N R S N N S . I -l-————————-l-..j

I________"-I Tl S i s e e———— — ] (R T R i - e i o m—

Heechernft Duke



CHOOSE ANY ONE OF
THESE VALUABLE SETS
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YOU USED TOTHINK

STOUFFER'S WAS EXPENSIVE.
HOW TIMES CHANGE.

You know, better than anyone, lot of delicious choices. Chili con
how food prices have risen. Sowe Carne, Creamed Chicken, Tuna

think vou'll be pleasantly sur- Noodle Casserole, Macaroni and

prised when vou take a look at Beef, and more. And there’s no

Stouffer’s prices. cooking, not even a pan to clean,
We make 13 main dishes vou At about a dollar a serving or

can have for about a dollar a serv- less, you can afford to have

ing, or less. And many more Stouffer’s any night _

that cost about the same as what  of the week,

yvou might be serving now. How times i_.'!"l[-l[']g{_‘-;.:f.-.;is_l 3

And with Stouffers, yougeta  STOUFFERS, ANYTIME, -0 %

Tunn MNoodle Cessernle. About 99¢€

Lhili con Carne. About SiiGaees Creamed Chicken. About 99¢




“They bring out a beautiful silver service
and have tea right beside the courts. We got

some pointers from Mandy, the pro.”

o Peter and Pam Douglas on the Douglas’ first visit to Bermuda.

“Tennis is a beautiful way to explore Bermuda.
To play not only on good courts but in
beautiful spots. On a hill overlooking

the harbor, or beside a lagoon”

“It's another nice way to be outside at night.
The nights are beautiful. The air is so soft.”

Bermuda

Unspoiled. Unhuried. Uncommon.

T ko aperd o wide Bemuda, Degt 315%:
530 TR Averm NY, WY 1) or 11 Satier (Fice Bidg., Bosion, Masy 02116

Bermuda has 85 superbly maintained
courts. You can always find a court
or a game, Come play a few sets with us




Blue crab:
main ¢og In
an “‘immense

protein factory”

Chesupeake Bay witternwn
annually harvest millions of
pounds of the blue crab
(Callinecrey sapidus ). The
succulent crustaceans will be
steamed, stuffed, deviled

shredded into sulads, patted into
crab cakes, and, in their soft-shell
sfale, eaten whole,

Huvmen keap i sharp eve out
for crabs nbout to shed thelb
exoskeletons. A Tanmer 1sland
packer can spol a peeler by s
paddlehke backfim: “Crab with a
white ¢edge 1o his paddie, he's got
about 0 week to go, Pink rim, he'll
shed in three days. When they gets
red in the prddie, they'll shuck
their shell im o day or s0.”
A crab coming apart at
the seams is 4 “buster™;
he'll molt within hours.

. ;l.':.'l '.I Y

=
Pt

e

Chul aof waler,
the soft-shell
does nol harden
['he crab reaches
restaurants packed alive
in.cold, wet sea grass

H. L. Mencken called the bay nn
“immense protem {actory.™ But
[ndians mav have sadd 1t first:
Chesapeake—according Lo sGme

sources—menns great shellfish
bay,” and 1 Is that ver. Despite
the overfishing that depleted the
wiorld s finestl natural spawning
beds, the bav still leads the
country m oyster production

l'o hear
a wilerman talk, it's a pood thing
only two of three crabs survive
from the milhon or more epgs @
lemale carmnes. (hherwise, “the
wirld'd be et up by crabs.”
same 130 nvers, branches,
creeks, and sloughs beanng
names such as Crab Alley, Ape
Hale, and Bullbegger fow into

L Liims and crabs abound

Chesapeake Bay. From the mouth
of the Susguehanna (o the Yirgima
capes, the bay washes more than
Hve thousind miley of shoreline.
Capt. John Smith observed in
1612; “the waters, Isles, and
shoales, are full of safe harbouirs
for shiups ol warre or
marchindize, or bonts
of all sortes,
for transportation
of fishing.”

