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Venezuela’'s Islands in Time s

Like fortresses in the clouds, lefty mesas called tepuls tower above
forests edging the Amazon Basin. Author-photographer Uwe George
VISTES :hr region that inspired Sir Arthur Conan Doyle's Lost World,

where unigue plants and animals have remained all but urferown.

Searching for the Secrets of Gravity

The force that keeps our planet circling the sun and our feet on the

14

ground is not as simple as Newton thought. .I.r1-1lf-"|r." force may be af

wiork oz well, reports John Boslough. Photos by James A, Suean

Braving the Northwest Passage s

I'll."le""lrijll-:!b Eurppean seamen tried te reach the Far East through
the icy waters of northern Canada. Not until the early 19005 was the
voyage made, and not until last August was it made under satl and
muscle power alone. Jeff MacInnis and photographer Mike Beedell

describe their 2,200-mile journey aboard an 18-foor catomaran

The Baltic: Arena of Power

['he rules hiave changed n this traditional East-West buffer zone,

with hl_._|"|'||'|=-‘ (rd perésiroind re I.!'-.LILL”H NoSELALY and SUSPECIOon

Priit |, Vesilind and photographer Cotton Coulson find the seven

Baltic nations cooperating to save the seq they share

Are the Swiss Forests in Peril?

For centuries forests have sheltered Swiss vallevs from avalanches.
Today many trees, weakened by air pollution, msects, and former
forastry _||r~:-. FICES, show alar ITUIg i e, L ‘hristian Mehr teils af

';I-IJ Il.".” _I.II|.|: :I.'lll. L.;.ll.'l-'l_llgl!

|_I|‘.|‘_-JI-[E‘ |.--.i-I '::I-ll. ' I ._|:' I|Ir=___||_l-. F I‘._.||||.I |'|-:II |.|

U. S, History in a Box s

On April 30 National Iin. peraphic EXPLORER will relevise the
ppening of a Long Island fomily's time capsile, seaie | o centiiry ago
apace-age technology previaws the conttents, meémentos of President
Benjomin Harrison's inaugural in 1889 and '|.|~:---J|.'-,-.|,*-;':._'|-r'|34:
Washington's tn 1789, Text by Benjamin P. Field V, heir to the box,

and Sentor Assoctate Editor |l'."'-l: ||'|_.|'4I.|l’L j"l"'-' L ||'.' 1558 Fqllf‘ll'l_?,ﬂ

CoveER: In a drearmlike swirl, members of Lammn .:"'I":"'I s Kirov Ballet perform

! ' E i e — TV adE
(GGiselle, The Soviet Umion, dancing to the tune of glasnost, holds the full at-
rention of its Balric Sea neighbors. Photograph by Cotton Coulson

'} |



Venezuela's

Gk ARTICLE AND PHOTOGRAPHS BY UWE GEORGE



[slands in Time

Lonely outposts of life, 9,094-foot-high Mount Roraima and related sendstone
mesas—inown s tepuis—ft harshily beautiful worlds above the mists.



The flight of Angel Falls, the world’s highest, ends more than

3,000 feet down the face of Auvan-tepui. More than a hundred




| .

tepuis—ia Peman Indian word for mountains—rise mainly in
southeastern Venezuela; fewer than half have been explored.




A delicate arrangement of some of the world’s toughest plants
takes hold on an oasis of mosses and lichens atop Roraima’s




nearly soilless plateau. All are unigue to the tepui region; perhaps
half of Roraima’s species live only on that suommit.



Blackened and sculptured by algae and fungi, the sandstone

labyrinth atop Cuguenan swallows Venezuelan scientist Fabian




Michelangeli. Plants were first collected here in 1963. Algae and

fungti, along with water, are the chief agents of tepui erosion.




South America is a
place { love, and |
think, if vou take ir
right through from
Darien to Fuego, it's
the erandest, richest,
most wonderful bit of
earth upon this plane.
.. - Why shouldn't
sormethin’ new and
wonderfil lie in such
a country? And why
sitonddn’t we be the

men to find it out?
—SIR ARNTHLUE CONAN DOYLE

'I-':il |I Fast Ve | |I. Gl E

into the heart of Auvan-
tepiel, @ bush pllot known as
El Tigre pulls while author-
photographer Uwe George
pushes o dugout through an
S00-foot-deep canyvon at the
mountain's base. When a
riinstorm raised the creck
20 feet in two minutes, they
paddled. Waterfalls blocked
their passage after [iitle
muore than o mile,

Cloud buildup over tepuis
—some lofty enough to create
their own weather—releases
as much as 150 inches of
rirn i year, | he violent run-
off feeds headwaters of the
Clrinoco Ribver,

HE PATH throuih thick vegetation grows steeper,
feading directly into the clouds. Rain begins to
iall Here and there the way is so steep and slip-
pery that I can only advance on all fours, Every-
tmng smells of decay —sweetish, heavy, pungent.

I Am 1in a remote corner of southeastern Ven-
ezuela near the border with Brazil and Guvana

(map, page 541), The chiff 1 am trying to scale is the {ace of Mount

Roraima, an enormous sandstone mesa, or fepii. At 0,004 feet

2,772 meters) it soars above the surmounding savanna and trapical

forest like some vast, impregnable fortress

[here are more than a hundred
such  tepuis—a  Pemdn  Indian
word: for mountains—scattersd
over an area of some 200,000
square miles (500,000 square kilo-
meters), All the tepuis are remots;
while most have been visited | few-
er than ha

[ have begn extensively
explored. Many of them are hid
den Dy dense cloud cover, like the
surface of venus, for dayvs at a
LIITE ||| SLIETEE .'I':-:_'-L'I_'|:- e !r;_'_'ll'_l'-.".
moare about that distant planet
than we doabout the vast and mys-
terious tepuis of Veneruela

As a German writer and explor
er I had long been fascinated by
these extraocrdinary geologic for-
mations. The tepuis, in effect, are
the remamns of mighty sandstone
plateaus that at one time stretched
RCross the entire aren. In the course
of time the plateaus were largely
worn down Dy erosion, leaving
only the tepuis as giant monuy
ment= to thelr exiistence

As a result of isolation over mil

lions of vears, much of the plant
and animal life atop the tepuis;is
umigque. T
top of Roraima in 1884 brough!
back plant samples that were sig-

nificantly different from species

i first expiscition Lo the

Lhen known Lo botanists

moraima, | quickly learn, not

arnly has strange ffe-forms but all

po-tamiliar ones as well. Az I reach for a handhold among the

vines above me; one of my four Indian companions shouts a warn-
| snatch my hand back from a huee black ant
nearly an inch long perched atop one of the vines. The creature’s

ing; “Veinticuatros™

name means “24-hour ant, " and it 15 more feared by the loca!

U'wi GEORGE i3 explorations writer-editor for the German magazine Geo
His assiimments have taken him to Africa the Arctic. the Untted SLEtes,
and =outh Amencn

Nattonal Geographic, May 1080



Indians than scorpions. The ant's stinge causes brutal pain and a
dangerous one-day fever that can be fatal 1o those with a severe
lergic reaction

Careful, Uwe," cautions my Venezuelan explorer friend, José

Miguel Pérez, with a grim smile. “You're too big for us to car

We continue L0 mioLv '|;-'-'.'.<..'-!. climbing higher and higher acros:
aversrown ledees along the wall, From cracks and holes In the wall
water sushee out under hieh pressiure as if from a huee burst water

nipe. Even from the top, from the edge of the plateau hidden in the

the water pours down on us. Again and again muffled

thuds n the vegetation deep below us signal thal the streaming
water 15 teanng away the rock. Far above us on the plateau distant
thunderstorms rumble. The big rains ol summer have not vel com
to &n end

sometime in late aftérnoon the heavy, somber cloud cover opens
brieflv one more timée. The light of the sun, already far down the
horizon, makes the rock wall sparkle for a moment [1ke pure gold

(3d myvihs and legendds awake



- ,.. roy 'il.'r*."?l--h:""- 1'_. :;_H
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N EURGPFE not long after Columbus reached the New World
the news spread of & country where humans bved without
heads and where women went to war with strange pol
soned arrows that were blown from pipes. This country
wis supposed (o be 50 rich in gold that the natives pow-

dercd themszelves with gold dust
Al Walter Radeigh, better known lor s atiempt to found the

Virginia Colony, explored Guvana in 1595 and wrote of that fabled

336 Neltiomal Geographic, May 1989



land: “The commaon soldier . 5hal find there more rich and bew-
tifull cities, more temples adorned with golden Images . . . then el-
ther Cortex found in Mexico, or Przsare in Peru. Lriirana 15 a
Countrey that hath yet her Maydenhead, neuver sackt, turned, nor
wrought, the face of the earth hath not beens torne T
Raleigh went on 1o tell of a crystal mountain covered with dia-
mands and other precious stones where waters gush down. The
mountain, Raleigh wrote, gave the impression of & " white Church
LT There falleth ouer it a mightie river which toucheth no
parte of the side of the mountaine, but falleth to the grounde
with a terrible novse and clamor, as if 1000 greal belles were knockt
one against anather. . . . but what
it hath | knowe not, nevther durst
he or anv of his men ascende to
the Loppe of the saide mountame,
those people adioyning beeing his
enemies (as they werel and the
way to it so impassible,.”

Raleigh obviously had seen a
tepul, and his description is re-
garded as the earliest written ref-
Erence Lo one,

Y THOUGHTS are
interrupted by
Tose Miguel
calling me from
above: “Uwe,

hurry up, we realiv have to reach

the plateau before nightiall.”

How right he is. Darkness quick-

lv creeps up the rock wall, We

cannot spend the night on the

rain-soaked chiff. Just in the very
last shimmer of the day, as dis-
tant sheet Hghtning becomes
brighter than the davlight, we
reach the surface of the ;'a'lateau
at about 8,500 feat

What I can distinguish of the
landscape in the last daylight

seems o have come out of a

nightmare. Boulders and pinna-

cles in every size and form are
piled one on top of the other
stormv winds whip ice-cold rain
into our faces. In the light of our
lamps we stumble a few hundred vards farther, There is no thought
of putting up a tent. There is not one square vard of flat surface

What 12 not naked, shppery rock is bottomless morass

Like wet dogs José Miguel and 1 crawl under the stony roof of a
mushroom-shaped rock ledge and get into our sleeping bags. The

Indians go off to ancther shelter. A thubhderstorm of primewval pow-

ar breaks over us. The rolls of thunder last over a full minute each

Lightning follows lightning, crashing into the rocks, accompanted

Venezuela's Islands an Time

“AIl their festive zongs have

Roraima for subject matter,”
German botanist Richard
Schomburglk wrote of the
Pemon Indians, who tn 1842
helped him climb the tepud
whaose name means “singing
of waterfalls.” I't towers at
far right in this view from his
savanng camp (left), a per-
spective confirmed by the qu-
thor (top left). Schomburgk
and his brother Robert—who
first saw the tepuf in 1838-—
foiled to reach the sumumit,
but they excited Europe with
specimens from a “botanical
El Dorado,” such as one
from a tree.in the tepui’s
base forest (above).

BF IRl QEANTLE F, 350 ML SEETEAER A1
poimadl §EpoadRpadE | L EFT & eemaE§
BRULEFEFANLIY BiN, SRELIETEETE BT 4 WIPE
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by @ torrential downpour. Sécure in our sleeping bags, though un
certain of whether we share our shelter with scorpions or other por
SONOUS Creafures, We sEare Oout ontog a sceEne thAal I'l"|li | l:-'|'. NEve
been the set for a production of Wagner's Golterddmmerung — T
hgfﬁ af the (roa

Depending an where the lightning strikes, new sels emerge one
after another. It 1= easy to imagine the pinnacles and towers o
rock arodnd os as the ruins of temples from some strange, long-
ago cultures. My mind conjures up colossal Egyptian statues
reek deities, Siamese pagodas, Roman gods, dwarf |-I+:1-I.-.u-.|=_
and giant camels —all grown stiff for etermity

With a deafening crash light-
ming strikes the I|-LJ=,-. directly
above us. 1 feel it tremble and
lear it w II '.r"J'.L|-: aff and bury us
-IFMW' Fh.llkr hdll_]b.leDh gl U

MUSESTRY WhHemn Wwe are

HE THUNDERSTORM
lasts through the
night, We cannot

Lhink of sle ep biit

I am happyv: [ am
finally on Raraima

Fraom bovhood | read the
warks of the German-born ex-
plorer and scientist, Robert
schomburgk, who was probably
the first European to see Roral-
ma. achombuargk explored the
tepiud region for Britain's Roval
soctety in 1838, Al
Lhiough he himself never reached
Lhe top of Kornima, his writings

Licographica

inspired others to continue ex
ploring the remote greq, among
them & Hri‘.l-l. botanist named
Everard Im Thurn, who r"ri.LI v
reached the top ol "'|.||| it Ror:
ma on December 18, 1884

Back E"_I.-:-'-ru* lm [ hurn lec-
tured on his expedition, One of
his performances in England wias
attended by novelist Arthur Co-
nan Dovle of Sherlock He

"1. B
; el fame. Dovle was so fascmated by

Im Thum' s account that he pub
lished a novel in 1912 entitled The Lost World, describing the

ASCET

} AMETican |I|.".[I'.LI- where prehistoric plants and

dinosaurs IL-~'.rI I-i ed isplated and unchanged for millions of years

In faci, scientists both then and now have been fascinated by
whiit E'I.l[I{'-l.!._I:- to species of plants and animals when they are isolat-
ed at some place on earth, perhaps for millions of vears. Have some
ancient §) 5 % the times in remote corners of the earth
such as Mount Roraima?

338 Nalional eographic, May 1082



T SOME POINT in the early moming I must have fallen
asleep; for I am awakened by the clatter of cups as José
Migue! makes tea. _
“"“How manv different species of dinosaurs did you
meet in yvour dreams?" he asks,
“They were all struck by lightning,"” 1 reply.
The morning air is clear and cold. In the midst of an endless
ocean of thick clouds far below us, we stand on a stony raft whose
wild surface surpasses anything I have ever seen, In the distance
other tepuis rise like “islands in time,"” in the words of Charles
Brewer-Carias, a Venezuelan writer who knows the region well,
The nearest tepui, only a few miles away, is Cuguenan. From it
waterfalls plunge down into the clouds. One of our Indian guides Inflamed by the presence of
gestures toward it. “Many men have climbed up, but no one has jasper, tumbling cascades 30

ever come down again," he says grimly. In fact, some have: But, wikley W
behind it are tepuis where no human may ever have set foot, ﬁl:hu::m n:::dsmnﬂ fom
According to the Indians, there is a possible campsite some 5ix which the tepuis are formed.
miles to the north on Roraima. It is an all-day hike because of the Sorme of the world's pldest
difficult terrain, and we set off immedintely. sandstone, these deposits

We make our way painfully over a rocky landscape that I come were laid down at least 1.8
to think of as “rain desert.” Maost of the mineral nutrients that are hillion years ago atop the
essential to plant growth have been washed away by incessant rain-  Guayana shield, the oldest
fall. Yet beautiful miniature cases bloom here, combinations of rock in South America.
many species of plants that seem to survive on water and air alone. T N

Until recently no one knew Roraima's age. Then, a few years
ago, geologists discovered sites where molten rock had thrust its
way between lavers of sandstone after the ancient plateaus were
formed. The geologists conducted chranological-dating tests on the
igneous diabase and other rocks and came up with an astonishing
result: The sandstone here is at least 1.8 billion vears old.

Thus, Roraima dates back to a period before even the most prim-
itivie life-forms existed in the oceans. It would be another 1.2 hillion
vears before plants and animals emerged from those oceans to live
on land.

Such vast expanszes of time are incomprehensible to most of us,
and we try to reduce those periods to measurable human terms,

The best example I know is offered by writer John McPhee in his
book Basin and Range, *With vour arms spread wide . . . to repre-
sent all time onl earth,” McPhee wrote, "look at one hand with its
line of life. . . . All of the Cenozoic isin a fingerprint, and in a single
stroke with a medium-grained nail file you could eradicate human
history."

Raoraima's sedimentary rock was already age-old when South
America and Africa were joined together in the prehistoric conti-
aent now called Gondwana. Gondwana began to break up some
135 million vears ago, vet evidence of the original junction still ex-
ists: Cliffs and mesa-like mountains in the western Sahara consist of
sandstone similar to that of Mount Roraima.

It was Im Thurn who first brought back hitherto unknown plant
species from Roraima. Like Charles Darwin, who had discovered
and described species of the Galdpagos [slands half a century earli-
er, he had found new examples of life-forms that had been isolated
over eons of Hme.

None of us who followed Irn Thurn to Roraima have found pri-
mordial creatures or their fossil remains there, but the terrain is so

Venezuela's Islonds in Time 539



Isolated Worlds
of the Tepuis

24L)

Remnanls of vast sandstone
plateaus called the Roraima
group, tepuis are natural loh-
oratories for studying the
adaptation of species to severe
emironmients, Isolated from hu-
man horticultural tampering.

they hold clues to natural plant
succession and dispersal in
habitats ranging from rocky
cutcrops to riverine forests. At
least half the estimated 10,000
plant species here are unigue
to the tepuis and surrounding

Yational Geographic, May 1059
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lowlands. New species are still
being discovered.
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Like other tepui observers,
geologists are fust beginning
to understond the nature of
tepuis. The artwork on the
opposite page reflects a
widely held theory, which
streszes erosion while
acknowledging the impor-
tance af uplift. Another view
believes that uplift played an
egual, if not greater, role in
shaping the landforms,

4

difficult that only & fraction of the tepui’s £4 square miles has so far
been explored

As we hike townrd the campsite, the boulder-strewn terrain be-
comes increasingly savage; I feel as though T am walking through
the ruins of a bombed-out city. Then suddenly we enter a canyon so
spectacularly beautiful it seems to have been drawn from a fairy
tale. Here and there the ground beneath our feet consists entirely of
sparkling white and pink cryvstals. Dr. Brewer-Carias, who discov-
ered the canyon in 1976, named it Valle de los Cristales —"valley of
the crystals.”

The canyon ends abruptly on the east side of Roraima, and here
a waterfall pours over an outcropping of crystal. The light reflects
from it a5 if from a mirror broken into a thousand pieces. The leg-
end of Raleigh's crystal mountain becomes reality.

Bevond the canyon we find the campsite and set up for the night
at the edge of a huge unexplored area known &s the “ great laby-
rinth of the north.” It is a three-sguare-mile region of jumbled rock
towers and chasms as deep as 150 feet. The Indians tell us that
there are diamonds to be found in the labyrinth, but they stoutly
refuse to set foot there, José Miguel and T agree to explore a bit of
it the next morning and then bed down for the night.

During the night [ hear a weird scream that seems to come from
far away in the labyrinth. The spund calls to mind again Arthur
Conan Doyle's novel The Lost World, in which the narrator, E. D.
Malone, hears similar screams one night while his group is camped.

“We were all sleeping round our dying fire," sayvs Malone,
“when we were aroused —or, rather, | should say, shot out of our
slumbers—by & succession of the mast frightful cries and screams to
which I have ever listened. I know no sound to which 1 could com-
pare this amazing tumult, which seemed to come from some spot
within a few hundred yards of our camp.”

Malone described the screams at length and later atiributed them
to & dinosaur. Once again [ hear the ghastly sound that seems to
emanate from the labyrinth, and for 8 moment I conzider waking
the snoring José Miguel. Then quiet descends, and after a time |
drift off as well.

HE NEXT MORNING José Miguel and I enter the laby-
rinth, It is a roofless Hades clothed in ghostly swaths of
fog; and soon a steady rain begins to fall. Moving is tor-
ture; our hoots cling Lo the wet morass at the bottom of
the chasms that quickly obliterates our footsteps. To

move only 200 or 300 vards takes us several hours.

José Miguel and I become separated. I call to him and he calls to
me, but the calls come back from every direction as strangely mixed
echoes. As | penetrate farther into the labyrinth, I recall the weird
screams of the previous night. At each turn T expect to meet the
source of the screams in the form of some monstrous creature, And
then | do encounter a very strange creature indeed.

It is a monster but only in miniature —a toad less than an inch
long with enormous eves and a skin completely covered with warts.