Skipjacks
and bogeyes,
Brtish frigates
and Baltimore chippers
submarnes and asircraft carriers-
all have furrowed Chesapeake
witers, Here monclads Moniror
und Merrimack revolutiomzed
naval wirfare. Today's freighters
churn north townrd Baltimore
beneath twan spans hinking
Annapolis 1o the Elstern Shore,
nnd working saitboats “drodge”
the bollom {or oyvsters (st as they
did a century ago
The Chesspeike Bay wilerman
ix hut one of the unigue people

readers meel in the wide-ranging
pages of NATIONAL GEOGRAPHIC



[n an independent survey of  high school
and college instructors, fifty per cent agreed:

STUDENTS WHO TYPE USUALLY
RECEIVE BETTER GRADES.
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_;féﬁve the American adiventure
*in National Geographic’
biggest best-seller...
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teninial book as personal as
vour own family picture
album —a volume that
comes alive through
the expes wences of o
dinary Americans
durimg the past two
centuries. Twice
the page-space of

4 standard (e
graphic book, i
contains 6hHY
tlustrations
vet sells for
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Preston's New M4 Page Fully Hlustrated [‘mh;gm

Ship Models s

and Decoratrve MNautical
|Ii1:.15 fnr th: H::nml:_

Yoo could shidg (o mronrhe
gnd never find the hmodrods
i decorarnve mautical ieis
illsrrated in Presion's new
stalig- 144 page ceeming
with pI—|||_-| Ir|||-|!r'Tl. ITIEF M PEiOr:
[L:F .l“||.‘||,J| 1@irifE ated q |I|'.|-"l.,
ships” wheels, fAgufrheaids and scores
of othie=t ipusicdl ldsgs B the Home

Seend 25¢ lor carslag oo
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Change ﬂf Address?

Please print your pew addrass balow:

Iva Wi F

&l I'II-'I:EE

Sy, RTATE 2IF CODE

ﬂﬂd attach the address label from your
Mational Gecoraphic Magazine wrapper be-
low, s0 your records can be updated. Six |
waeks advance notice should be given

Prate Lagbeal Mara

Clip this entire form and mail 1o:
NATIONAL GEOGRAPHIC SOCIETY
WASHINGTON, D. C. 200386
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Enjoy Hawaii in
the lap of
Sheratons luxury.

Luxury in paradise 15 the splendor of
Sheruton Hotels, Great places like the
Roynl Hawniian, Sheraton Waikik,
Surfrider. Moana, and Princess Kaiulani,
all in Waikiki. Prices start at $8Y pet
person/double cocupancy, for a t-night
5Lay

Our vacations offer Sheraton’s luxury on
(kahu only, on Oahu and Mauw, or on the
three slands of Oahu, Maui and Kauai.

We also offer a [our<sland vacuton
where vou get the luxury of the Vaaked
Village and Kona Surf on the Big Island ol
Hawaii

And where does all that luxury begin”

In the friendly skies, with Royal Hawation
Service. Polvnesian food. exotic drinks,
Hawalian stewards. . .all the atmosphere
of the Islands,
LUmiteds luxury vacatons cost
‘ JI a little more, but you get 50
| much more. Send for our
ree ll.I‘I:-J!'_'-.-
Fhﬁ; 1:;,“ in Paradise”
- T brochure
' + SO0

Lindied Adrlones L=
PO, Boa X7, Pepr. T
Chlemview, (L 605

ar free ™|
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Behind
its good looks
1S quiet

dependability. 7 it
s == —— - | 1
Do handsomely by ! — Ir?
your slides with this e

Kodak Carousel custom H slide projector.

[t's good-looking so you don’t have to hide it away
somewhere between shows.

[t's quiet so it doesn’t interfere with your enjoyment.

[t's dependable because gravity drops each slide in
place. It’s easy to use. It has push-button remote
control, both forward and reverse. Autofocus too, so
you usually have to focus only the first slide.

See the custom 840H
(shown) at your photo
dealers. It's less than
$250. Other Kodak
Carousel projectors start
fmm i{:‘w‘w rhan $9'}

K(}dak Camusel

custom H projectors.




Iwo of the most valuable

resources an oil company
can offer our country are
experience and technology.

At Exxon we have
94 years of both.

[ WHO'S REALLY QUALIFIED TO TACKLE AMERICA'S
ENERGY NEEDS? EXPERIENCED COMPANIES WHO
CAN TAKE THE TECHNOLOGY THEY'VE DEVELOPED
IN ONE AREA AND MAKE IT WORK IN ANOTHER.
EXXON HAS BEEN DOING IT—FOR YEARS.

The worlkd™s tallest offshory oil [ meet these new chillenpes.
_|1lHI|'HI'-ITI recently Lvnihed ExXxxon screntisis jod 1:n_.1||'.::*-:::-
in Californi, have had to develop new gener
Exxon has comée o Johg wir tions of drilling  platforms — like
sinee dnihng 1ts st ol well hack the one vour seée Jl the rghl |1
i Uhie |REG<. That one wis on the tullest offshore ol |'|.|.!"..r-"!'ll.
HETY ever butli—iowering  nearly @&s
In 1948, we drilled one ol igh s the Empare Sate Boikding
Amenca s firsl offshore ol wells When completed. it wall be Capi
in the Gl of Mexsico e o producing ol and gas i
lodiay. the experience we RO |.J|'|'I*|"'-.." RS0 Fieed
guined from drilling these wells [omorrow, no one ¢an be cer
and thovsands of others s helping tiin whete the search for ol waill
y our search for gas and  lead, Bul, we'll be there — with
ol it far deeper and more difly- ey En more experience workmg
I1 | {1 L

‘Energyfora st



[ sing what weve learned abwout
| r'E'hl'i|Hg odl to help turn coul
into ather forms ol eneray,

America has neacly hall the
Frise World's coal reserves, Ths
| s egual 1o twice the energy' of all
| the ol in the Middle East.
RiERT now, Exxon scieniisis are
wiorking on new  wavs o heip
Amerkca use more coal by turning
iIT Iy Olfer orms of encrey
synthetic gas and oil. Someday,
these syntheti fuels could help
sipplement our dwindhng  sup-
plies of natural gas and ol and
help reduce our dependence on
fareign oil
Fhis synthetie uels lechnolodn
i o new application of simula
technoloey being used by BExxon
or rehming o1l 105 also o g
exumphle of how Exson s expern-

Chur experienee searching for odl EMCE M ONe ENETiEly aren i Deing
and gas is helping us uncover | pul 1o work in woother We're tuking solar energy out of
ussable new deposits of uranivm. the lab and putting it 1o work.

AN EXNOR so{ir device s now
powering & mibmad crossimg sig-
mal o Ceeoiein. Another 8 -
ning a4 police rads staton m
Montana. (Mhers are brngmg
edocational television o remole
williapes in Adrica and Asi

Solar power could become Ln
important part of Amencas future
enorgy min, That'k why we'ne
commutime money and some of
our best brains 1o the task of
IUTTINE: e sun into encrgy vou

.”"| LE=

I1 s not surprsimg thol ExXxon |
ts in the uranm business

We spend mulhons of dolinrs
cach vear explonng tor ol and
gas i sedimentary rock. And 1
st s |‘:.'||'|-_"|-:!'|'- Rl Drarum one
b5 also found m the same kind ol
||."_IF.

loday. ExXxon’s ymanium mine
i Wyommg supplics nearly K%
of our country s uramm oxide -
the bBasic raw malerml used o

make nuclear fuel (or electrw
':'-.'.'|-'_'-'.|| '1|.'r' irls

A good way 1o judge a company’s experience is to look at
the experience ol the people who work for it.

since 1BR2, BExxon hos grown from just a low
dozen workers in the LS. to néarly 47 .(0M) today
Dunng thes Time: our pecpie hove leamed a o
ahoul supplyving energy

[hey built the world's first oil tanker, Theirgaso
line helped get the Waght brotheis off the griodmd
hey developed the first carburetor de-icer o
automobiles, the frst engine detergent. They n-
vented butvl rubber, The first multigerade motor ol
Andd more:

[odav, the men and women of Exxon are stil
working hard to provide more energy for o strong
AMEricH