This is not the source of the screams, but it is a fascinating crea-
ture nonetheless. I recognize the toad as the species Oveophrynella
gueichis, a relative of which was recorded earlieron a group of
tepuis known as Neblina. I had been told by a herpetologist on the

National Geographic, May 1980



The Roraima group was already
ancient whon South Americs and
Alrica were linked as parl af the
supercontnent Gondwana,

The imner-earth foroes that set
South America adrilt helped deline
the future shapes of the fapuis.
Warping of the confinental plate

20 MILLION YEARS AG

L Roraima I!.|E|IEEI.I

Catabie intrusions of igneocus
diabase in Mount Horaima —forced
through fssuras in the sandstons
gs moltan ook —[ndicate that sand

onlarged
blow

e
r
']

Armaron basin

SOUTH AMERICA

created fissures and fractutes in
Ihie Roraima sandstone plateaus:
FPatterns of erosion followed these
weak spots and enlarged tham.

from-groding mountain ranges,
right, hat been spread Dy water
and wind over the Guayana shigld
by 1.8 bilfion yaars ago.

Tectonic forces within tha earth
also uplifted biocks of the plataaus,
heiping further separate lepuls and
vary their heights

T pns can rige
i et 5. 000
tee! above e
gurraunging foroast

TO'PRESENT -
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gerieminy ! =
washed 10 sea. This composiie
tepul, right, displays the typical
Harng caused by varying degreas

of arctioe i ent fraciur
thie resuit of changing climate and
geologic conditions that determined
the hardness of the sandstone

Fairly well established In thair
present-gay appearance three 1o
lour million years ago, tepuis today
reprasant a fraction of the original
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“Not a bird, my dear Roxton
a dinosaur. Nothing e¢lse could
harve [eft such a track.” Gamboeling
tguanodons (left) and swooping
prerodactyls met the heroes of Ar
thiur Conan Doyle’s Lost World, set
on a tepul. Inspired by the lectures
of Everard Im Thurn, who scaled
Roraimi in 1884, Dovile embroced
the erroneous notion that tepad life
wias frozen in time, His imagin-
tion seems cast in stone as shapes
reminiscernit of the Mesozoie lnoom
in the mists of Murisipan-tepui
(right). The toad Oreophrmella
guelchii—a species discovered on
Roraimo in 1894 {helow)—retnins
primitive traits not becanuse of
isolotion but becaouse the environ
ment has not forced it to change
Barely an inch long, it cannot
nop or swin,

eoition that relntives of some of the species of amphibigns {ownd
i Nebling may be native to Afnca. 1 hus, ancestors of my minia-

ture monster may well dat back 1o that distant age whes South

yvmerica and Alrica were one and the san gntinent

LMV A '.II ill i "'. -__:.- il | i UL fEsilr] ik 1 L 10
Wi wk vmin, The Indians: seem surprised et us, asif we
had escaped from the] rinth by some magic charm. The nexi

erhaps an owl. Perhaps something else

CRING MY TIME on Roraima | developed a severe case of
tepul fever —a longing to visit other tepuis and ex-
plore some of the mysteries they have gusrded for
eons. In 1986, a veéar alter José Miguel and I chimbed

Raoraima, | joined X e ition orgamzes by Terra-

TAr. of [ANCSER., A BratiD Vererueial clentisis Al A1t AL
pAaturalists devotea 1o 4 IOFNE Fefmnod LRSS OF LRELE (o il
T lI'I [ II||-l L 'li”-"l .!rlrllI ] II r



[he president of Terramar is o prominent Veneznelan Laww

Dir. Armando Michelangeli. Other leading members includ

Armando’s brother, Fabian, who 15 a4 biochemist, Dr. Armando

subero, a neurosurgeon, and Dr. Kiaus Jaffe, a prolessor of biology
it Yenezueln's simon Bolivar University in the capital city of Cara-
Bu’ ]:Il"'.' ||ll' CVLAT |".|'-' LI0ON WS :|.|I'-'l' o BER |-.I:ll'.'-| S e lll..l':l.:
located to the northwest of Roraima. We were fortunate to bé a
ompanied by another member of Terramar, Volkmar Vareschi, a
German-born Venezuelan now in hiz 80< who is a superb artist and
the country 5 grand old man of tropical ecolog

A cargo plane {lew oar team of eight scientists and tons of sup
plies from Caracas to the small southeastern settiement of Can
aima. There we loaded our supplies aboard a fleet of dugst canoes

ined =et off up the Carran River to Auvan-tepul

| o o

¢ most af the way the Carrao is bordered by dense tropical lor-

clotxd f big. hlush red macaws led shreking into the jungle on

l_'i!_lfll_';' SI0E r'-:l a4 -|l_l|. t SOTL Of Dl IIII nine flashed before our
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CHTHM . 1L WHS '.||.l.'.1!I like the Lghnt
tcame Tom huge, ifidescent Blue m
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man who has ived alone 1or many vears on & small is

Larrao and who made an expedition to Auyan-tepul
Alexandder nas cleared an ares of janele on s s

A0, DO A TES |--.|1:|-i-'.'r:- ANl M EOes

hut that be bullt hime=elf. Beside

L stringe By which Al

'XANGAr Keeps

mage from termites that continuallv devoaur his hut

our visit the plumb bob in

gesting 1t was time once again for Alexan

L keen student of wildlife on the tepu

y expedition to "ﬁl_' an he encoun

1s. OUver tea in a corner of s gare

licated an alarming tilt t

1T to rebuild.
15, and he In



Crripped by “tepul fever,” the
author joined six expeditions
the regrion between 1953 ard
588, Un the first, puide Jose
Miguel Perez (left, far right)

arnd Pemon Indion assistanls

wizit out a erhininge storm on

Roraima. Reached tn an -|||!-I.|!IJ_":'

climib, it can be scaled withowl
motntaineering gear

speeding tepul research, heli
copters serviced this camp on
Cuguenan (below). One fogiry
iday Creorge walled a minute
from his tent and was lost in the

rochy chaos for houre.
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ceads. hut when | snenked o |

ikl AL irst 1 thought they Wik
[ saw they were cTeatures with enormously lone necks i | RECIESS

reptilian faces. Each had four scale-covered fins instead of [ grs

For proof Alexander rummaged through a pile of papers and

came up with some drawings of the creatures that he had made af

the time. To me they resembled plestosaurs, marine reptiles that

became extinel 65 million vears am
Alexander had drawn the creatures (o scale, indicating a length
af slightly less than three feet. * The length 1= important, ™ he ex

plicined, *for il any of these prehistornic reptiles have survived, they

would have to be small ones that could adapt ecologically, rather

than giant dinosaurs that evervone still hopes to come BCross.
~ome scienfists think Alexander saw a large species of tropical
otter that has a long neck. But Armando points gut that rivers on
Auyan-lepui are nol known to contam fith —the otter’s pnncipal
lond—and thus it s unlikelv that otters would exist there
Leaving Alexander, we reached Lhe bose of Auvan-tepui the noxt
day and camped beneath sheer rock walls that disappeared above

vabional Geographic, May 198%
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us in a canopy of cloud and fog. Nearby a gossamer waterfall de

seEnted softly Trom |:'|I hedehts. 1 was _-!__||-|'| to sleep by |.:.'Il.' soruncd ol

1he NEErD Wi

HE NEXT MOENING the waterfall shimmered silver
arainst the rose guartz of the rock wall, but ks soure
stall [y hidden in clouds far above. 1his wis the great
Salto Anwel, or Angel Falls, the world's highest falls,
which plummets in two leaps 3,212 {eel down the
escarpment of Auvan-tepul
Arimel Falls 1= named oot alter some heavenly Detng but atte
Jimmy Angel, a U, 5. bush pilot
who came across the falls by ace The glistening leaves af
- Lirosera roraimae (ure, trap,

1 - -
TEFY 1 I'l-.-. LT N q X LT 198 ¥ | o
ERELRE EIN 4 e SEATCITINE F0F B

: ; then digest small insects and
enld-rich over he had once visil . ]
spiders. Dead leaves skirt

ed with a mming engineer. In hi N -
3 ; thix six-inch-tall specimen

book about the tepui region,

p i Auyan=-teput. Lommonly
II:'. 1l [ | Ir":'-'-'-'|-'-'|-. | 4] '| e TS

grown as sundews, aboul a

SO0 uotes Jumomy Amgel o L hundred drosera species in-

expenience. ~ 1 wis in Panama habit nutrient-poor soils
roke. A sl Lhoeel savs ground the world, Seven are

aned wondered fust what 1 was endemic to the tepul region.

raing to do next, While 1 was sif

ting 1n the hotel lobby an old
fellow came up (o me and askeo
if I would fly him to Venezu
I | flew this old fellow t

mountain nine thousand feet high
m the Gran sabana country of
Venezueln Nhat mountain i
i hell of a place to land o plane
bt I landed right where the
COEineer told meé Lo, DY & UL
stream., and in three diavs we Look
sevenly-live pounds ol gold out of
the gravel. Wwe coule have takern
more, but | was atraidc to put Lo
much extra weight in the plane.”
In the vears afterward Angel
sought many tmes to 1nng the
MOUnLIaIn and LIeg 5Irenm aEsln
He never did, but he 15 immortal
ized by the mighty cataract thal

T |I._-_'-.' II: N .IE' I:|' "I.l

]“nu moarming beside Angel

Falls a helicopter arnived from
Caracas to shuttle our team and
supplies up to the plateau of Auyan-tepai, Volkmar Vareschl and |

were asstgned to the first thg

L, and we buckled i behind the pio
Laill Serrano. As we chimbed 10 & Light =[HrAl DES fle the talls, the
forest below became an immense mosaic in varving shacdes of ereen
vt first glance Auvan-tepui seemed far more hospitable than the
hleak and jagged surface of Roraima. The area where we landed
was mostlv moar and swamp, with scattered “icland=s™ of bushes

and small trees here and there. We guickly unloaded the helicopter

Vemezuela's Ixionds on T omy 540
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“A rain desert.” author George
ealled this bleak corner of
Auyan-tepui. The rapid runaff
of torrenticl storms sweeps sofl
from this sea of rock, where an
island of lichens and mosses
(below) anchors a colony of
Brocchinia reducta. These
hromeliods endure both intense
solar radiation and cool, humid
conditions. Deprived of nutri-
ents from soil, they catch thetr
own, digesting insects that fall
into the water in their throats,
Bromeliads are a wide-ranging
tropical faomily, but only on
tepuis hoave they displayved

Vemesuela's foiandas tm frme

this cornivorous behavior,

[rnigue to the tepui region,
five species of carnivorows sun
pitchers thrive in more shet-
tered, bogey stretches of the
mesas, Un Aracamund, about
375 miles southwest of Auypan-
tepui, Helinmphora tatet (bot-
tom left) attrocts insects wath
its red nector gland. Waolking
into the pitcher on downward
pointing hairs, victims slip and
drown in the funnel. But this
heetle (left) was observed to
wistt with impunity and even ap-
peared to be scovenging insect
bodies from the pitcher.
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After a time we returned to camp to welcome our colleagues
as Radl delivered them along with our supplies and equipment.
I noted that Raidl never switched off the helicopter engine; if
it should fail to start again, we would all be pnsoners atop
Auvan-tepul,

Ranil left us before sunset, agreeing to return each day if possible,
to fly us to inaccessible parts of the great plateau. By evening we
had our camp well organizéd, and that night the usual violent thun-
derstorm welcomed us to Auyan-tepii

nAY OR TWo after our arrival I went on an orchid hunt
with Armando Subero and Gustavo Santana, both orchid
enthusiasts who have discovered new species that may
ane day bear their names.

“Don't bather with the flashy hothouse varieties up
here,” Santana advised me. ¥ You'll find orchids on Auyvan with
blassoms hardly bigger than a pinhead.”

Fifteen vears ago Volkmar Vareschi, a specialist in orchids, dis-
covered 61 different species —some of them new to science—in an
area of barely five acres on & flank of Auyan-tepui. The soil was so
infertile that most vegetation could hardly survive, but the area
was an orchid paradise,

| s00n learned to look for the tiny magnificence of orchids among
other, far larger plants and bushes. Each orchid occupies a specific
enivironmental niche in which it survives. This may be simply an
gecumulation of humus on the branch of a tree; a tuft of moss in the
crevice of a rock, or some small area lit by the sun through a win-
dow in the dark crown of the forest.

Oither plants on the tepuis find essential nutrients in more dra-
matic wavs. During a walk with Fabian Michelangeli he singled
out a small plant known as Heliamphora, or sun pitcher. The
“nitcher” is a green cup with a bright red extension that attracts a
variety of insects. The cup catches and holds rainwater. Insects
light on the edge of the cup, enter en downward-pointing hairs,
then lose their grip and fall into the water and drown. As their hod-
ies decay, they release nitrogen and phosphorus, essential nutrients
for the plant, which absorbs and digests them through special cells
in the wall of the cup. Thus the cup iz not only the sun pitcher’s
trap but alsa its stomach.

For all their exotic life-forms the tepuis have familiar ones as
well, One moming as 1 walked along the edge of a swamp, some-
thing sparkled between my boots like a hiery red ruby. It wasa
drosera, a sundew, similar to ones 1 knew from childhood walks
across the moors near my house in the suburbs of Hamburg. 1 had
always been fascinated by the way the sundew attracts insects with
its bright color and false promise of nectar. Once the insect touches
down, the sundew’s sticky tentacles slowly close around it, and the
plant digests its victim. Volkmar later told me that as far as we
know, seven species of sundew are endemic to this region.

One magical day I flew with Radl and Ramdn Blanco, a profes-
sional violin and guitar maker and an excellent climber, overa
spectacular region in the northern portion of Auyvan-tepul. The area
is known as E] Valle de las Mil Columnas—“the valley of a thou-
sand columns” —but that is an understatement: There must be tens
of thousands of rock towers and pinnacles there, some of them a

Vinezuela's Islands in Time

Dinly the ghost réemains of an
ant killed by a macabre fun-
gus in the tepui lowlands.
Preying on ants in the trop-
ics, the fungus Cordyceps
Toydii begins its attack as a
microscopic spore that pene-
trates the insect. Multiplying
in the blood like yeast, within
days the fungus digests

all but the ant's exoskele-
ton. Transforming into cot-
tony white filomenis, the fun-
gus fills and encases the
body. Umbrella-like fruiting
bodies later sprout and
release spores, starting the
opcle over agoin.
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1 he setting sun once more poured over the red rocky walls of

Roraima . .. a magic fire.” This daily bewitchment restored the




Schomburgh brothers in 1842, strugeliing to dry plants in “meteo

ralogical conditions . . . far from meeting with our appri el




Flashing head feathers crown
the hummingbird Lophormis
pavoninoa—part of @ genus com-
monly called coquettes—/found in
abundance on Aracamuni when
the tepul was first explored in
1987, Ornithologist Miguel
Lentino (below) also discovered
two subspecies of flycatchers.
Crrchida and the butterflies that
feed on them ocoupy Gustavn
Santana on Auyan=tepul (right).
Perhapes the world’s most adaopt-
ahle plants, orchids compose
nearly @ tenth of the area’s flora;
gome 900 gpecies are tnawn ere.

)
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thousand feet tall. As Radl skilifully guwded us among them, [ feli
as if 1 were flying through Manhattan at roofiop level

As a special treat Raul let Ramoin and me off on a tower 1o walk
around. Hovering fust inches above the surface, he gestured for us
to jump down, then shouted, "Only 15 minutes!” and was gone

Char tower proved to be a roof parden in the sy, contaiming doz
ens of different species of exotic plants. A cluster of beautiful vellow
orchids at the very edee of the tower caught BEamon's eve, and he
nsisted on collecting a specimen. There was no use arguing, so 1
held his ankles as he lay on the rock surface and inched his way out
aver the edge. He managed to get his sample, though 1 don't re-
member now what species it was, I only hope it was new W0 sCience

soon afterward Raal picked us up, and we flew to an area
known as Aonda Canyvon. Here 8 mighty waterfall bursts from an
opening halfway up a sheer cliff. To see where the water came

from, Radl flew to the top of the plateaw. here, not far [rom the

polge. we saw in enormous hole 1n the cock syrface. &5 i it hao bheen

drilled by a giant auger

T Natronal Geographic, May 1939



| me AL Lhe rim ol the hole. then started oo
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valley threaded by a river in the eastern part of the platean. We
landed on a huge flat rock beside the river, and for once Ral
switthed off the helicapter engine

It was a marvelous, beaming day, The air was clear, fresh, and
stimulating, | was intoxicated by the beauty of the vallev. A violin
bird was singing in & nearby forest thet was thick with orchids
Hummingirds, sparkiing hke precious stones, buzzed in front of
my face to Inspect this mmtruder on their world. The only other

saund was the gurgie and nppié of the river over the rocks
Cracks and crevices in the rock were filled with gold nuggets of
all sizesz,. | reached into the cool, clear water and brought out 8
Tinted handful. Suddenly the treasure in
trited oy decaved leaves, 1 .1 g
T R I "h'.u'.-:una':g-_-n'.t'i:. translucent,
creelk on Auyan-tepud lures £hi ;
shimmering quartz. The mahoga
Ramon Blanco to search for + | 11
¥ M Y |"' AL I‘ 1 ] -'|' 11K “ll.
dqudatic specimens. A new ]!- calor of the I"JL_' P 'l'“_-
genus of aquatic cricket wes decayed piants, had converted the
discovered here in 1984,
Acidic and nutrient-poor, A nearby pool in the niver beck-
tepui streams support [t oned trresistibly. 1 took off my
more than alpoe, mosses, and  sweat-stained clothes, dived in.
insects. A violin and guitar ard had the most memorable batl
maker, Blanco (ends his af mv life
other I-'..u!n:ntr._u_-n o collector Lyinzon the warm rock to drv is
and mountain climber to the
Terramar Foundation, a

juiartz to gold

the wind and sun, | conjured ap vi.
sions from the shapes of clouds
overhead as I uzed to do in the
cornfields at home. Only now in
stead of clowd horses and cows, 1
saw cloud tyrannosaurs and stego
saurs. And in piace of cloud storks
and cranes 'I'.-err.: were winged
terodactyls. That day 1 chris-

venesuelaon associotion pro-
maoting tepul conservation
und research.,

ed the valley Shang
We lefl Auvan-lepur soon after-
ward, and by way of a finale Ar-
mando Michelangeli, Radl, and 1
Malle in gerig | LOUT O 2 !']l:-i.'!li'l':'-
ing group of tepuls known as the
Aparnman Range, These tepuis
are largely unexplored because
they are almost always: draped n
cloud cover. Six months |.-_1.='.=.n.-! A
group of scientists and explorers
had landed here, but thev staved

only a lew days before the weather

torcedd them to leave

E WERE LUCKY, for it was December, in the dry
SEHSCH .1'!-! Wi wWere .1||||- LD S 13 T l-||| |_|i'_ :-I-

the range, including the billowing plumes of n
dozeén waterfalls plunging nearly half 8 mile dow
a sheer rock wall mto an olive-hued forest, As |
looked out At the spectacuiar view [rom the seat beside Armando,
my tepu! 1Iever shot up another ten degrees.

[n fact it was only four months later that Armando and 1 st foot

EEf Yalional Geop .!_;I'1r'.' ic, May I08¢



n Aparaman-tepul. He bad organized another lerramar expedi-
tion with several of the same people from the Auvan-tepul project,
including the incom [T EhiL VOLRmMr Vareschi

Ratil Serrano was not among us for that trip. And to the grea

34 i | y i bl o e
sorrow Of us all, he was Killed only months later in a helicopte

CTASh near Auvan el [he loss was ESTHE I:'.l.':- tragic, for Raal
was not piloting the helicopter at the time. Had he been, I feel
somehow he would stil] be alrve

Altopether we spent gight days on the Aparaman Eange, explor
ing and gathering samples of plant and ammal life. As usual we

found many new species of plant hife, and Volkmar spent long

hours sketching them in his journal. From these he would later
draw the precise and beautibul profiles of plant commumties for
vhich e i Enown !ll'-_ll ','i It Lhe DOLAnICHal -I'|l|

S The tepuis give us an entirely new perspective on purselves,”
e told me one day, as | watched him sketchine a group of archicds
"For example, out of approximately 2, 100 species of plants in the
British Isles; some 1,500 species are native, The other 800 species

or 30 percent, were introduced deliberately or by accident






“RBv contrast, the tepuis’ summits are among those rare places
left on earth where 100 percent of the plant species are native. ‘We
humans, who increasingly dominate the earth, need standards by
which to judge what we are doing to our environment. The tepuis
offer priceless insights mto that process.

N OUR WaY back from Aparaman we stopped at Auyan-
tepui to visit the valley 1 had called Shangri-la
Here 1 would have my most memorable adventure
d of the tepuils. It occurred while
Armando and 1 were exploring the river there, In
places it disappeared among boul-

in the bizarre wor

ders as large as houses and mto
which it had carved sizable caves.
Naw, in the dry season, maost of the
caves were above river level
While Armando explored outside,
| entered one of the caves to sep
what I could find

Though I had no flashhght, |
could see well enough by light
coming through gaps in the rock
overhead. The floor of the cave
was covered with white sand that
had been washed 1o by the river
As I made my way along, | noticed

a peculiar, pungent odor coming
from somewhere in the cave. At
leneth the light bepan to fade, and
I turned bnck to the entrance. As |
neared it, 1 noticed a number of
large paw prints in the sand and
some smaller ones too. [ was sure
they hadn't been there when | entéred the cave,

As I emerged from the cave, Armando was shouting and waving
*T thought vou'd had it," he said. " Just a moment ago a mountam
linn and two cubs came out of the cave. Th YV SAW e and ran off,
but I was sure you'd met up with them inside and were in trouble.”

Looking back on it, I realize | must have passed the three bons in
their lair in a side chamber or corridor off the main tunnel. 1f 1 had
seen them at that moment, the Honess would doubtless have taken
it &5 a threat, and indeed I would have been in trouble

What fascinated Armando and me was the existence an Auvan-
tepul of mountain lions, which had never been seen there before.
'he classic prey of the mountain lon is the lowland tapir, which
also has never been seen on a tepul and which, enlike the mountain
lion, could never cimb up or down the steep inclines, But a few
manths Iater several Terramar scientists caume across same three-
toed footprints 1n & dried mudbank of Shangri-la valley, The foot-
nrints strongly resembled those of the lowland tapir, whose actual
discovery on top of a tepui would be noteworthy, but not as much
of a scientific sensation as the existence there of a prehistoric lizard

Only a well-organized and long-term expedition could make such
g discovery. If anyone could do it it would be Armando and [erra-
mar. | can feel my tepul fever rising agam L]

Venresuela's Islands tn Time

Scars of waterfalls past score
7, 000-foot-high Aparaman-
tepud during the dry season
fabove). In 1987 quthor
George became the first to
stand on its summit. Explor-
ing the crevices of its jum-
bled surface (left), Bruce
Huolzt of the Missouri Botan-
tcal Garden discovered a
rnew bromeliad.

Callection and anaivsis of
teput flora and founa is an
gngoing odvssey. Notes tepul
entomologist Paul Spangler:
*Muony of the experts who
will study and classify these

muaterials are not vet born.”
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Searching for the Secrets of

GRAVITY

By JOHN BOSLOUGH
Photographs by JAMES A. SUGAR  mack stax

PHRAIM FISCHBACH'S problem was snakewood. It was late 1985, and Fisch-
bach wason tosomething. If right, it would be one of the biggest discoveries
in science since lsaac Newton saw an apple fall, then explained why

Fischbach, a theoretical physicist at Indiana’s Purdoe University, be-
lieved he had found a natural force counteracting gravity, He knew it was
preposterous—only fantasy or science hHiction. But if it exasted, it could

[orce us to reeviduate our view of the universe

To help prove his discovery., Fischbach had to know how gravity afiected
snakewood. But he had no idea what it was or where to find it

Fischbach was treading dangerously
(zravity, in a sense discovered by MNewton
three centuries ago, 15 a cornerstone of mod-
ernscience. Newton's Principia, often called
the greatest scientific book of all time, 1aid
out the mechanics of gravity and, conse-
quently, of the entire Known universe

As the force that attracts conglomerates of
matter to one anothet, gravity has a limitless
pull. It keeps the moon orbiting the earth, the
earth in place around the sun, and our solar
system within the galaxy, orchestrating the
universe in & cosmic life-and-death dance

() the four known natural forces, gravity
wias the first seen buot is the least understond
The others are electromagnetism, which we
know as electricity, magnetism, and light;
the strong force binding atomic nuclei; and the weak force causing rachoactive decay

Though gravity rules the universe, the other forces are trillions of times stronger.
Take any kitchen magnet, for instance. [ts electromagnetic field is stronger —over a
space of a few inches—than the earth's entire gravitational field. Earth's gravity field
1550 weak that when vou pick up a rock, your muscles areeasily overcoming the pull of
the planet’s entire 6,000,000,000 000,000,000,000,000 klograms (6.6 sextillion tons)

ATinm i Frm

PHOUIGH FAMTILIAR as q falling apple, gravity remains the least understood force 17 nature

Dropping through a vacuwm. a feather and an apple fulfill Galileo’s bold prediction of

1638: All objects fall at the samé rate of acceleration. Or do they? Purdue University

physicist Ephraim Fischbach (above} and others suggest thar a previcusly unknown force
-

muay counteract gravity, making objects fall ar different rates
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How_ gravity works

\ Bricks fall. Tides surge in. Plunets circle the sun. Why?
“'- | 1. Betause ghjects attract gach other—a revolutionary idea
,!Irppund in 1687 by SirIsaac Newton, who defined that *
I | 3 - gttraction with precise, arderly equations. Newton, hawever, o
Jﬁmﬁqahﬂrmﬂ the effects of gravity on a cosmic scale. i e | —
‘T»!g’ipﬂnﬂlhﬂt Einstein extended our knowledge in 1916 with /
hirgenergl thegry of relativity, the universe took on a bizarre
and ﬁgﬂlﬁg look, But his approach—which certifies
Hmﬁn

4 gdod upproximation in most cases—proved-
t it is selidom used. Thus Newton Still gets us

Il"ﬂhr#ndfﬂlh:mﬂﬂn

ln Eingtein's theory, gravity is

not & force that acty between AN
abjects but a property of NN
space itself, which includes L '
Matter warps —or curves — - | _ _
“space-time,” causting what B ¥ h - SN S
we Expérience & gravity. =E7 — :
Mind boggling? Yes, even ! ;
to most physicists. Cne way T -

! | fe wstialire gravily's effect is ' /
o o squeere space-time into a - :
N two-dimensronad rubber theet ' |

N Heavy cbyects — malter — :
. make dimples in the sheet !

The curvature of space

tirme produces s greatest
'r|l‘ i afou |l3 '||I_Il.-|_|'_,

I-'|-l|'lll the rmost mass. such

s e sun or other stars.

o

Rail a billrard ball along the

sheet in the genweral direction
of 2 :|'|-—|:.'- and it will dip
foward |L||. i I|";I|'.|.'|' .]'ll'|J II|_1|||I
away at & different angle. fa
the same way, the I|.'.1'!.r' of any
form of matter or energy —

arci g l"_n!"ll.‘ — will o Just %3 7 ball cirelos

When 2 star runs owt of
nuciear fuel, it can coffapse
under i3 own weight Az

i stretching the sheet to
infimity, gravity intensifes
wmimaginably, crushing atoms

and .'rr'JIJF'IF.'_Il.." A7y rmatier ofF

a5 It passes Fhrg I||'I| fie EREESsy l.'n-'l'.’rll.'.'u g dimple : -
. S 1 gy i T - 1 -
"":lln 1bate I||:|'|‘r|"|"'|| an the friction Lheet € |-|"|_||| that epters. Fropm

A F T
fracsive ob et 3 r||” et or watellite or h a black hole, not evan
4 5‘1! Can escane

DItE & massve objes




E.n:,".-.'n.'l'mg sHars ard obther
viodent cosmic events are
thewght to food the uni-
vErsE with gravity waves
Ripaling through space-
time at the speed of light,
they briefly disturb every-
thing m their path. Too
weak fo defect so far, these
waves create distortions
smaller than the diameter
af a2 singie particle inside
an atomic nucleus.

= e

At the heart of general
retativty [es 2 prafound
insight The effects of
grawvity and accefershon
are eguivalant. In empty
space (A] the lack of any
gravitational frefd means

that you feel weightiess if
your spaceship is cogsiing
at 3 constant speed (B),
DUt yOU EXperence a sen-
safion exactly like gravity
if your ship suddenly
acelerates (C).

Within earth’s grawitstional
field (D) you feel the effect
of gravity by just standing
still an a fixed sarface (F)
lo experience weightiess-
ness, vou would kave to free
fall like & skydiver, who feels
oaly air resistance (E)

With this equivalence
principle and his general-
iped theary, Einstein trans-
formed our undertanding
of the yniverse ahd 15 ari-
ging. Yet his theary has not
been integrated wrih guan-
tum mechatics, the math-
ematical lanquage for
thearres of the other funda-
mental forces of mature, and
Einstemn died searching for a
still efusive unified theory.







Lrravity, oo, 15 the only force man cannot
control. We can increase, decrease, and some-
times even reverse the others. But not Eravity
It cannot be reflected, stopped, or slowed. It
always attracts, never repels.

At least until Ephraim Fischbach.

The idea of antigravity first crept— mad
deningly — into Fischbach's mind in 1979, He
and anothar phvsicist, Samuel Aronson, were
studyving findmgs from an atomic -accelera-
tor —oratom smasher —when they came upon
a set of results thev could not explain

In seeming defiance of gravity, particles
called kRaons were behaving strangely in the

accelerator. Save Fischbach: “"'We thaought of

every possible explanation. Nothing worked
Finally on Halloween night we decided it
could only be a new force —a fifth force.”

If true, it was & Nobel Prize finding, Vet
they were 3o cautious that they put the fifth
foree an hold for six vears. Meanwhile they
reexamined gravity experiments of the past

RAVITY has always occupied the best
minds, Includmg Galileo Cealiled,
the extraordinary 17th-century
[talian who was the first modern
Before Gahleo, it had

assumed —largely from a dictate of Aristotle —

sc1entis heen
that gravity causes a heavy object to fall faster
than a light one. Aristotle had confuszed the
effects of gravity's pull with the distance somae-
thing could be propetled: You can throw a
small rock farther than a big one, sothe bigone
must fall faster. Galileo decided to see what
actually happens. In Pisa, where he was bomn,
[ climbed the worn steps of the tower that has
been leamng southward almost from the day it
wis butlt in the 13th century. Nicolb Bevaerind,
a University of Pisa physicist whose speciadly
is gravity, climbed with me

“Uralileo probably never dropped cannon

balls or anything else from this tower," said

/P IN THE AR over gravity, UL 5. Air Force
researchers measure yariations in ity strengeth as
they climb a 600-meter (2,000-foot) TV tower near
Raleigh, North Carodina (right). Their results
hirt at the existence of a subtle force acting, oddly
enatigh, to boost gravity, a finding thar ma
tmproye the accuracy of lIong-range missiles
Lrntversity of Washington's Paul Boyriton
measures how different materials respond. to the
aftruction of the granite mountain behind hirm. So
far, no one can explain the anomalies unearthed

Searching for the Secrels of Grovity

Bevering, stanchng unecasily on one of Lthe pre-
cirious, slanting baldonies. " He may have
thought about It, but be didn 't write about 1t.”

Instead, he rolled balls of different weights
down and up inclined planes. ““These ramps
slowed them, making gravity's effect directly
nbservable,” said Beverim

Galileo found that all obhiects, no matter
what thev're made of, fall at the same ever
increasing rate. Thus, if air resistance is
1gnored, A& cannonball and 8 wooden ball
dropped simultaneousty will strike the ground
at the same time

This conclusion seemed to be reinforced by

experiments conducted early this century by
Baron Roland von Edtviis, a Hungarian who
the effect of gravity on various best
materials and found virtually no differences.

FIEASLITE
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Glimpsing a possible
fitthforce _ /=

Until recently scientisis
thought that all events in
niature could be explained by
Jour basic forces: the strong
force, which binds together
atomic nuclei; the weak force,
which causes radioactive

(D

weights in a vacuum are supposed to fall at the
same rate, no matter what their composition. But
these scientists say that a subtle new force makes
an iron weight fall more slowily—to an extremely
small degree—than an aluminum one, because
iron’s atomic nuclel are more tightly bound.

This theory, which seems to flout our commmon
sense, has met with skepticism from other physi-
cists, who argue that anomalies reported so far
can be explained either by other, known factors or
by limitations of measuring devices. Even propo-
nents acknowledge many uncertainties. The force
they seek to measure is thought to operate between
objects only over a range of about ten meters to
a few hundred kilometers (30 feet to, say, 200
miles) and to be one-hundredth the strength of
gravity, itself trillions of times weaker than
nature’s other fundamental forces.

RIS BT WILLGE E. BOossh



[hree-quarters of 4 century later bphramm
Fischbach and Samuel Aronson took anolher
logk &1 the baron s fincdings
What they sgw was starthing., =ad Fisch-
hach: '] e Eotvos tests actuplly showed that
hyects fall at shphtly ditferent rates according
to their atomic makeup—the more tightls
packed the atomic nuciens. the slower the fall
Edtviis"s colleagues published the result= afte
he died. Thev ignored the differences as statis
tically insignificant.”

.I'.i.'lll-:':'.'-;ll.. ETOLEh A TLE zed the test m IE-.'li'
nlsof the onginal Eotvis i XOCITMENLS— S DESy
tos, tallow, copper, walter, and platinum, Bul
they could not [ind one muaterial: snakewtod
“We needded o mplete resulls " eaid Fisch-

L personable Brooklyn native. * Bul

WAL WAS SHAKEW DO W Khew

Dissecting the Garbes e o
Fifth Force IR o Liitch Eppler,  blalaika player of Rus.

The nucleus of an slom con-
sists of protons and neu- . & _ _
trons. According to Ephraim He even had a piece he could trace
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ously,” savs stacey, who hasem
mine shaft as something of a fifth-force guru
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ery the "hyp " Hypercharge is
the numberof protons and neutronsin & nuc
us—citferent for An attraction
strong
holds these subatomic particles together.
in the topsy
energy can have mass of its own
Binding ener Y CiOl {i
gravity force. A ball of iron, wi
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=till
rinceton’s Robert Dicke, an eminent phvsi-
cist; Y Few experiments are simpler in prin-
ciple, harder to put into practice, and so
(ar-reaching in implication.”

One way to test the theory s simply to repeat
the Edtvos experiments with modetrn equip-
ment. The first such experiment was carried
out by Peter Thieherger, & coppet
sphere in a tank of water to search for the fifth
force. Paul Boynton, a University of Washing-
ton physicist, fashioned weights of bervilium
ind aluminum and suspended -JL--J 1 nexttoan
grinite wall in the (

 dIl AfSWETL TiAY NoL OO easily. Savs

wiho [loated
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"The idea is to see

on the two bodies.

lerertly
|"r:'-'. nton and his colleagues detect
Lions but are still working to s
force 15 the cause
British geophwvsicists Keith Runcom and
Boh 1~. g£& rAn an experiment at 8 reservoir m
Wales aimed at g -1r|::1'1:-J|-'-r-r the fifth force by
measuring the gravitational |
as the reser :--i:' -.-rml.-.n_ and filled
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Al -._-'_:,;u:"_ I measurement of todal «
Lhat thi
Lthout 5 percent
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Oom the We rg
ted we've missed something
onald H. Eckhardt, a geophysicist at the
T_' . Alr Force Geophysics Laboratory in
Hedford, Massachusetts, 15 more sure of his
He and his colleagues went up a North
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high, measuring the pull of gravity
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el Eckhardtata recent
Western Aus-
biau] rom

sortout the fifth force
related problems
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Cosm_ic Astronomers today look for chance

alignments of objects in which the
. closer one, acting as a gravitational
etechves lens, distorts the other’s image. Some
> o 20 cases have been reported since the
PR first was discovered in 1979, Light and
. radio waves from a distant guasar
bend as they pass through the gravita-
tional field of a galaxy (diagram, left).
Near alignment
(orange) may pro-
duce multiple images;
perfect alignment
(vellow), an “Einstein
ring.” One such ring,
named M{x1131 + 0456
(inset), was found in
1987. More than opti-
cal illusions, these
lenses may help focus
our picture of the
UMIvVEerse,

Mark Ander of the Los Alamos Nabonal Indeed, there seem to be as many detracto
Laboratory in New Mexico and Mark Zum as expertmenters: | first met one, theoretical
berge of the Scripps Institution of Oceanogra hysicist Alvaro De Rajula, ablue-eved Span
phy in La Jolla, Califormia, led a team tha arrl, at the Eoropean Laboratory for Particle

iraved sub-zero temperatures and blizzards i Phvsics (CERN}in (reneva, i 1986, “Ina few

LaTErRIaR There they loweren 2 aengitiv vears, Lthis fifth-force rubbish wil ¢ gone,’
FERYV] epsurinE chevi hf el 1 pred
hole Dored through 1ce at 8 site dubec Pyve 3 Two vears [ater his criticism was moresub
I he resuits stunned the Perth g I | b ||---'-'_' “In the b ENc | I ! [ TT1mMEnt
Lrreenland team 1ound a " very large anoma w1th the same results, we can | really sy anv-
v, " sypeestine something other than ordinar, hing scientiic aboutl 1t vel, be sad, Prince-
Newtonian gravity. Further, the Y“force™ wazs  ton's John W i legiling b [, Wi
dead opposite to that found by other exper nore adamant. 1 think the hith force wil
menter it actually imcreased pgravit FOVE | ¢ a flash in t | & Ll me

Fered cdisappainting plig | e rss 1 ....! s decouni

Washington physicist Eric Adelberger did ar lormin 1642, the vear Galileo died. Newton

experiment similar (o Paul Bovn H ' | man of almost te ing powers of coi

tound absalutely nothing at all, James Faller centration. While still an undergraduate at

Al the _|I'II.I institute for Laboratory Asitro LM _|||'_'-_ Lintvers e invented Lthe math-
s in Boulder, { rado, compared the ematical system of calculus—laler to prove

falling rate of muasses I unitke M P OSETRCN exaenltal Lo undesstandme gravity
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Do exploding stars create gravity
waves, as Einstein predicted, causing
objects on earth to jiggle impercepti-
bly? Yes, most scientists would say,
bt no one has yet found proof. Armed
with the world’s largest wave detector,
Ronald Drever of Caltech (below) re-
muains confident. This prototype (dia-
gram, right), which can measure
movements one-millionth the diam-
eter of an atom, bounces laser light
{arrows) between weights suspended
within pipes 40 meters long. A wave
passing over the instruments, as in

this time sequence, foreground, would
move the weights slightly, lengthening

and shortening the paths of light.