America

rong



Both true statements. Both consider
osis, but from different viewpomts : ==irs
“Rebuilding these i cosmore: updaing 0rnoer - LNE COSE OF
r“ml mds wil] Modernizing all our rural roads neglﬂcti“g

wotld be # staggering job. 3.2 million

cﬂSt hilli““ﬁ." miles are involved: B49% of afl US tllm madﬁ

roads. Most were built over 40 years S-S .
ago for Model A cars and light farm IE. lmmense.
trucks. 30 MPH speeds. Many have

lanes iess than 12 feet wide. They '
cross 200,000 bridges, many obso-
lete; go over 38,000 railroad cross
mgs, less than half with warning
lights. Cost to upgrade these roads?
The government says 3108 nilion!
Many people honestly guestion such
an gxpendciture

Yet, rural roads—cracked, pot-
holed, blind-cornered must Carry
our farm crops o market. And sup
plies to farms: fertilizers, feeds, Tuels,
pesticides, machinery. Bad rural
roads merease food costs by mereas-
ing transportation costs. They waste
time, foel; take lives. Abouot 25,000
m 1975, Fatal accaident rates are

higher on rural roads.

What to do?! We can’t make every
road o superhighway, Bol we can™
deny the benefits good roads bring
to cities and farms. Il America’s farm
production is to cxpand, rural trans-
portation must keep pace. We should
give Tural road mprovement the pn-
oritv it descrves

Caterpillar equipment is used to build
and maintain roads and to power
trucks. We believe pood roads are
essential to an efficient, total trans-
|_'|-;'|r=.i.-|[i|'li".l 3 SLETN,

]

There are no
simple solutions.
Only
intelligent choices.

[E CATERPILLAR

Ll Ll el B rd Trem=ari ol Criepfs Trcir s




P

- .
' [ 5. i . A - Ay et BT ! ‘a0 | ]| o | L
I Failj = FgE | | Ry - L2 = B LS T & £ - i - . A

DI

4 B

And. It & b ik ."-.":::--- m FPG 3 Coneern for the Futun INDUSTRIES

—.I' L



	276I0297
	276I0298
	276I0299
	276I0300
	276I0301
	276I0302
	276I0303
	276I0304
	276I0305
	276I0308
	276I0309
	276I0310
	276I0311
	276I0312
	276I0313
	276I0314
	276I0315
	276I0316
	276I0317
	276I0318
	276I0319
	276I0320
	276I0321
	276I0322
	276I0323
	276I0324
	276I0325
	276I0326
	276I0327
	276I0328
	276I0329
	276I0330
	276I0331
	276I0332
	276I0333
	276I0334
	276I0335
	276I0336
	276I0337
	276I0338
	276I0339
	276I0340
	276I0341
	276I0342
	276I0343
	276I0344
	276I0345
	276I0346
	276I0347
	276I0348
	276I0349
	276I0350
	276I0351
	276I0352
	276I0353
	276I0354
	276I0355
	276I0356
	276I0357
	276I0358
	276I0359
	276I0360
	276I0361
	276I0362
	276I0363
	276I0366
	276I0367
	276I0368
	276I0369
	276I0370
	276I0371
	276I0372
	276I0373
	276I0374
	276I0375
	276I0376
	276I0377
	276I0378
	276I0379
	276I0380
	276I0381
	276I0382
	276I0383
	276I0384
	276I0385
	276I0386
	276I0387
	276I0388
	276I0389
	276I0390
	276I0391
	276I0392
	276I0393
	276I0394
	276I0395
	276I0396
	276I0397
	276I0398
	276I0399
	276I0400
	276I0401
	276I0402
	276I0403
	276I0404
	276I0405
	276I0406
	276I0407
	276I0408
	276I0409
	276I0410
	276I0411
	276I0412
	276I0413
	276I0414
	276I0415
	276I0416
	276I0417
	276I0418
	276I0419
	276I0420
	276I0421
	276I0422
	276I0423
	276I0424
	276I0425
	276I0426
	276I0427
	276I0428
	276I0429
	276I0430
	276IA02A
	276IA03A
	276IA04A
	276IA05A
	276IA06A
	276IA07A
	276IA08A
	276IA09A
	276IA10A
	276IA11A
	276IA12A
	276IA13A
	276IA14A
	276IB06Z
	276IC01A
	276IZ01Z
	276IZ02Z
	276IZ03Z
	276IZ04Z
	276IZ05Z