Wl M AN UNEFET T ERELY MINDY LT -I" 'I;I'
shackied by Lou Gehrig's disense, Cam-
bridge University’s Stephen Hawhing
(right) leads the search for the holy grail
of physics! a unified theory of the unierse
Looking on from his death maosk, Sirisaoc
Nowton (below) would surely approve

Hig 1687 Principa, which defined the laows
Iy

Or F rerIty

o LEERdTRI

e scientists on the gquest

their masses And Inversely propartionai to the
square of their distance apart. An ohject ten
times closer feels a pull not ten times but a hun-
dred times greater

And hit mathematical invention, calcolus,
explained why the apple falls straight down
instead of, 1 .I"["_-.

sy, sidewav: toward a ne
All the gravitationa

-

mauntan or butlding:

& simgle point at

the planet’s center, overwhelmimg the minus:

miassof the sarth pulls lowarc

cule pull of other objects

Newton's Proncipia, written with abstruse
mathematics to keep away “little smatter-
ers, " was published only by chance, Nearly 20
yvears after Newion first explained gravity,
England’s astronomer roval, Edmund Halley

visited him for help calcolnting planetary o

had lost t

e calculations, He did them again on

Realizing the value of the research

stutlfedc in Newton s oesik, Ralley himself paid
to have the mater

“1 really believe he did see the apple fall,”
said Professor Rupert Hall of London's Impe

il published 1n 1687

rinl College, a leading Newton schaolar. " He
confirmed it at least towice

History' s second most famous fruit tree — o1

at Jeast what may be a graft on the stump of the
original, which blew down in 1820 —=stands at

'l."l.l_ll_l:fl."ll_lriil' Manor, Mewton's i!'r|'|jl|-’.'2'.. o

shart drive from London. And it still produces
i smakl, foul-tasting apple
For Newton gravity wias A sort of

cat's cradle

alf1id

A combnation of [orces {ron

every star and planet tugging and pulling al

every other celestial obiect across the chasms
This concept may, surprisingly, e
main intact even with a fifth force

"Since the fifth force 15 so weak and it

range limited to a few hundred kilometers,

= =y
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our planetary c¢aleulations will still follow Gravity would not vet exist. But if vou pud

Mewton, savs Fischbacl matter, say & star, mnto this umverse, you

would distort the sheet of space-time, like set-
VEN IF THE FIFTH FORCE oulflank ting a cannonball on & taut sheel of canvas
[saac Newton on the wings of thi [his dimpling effect i1s gravity
superprecise technology of today, i From the point of Einstein’s general rela-
il sHll have to contend wiakth Adbert vty 1L 18 845V LD SAY hal gravily is nola lorc
Einstein. another of history's great thinkers L all,” says Roger Hiandiord, an astrophys)
n 1916 Emstein modified Newton's Frn cistat Caltech. ™ Iv's simply the normal beha
ciprd with general relatvity. While Newion s 10T OF TALLET 10 SPaCe-TEme
universe was clocklike and stately, Einstein’s In terms of general relativity, then, gravi
was strange and unsettling: Gravity wasnota 15 simply a curvature caused DY mate
simple pull, but the very architecture of the bjects in space-time. The umverse itself, a
intverse itself. His umiverse was a smgle vast machine fueled by gr LVILY, |5 A CONSOrinm ol
Qe Of Fravity, noi Ii. 18 Edadi i n ;!". 11 I"i:;i"l'l' [ |-.I"".|"- LLUTE -.IJ"TIE I .|-| '.l..=.'|.:.-. l'llil.-|
itiractive [orces pushing agamst the canvas of space and tim
According to Emstein, 1n a perfes LT It's a difficult mental image, admits Blandg-
form universe—one containing no matier—  ford: “The metaphor of the cannonball on

1 . . o |- . - . ¥ iy
there would exist only ime and & vast sheet ol -anvas leaves out the dimension of bme so cru-

space, Tepresenting the possibility ol gravity Clal



HE GLORY of general relativity, one
of the most powerful scientific state-
ments of all tome, 1= that it made
predictions that Newton did not
According to Einstein, gravity, when strong,
slows time and bends space. In 1919 astrono-
mers found that the tremendous mass of the
sun cufves space just enoush to slow lighi
traveling through it, thus accounting for the
apparent displacement of a siar on the far side
of the sun—as an oar seems (o beénd in water
Physicisis today think gravity played a
major role in shaping the universe during its
infancy, when matter, drawn to other matter
biv gravity, coalesced into stars and galaxies
asome physicists think gravity ultimatelv could
cause the end of the oniverse, too, if its currént
expansion eventually reverses itself in a mas-
slve gravitational contraction,
Gravity is responsible for the strangest beast
in the cosmic menagerie. "A black hole i5 a
creation of gravity," said Stephen W, Hawk-
ing, a general relativist who holds Newton's
old chair at Cambridge University.
“INewton first posited the idea of escape
velocity,” Hawking told me in his office in
a back-street buillding that seemed ancient

ATTACKING the problem of geographic
variations in gravity, technicians take
readings beside F-16s at Melnpyre Air
Nuational Guard Base m South Carolinag.
Local deviations are recorded to set tnertial
guidanee systems for aircraft

Gravity meters may somedoy be used
by security agents to detect (nfruders. The
world's most sensttive meter, built by Calo-
rado physicist fomes Faller (right), can
detect even subtle changes in s position
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enough for Newton himsell 1o have occupied
“And a black hole is an object so dense that the
speed required to escape its gravity is greater
than that of light "

According to Einstein, during a cataclysmic
event in space like the birth pangs of a black
hole, waves of gravity should swarm back and
forth across the field of space-time—as an
earthquake =ends shock waves through the
carth. Elaborate gravity-wave detectors have
been placed around the globe to pick up these
ghostly signals from space, though none have
yvet recorded an unambiguous signal

Because of Newton and Einstein, scientists
today can measure gravity s effect with preci-
sion. Still, nobody knows exactly what drives
gravity —what makes it happen.

Quantum mechanics, a mathematical sys-
temn developed in the 1920s and '30s, describes
in great detail how nature's other three forces
work. Unfortunately, this leads to a paradox.
General relativity says that any large object—
a star, a planet, a football—acts in an entirely
predictable manner. In general, quantum me-
chanics merely makes statistical predictions
for the behavior of subatomic matter. This
means that there are different rules for these
two realms

Einstein could not abide the randomness of
quantum mechanics, (0d does not play dice
with the world, he declared. He spent his |ast
30 years trying to find a single theoretical state
ment that would explain the behavior of both
substomic particles and the curved geometry
of gravity

The secret of this ¥ theory of everything, " as
physicists only half-jokingly call it, may lie at
the beginning of the universe. When it was just
a point of infinite heat, density, and pure ener-
gy, all four forces may have existed as one in g
state of Y symmetry.”

As the universe exploded outward, symme-
try was broken, and the forces splht off from
ane another. Three of the forces went to work
inside atoms, employimg tiny force carriers
known as bosons. These short-lived subatom-
ic particles zip back and forth between pro-
tons, neutrons, and electrons, binding them
together or pushing them apart. Some physi-
cists think particles called gravitons could do
the same job for gravity. But no sign of them
I'!I i 1l b ]!II"I:"I'.I. b ol

“{eneral relativity and quantum mechan-
ics are simply two different things, " says Cal-
tech's Blandfard, as he tosses two books anto

National Geographic, May 1950






hisdesk, oneon relativity and the otheronsub-
atomic physics. “One side sees geometry. The
other sees gravity as just another kind of quan-
tum force,”

HEGRETICAL PHYSICISTS have tried

to get around this split by using

multidimensional geometry, Oxford

University's Roger Penrose, a math-
ematician with a supple, geometric mind
that inspired several of Dutch artist M.C.
Escher's marvelous visual illusions, envisions
a subatomic world constructed of eight-
dimensional objects called “twistors,” from
which all four forces are generated

Another contender for the " theory of every-
thing" title is equally bizarre —the superstring
theory. A creation of physiciste John Schwarz
af Caltech and Michael Green of the Universi-
tv of London, it supposes basic building blocks
made up of tiny strings of vibrating energy.

These strings, open-ended or looped, are in-
credibly small: One string is to the size of an
atom as an Atom 1s to our solar system. Alwavs
moving, strings engage one another in a free-
for-all dance —swaying, bumping, slidinginto
one another in & process that could create
¢very type of subatomic particle, including
the elusive graviton. This theory combines the
eeomeiry of general relativity with the ran-
domness of quantum mechanics.

"There has always been a problem fitting
eravity into the scheme," savs Schwarz. “But
with strings; we find that not only does gravity
fit, it becomes necessary." He acknowledges
that superstrings are still only a mathematical
abstraction.

Some theorizers think a new force such as
Ephraim Fischbach's will be just the thing to
unify gravity and the three quantum forces
into physics' so-called holy grail.

Little wonder that the possibility of 8 mysti-
cal fifth force is driving on seckers ¢évery-
where. “A force counteracting gravityre It's
enough to get anvbody's heart pumping,”
savs Paul Boynton.

Think of the possihilities. If we could har-
ness such a force, might we someday have
craneless construction, cableless elevators,
or spaceships zipping betweeén planets on
“hyperdrive” that engapes the fifth force
locked within subatomic particles? As youn
might expect, none of this has escaped the
notice of the U, 8. government, especially
the Pentagon
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Exotic and expensive research aimed at
pinning down the new force is already in
the works. Physicists from the Los Alamas
National Laboratory have joined with Italian
physicists to find outif a fifth force would have
an effect on antimatter. (Antimatter is materi-
al identical in mass but opposite in electrical
charge from ordinary matter, Upon meeting,
the two annihilate themselves in a violent
burst of energy),

Scientists at the European Spade Agency are
planning an experiment in space aimed at pre-
cisely measuring the extent of fifth-force in-
fluence on objects floating free of eéarth’s
gravitational pull. Japanese scientists work-
ing at the Tsukuba National Laboratory will
spin alarge rotor to see what effect a fifth force
might have on various metals. And Italian sci-
entists at CERN in Geneva are undertaking a
similar experiment to help establizh the range
of the hypothetical new force.

Professor Romano Bizzarri of the Universi-
ty of Rome explained what seemed to me to be
an especially keen ltalian interest in the fifth
force. “We Italians do love our Galileo (alilei
=11:“:l E'!'R.'i"i.t}'-"

RAVITY INFLUENCES virtnally every-
thing. Almost all mechanical de-
vices on earth, from clocks to
hydroelectric dams. rely on gravity

for their operation. So does all life. Gravity
governs our height and shape and keeps us
from falling off the surface of 2 hall spinning a
thousand miles an hour at its Equator.

“We are children of gravity," says Dr.
Ralph Pelligra, director of medical research at
the National Aeronautics and Space Adminis-
tration’'s Ames Research Facility in Califor-
nia. "As we age, we reach a point when we
begin to vield to it. Sagging skin and organs,
varicose veins, arthritis, failing hearts—these
all come from the lost battle against gravity.

“We can’t touch it or see it. But it has guid-
ed the evolutionary destiny of every plant and
animal species and has dictated the size and
shape of our organs and limbe”

The human spine is a cantilever and our
arms are levers, designed to overcome gravity.
Says Pelligra: “Every bone and muscle is
aligned to maximize mobility in one g. If vou
don’t think so, look at the shapes of creatures
that have evolved where gravity is not very
significant —in the water."”

I like to envision a species of humanoida

Nationagl Geographic, May 1989
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1t Stnvens Institure of Technology in New Jersey. His work has promoted commodas

EHicif 1i8e

that, having evalvied on the moon with one-
yredouble our hetght Dut
CUn Jupiter,

they might

sixthearth's gravity,
oo spindly to play baskethall.
which has 318 times earth's mass,
laok like pancakes with shirt |E',~T'_.'-
Here on earth, gravity hardly exists for in
In fact it presents almost no danger to
any animal on the small side of o mouse, ac
carding to British geneticist J.B.5. Haldane
“You can drop a mouse down & thousand-
yvard mine shaft,” wrote Tl-'tl.':ii.l.f"'l.". “and, on
amving at the bottom, it gets a slight
and walks away. A ral 18 killed, a man 18 bro-
kKen, a L

otk until we took 1o the FEro-g environment

1 e ] L

_-::'Illl'll:
narse splashes

of space did we find out how much the human
bady iz a gravity-dependent machine. | shared
it this realization high over the Gulf of Mexico

in an extraordinary NASA plane used to train

Astronants

Secreh g for Lhe Secrels af (110 .":_*.

compressed atr as well as gravity to bulld pressure, thils conserving welter

The KC-135 areraft, a military version of a
Boeing 707, with g near-empty fuselpge pad
ded like an asvium, flies in A parabolic curve
that creates & sensation of weightlessness for
20 to 30 seconds. This occurs when the plane
arrives at the top of a steep, chimb, ‘-"1|-
off, and drops—making vou feel as if you've
arrived at the crest of a giant roller coaster

As the plane
climb, euphoria crupted among & dozen astro-

reached the top of s st

NALLS, I__I!'Illl-ll:,;'.'i-ll'll'll'!' IrL'ETIEf‘- :";'.Il_'ilr, r:EI|| [ ]
We whooped and velled as we began floating
free from gravity's bonds as only a handful of
earthlings have ever done

Free — but heipless, I tried to swim. No luck
with nothing but air for my arms ._-ml legs to
push against. Jim Sugar snapped pictures as
he floated by, oblivious of being on a collision
course with a row of hard steel seats, With one
hand 1 easily pushed him to salely



At first 1t was great fun. But after 33 times i1 Kinstein o his grand theory of gravit
and a little over ten minutes of weightlessness,  general relativity
I was disoniented and nauseated A0 orbiting e Fanon like the moon,
continuously {alls toward earth. CUnly its
ORESERIOUS damageto thebody  forward motion prévents it from crashing
COMmes rom prol need ahsence Atkov the effect was the same as being inside a
of gravity. We have lzarned freely falling elevatol
rmuch about this from the often Atkov = body reacted profoundly
e 1N EXPDENENCES O 2OVIEL CosmOnauls, His muscles, which were no longer needed
unrivaled for lomg-duration sojourns im the forsupporting has body or litting things, atro-
punizhing world of zero g phied rapidly, despite intéense exercise each
His first night aloft (Meg Atkov drifted un- day. "1 could see theéem wither belore my
easilvthrough the space station Salvul 7. Sleep eves,  s&id the amiable cosmonaul when 1 vis-

wa iTI'I'. |'|_--'5|_|||_ I.':I | | v, accustomed to its it him 1 Moscow

wn weight on a pillow, felt large and [ight ALROY § Dones, simuarly underemployved,
HI; IACE WS | ill.,-.-'l_|| with i|||||_'|| Lhat. o lon- sl sty ERNE UL aleiam and lost de ITEILY
geer held o his legs by gravity, had migrated “T became lethargic and fatisued, far wors

upward. When he closed his eves, he felt as  than I had expected.” When he landed afte;

if he were spinning, since without gravity his  &1ght months in space, be was so weak he had

inner-ear could nol sense up and down o be carried on & stretcher. He called hi= on
Without intending, Atkov, a cosmonaut trip to space " more than encugh.”

hvsician, was serving as a test subject fol Medical researchers are worried about i

ancther of Albert Einstein's contributions to  tentabively planned trip to Mars, taking nas

science: the principte of eguivalence long as three vears round-trip, ™ br. Harold

[t states that there Is no difference between oandler, a8 NASA aerospace physician a

the effect of gravity and that of acceleration vmes, wonders: U 1s there a pomt in sending
they are equivalent. Thus a person falling will v Tos Y MEssion o Mars” by linar aetronnal Mickael
not feel his own weight., an idéa that helped  Collins in the November 1088 {asu

LTS [RNOVE MHD FEE WEWNT 1

Microscopic polystyrene spheres made

aboard a space shuttle in 1982 beaded

perfectly (above right), as did a drop

of water on the Soviet space station V

Salyut 4 {above). Now used by many " - . _

industries to calibrate instruments, el - ‘""""'

the spheres outperform those made on 5 ' ;1"1_
ik

'
earth (right). :) - % '

Nalional Geographic, May 1089




someone to Mars who won't be able to =tand
U w hen |||_' ] ap e I.'||_'|_ i

some specialists think artificial gravity will
b T Pilgar I |_--.:Il| [ .Illﬂ-llu-'l_| [T 5 --||_|'.'-.'!_'.
rotating space vehicle, creéating a centrifugal
effect as in the film 2007: A Space Odysser

A PEV Ving Spacecrall COud ALs v plleviate
nroblemes the Soviets have found in trving g
zrow plants in space greenhouses. In zero
pravity, plants can grow with roots up and
stems down, while weightless water cannot
percolate through sotl, which itself 15 floating
sway from roots. These are serious problems
Flants will be essential for providing foed and

the knowledee do us anv goo
J-'-I".!_:I- Fi4.1 5% ||r||:.|| E.r|- :|r|-_\. I A I -I..:
and GEOSAT are taking readings ol varnation: CONFLUSED [N SPACE. nlants in zero w often
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Searching for the Secrets of Grravily
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module Eagie landed

Apodlo 11 mission Lo th
1060, MASA learmned —
DOUl Eravity vara-
tog. When the lun;

on the >ea of Tranoguilli-

milot Neill Armstrong was shocked to find

he had missed the p
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seven kilometers, a potentially fatal error.

Project scientists Ie
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d

iter determined that the
olted from s olanned

agrivt by the immens: Erayitalion ol toe |;-_|'-_"'r_:

unar basins, These dark spots that create the

man tn the moon are filed three o fight kilo-

meElers oefen with Dasalt, & Qenst mineral,

something not consicered betore the trip

Lin earth, accurate charting of varnabons in

for predicting volcanic activity, for the inertial

EIavilty 15 Used €VENVWIErE WOT PrOSpEClng,

NEVIEALHIN SYESiEms O plangs, =Nips, Al i mis-

stles, and for studving the earth’s interior
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“Irregularities in the density. of earth's
mantle directly affect the gravity measured at
the surface," geophyvsicist Brad Hager ex-
plained in his office at Caltech. For instance,
gravity is especially strong in central Africa
and the Himalava and noticeably weaker in
the Hudson Bay area and the Indian (cean,
“This has helped usdraw a picture of core and
mantle dynamics, which ultimately expiain
the earth's geology.”

Searching for the Secrets af Grovity

JUMPING ROPE proves more than child’s
piay for aspiring astronauls aboard g
NASA training aircrgft. Achieving 30 sec-
onds of weightlessness by flving parabelas,
the plane—&known as the Vomit Comst—
gives candidates a dose of lfe without the
mast basic [ifeline of all—gravity

Gravity can vary even when the surface is
flat —important for mineral and oil prospec-
tors. Using gravity meters, they look lorstrong
local readings that can indicate dense, ore-
bearing minerals or weak signals that could
lead to petroleum-rich salt domes.

The meters measure the gravitational pull
on a suspended mass, much like some of the
{ifth-force experiments, Commercial models
costing about 540,000 can detect a change of
as little as 00003 ounce in the weight of a per-
They can even find a person behind a
wall —or report the shape of a hidden under-
ground passage.

S0

E HAVE BEGUN L0 use Newton's
discovery. Might we someday
control it? Probably not, since
the field of warped space-time in
which we dwell does not carry positive and
negative charges like nature's other forces.
Still, some physicists think gravity with a mi-
nis sign could exist someplace in the universe.
Orthat somewhere else out there could be neg-
gtive mass that would have the effect of can-
celing out the gravity of positive mass like us.
And then there 1s still Ephraim Fischbach to
contend with, Scientists are already contem-
plating uses for his fifth force. But says Fisch-
bach: *We just don't know vet where it could
take us—just as nobody knew in the 1870s that
the discovery of electromagnetism eventually
would lead to teléevision.™
Newtion knew that gravity kept evervthing
in the skv in its place. Today we think that it
also created the universe and could one day
bringit to an end in & final gravitational day of
atonement, that it stokes the fusion fires of the
stars, slows down the galaxies in their outward
hurtle, and mnakes the planets round —and
that our bodies need it more than we think.
How would Newton look on our achieve-
ments? Said Professor Hall during my visit to
his Oxfordshire farmhouse; "He would be
rather pleased, I'msure, Afterall, he wasafter
the secret of the universe, and he thought that
gravity held it []
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Through a shifting seascape of Arctic {ce my partner, Mike Beedell, and I haul our

Braving the

By JEFF MacINNIS
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catamaran over o périlous stretch in Canada’s far north islands,

Northwest Passage

Photographs by MIKE BEEDELL




HE DREAM of a North-
west Passage lured Euro-
pean explorers for

centuries with the promise of &
quick, if hazardous, Arctic sea
route across the New World to
the wealth of Asin. Place-names
throughout the 4,000-mile-long
passage read like a roster of
those who challenged its icy lab-
yrinth of more than 18,000 js-
lands — Baffin, Hudson, Davis,
Foxe, Parry, Bylot, Sverdrup.
Many gave their lives in the
search. Sir John Franklin's 1845
expedition wis lost with fwo
ships and 129 men, inspiring

A book on the vovage by Jeff
MacInn entitled Polar Possage will
e published this month by Random
House of Canada.
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dozens of subsequent expedi-
tions to find and rescue him,

none of them successful.

Finally, in 1803, the Norwe-
ginn explorer Roald Amundsen,
who was Iater the first to reach
the South Pole, et off through
the passage from east to west in
his 70-foot motorized sailer,
(ida. After three years Amund-
sen hecame the first to navigate
the entire passage. Others have
since made the vovage, includ-
ing the Canadian schooner St.
Roch, the U, §, supertanker
Manhatian, and Arctic explorer
John Bockstoce, who completed
the journey in 1980 in & motor-
ized umiak, an Inuit walrs-
hide boat.

But no one had ever traversed
the Northwest Passage under
wind power alone. Inspired by

S EAG

my previous journeys to the
Arctic and by journals of the
early explorers, 1 had long
hoped to sail the passage. On
July 20, 1686, afier two years of
planning, 1 &t out with photog-
rapher and Arctic veteran Mike
Beedell in our fiberglass Hobie
catamaran from the town of
Inuvik, above the mouth of the
Mackenzie River. It was to take
us three summer seasons {o sail
and haul our double-hulled eraft
eastward through the heart of
the passage's storm- and ice-
racked seas to our ultimate goal,
Pend Inlet by Baffin Bay.

Near the end of the voyage,
in August 1988, we pass beneath
the sheer 2,000-foat-high lime-
stone cliffs at Cape Clarence
(Fight) on the northeastern tp
of Somerset Islond.
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ALANCED FOR A BLOW
right), 1

irapeze ' on one of two

ricde & portsic

putrigger-like wings that helped
offset the tilt of the boat in & stff
breeze. Here in Franklin Bay
Higdl
along at 20 knots, dodging e

Hoes lHttenine the sarface

during our first season we

Throughout the voyage wi
wore watertight survival suits

first designed for use by U_S

MAVY Nghter plots. YWe were
nevier tethered to the boat: then
liries om hogrd as
it was, and if the catamaran
capsired or sank, we could be
dragged under

The agony of deep cold etches
Mike's rimed face (above) dur
ine our second season, when the
thermometer stood at 10°F and
storm winds created a windchill
of minus 347, 'he storm forced

s to drag our boat over razor-
sharp ice that punctured the i
berglass hulls. We began ta

on water and were lorced L

u |
LIME

come ashore at Cape Anne on
somerset Island. There we left
the boat on the open tundra and
where airlifted out. We were |ess
than 300 miles from Baffin Bav
and hoped to reach it the follow
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AKESHIFT crow's nest

(below) extended our

visibility by several
miles. Using a foot sling, we
would haul ourselves halfwas
up the catamaran s 28-foot mast
to scout the best route through
the surrounding ice. Here in
Victoria Strait during our sec-
ond season we were caught in
the grip of impenetrable ice floes
for 12 out of 40 days at zen. Dur-
ing that time we were carried
some 80 miles in a circular path

that left us farther behind than
when we started.

Duiring our flight back 1o the
Arctic each season, we were
alile to appraise the ice that |ay
ahead of us, It usually resem-
bied a giant figaaw puzzle
(bottom), whose pieces constant-
ly shifted like a kaleidoscope
and could come topether within
hours to form a solid mass,
Despite the obstacles we made
more than a thousand miles dur
INg our second seasan, when

severa! other boals challenging
the Northwest Passpge made al
most no beadway at all. One ad-
vantage, though a painful one,
was our ability to haul the cata-
maran considerable distances
aver the ice, At the end of the
irip we calculated that we had
hauled the boat a total of about
35 miles— more than one per-
cent of the entire distance

We could never pause when
hauling through current-driven
slush and ice for fear that the

National Geographic, May 1089



floes would slam together and
crush one or both of the hulls

At such times I came to think of
the Northwest Passage as a land
Lhat devours ships.

We also tried (o keep up mo-
mentum when hauling over ice
that contained shallow melt-
witter pools, lest we fall through
rotten 100 and tear our thin sur-
vival sults or, far worse, brenk a
leg. Thoueh we carried a radio,
Lhe chance of rescus 1o many ar-
eds was slim, and one man could

never haul the boat with the
alher oné on board.

Here I pull at the bow (below)
while Mike pushes from the
stern on the ice pack south of
Victoria Island, Fully loaded the
catamaran welghed 700 pounds

450 for the boat and 150 for
supplies and equipment, much
af it stowed in the twin hulls,

Weight was a key factor, evien
for food. We limited ourselves to
a pound and a half a day, with
ightweight but gh-energy

Braving the Northwest Fassage

items such s granoln bars, pow-
dered milk, dried fruit, cheese,
and various freeze-dried dishes
in the virtually endless light
of Archic summer we spent as
many as 20 hours at a time un-
der way, with short intervals to
camp on the 1ce or ashore. 'We
cooked only when we camped,
using a small gas unit that
servid not only &S our stove but
also as a torch to warm the fi-
berglass hulls when we had to
patch a leak with époxy resin,




ASIE AT SEA, a melt pool
of the surface of an fce

floe provides me with a
welcome drink off Victoria Is-
land during our second season,
Over long periods of time salt in
sed ot leaches out, leaving
fresher ice on the surface, which
melts in the summer sun. With
such a constant source ol pota-
ble water we were able to limit
the amount we carried aboard

to less than two days’ emergency

supply. If we had had to carry
enough fresh water for six
weeks. we could never have
made the VOVHAEE — thie weighl
mtdd volume of the water would
hawve left Iittle room for anything
else, and hauling the boat would
have been improssible.

I named the catamaran Per
cepiion because to me she was
the earliest parception of how
the voyage could be made. The
word also symbolizes the differ-
ent petceptions people have of

L
i
Pl

the Northwest Passage: an un-
touched wilderness, an icv bar-
ricade, a crucible of history, an
endlezs challenge. On a maore
mundane nale, the word
“achooner” at the bow honors
A Canadian beer whose maker

A B

.

provided generous support. for
the vovage.

Lrriven ashore by a violent
storm that we barely survived,
Mike and I camp (below) at As-
ton Hay on Somerset Island. To
shield our tent from hurricane:
force winds, we bailt a wall of
snow blocks to windward, cut-
tng the blocks with one of the
catamaran s paddles, The pad-
dies were enormously versatile,
serving as radio-antenna masts,
shovels, ice prods, snow knives,
and potential argument set-
thers — whoever had one in his
hand at the time would win

In the soft giow of the mid-
might sun (right) Perceplion
faces a J0-foot-high jumble of
tce floes of the southern coast
of Victoria Island. Unce again
Mike and I go overside to push
and coax the calamaran toward
a single narrow band of open
water that leads in the right
direction — east.

Netronal Creographic, May 1980






HARSHE BLOWS' | point
to & pod of beluga whales
we encountered 1n Cun-

ningham Inlet off Somerset Ts-

and during our third and final
seasan. As we approached ten of
the graceful creatures, hlowing
and lazing on the surface, the
dived, and we could see their
ghostiv white {orms o the blue-
ereen waler beneath our hulls

As we satled deeper into the in

let, we came across several more

nods, all sgemingly curious but
stil] wary
Each summer some 1,500 be

Iugas gather In Cunnmeham In-

tet, drawn in part by the clean

sand-and-gravel bottom in the
shallows. Here the belugas rub
away the vellowing outer laver
of their skin and emerge n beau-
tiful sparkiing white, as dis
playved by the lone beluga (top
rght! tha

L Mspy-happed™ as we

54

Approached

1bove the =urface Lo inspect Lthe

Fising vertically

strangs; twin-bhodied intruder on

Its home territory

Lo study the beluga’s beliay-
or and migratory patterns, the
Canadian government main
tains A small research station at
Cunningham Inlet. We were
welcomed by Tom Smith, a re-
search binlogist; Tonv Martin, a
cetolopist from Cambridegs, En-
giand; and Kathy Frost, a biolo-
Jepartment

gist with the Alaska
of Fish and Game
I'he station consisted of two
tents and & 10-by-15-foot wood-
en lnboratory shack —luxurious
accommodations by Arctic stan-
dards. Uwer pork chops and
vegetables the scientists ex
piained that the station had
been operating for 12 yvears and
that this vear they were attach-
mg small radio transmitters to

National Geopraphic,

il Lo track their
by sateliite link with

b in Cambricdee. 5o faz

belusace o
MOVEments
Tonyv's

the team hod managed Lo attach

A transmitter Lo just one—no

mean feat with a 2,000~ pownd
anmimal that wanted no part of
the experiment

Mike reported that two days
earlier at Cape Anne, 23 miles Lo
Lhe weil al Cunningham Inlet,
wie had seen and photographed
2 beluga carrying a small green
and-vellow packel on 18 back
Lony gréew excited. " That's our
beluga!™ he saad. " Now that
we have the time and the exact
location, we can check the dats
in Cambridge to make sure our
system ' s accurate,”

I'he dav of our arrival two be-
lugas had accidentallv become
grounded in the shallows of a
ver deltas near the station, and

now that the tide had FOne oul,

May 198¢



they seemed hopelessly stuck,
Such strandings are uncommaon,
and they offer scientists the op-
partunity to tag, measure, and
determine the sex of the ani-
mals. In the bright Arctic after-
noon we joined Tom and Tony
and Kathy on a rescue mission

Braving the Northwesi Passage

to the whales. (One was an adult
that measured about 14 feet in
length, its skin a pure snpw-
white. The animal had become
=0 exhausted by its thrashing
that Tom was able to reach in-
stele the genital slit and deter-
ming that it was a female. Tom

estimated her weight at nearly a
ton, far too much for us to drag
into deeper water. She would
simply have to take her chances
walting for high tide, and with
luck a polar bear wouldn't hap-
pen along in the meantime.
With the next tide she was able
to free herself

We turned our attention to
the other beluga, which was
much smaller and had the gray
coloring of a calf (left). It 100
was a female and weighed about
300 pounds. After tagmng her
with identification ribbons, the
four of us managed to drag her
it wiust-deep water, where
she gave a single mighty thrash
and disappeared down the inlet

A rampart of gleaming ce
{overleal) in the Beaufort Sea,
a mini-berg frames Percepiion
during a rare moment of calm
on the long vovage,













ORDS5 OF THE ARCTIC, tTwO
polar Dears nause at
water s edge on Baffin

[sland’s Brodeur Peninsula. The
mother senszed our PrESETICE A i |
abruptly lumbered away with
hier cab. Earfier another bear
had happened on our tent while
we were immaobilized in our
sieeping bags. Though we had a
shotgun tor emeorgencies, using
it in such close quarters would
have been rizky, We lay uietly
while the biear nosed around
oirtside only two feet from our
eads, then wandered AWaY,

Crinnt ocean swells rolling in
[ravm Greenland marooned s
here for several days, and we
Rac an opportunity to observe
the bears at close hand., They
toa were marooned and were
deprived of their preferred diel
of ringed seal. We watched
them come to the beach each
dny to forage. Lacking meat,
they resorted to devouring long
etrancds of seawerd washied
nshore by the swells

Braving the Northwest Passage

Earlier in the voyvage a curi

ous bBearded seal (Lop) had sur-
faced in Anderson Boy off
victoria lsiand to inspeéct us
Hearded, ringed, and harp seals
wore our frequent companions
during the vovage. When winds
ware light, they would swim

alongside, then dive and shoot
oul of the water behind us, agi
tating the surface with their flip-
pers. On sunny days they would
haul themselves up on nearby
tce floes for what we called a
“seal tan,”

Luck ran out for a harp
seal (left) caught by two polar
bears in the Tasmania lslands,
named for the island off
southern Australia where Sir
John Frankiin once served as
FOVErINT

We came on the seal’s carcass
anly moments after the polar
bears had been scared off by the
approdach of our hoat. Blood
and entratls marked their line of
retreal into the nearby watsr
With a wary eve on the water
we examined the badly mauled
seal. Mike reached down into
the carcass and drew out a per-
fectly formed uhborn seal pup
ard taid 1t on the ice. There was
nothing to sayv, Wardlessly we
boarded Perceplion again and
set sall for Baffin Bay

594



OME ARE THE SAILORS
After three yenrs and
2,300 punishing miles
Mike and 1 finally reach gur
poal at Pond Inlet. Perversely
the Arctic winds that had leshed
us 50 unmercifully died abrupt.
Iy, and we had to paddle the last
few miles. Pond Inlet's low
houses and brnightly painted oil
tanks crown the promontory
ahead, beneath the backdrop of
Bylot Tsland's glacier-capped
mountains. At anchor on our
left Hes the settlement’s annual

S0

supply ship, which Inter deliv-
ered Perception to Montrea

With the boat safely ashore
Mike and 1 hug each other
over o hottle of celebratory
champagne (nght). The strain
of the long vovage shows in our
faces, but there 15 no disguising
our joy. For centuries man had
dreamed of sailing tha North-
west Passage by wind power
alone, and we had done 11, That
day, August 17, 1988, I made a
final entry in mv journal

"1 sit here

csnue in the

ritins of & Thule Inuit hut that is
centuries old; as old, perhaps, as
the dream of sailing the Morth
west Paseape, A four-foot-high
wall of rock and whale bone
protects me from the howling
wind. Urange lichen, which
Lakes more than a century to
EIOW, 15 creeping over its sur-
face. I am writing with bare
hands—a luxury oot often per-
mitled on this vovage. 1" ve been
up for nearly 23 hours, but 1
cannot sleep. The jov and
pxcitement are Loo great

National Geagraphic, May 19890



“Uhir Hobde Uat . . . was, as
I'd hoped, the ideal vessel for
this vovage. In light wind she
glides along swiftly and in storms
she is stable, though frightening-
Iy wet, and she can be beached
when the going gets too tough
When ice is an obstacle she can,
with considlerable effort, be
iauled up and over the ice by het
crew, In fact, she embodies the
watchword for survival in the

-"Lr-;'t'n'—:HE.'I.ru*..'a|1i|.|r'.' !
We owe her not only our sue-
cess DUt also oor lives. 1:]

Braving the Novihwest Possage
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A stiff breeze buffets a Soviet sailor on a submarine in Leningrad, Russia’s window
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Arena of Power

Photographs by COTTON COULSON

on the Baltic. For the seven nations of this northern sea, the winds of change are blowing.
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N LENINGRAD | met a defector from
America.

He wns wearing sunglasses, sitting
nlone on a small towel beside the Neva
River, by the walls of the Peter and Paul
Fortress where Leningrad insiders swim
and play volleyball on weekends. He had

lived in the Soviet Unjon for 28 years,

A Russian friend pointed him out: “He is
from San Francisco. Perhaps he will want to
talk with vou "

The defector was a bland mian, with a face
that betraved no content. " What did vou dom
the States?"” T'asked him.

“Mational Security Agency."

I told him I was born just a few hundred
miles down the coast, in Estonia, and fled west
during World War 11 with my parents.

“We went opposite ways,”" he said, smil-
ing. "I guess all cultures have their defects."

In Leningrad 1 met a lady.

She was sitting at the hard-currency bar of
the Hotel Moscow, sipping gin. She liked to
read John Steinbeck, she said, and she was n
cardiologist by profession. But the lady was
alsoa prostitute. In one night she could easily
make £250, the average monthly salary of a
physician in the Soviet Union.

“You are looking at me, " she said abruptly.
“and saying, ‘Poor doctor!" Well, this is what
ogur system does. And now, now we can say
iL"™ Her words spat across the table,

In Leningrad I met an admiral.

He was commander of the Leningrad naval
base. In a VIP boat we followed his launch
down the Neva to celebrate Navy Day, past
four destrovers and three submarines lined up
for inspection, each with itz brasz band, each
with its sailors stiff in dress formation.

“How is it, comrades?” the admiral shout-
ed through a bullhorn at each sinp.

“Rah, rah, rah!l” the sailors shouted back
1T Unison.

That evening we photographed the fire-
works over the Neva [rom the roof of the
admiralty buillding, a top-secret facility.
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Thousands lined the riverbank. Strings of
lights outlined the warships below, and the
bronze statues atop the Winter Palace of the
tsars stood black against the rockets' red glare.

“What's going on around here?"” the admi-
ral had demanded. “We haven’t let even our
own photographers on this building, and now
we have American journalists? Up there?
. o Well, why not?"

HESE ARE HEADY, risky davs on the
eastern Baltic, front lines of the Soviet
experiments in openness (glasnost ) and
restructuring (pevestrotka). What was

closed is open; what was secret lies revealed.
Palms sweat among those who have held pow-
er by fear or graft. Officials throw up their
hands, unsure of the new rules, Soviet society
has never been on such display. Lemingrad,
Russia's traditional window on the West,
finds the world peering back in fascination.

In the Baltic States of Estonia, Latvia, and
Lithuania; three af the Soviet Union's fifteen
canstitnent republics, lact vear's most danger-
ous fantasies have been sanctioned by the gov-
ernment itself. From Moscow has come the
admission that, ves, after all, the Soviet Union
occupled these nations by force in 1940,
against the will of the people. Estonia has de-
clared itself a sovereign state and is drafting
ambitious plans for economic autonomy. The
old national flag, stripes of blue, black, and
white, a one-way ticket to Siberia only last
May, waves over farmhouses,

Emotions fly between euphoria and cvni-
cizm in Estonia. Many fear a short spring, the
rumble of tanks. Others sense the beginning
of the disintegration of the Soviet Union as a
colonial power.

A consensus prevailsthat there isno alterna-
tive to radical change. Like Peter the Great,
the Russian tsar who imported Western archi-
tects to build Leningrad on the marshes of the
Neva, Soviet President Mikhail Gorbachey
must reach out, He needs Western technology
and expertise to prop up his foundering

Naotional Geographic, Mavy 19889



giant before it sinks into Third World status,

=ix indusirial nations —Fmland, >Weden,
Denmark, West Germany, East Germany,
mnd Poland—share this shallow, brackish
Baltic Sea with the Soviet Union. Now the
careful equations that have governed busi-
ness, diplomacy, and military balance among
them have been altered in three short vears,
and in one bald summer.

The Baltic has been a buffer zone and a bat
tleground between East and West since the
days of the Vikings, with seafaring tribes sack-
ing each otherina cycle of cru-
elty and reévenge. Only for a
brief two centuries in the Mid-
dle Ages did a Baltic com-
munity coalesce, under the
Hanseatic League of prosper-
ous cities that valued trade
over plunder. Since then, East
and West have pursued their
violence with the usual zest,
culminating with Adolf Hitler
and Joseph Stalin dividing
people and nations between
them as if they were cattle.

The Baltic remains on mili-
tary alert, grouped into three
forces: NATO, with Denmark
and West Germany; the War-
saw Pact, with East Germa-
ny, Poland, and the Sowiet
Union; and two skittish neu-
trals, Finland and Sweden,
gamely in the wings. The sea has become a
chesshoard for their maneuvers, patrals, pro-
vocative flight patterns, and eléctronic sur-
veillanee, with each side monitoring the other
intoa kind of half-cordial, grudging stalemate
that wastes millions of doliars and thrives
IOTE On Mmomentum than on crisis.

Lieep suspicions remain between nations,
and generals still talk like generals, but the
thaw in the East has offered new hope, the So-
viets hove declared that the Cold War 12 over.
And now a common enomy—pollution—

The Baltic: Avena of Power

promises to press the littoral nations of the Bal-
tic into common cause. Environmental scien-
tists already talk like citizens of o community
What I began last spring as a story of confron-
tation has turned into a story of oplimism.
My jowrnev starts on the blank page of the
frozen Gulf of Bothnia between Sweden and
Finland, about a hundred miles south of the
Arctic Circle. On this foggy morning we fiv by
helicopter from the Finnish town of Culu over
farmhouses and birch lorests, droning out to
SEA OVET an 0pen (Continned on page 613}

A friendly nyvet wards off more pictures
of Adm. Viaedimir Samoilov, at right,
commander of the Leningrad naval base.
In the spirit of glasnost (openness) the
adrriral allowed the Western press full
access to Leningrad’s Nawy Day celebrn-
tions in July 1 988, The Soviet Baltic has

emerged as the cutting edge of the
nation’s social, economic, and political
experiments. East and West still eye
each other warily across the sea, but the
Cold War has begun to melt.

G5
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Criselle fills the stape with a whisper of tulle at Leningrad’s Kirov Ballet, a blend
of European grace and Soviet discipline. Alonyg the Baltic rim the cultures of

National Geographic, May 1085
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CHILDHOOD has its privi-
leges on siushy Nevshy
Prospekt, showcose avemnus
of Leningrod. Founded in
| 7063 by Peter the Great, the
city was intended to roise
Russia to the Euvropean stan-
dards the tsar admired, L.en-
ingrad still emulates the
West, with more than 750
rock groups like DDT {lower
left) that mesmerize follow-
ers with fresh irreverence.
Arownd major hotels
thrives a street subculture
of illegal money changers,
black-market traders, and
voung people thirsty for far-
gign contncts, T'wo Lenin-

grad stidents coveting
Fashionable clothes and cos-
metics work the fast lane af o

hotel discotheque. For West-
e bourists the city is no Lon-
ger cheap. Under perestratka
(restructuring) private res-
faurants and clubs now
charpe as much as the miar-
feet will bear,







THE LURE OF THE SEA [oosens
the apron strings. At Lenin-
prod’s naval cadet school a
class of 15-year-old recruits
prepares to leave for summer
boot camp. As Soviet warships
and a patrol craft get ready for
Navy Day inspection on the
Neva River {Teft), a voung
recruit from Moscow, hanids
shaking, takes his final oral
examination before a panel of
naval officers (below). “Don't
be 50 nervous,” school com-

mandant Rear Adm. Ley Stoly-
arov sayvs kindly from behind

his desk. “Tell me, what is the
population of Moscow?™
“Eleven million, including
foreigners,” the boy answers.
The panel erupts in loughter,
A Ukrainian mother and her
naw-aharn son share the final
wwhward moments over a jar of
preserved cherries from home
(Linweer Left). Next afternoon
the recruits board a train at
Finland Station (bottom),
Parents push coolies through
the windows and [inger over
the bittersweet moment when a
boy becomes a man.




LATVIAN SS.R.

. :
A Veoniepiiy
%mmi'ﬁ“ﬁn”‘r&
%-mqu River = -
. ' Vil o3 7 f.ﬁuﬁ LI 5
Fﬁ‘"‘ --.aiu Ny ewazowy -g, B Naigh LﬁHUAHiAH SS.R.
*ﬁmﬂwﬂmm Y/ b el 2
m I-.1.l ') |
"E‘-:‘r-a‘imu . A "'% i ROESR, L N il
=il _ -mhmgg m‘*t-"h s e S A
* ﬁ:ﬂ!munﬂl & OILN Goansk i, et & Cooflaian:. ™
METH FI'|=|'|J tl:ﬂ'ﬂhhl'-"nﬂ.':r-llil'- p'-f H::T:::;.EPMF PEIIHALH .liie DM
-|f ERCTL-T ) EE I.r-:ﬂ- .
Elﬁls.r v II'I ok 'l-"lI: ‘:Illll.:. ') i%
iy mﬁ&ﬁ'{’*"‘”" GERMANY POLAND o it
B (GDR) ———
,.:]J i P%h u:.ul-ll S TLIL Hlﬁf=:|+l:1'.ﬂ
WEST GERMANY - o GERMANY = ¥ FOLAND
AREA-Z48 X0 nohm & A 108 1 TE 8 hm -II‘E.'.I.!'.IT.I HTT sk
(8 92¥ = i) 1. TEE o o) iIIJ rES agmi} _
FOPULATION: &0 Tromd: 10 557 00 FI:I:H.H...I-TF:lH- T EE. 0]

o




5 The Baltic

J,E' Civilization has washed its hands too
" lone in this shallow. brackish, lakelike
l sea;, wich issurrounded by one of the

—

most industrinlized areas of the world
b | Excesses of toxic waste, farm fertilizer
* runoii, ofl spills, and the sewage of 70

milllon people pourinto its waters,
whaose saltwater circulation is so weak

% that stagnation occurs naturally. In
response, all seven nations of the Baltic From an islarnd in the Stockholm archi-
* community signed the Helsinki Conven- pelago, a member of the Swedish Home

tion of 1074, the world's first pact Cruard scans for infiltrators. For the past
f nine years Swedes have been frustrated

F 4 : Lo protect An enting sea agains : d ; ;
..I'* ' pollistion from all Ex'iHT':l:ﬂ by foreign submarings probing their
¥, G ﬂ't‘lll ail snills fE;..'l..'-t codstol waters. The video camera sits
J lake > s e ready to record incidents.
p Fadoga been dramatically re- '
R : duced, toxic l'hl:il'l'-i-
RUSSIAN SESR. 7 e !

'tr'*” cals curtailed, and
e MU Sy a—Newd River endangered species channe! bobbing with ice curds. At noon we

. LENNGrac such us seals given intercept one of the world's most modern ice-
new hope for survival breakers, the six-story, 30,000-horsepower

Despite the fact that ice blocks its har- Citxo, owned by the Finnish government, from
bors in heavy winters, the Baltic has be- whose immaculate decks 1 would have enten

come one of the world's most active seas
lcebreakers cut channels for vear-round
commearce, and dozens of ferries link the
seven nations: T he soa also teems with
navies: those of Denmark and West Ger-
many of NATO; Poland, East Germany,
and the Soviet Union of the Warsaw
Pact; neutral Finland and Sweden.

scrambled cggs

'he Oliso crushes rather than culs the e,
:'I'II:'.'IIi.:__-: |.|;'- Ll [Ili‘.‘ .‘-l'.-l.‘l.*'l '-'|.'I'||:'I ENOFTNOWS TNHRss.
The ice crumhbles off in shards, the smaller
ones churning in the wake and flashing shades
of green as the seawater =oaks through their
laver of snow. Cracks rip off into the horizon,
rigzapping asif they were chased.

In our wake 15 the Pohsh freighter Eugenie
Catton, fast for Kemi for & load of paper pulp.
| In hard winters national flags and borders
have little meaning to tratlic on the Baltic. Uin-

USSH der & pragmatic agreement among the seven
- 5 B TA B e " - i
:';::';ﬁff_._‘ll",'.'h;;ﬂ'“" nations, their combined 34 jcebreakers are

PSR e, A0, IR shiftied around from an office in Helsinki just

s B E : by a few phone calls: " Say, Ivan, weneed your
I'he Baltie States, independent nations :

hefore thetr (oresd annexation in 1940,
make up most of the Soviet Baltic, Many
Western nations do not officinlly recog-
nize the annexation. In 1988 each repub-
lic regaimed the unofficial use of its
former national flag {below). Knliningrad

Doys OVEr in Sweden,

At night we sit high on the bridge, hyvpno-
tized by the pale lights of the computerand ra-
dar screens and the deep, steady rumhble. The
moon and Venus hang like ornaments in the

cold. Sibelius iz on the tape deck. It seems as if

o

; - 2 have left earth altoepthe il ; heade

is pirt of the Russian Republic | we have left earth altogether an d are headed
for the galaxies, warm, powerful, mn charge.

LITHUANIA LATVIA ESTONIA Even in normal winters, thick ice gnps the




sed as far south as the Swedish sland of Got-
land. " If we stop foraday, " says First Officer
Christian Wennerstrand, “we have chaos."
Finland, the world's only nation with no
ice-free ports, builds more than half the
world's icebreakers, many for the Sowviet
Union. Finns regard perestroika with cantion.
Already faced with shnnking orders ina bleak
era for Eurcpesn shipbuilding, they must now
deal with the economic instability of one of
their biggest customers. Says Pekka Laine,
president of Wartsili Marine Industries, Fin-
land’s largest ship maker, * There iz no longer
just one market in the U.S.5.R., but many. In
Murmansk, for example, the decisions to buy
are made on site, rather than in Moscow. ™
Finland signed the Treaty of Friendship,
Cooperation, and Mutual Assistance with the
Soviet Union in 1948, In exchange for her free-
dom Finland will allow no invasion of the
Soviet Union through her territory. Finlandi-
ration has become a generic term for one

614

nation’s accommodations with & neighboring
superpower and is sometimes used (o suggest
a kind of national castration. Said Finnish
Prime Minister Harri Holkeri when he visited
Washington, D). C., last summer, “From the
depths of my heart, | hate that term.”

Cualturally and e¢onomically Finland 15 a
Western nation. But would the Finns fight if
the Soviets tried to use Finnish territory as a
springboard to attack NATO?

“We would damn sure defend ourselves,”
Finnish Vice Adm. Jan Klenberg savs suc-
cinctly at Geneéral Headquarters in Helsinki
“We have to make it clear that it is not possible
to wre Finnish territory.

"We know we wouldn't win another war —
but we are prepared to fight " An acid mix of
pride and frustration rises in hns throat, “They
test us from both sides—both NATO and
Warsaw Pact. Almost every day we send up
interceptors. If some skidoo has come acrossa
land border by even two meters, we respond.”

National Geographic, Mav 1080



With its Leningrad architecture Helsinki
retains trappings of the days when Finland
wis g grand duchy of the Russian |:-.]:|']'-|:L*
zamovars and borscht, the dark brocade of old
restaurants. For many years Finland even had
serions Communists. But [ see in the newspa
per, while sitting at McDonald’s on Manner
hetm Street, that Arvo Aanlto, head of the
Finmish Communist Party, plans to resign
next week because the party suffered heavy
financial losses in the stock market

ROM HELSINEKI s 2outh Harbor, the Bal-
e s elegant cpr-and-passenger lerries
put farth to Leningrad, Gdanhsk, Tra-
veminde, and mvy own destination,
Stockholm via the Aland [slands, an overnight
cruise that threads an island world of pine
[orest and granite

The ferries make monev, Siot machmes
occupy the idle. Duty-free shops push cogna
A ten-piece band pummps

and silk scarves

{ e Ballie: Arena of Power

L
T ey 1 o

Ripping a gush in the Gulf of Bothnia,
the Finnish wcebreaker (Mso leads a
Hmber-laden Soviet freighter from the
port of Kokkole, Finland. A multinag-
tomial fleet of 34 icebreakers, most buils
in Finland's Wartsila shipyards, oper-
ates in the Baltic.

wiltzes over & smorgasbord rich 1 herring
Cin the deck gentlemen swedes in gray saits
stroll hike storks, with thér hands folded
behind their backs, saving, " Yaw, vaw.

In the Aland Islands. the autonomous archi-
pelago between Finland and Sweden, 23,000
Alandess {1y their own flag and lick their own
Aland Islands postage stamps. They speak
Swedish but belong to Finland, which is re-
sponsible for their defense. Formerly a Swed-
zh province, the islands petitioned to be
returned to Sweden as the Russian Emmpire dis
integrated in 1917, but the League of Nations
honored the Finmish claim and confirmed




the islands' status as a military-free zone.

Their history bristles with sea captains and
merchant zailing fleets, and todav Alanders
own many of the ferry lines — Viking, Birka,
Eckerti—that haunl more than etght million
passengers each vear in the Baltic. Through
the Lax-free sales they have prospered

“We are a privileged people.” an Alands
gas station owner tells me. " There s no pover-
tv here, no racism, because there are no * guest
workers., There's almost no sernous Crime,
few drugs. | wouldn't go anywhere else.’

And what can be sweeter than éarly sum-
mer in the Alands? The spangle of sun on

I..
hillows beside country roads like snowdrifts,
And shocks of dandelions growing brarenly in
the long davlight, their thick, hollow stems
wiet as rhubarb

TOCKHOLM ARRIVES 1N Lhe CArlyY morn-
ing, through mist and a maze of small
islands, with a skyline of church spires
and sallboat masts, their sharpness al-

ways reaching toward heaven. The city rests
on 14 islands, clinging by tentacles of bridges
and causewnys to the rocks. Half the city lies

National eographic, Mav 16580




beside Lake Malaren, half beside the Baltic

awedes gre a confident people. Sweden his
mot warred for 175 years. With no pain to
re O

endure, no heroes 1o wol -|-i|-. N WAL

bury, they have a human advantage: Thies
carry noseli-hate and so are notapt to hate oth
ars, 1 hey seem indifferent to defense. Saysanr
force Lt. Col. Gosta Edwards, " Society looks
at us as if we don't belong

Hut bad things happen to nice people. The
swedles are deeply troubled by the assassma

tHon of their chansmatic primes minster Olot

Palme three years ago. And for the past nine
been plagued by [oreign

1AVE

Vears: they

The Ballic

Arena aof Pospes

Cuestions of power and purpase hang
heavy on Poland’s independent trade
union, Solidartty, outlawed (n 1281 but
recently invifted back into the notional
dialogue. At a strafegy session in
Crdarisk, founder Lech Walesa, at right,
itndd local prestdent Alojzy Szablewski,
middle, hear from a member. Al
Gdansk’s Lenin Shipyvard (below), Sofi-
darity’s birthploce, sundblasters restore
a Soviet ship. The yard may soon close,
Politics, sayvs Solidarity.

submarines, arrogantly, systematically, prob
1 LT codastial waters

iNO one Knows why, Traming? Espionager
One Danish naval officer theorized that the
Soviel Union is petting navigational (ixes on
the Swedish coast so it can hide nuclear sub-
MArines 1n case of war and push the hittons
They know now that the Swedes
can't find them."” he told me

aince 1981, when a Soviet Whiskey-lnss
sub ran aground near the Swedish naval base
al Karlskrona, no physical evidence has been
found, no foreigners confronted. With photo
graphs of bottom-crawling mini-sub tracks

from there



creeping within a few miles of Stockholm, and
night sightings of frogmen, the hunt has taken
an the comic overtones of the Loch Ness mon-
ster. The Swedish Navy has lost face

With the loss has come a new toughness
"1'm in charge of mihitary readingss,
mh Army Brog. Gen Bertel Osterdahl tells me
al the garrison in Stockbolm, " a job that gives
I here s quiie a
lot of activity in this avea, and we have to act
too, just to show that we are present.”

‘But what happens,” L ask, "if vou actual-
v destroy i submarime and have Russuan or
Palish bodies floating in Stockholm Harbor?™

i
-“'.'n:!l.l

me trouble from fime to tme

':|q

“1n our territoriad waters we'll shoot with-

out warning,  he replies

'o see the complexity of the submarin
chase, vou must sall an archipelago of 25,000
islands, past thousands of granile skerries
fluth with bluebernies, past summaer hide-
nwavs and small bovs [ishing on plers, through
waters thick with sonar-folling thermal lavers,
imcomsistent salinity, and erratic bottoms, and

extending hundreds of miles on & coastline as
long as from Long Island to Key West in North
America
“T'he Baltic is good for submarine war
"savs Comdr. Carl-Gustaf Dvbeck of the

i

1Ane,

National Geopraphic, May 1088



Swedish Navy. “In some parts of the vear it's
almost impossible to hunt submarines except
with other subs.”

From Muskd Naval Base, south of Slock-

holm, we sail out one moimihg on H.M.5
Cmed, a Swedish sub hunter powered by
Rolls=-Rovee aircraft engmnes and CArrving a
pavload of eight Swedish RB5-15 missiles and
s1% torpedoes. The Omed 15 part ol a ten-ship
joant exercise, It 18 the fastest convenbonal
ship in the Baltic, like a grevhound at 38 knais
in rough seas, streaking through narrow pas-
sapes. spilling our wake on the rocks.

Comdr. Anders Stivbere, head of the

The Baltic: Arena of Fotver

Medieval-style houses haunt the heart
af Grdansk, Polond's main segport,
reminders of past glories. Once known
s Danzig, it was a Germanic pillar

of the Haonseatic League of merchant
cities that dominated northern Europe.

sqquadron, joins me on deck-as I grip the rail-
ing: "' Only a helicopter can follow us along. In
twio hours we can reach Soviet waters with
missiles; 1t's only five hours south for action
apainst Poland and East Germany "

“But what about these subsf” 1 ask The
commanderwinces. “It'sa littleirrtating that

|__|.II



we can'tdo it better. In 1972 we had the forces
to hunt submarines, but then parliament fig-
ured there were better things to spend money
on. By 1992 we'll have four more corveties,
and we'll start to hunt with effectiveness.”

In the wardroom of the U'med we feast on
roast pork, lingonberries, and steamed pota-
toes. Savs the ship'sskapper, Lt Comdr. C. A,
Klingspor, “Frankly this sub crisis has put
such a strain on the navy, no oné has had time
to take care of wife and family. Two weeks
out, & weekend in. Living on a small craft
Thev've been holding seminars to help fam-
ilies stay together.”

HE BALTIC 12 not a lonely sea. Joining
the military parade are thousands of
fishing boats, yachts and freighters,
crisscrossing ferries, tankers, scows, re-

search vessels, reefer ships, and transatlantic
merchant vessels flyving Liberian flags. From
West Germany, daily “butter ships™ zelling
groceries carry Haugfrauen back and forth to
Denmark at nommal charge, so they can save

Standing short for low and order, o
stutue playfully honors an tmagindary
murket policeman in the Finnish port of
Oulu. Before powerful icebreakers, Oulu
celebrated FOW Day, for First Open
Water of spring, when ships could get
through with fresh goods,

Ten miles offshore, an ice fisherman
checks a net by his portable hut (facing
page). A branch marks his fishing hole.
Hundreds of such Baltic fishermen work
through the winters, ice or no.

G20

some money on tax-free food and get a good
chat in too. Robinson Crusee would have been
picked up and been back home by Friday,

As traffic swirls around it, the Kingdom of
Denmark guards the Baltic like a sentinel. Its
most easterly outpost is the island of Born-
holm, an early-warning platiorm. for NATO
intelligence, When a Soviet cruiser eases outof
Kaliningrad Harbor, on the Baltic's south-
castern coast, it announces itself to the entire
Western world. On Bornholm, Comdr. Ole
Bretting picks up an echo from the cruiser's
hiull on his radar and sets the process of snoop-
VEFSUS-5noop I molion.

“We'll shadow along and identify her,”
Bretting =ays. “A Danish patrol craft will
hand her over to 2 West German boat that will
follow her through the Danish straits. A heli-
copier will go out to take pictures. Finally
she'll be handed over to the Norwegians. This
is daily life. The Red Navy has grown to dis-
proportionate size. It's their lake. But we can
pinpoint all the ships to see if there isanincom-
Ing or outgoing trend. If there's an outgoing
trend, something 1% going on in the world.”

War and confusion suit Bornholm badly. In
the village of Arsdale on the east coast. set in
hollvhocks and lace curtains, red-tile roofs and
half-timber cottages, 1 walk down the street
and hear only the piping of swallows, the hush
of waves against the harbor wall, and smell the
nlder smoke from herring being cured

Like many parts of the Baltic, Bornholm
was occupied first by Germany, then by the
aoviet Union in the shifting fronts of World
War 11, Old fisherman Svend Clausen remem-
bers: " Une man hung his best suit of clothes on
the apple tree cutside. 'If they bomb the
house,’ he samd, “at least I'll have my suit" "

Mr. Clausen deals rather brisklyv with Ger-
min tourists: ¥ They ask me where to zo: * You
must know, ' 1 tell them. ‘ You didn"t ask direc-
tionsin 1940."

The West German tourist Tights the past all
over Europe. And even the best beaches of the
old German shore are now in East (rermany
and Poland, not prime travel destinations

CUmce the (rerman Baltic coast was the
playground of the Wardervogel, youth groups
of the early 1900s whose phyvsical-culture
movement was preempted by the Hitler Youth
dand muddled with their notions of Aryan
sppremacy. After the war West Germans had
to rediscover their culture, and restoration of
beach life at Travemiinde, north of the old
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city of Libeck, was one of the hrst steps.

Since then, the Ostses, or East Sea—as the
Germans call the Baltic— has become a sort of
Cierman New Jersev shore, a frugal choice for
the hobdays. The region is suffering a mald
depression, despite the 70,000 ships that annu-
ally use the Kiel Canal to bypass the Danish
straits for Baltic ports. Litbeck alone has losi
12,000 laboring jobs in the past 15 vears, many
in the shipbuilding industry.

North of Kiel I wander along a beach where
the shoreline 15 hacked off by the sea and the
prevailing west winds as if by & butcher knife,
leaving half a bariey held, half a cow pasture
Offshore oil derricks sit like docked aircraf
carriers in the haze,

On a sunny weekend some 50,000 come to
fill the wicker Strandkirbe —beach baskets—
of Travemiinde, cocoons against the brisk
wind. Thousands camp on the hook of land
called Priwall, by the barder with East Ger-
many, the northern tip of whal used to be the
Iron Curtain. Behind an ordinary pipe fence
painted red and white s an empiy shore of

The Baltic: Arena of Power

Eden-like beauty, fragrant with new blooms
of wild roses and flowering shrubs. The East
German guard tower stands in the distance.

I walk down the fence, along the shoreline of
a tidepool. Behind me & West German border
guard leads his attack dog. He stops to smoke
and throw a stick into the water, which the
beast chases with loolish enthusiasm.

HEN HERMANN AXEN, & leader
of the Communist party in the
German Democratic  Republic
(DR}, came to Washington last
spring, he sad quite bluntly: * You cannot mix
socialism and capitalism, as you cannol mix
fire and water.”

To be a German is burden enough. To be a
Crerman Communist carmies a double stigma
that has toughened the leaders of the GDR,
the little nation that could. Because Fast Ger-
many has made communism waork better than
anyone ¢lse, they remain cold to the pressure
for glasnost and perestroika and deny the fail-
ure such radical restructuring implies.
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=avs Dieter Noll, director of the port of Ros
teck, " There are many people who have two
opinions—one private and one official. I'm
not rich enowgh to have two opinions; official
ones ave served me well”

Noll, an impatient, broad-shouldered man,
has no time [or doubt; more than 3,800 ships a
viEAr pass 1n and out of his harbor, bearing the
commerce of a4 nation: pulp and paper from
Finland, chemicals from Latvia; trucks to

Vietnam, rolls of ste¢l plate to the Third

World, urea and rock salt to the United States.
zearly 44 percent of all cargo involves Lhe
Soviet Union; 10 percent i1s transit goods for
the
slovakia, Hungary, Ausiria

At the end of t

pricle, “there was only a small harbor here.

andlocked Ruropean mternor—Cgecho-

e 19505 " Nall savs wilth

Hamburg and Libeck were already world
renowned. We built this from seratch into one
of the largest seaports on the Balt

Noll scoffs at the prospect of independent
trade umons like Solidarity in Poland. * Bar-
gaining?" he asks. “The word ‘bargaining’ is
a foreign one; we do not use this word. If the
trade unions in our harbor want anvthing
improved, they stmply apply to the manage-
ment. I've never heard a discussion—like in
Poland —that thev would demand more ™

[Heter Kontze, 38, lives in a four-room flat
with his wife and two sons, within sight of the
crane he operates for the harbor. He has been
selected bv the collective for this interview,
but he is his own man. “'We sometimes make
i show—as if evervthing 1s great,” he begins
“This1s not nght, huh?™

They could use a better stereo systom, says
Lheter, and the fumiture 15 8 bit old, but liv
ing standards exceed those of some Western

“Theyre still clean,” says Danish fisher-
mian Per Jorgensen of the codfish he nets
of f the tinmy islond of Christianse near
Bornholm, a yet unpolluted area of the
southern Baltic. A rubber-roller winch
helps pull in the catch. Jorgensen eases
his ong-man boat through November
breakers into Christtansa Harbor (far
lgft), later relaxing af teqa with daughter
Sara and wife Vita. Although pollution
hits reduced the number of its species,
the Balnic s not vet overfished, thanks
in part to g 1976 zone syvartem that sets
nitional boundaries but irritates fisher-
men agccustomed to complete freedom.
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An (l surf washes most Baltic beaches
In Estonio slaughterhouse waste from
neartry collectives shut down Parnu
Beach, where a sion warns: “Seawater
does not meet stondards. Swimming is
not advised.” Experts say such pollution
has plogued the water for years; only mow
have most governments given warning,

At the headguerters of a chemical
company in Helsinki (abowve), o Green-
peace aotivist choins himself to a door fo
publicize ulcercus fish caught near the
ritanium dinxide plant in Pori

nafions such as Greece or Portugal. FEven the
long vears of defensive solalionism seem num-
bered. In 1988 East Germans were permitted
seven million trips to the West, Such travel 18
on the hostage system, ol course; & A
member must stay belund. Still, delections
were quite high to West Lsermany

"Those who have left have Lo prove (o me
that they have it better on the outside, ™ Mrs:
Kuntze savs deftantly, | have my job, and it’s
good wages. There's something on the table
every dav, If theére 15 some lack, someone has
nol done the people’'s work.™

“Well.," savs Lheter,

who don't work well ot ;mui ns much as those

“in our society those
who do, and that’s a big problem. People nre
lazy
have togel up early in the morning.

Mrs. Kuntze seems alarmed at her hus-
band' s drifr. “ There will be & time when cam-
talism will disappear,” she

But when vou have compelition, youo

"Socinl

ikl 2

i |

4

science will grow and grow. Of course, it will
take 200 or 3(4) vears.”

HE PLAINS of Mecklenburg around
the medieval Hanseatic town of
Rostock alwavs grew their cabbages,
potatoes, and stubborn Junkeérs, land-

owners who resisted change and kept north
CGermany too long in muhtary feudali=sm

The roads are hined with trees, ke soldwers
planted at attention. Fields are bemedaled
with scarlet poppies. In the evening, log rises
from the land, and famibes of wild boar snor
nlong the forest edge
crates the open road. There 15 asad nostalga in
the landscape, like a faded picture book thal
shows the innocence of better imes

My eves sting from the soft coal burned for
heating and industry and from the exhaust of

ot a llboard dese-

methcient two-stroke East German auto en-
gines. | ask the head of the famous health spa
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at Heillipendamm, famouos for asthma cures,
how he and other doctors can pressure the gow-
ernment to clean up the air

He sniff=s the sea breeze and says simply,
"My air here 15 very good.”™ Bul thas s the
summer to press the poinl, and finally he
answers i impeccable social-speak, “In the
frame of the possible, we gre as angry &S we can
i ford to be and remain progressive

The plains sweep north along the fragile
coastline, buttressed there by wooden plings
driven in the sand against the thaeving surf, In
a claustrophobic nation the seashore is the
chance 1o breathe {ree. Thousands elbow into
health spas, campgrounds, and beaches. Holi-
davs are organized and monitored by trade
unions: many have their own low-cost resort
LroveErnment-
organized nudist beaches amd camps rival
“textile beaches”™ in number, Yacations on the
Baltic are highly prized bul available to the

I1[1Fl’-l'|.|!t|‘l'il'!- I TI!J-L" Covast.
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average worker only once m three years or so;

Much of hie in the GDR seems drawn on
graph paper, a hife of straght hnes and rnight
angles, cach worker in his httle sgquare, & unit
i the grand design of stale. S0t s a pleasure
o find a httle sslhiness m Warnemiinde, a re-
sort tlown north of BKostock, where the Baltic
S Pestival [eatures races between  goofy
Boats budt of plywood and inner tubes

Oine boat s manned by “workers” in con-
struction helmets: another 1s owiered Ly
“bureaucrats” in coals and ties, typing atl a
floating desk. King MNeptune comes upriver
with his cntourage —ac assoc ked Priest, acrew
of frogs, and maidens dressed in seaweed

I'he-crowd gathered by the riverbank 5 1en-
tative —nol guitte knowing when to clap and
when to cheer. They haven't had any practice
laughing at themselves. But they have had
thetr bread; now they have their circus. 5o far,
s good, says the government. Stick around.
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Sterens and microwaves are on the way. But
we' re gomg to do it on our own - from scratch
if possible, without that perestrotka.

ROM THE SANDSPITS of the GDR the
roid rolls into the Polish People's Re-
public, a wounded nation just plain
uninterested in communism, now or in

300 vears, “In the GDR," sayvs journalist
Rafal Jesswein in the port city of Swinoujécie,
“they haven't noticed that Stalin is dead.”

By the Bay of Szczecin, in Wolin National
Park, a white-tailed eagle named Kuba sits
brooding in a small aviary. Kuba is not well,
[or a national symbol, First of all, he has been
without his roval crown since 1945, Second,
his breed s dyving in the Baltic, because the fish
the cagles feed on are contaminated. Only five
nests survive in the park,

The Baltic is burdened by 70 million people
and their massive industrial output. Theseais
sluggish and virtually tideless, much like a
lake. Its salinity is replenished largely by
storms that force North Sea water through the
Danish straits. Such a flush is vital to marine
life in the Baltic, but the sea has remained stag-
nant now for a record ten years. Its deeper lay-
ers have spent their oxvgen, and some areas
are completely devoid of life.

Man has compounded the Baltic’s own limi-
tations by overloading the sea with pesticides,
toxic industrial wastes, and excessive nuin-
ents in the form of nitrogen and phosphorus
from municipal sewage and agricultural fertil-
izers. dome species of wildlife, such as Baltic
seals, have been brought to the edge of extine-
tion. Last summer, for the first time, most of
the beaches on the Baltic were closed.

Yet the Baltic is not the most polluted sea in
the world., Savs Estonian environmentalist
Harald Velner, "It is merely the most exam-
ined.” Im 1988 Professor Velner was executive
secretary of the main groun of examiners, the
Helzsinki Commission, the permanent com-
mittee established to implement the Con-
vention on the Protecton of the Marine
Environment of the Baltic Sea Area—an ex-
traordinary working agreement signed in 1974
by all seven Baltic nations, The commission is
chaired in turn by professionals from each
nation and meets annually.

After a decade there is progress: & decrease
in DT and PCB levels, a reduction in mer-
cury concentralion in fish, the control of
discharges and oil spills from ships. At their

GLah

meeting in March 1958 the states agreed to cut
by 50 percent their input of nutrients, heavy
metals, and organic toxins by 1995

Among Baltic polluters Poland has been a
heavy contributor and faces a stiff challenge
with the new guidelines. Practically the entire
mation — the coal mines of Stlesia, the cities of
Warsaw and Krakdw —feeds the Baltic, Iis
population of 37 million is more than twice
that of Finland, Sweden, and Denmark com-
bined. But now Warsaw has a new sewape-
treatment plant, and 25 others are being built
on the coast. Most are due on line by 1992,

says Anna Trzosinska of the Institute of
Meteorology and Water Management in
Gdymia, *Sixty percent of our nutrient input
comes from agneulture. Inheavy rainsit’'s just
drainage off the land. We will never reach this
50 percent removal. . . . All the countrnies will
have trouble making it. When we signed, we
signed the text that the countries will be try-
ing —a goodwill act.™

HE POLISH COAST rests on two arhan-
industrial pillars—the Szezecin/Swin-
oupsciec complex on the west and
(vdansk on the cast. Between them

hangs the potato kingdom, Pomerania, with
its DNelds of white potato blossoms, tufts of
dense forest, and seaside lagoons inhabited by
wild swans,

For centuries Pomerania was trampled by
some form of Germans on their way cast—
Teutonic Knights, the armies of Branden-
burg, Prussia, and the Third Reich. Gdansk
was the free Germanic city of Danzig. Slavic
Poland was largely impotent, often blocked
from the Haltic coast, carved up among
successive powers, Today Pomerama is finally
rid of its Germans but occupied still; until mid-
night Soviet fighters thunder in and out of
their training base east of Kodobrzeg, keeping
the tounsts restiess.

The Poles are well dressed, handsome, and
somehow on alarger scale than their surround-
ings, as if they have grown since the war and
Poland itself has not. They walk about their
shabby, construction-site cities ke cavaliers,
with the hint of the Tator in them, kissing the
hands of women in greeting. In Leningrad it
was just the opposite: The people seemed too
small for the buildings.

Across rural Poland, through villages and
goose [arms, past manure piles and storks’
nests, rose gardens, and shnnes goarding
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crossroads, T reach the resort of Sopot, once
known as the Pearl of the Baltic., Here too the
heach is closed. Sopot was once the play-
ground for the people of Gdansk, whese own
hay has sunk into squalor. Now there 15 no-
where to swim within 100 miles. Butsome still
vepture into algae-rich water the consistency
of broceoli soup, 12ee one man bobbing hisin-
fant son up and down in the water.

1 paid for my vacation,” he tells me, "and
| should enjov it If it's 50 dangerous, people
should have been warned sbout it earler.
Hev, they say if you don't get sick in three
days, thenyou're all right. The water's warm.
It's a shame to waste 1t.”

Gdarisk, a city of aged and spraling iron-
work and guild houses left from Hanseatic
davs, hasmade its modern mark as the hameof
Solidarity, Foland's independent trade union
and unofficial popular fropt. Solidarity grew
from the Lenin Shipyard here and threatened a
Polish spring before martial law was imposed
in 1981. Now Lech Walgsa is negotiating with
authorities again, and the umon has found
new legitimacy as  Poland
grapples with its economic de-
mons. But the shipyard itself
may soon be closed; lack of
arders, the government savs
Here, as elsewhere in Poland
today, workers are looking for
a way out. Thousands have
lett Poland for good,

“It is-a very big shame,”
says ship worker Benedykt
Bruski when I visit the yard
He waves his hand to dismiss
all dissent. “1f I have a wife
and children, I should support
them and not send them to the
neighbors for food and cloih-
ing; it's a matter of pride.
That's what our govermment
has done; They should have
been a better father. But still,
I'm also ashamed of all the Poles who stay
ahroad. They're deserting a sinking ship."

Polish women seck desperately for any
warm body of a Swede or West German to
marry, University professors wash dishes
abroad and return to buy villas. And there are
thousands like Zbigniew Potrzuski of Szcre-
cin. He has contracted to work for a vearas a
chemical engineer in a developing country,
where he will be paid m hard ¢urrency.

The Baltic: Arena of Ponver

“Libya is my perestroika,” he says, “One
of our leading Communists has said that every
man is responsible for hiz own wealth."

“That's a very capitalistic idea, " 1 offer.

*It's a very homan wdea, ™ he says.

EW IDEAS, seductive and bordering
on the seditious, have spread épi-
demically in the Baltic States of the
Soviet Union. *Popular fronts” in

suppart of perestroika have materialized al-

miast overnight in Estonia, Latvia, and Lith-
uania to test the limits af possibility. The
bottom of orthodox communism bas col-
lapsed, revealing a stagnant center. Hard-line

Stalinists have been ousted, The truth about

the Soviet Union's annexation of the Haltic

States, crated and buried in revisionist history

for two generations, has been resurrected and

paraded in public like a hero. Speech has
become the new intoxicant., Once forbidden
words, sentences, emotions, tumble over one

another, leaving the population light-headed
in disbelief,

(rentler waters rinse a family at an East

German nudist camp on the Darss pen-
insulo, where bare beaches outstretch
“textile beaches™ five to one. “Evervone
here is equal, no trouble,” said one
camper. “It's different in textile areas.
Muovhbe when vou take off your clothes,

you take off your aggressions too,”
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Life’s a breeze in the Aland
Islands {above), a military-
free archipelago between
Finland and Sweden.
Alanders speak Swedish but
are citizens of Finland.

Visa and other corpora-
fiomns sponsor Baltic yachting
evernts such as the Gotlaond
Runt in Sweden (far left).
After the roce a winning
crew pops its corks on the
izland of Sandhamn, At Kiel
in West Germany (left)

vachtsmen beach thetr craft
after an internatona! regatta.



Until last vear the people of the Baltic States
felt like Americin Indians—left with their
dances and songs and language. They had
whatched an immlgration of Russian and other
Slavic workers tip the population balance
untll Latvians lost the majority in their own
nation and Estomans composed only 60 per-
cent of theirs. Only Lithuania successfully
kept its ethnic population, at 80 percent. Now
Russification is open to criticism. Many speak
of a national rebirth_

All this has been a calculated gamble,
roughly chorecgraphed by the Kremlin, Esto-
nigd, Latvia, and Lithuania were independent
parliamentary democractes for 22 vears. They
are the Soviet Union’s link to the ‘West, the
only peaple with a living memory of free-
market economics, and thus the prime candi-
dates for experimental change. Their success
would legitimize perestroika and guicken
more siuggish parts of the Soviet Union.

Politically the Baltic experiment piays with
a deep-smaoidering fire. 5o far the Communist
Party has been a participant in the move-
ments, hoping to control more radical ele-
ments, but the Baltic people also remember
with vividness and hostility the deportation of
thousands of farmers, teachers, merchants,
and intellectuals to Siberian labor camps in
1940 and the brutal humiliation that followed.
For many, support for perestroika 1s only the
first step toward the national dream, to rid the
nation of its Vandals and Visigothe, Moscow
mayv have underestimated the impact of offer-
ing such people free speech.

HOTOGRAFHER Cotton Coulson and 1
were the first Americans in decades to
visit Neringa, on the delicate pine-
scented sandbar that hnks the Lithua-

nian port of Klaipéda to Kaliningrad, a closed

and secretive oblast of the Russian Republic
wedged between Lithuania and Poland.

Even in thas vacation hideaway conversa-
tion quickly turns, unsolicited, to palitics. *1
think abouit these problems every dav—every
night,” & man from Vilnius tells me on the
street. ” People are at A boiling point. For many
vears we have been in chains and handcuffs,
Now the Russignz are looking to us for success,
They need Lithuanians to begin these things.
But we are only a drop in the sea ™

Lithuania looks prosperous. The earth is a
dark chocolate, and farmhouses are smoth-
ered in flowers and fruit trees. Silos and

63l

havetacks, wron red cattle, and fields of clover
rush by the windehield af our microbus. Build-
ings are better painted, brickwork tdier,
shops a bit brighter than in Poland. In Klaipé-
da we marinate in a traffic jam worthy of
Rome. Along a peaceful canal in the rebuilt
city one evening I chat with two worm fisher-
men, Anatoli and his son, Kostya, age seven.

“1 grew up under Stalin," says Anatoli,
“but he turned ott to be the enemy. Hah! I've

seen lots of leaders come and go, but Gorba-

chev isthe best vet,”

Anatoli knows all about American politics
too; he quizses me on Jesse Jackson. I ask if
he would like to travel to America. The idea
seemssuddenly less preposterous 1o him. “ But
I'd huve to save for three years, ™ he says, smil-
ing. “Oh, I'd go someday "

“If Mama lets you," sayvs Kostya wisely,
biting into a green apple.

The Baltic States are among the smallest of
the Soviet republics, but the most urban and
literate, From one state to another, culture
changes sharply. Lithuanians are Roman
Catholics with historic ties to the Poles. Latvi-
ans are Lutherans and speak a different Indo-
European tongue. Estonians are Lutherans,
linguistically among the Finno-Ugric stock,
which includes Finns and Hungarians.

For vears the republics have shrewdly used
environmental issues as safe but vital battle-
grounds to resist the central control of Mos-
cow. In Estonia dangerous and unwanted
plans by central ministries to strip-mine more
phosphate near the Baltic coast, to build an oil
terminal neéar Tallinn, and to construct more
shale-pil-burning electric power piants have
been thwarted by papular resistance. In Lat-
via a grass-roots group called VAK has taken
the initiative, leadmg a protest march of
15,000 peaple to temporarily halt the construc-
tion oF a subway under the capital city of Riga.

"A subway would require the importation
of workers from Russin,” says a voung man
from Riga. “And besides, Bussian construe-
tion is sn bad that we don't trust them blasting
and tunneling under the old city.”

The closing, for at least five vears, of Riga's
Jarmaia Beach was a heavy blow, Atthe acer-
bic local newspaper, Jarmala, editor Aivars
Baumanis is indignant: *'We can’t swim in the
sea—it's the first summer. . . . It"s absurd!”

Jarmala 1s soiled mostly by the ancient
Sloka pulp-and-paper plant, only 15 miles up-
stream, that spews its poisons into the Lielupe
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Riverand the Guolf of Rign, nowone of tho dirt-
iest bodiesof water on the Baltic

*Uhir factores have been contrmlled by all-
UniGon ministres in Moscow, " says Baumanis
“Such ministers don't care about the ecology
af the J'-:']':ull|uf- Five yvears ago wWe couldn't
say anvthing. It was taboo to disouss dirty
water. It was top secvet!”

Baumanis laughs heartily and lights anoth-
er cigarette. “But now it's changed. Now we
talk openly about it. Glasnost! Now they have
the commitment The Slokn factory will
be closed by March 31. We can clean up our
water. We have to overcome barriers—lots
of fools are still in the way. But we can do 1L

ETWEEN LATYIA and Estonia we pick up
a4 Russian woman and her ||:||1,r:r|5.I|-r.

hitchhiking to catch 8 Moscow train
They had been camping on a Latvian
beach. “1've had a lot of arguments with peo-
ple here." she tells ue "We Russians want to

make all nationalities happy, but these Esto
nians and Latvians t's a shame. They
say that only thery country 1s their motherland
[t's like Californians saying that their state is
their only country. I don't understand.”

I:II I':-:1|.|J]Ei.l1.|"l1.'rl' .|:||'1'|..'l." I:lL'I'!I'I [1ia '.':-urmm__: "i]'l';-
and tenr gas in the streets: intel
and restraint have been the weapons of rebel-
lion. And Moscow has given Estomians re-
markahbly free rein. Hundreds of thousands,
including new Communist Party leader Vaino
Vilias, have gathered in Tallinn to sing full-
throated and rnighteous patnotic sonps, Flap-
waving demonstrators gather dailyvin Tallinn,
mince last June, police have watched from a
benign distance

Cin August 26 [ joina protest to mark the an
niversary of the Maolotov-Ribbentrop Pact of

ertaal force

1038, whose secret protocol divided Eastern
Furope between Germany and the Soviel
Union and led to the Soviet annexation of the
Baltic States. At a rally in Hirve Park, Hitler

A short history of Latwia, one of the Soviet Union's three Baltic republics, plays
out on the streets of Riga, the capitol, az Latvian girls dressed in ethnie costumes
for a folk dance share the sidewalle with Sowviet police. The Baltic nations, now
asszerting themselves, were forcibly occupied by the Soviet Union in 1940,
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and Stalin are called "1-'r|||'ﬂ_1_3'.!.|:'.='-" and Rus-
signs are rudely invited to “go loaf around in
wir own country.” The old Estomian Hymn
5 sung, haltingly but reverently. In a bizarre
touch, a police car leads the mass march down
the avenue to the harbor to the chant, " Rus-
sians go homel Russians go home!™

=ayvs Endel Lippmaa, a soentist and veler-
an of Kremlin corridor battles over the envi-
ronment, “Gorbachev 13 using Estonia to
demonstrate that he is 4 man of goodwill. In
arder to make perestroika credible, he mus
use somé bait —it suits global politics, I hopse

that he s sincere. Bul, at any rote, we
must tse this situation (o put oar house nto
better order.”

Few feel the Baltic States can con their way
into {ull independence. The Kremiin has
already squelched hyperventlated calls for a
separate Estonian currency, diplomatie corps,
and membership in the United Nations and
the Olvmpic committee. The Kremiin needs
Exstonia to perform) it wants to see biack ink,
not rebelbion, in return for the risk
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Bitter memories fuel Estonions in the
capital city of Tallinn, demonmstrating on
the anniversdary of the 1939 pact berween
Germany and the U.S.5.R. that paved the
wary for annexotion of the Baltic States.
“A free Estonia,” reads one banner. On a
Tallinn street (opposite) a sign demaonds:
“KG B under control of the people!™ So
far, Moscow has been tolerant.

But Estonians feel that economic success
must be predicated on full autonomy, " Look
atitthisway," says the erudite secretary of the
Fstonian Writers Union, Lennart Men, “the
maost peaceful and effective border of the Sovr-
ot Union i=s with Fmnland, not with the satellite
countries like Poland I innitsh-
~oviet trade 15 extensive and beneficial, Thas
barder could extend to the Baltic states. Ten

because

VEATS give us ten years to begin to olter the
same economic advantages to the Soviel

Union as Finland does. It would work

FEstonia, with less than one percent of the
soviel population, already has more than half
the nation's joint-venture enterprises with the
West. Private cooperatives such as cofiee
shops and grilled-meat stands have sprung up
by the roadsides. A group of young wits from
the resort town of Piirnu selis cans of seiawater
as gap gifts; on the labels they list the high pol-
lution levels and give medical Instructions
In Pirnu the beach is closed, but the Neptun
cooperative still runs its beachfront shop, rent-
ing surfboards and heach chairs. The crowds
have been thin, *But it's not
just the pollution,” says the
yOung “The Rus-
sians are just as afraid of oul
blue-black-and-white as thesy
arg of our water. In Moscow
they tell each other that Esto
nia is dangerous now — like we
were going to kill them or
something' ™
In other parts of the Soviel
Union such raw enterprise
s still controversial. Nol s0
in Estonia. “'We've earned
cvervthing  honestly,
Andrus Sulkles,

founders of Neptun

MAanager

SIS
aniec of the
“The
onlv trade-off has been our
MErVEs, OUr stress

“But vou know what T really like about
today? They tell us, *If vou're a man, do it!’
That'swhat I like.”

E GEIVE ALONG the southwestern

shore of Estonis in & storm. The

beach 15 scrubbed by gray waves

that foam through the reeds. The

raimn sweeps in, fresh from the west, as we stop
atl a campground where families from the vil-

age of Liin have come for their holidays

Above their tents ies an o mmense ol

National Geographic, May 105¢
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I'he Tron Curtain just deibhles into the Estonian flag, resurrected from someone’s

e dt Priwall in West Germany, where attic. where it had been hidden since 1940
visitors come o gaze quietly across the They embrace me ke g st son, offering

e

bharder with the German Democratic champagne, talking all at once, eager to tel

Republic. In a time of hope the Balric
muzy e moving toward a brue comumurnity
of nations.

ahout their remarkable sumimer
“1n our villase we e digging out 1 he Tnonu-

ment to the Estoran War of Fresdom mom

under the asphalt, " say= Theo Aasa, one of the
leaders, “ Peoplée reméembered where it was
huried by the Russians. This is a mass move
ment. It' s everywhere! You can't stop it!™ His
face brightens. “And no one 15 trvng.”

S0 far. So far, We take pictures of the:r
beantiful old flag. “The old people ar

14 National |'|r|'|_:i".'|"'l':'.‘." Miav JE4



weeping,” sayvs Ansa. “This was unexpected
in their lives."

We leave them gathered around the flag-
pole, these people from Tiri, and walk back
toward our microbus. Suddenly | hear ap-
plause behind us, warm and steady. They are
clapping for us, for themselves, for the truth
that electrifies the Baltic air, that men should

be free, 1 try to wave good-bye from the
window as we pull out, but my eves well over,
and I bury my head on the back of the seat in
front of me.

My mother has always told me that the Bal-
tic Sed is shaped rather ke @ woman kneeling

The Baltic: Avena of Power

o

in prayer—her cowled head bowed between
Finlnnd and Sweden, her robe trailimg off into
Denmark and the Germanys, her knees press-
ing down on Poland. But her arms—they are
embracing Estonia.

My journey ends with a full heart. Men of
goodwill are about, and there s hope. The
warships of seven nations still glare at one
another. Pulp mills and chemical warks still
disgorge their poisons. But now we know that
we all live on the same sea. Surely we can solve
the ancient riddles that divide us. As the admi-
ral said in the confused but expectant city of
Leningrad, “Well . . . why not?" O
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[N THE VERTICAL REALM of the Swiss Alps,

towns and farms, roads and railways from

snow avalanches, toppling rocks; and earth

turies ago overcutting denuded many Swiss

half the trees in the Swiss Alps show signs of

Arr pollution, human alteration of land sur-
faces, past forestry practices, and weather
extremes are leading causes of damage. With
some of the strictest pollution-control laws in

o Text by CHRISTIAN MEHR

Photographs by
the aunthor and SAM ABELL

mountainside forests called Bannwdlder guard

shides. The village of Andermatt on the northern
approach to the St. Gotthard Pass is sheltered
by a Bannwald set aside for protection in 1397,
supplemented today by artificial barriers, Cen-

valleys. Resulting disasters gave rise to an ethic
of conscientious forestry, and the Swiss have in-
vested enormonus amounis of labor and expense
to maintain the vital trees. Yet today more than

stress and !'|r'_":-_'i.}'; some forests are near ¢ IZI?.i.':I.[_FSl::.

E'd.l'l;l[_"li.' and o massive eme FEENCY-CAEIE Drograin,

the Swiss have begun to battle back. cmes wn



[EE MOTH-EATEN HOLES 111
a carpet, unsightly

CIEAMNEs Appear in ior

et aifhHeted by both
natural forces and
human-induced stress
Photographed in june of 1985
(top), 8 hillside above the village
of Bristen, in the vallev called
Maderanertal, three months
iater shows an expanding node
scarring the weakened forest
(alove right)

Stumps stand where dead
or dying trees were cut and
removed by rorest crews to

GA8

5" !

i T AN
A T T
| 'm:!:tl-j }._—:-'r L e

w

prevent miestation of netghbor-
ing trees by bark beetles, which
breed in weakened trees, Felled
trunks serve as temporary ava-
lanche barmers (ahove), eredted
above their homes by villagers
from Bristen on & slope recently
cleared ol -!.1r1|.1gn'-| Lrees,
Traditdonnlly the forest work-
Crs Ol F:'fl'i[l?r: :-_T:I.:"I'.'.'!. RULTEINTNS
and winters in the woods, sum-
mers in the felds and steep pas-
farms handed

adown throuen generations,

tures of sma

i hetr local foresis are Comimn-
ally held, & are most of those 1

switzeriand, Nationwide 2f
percent are privately owned,
while only & percent are held by

the state. A century ago Switeer
land wasa rural, wood-hurmng
eountry, and timboer was a
prime bullding material, provid
g income &L well as protection
from avalanches.

But todey incomes from small
molntain {Arms are meager by
tigh Swiss standards, Rather
than work for low pay in the
forests, “rucksack farmers"
siream down the mountain

rosacls 1o jolis at Izn'.l'.|||i11;_ﬁr sites,

Natronal Geographic, May 08¢



factories, or tourist-oriented
facilities in the more developed
main valleys. Consequently,
many formerly well-groomed
forests have fallen into neglect.

S0 vital to the count rv Lhial
they were placed under strict
federal conservation laws a cen
tury apgo, Alpine forests have

drawn attention throughout
switrerland due to the extent of
damage they have suffered in
andy half a decacle,

After windstorms threw down
trees thought to be weakensd
by environmental conditions,

Are Lhe Swiss Forests tn Pertlf

lack of care allowed bestle infes
tation (o enlarge the damage,
Less visible but equally to blame
are forestry practices that led to
single-species forests with trees
of uniiform size and age. But it is
air poliution, wafting into the
high Alpine vallevs on the
breath of the 20th century, that
1% one of the main suspects in the
forests’ present i1l health.

Alpine forests grow In ex
treme conditions. Under a thin
laver of soil on steep slopes,
roots penetrate the finest crev
ices {0 anchar rees (o rock.

ALk BT CEIETTAN MWENN

Climate iz harsh, and trees often
cling to the margin of survival

Alr pollution, as with acid
baths of rain and foi and
increased orone, CAn injure
needles and leaves, while also
changing the chemistry ol soils
and plants’ ability to absorb
nutrients. Such strains may be
the final insult to an already
stressed tree and push it owver the
edge of health into needle loss,
reduced growth, susceptibility
to disease ancd parasites, and
root damage that increases vul-
nerability to wind




Threats to an Alpine Valley

has traveled along the Reuss

Eiver Valley and over the St
Gotthard Pass, a portal in the
muuntain barrier between the
Crermamc north and the Mediter-
ranean south in use since the Mid-
dle Ages. The crossing, once a
strenuous and dangerous hike of
severil davs and much celebhrated
in Swisz fegend and history, now
takes an hour or two, A road tun-
nel carries more than four million
vehicles through the pass each
vear—a ligure that grew rapidly
with the completion of the tunnel
and-highway system in 1980,
bringing with it a burden of
increasing air pollution

More than 58,000 trains roll

through a railway turnel each
vear, hauling 5.5 million passen-
gors and 12 million tons of goods.
making the Gotthard commer-
cially and strategically important
to much of the Continent—a

T HE TRAFFIC OF CENTURIES

fact not lost upon the Swiss,
Engineering feats casting hil-
libns ol Swiss francs have gone
into steel barmers that trap snow
and rocks, thick protective roafs
of reinforced concrete over roads
und railroads, and enormous
catchment systems for the control
of flooding and erosion in this
wild mountain valley. Yet even
such elaborate fortifications can-
not take the place of sheltering
trees. As forests thin in critical
areas, dangers of rockslides and
avalanches (arrows) will increase,
while flooding could grow more
severe from deforestation
throughout the drainage area.
The Gotthard region is not
alone —a survey of local foresters
in 1985 identified an Alps-wide
stippling (map below) of areas
perceived to have seriously de-
clined in the three preceding vears
(vellow dots) or to have reached a
point near collapse (red dots).

st Mew rockslide danger with continued forest deterioration

—mmle Naw avslanche danger with continued forest deterioration

@ Soveraly damaged forest

@ Digintegrating torast

Declining Swiss forests

Forest de<iine above averagn
& Forest In criticad atalin
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UTTING A TREE LD 55
g forest, the local
chief of forestry fells
a4 spruce whose
witight threatened to
rip out an eroded
patich of soil on a steep slope
above the resort town of

Flims. Much of an Alpine for-
ester's work is in such emer-
gency care, wrestling with the
elemental forces of the moun-
tains while ightmg against
creeping decay. After recent re
planting elforts, 2,500 seediings
slipped over a chiff fuce above
Flims when the exposed zoil

044




hquefied after a summer’s rains
Better fortune is expected for

ceedlings an a slope near the

Maderanertal (aRbove right)
Tnpod protective poles should
prevent shearing off by sliding
ENOW On & mountEinsicde steep
rnough for avalanches —one
that healthy trees can stabiliz
and keep safe

Healths

themselves as close,

trees usually present
compact,
dark silhouettes agrinst the sky
when viewed from a tree-lengih
listance (far left), A suffering
tree 15 revealed when large parts

B Y TRt 4 i
if the trunk and the skeleton of

Ave the Sunsy Foresty in Perils

the branches become visible ancd
patches of sky show through a
shredded cover of needles (left
OrF lepves

Confusing scwentific counter-

Iims swirl around the guestion
of what percentage of neadle or
leal logs constitutes Ul health or
represanis a threal to-a red
some argue for 8 definition o
25 percent losg, gthers [or a
higher or lower Hgrurne, Arrested
folinge loss in 1988 may be due
to ideal seasongl conditions. But
A hike through Alpine forests

can show even an untrained eye

what the Swiss Federgl Institute

of Forestry Research disclosed
in December 1988 (o the third
consecutive vear: More than
50 percent of the trees in the
Alps show a disturbing loss
of vitality

A dense crown canopy pro-
tects the forest against storm
gitacks. Unce Just 4 Tew Lrees
collapse, the wind can sweep
into the gap and expand the
hole. Then erosion often be-
A fow
neavy rainfalls can strip newly

comes the major concert

denuded soil from a steep slope
¥ s el e .

ana no new forest can take hold

on bare rock.

fid.5












ATULING HAY by shy-
hool, & helicopter lifts
a load from a high
pasture in an effort (o
protect the stability of
stopes in the Alps

Steep slopes were formerly cut

by farmers to whom the hay was

wirth the climb, Left uncut
because of changing economics,
tall grasses provide a slick
sirface for snow burdens to
avalanche

More dependent on it forests’
protective rale than perhaps
any other European nation,
sSwitzerland in 1983 launched an
impressive program called Sana-
tilva, in which trees at points of
intersection of & four-by-four
kilometer grid over the entire
nation are checked each summer
by federal inspectors. Forests
ane als0 analyvzed through infra:

red aerial photography. In 1988,

42 percent of the trees in the

awiss Alps showed signs of

damage, 27 percent in non-
motntainous areas. In 1987 the
fNgures rose to 60 percent in

Alpine areas. 48 percent in non-

mountainous regions, Some im-

provements ware reported in

1938, & year of exceptionally

good growing conditions.

Widely divergent theories at
first attempted to find single
causes for the forest damage,

Today it is generally accepted

that the problem stems from dif-

ferent kinds of stresses, varying
from one [ocale to another. With
its staff increased (n recent vears
to cope with massive research
demuanids; the Swiss Federal

Institute of Forestry Research

is studying the influence of cli-

mate, site conditions, Gzone,

sulfur dioxide, and other envi-
ronmental factors

Through experiments in open-
lop chambers (top rignt), scien-
usts are inveshgating the effects
of ozone. Recent studies of

Scotch pines exposed for

several weeks to ozone concen-

trations of 100 micrograms per

Are the Swiss Forests in Pevil?

cubic mitter—what vou would
expect on an average Swiss
summer day at 1,600 meters

[5.250 fert}— have shown notice-

able changes of binochemical
processes in the needles. Re-
senrch is also directed into
chemical changes in the soil.
Because of the complexity of
the forest ecasvatem and the
mass Ol influential factors, no
definite answers have yet
emerged. However, as institute
director Rodolphe Schlapler
says, “new and widespread
symploms of forest damage
cannot be explained in most
cases without the influence

of excessive, man-made air
pollution.” Easter weekend at
the Gotthard tunnel’s entrance
{above) brings not only a day-
long jam of travelers headed
lor sunnier climates but also

higher levels of stress for nearby

forests. Pollutants from more
distant sources— Europe’s
major industrinl centers—can
also reach the Alps. The situa-
tion is intensified when weather
conditions trap air in steep
vilevs, increasing the concens-
tration of pollutants

While Switzerland has tough-
ened its antipollution Iaws,

bam AETLL fTWE]; CEEETLEs w=a

some of its neighbors have not
ume-hillowing foreign trucks
add greatly to pollution n
Alpine vallevs. Restrictions on
the size of trucks allowed on
awiss roads have brought angry
calls for boycotts from other
Européan countrigs that use
them heavily. A proposed trans-
Alpine tunnel-nnd-rallway sys-
tem to ferry cars and trucks
through the country could help
solve the problem. Meanwhile,
SwWiss trains are experimenting
on a-smaller scale: hauling
trucks through the pass on rail-
cars pulled by electric power

b4 7
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ORKING 10 heat
thie devil, for-
esters prepare
[oundations for
avalanche barri-

ers 1N & steep sec-
tion of damaged forest. In a
legend the devil himeself was the
engineer who showed how to
bridge an impassable gorge on
the northern approach to the St
Crofthard Fass. He demanded in
return the first soul to cross the
bridge — s0 the locals sent a
goat. A huge boulder placed by
the frustrated devil stands by an
entrance to the Gotthard tunnel,
where engineers moved it to
make way for the road,

The 5wiss have indeed drawn
on cunning and engineering to
thrive in the Alps, The demand
lor permanent, safe, and easy
passage over the mountains has
resulted in on impressive collec
ton of artificial protective struc-
tures casting billions, Steel

barriers march across naked
slopes (below), too high and
steen for forest, But this costly
security affords limited protec-
107 AERRIMST the UTEE OF TOALTE
tainsides and their burdens

1o move. The use of artificial

CHATETIAR BOER NECOW i Bal &NE

SITUCTUTES 15 SOMELmes umossi-
ble beciuse of topography
Against floods and erosion there
is vt no cure-all. Without intact
forests the moantains” {orces
could bamsh humankind from

much of the Alps. [l

National Geomraphic, May 1059



1 avizlanche chute, o framn en route to g popular skt resort creeps nto @

ol ik ] 1 1
['his 1088 slide blocked the entrances. which had to be dug out over-
i

night. Avalanches an this route have knocked troins off the rracks. A brain éngineer savs

of avalanche avoldance during times of high risk, “It's not knowledge. It's luch.”




U S History

Boxful of mementos tied to American history is the legacy of Benjamin P.
Field V (left). Most likely packed by Field’s 19th-century ancestors, the
box will be opened for a national television audience April 30. “The real
mystery is what the papers inside reveal,” sayvs former Chief Justice War-
ren E. Burger, chairman of the Constitution's Bicentennial Commission.




In a Box

5 there a home without ane, an old box sleeping in an attic or under i base-
ment stair, filled with memorabilia of events past? Once in A great while it
iz opened, and the bittersweet scent of the vanishing past, cobwebs and
gardenias, gives dimension to the present.

Rarely a family-kept repository celebrates a national event, and the pri-
vate papers become of public interest. Last fall, Benjamin P. Field V of New
York brought such a treasure to the Geographic, a wooden box covered and lined
with metal that had been handed down in his family, from one Ben P. Field to
another, for at least a century. His father told him that it was to be opened in
1989 and that it contained memaorabilin of George Washington's first Inangural.

Ben asked us to act as observers when he opened the box. It wase o fascinating
prospect, as though a missing cornerstone from the Washmgton Monument had
suddeniy materialized. We asked his permission to probe the box with remote-
sensing techniques, so the opening would not damage contents {(following pages),

As we viewed the CT (computerized tomography) scans, the colorful tapestry
of the American past began to unfurl in the black-and-white images:

Washington was 57 when he took the first presidential cath of office on the bal-
cony of New York's old City Hall, before a crowd so dense that *one might liter-
ally walk on the heads of the people.” He spoke movingly of ¥ my country, whose
vaice [ ean néver bear but with veneration and love . . . " It seemed his character
and idealism were the most valued assets of a nation-to-be that had discarded the
cohesive forces that bound together other nations —monarchy, anstocracy, and
established church

Historian David Bamsay spoke for all when he said, "A long time, and much
prudence, will be necessary to reproduce a spirit of union and reverence for
government.”

That long time included the bitter Civil War, but by the time the 23rd Presi-
dent, Benjamin Harrison, celebrated the centennial of Washington's Inaugural,
the Umted States was a land transformed and virtually completed.

In that vear, 188%, and the next, Montana, South Dakota, North Dakoia,
Washington, Wyoming, and ldaho were added to the Union. The long and
shameful trail of Indinn blood had led finally to Wounded Knee and more than
200 deaths, two weeks after the first Army-Navy football game was plaved

Even though farmers were going bust and factory workers were being exploit-
ed, many prospered as people never had. While factory workers worked 1010 14
hours a day, individuals accumulated millions. Against such privilege rose orga-
mzations ke the National Grrange and the Amencan Federation of Labor.

Harrison would soon be demanding indemnity from Chile for an attack on
American sailors, and the organizational descendants of Washington's regiments
would be drawn into the overthrow af the government of Hawai,

Expansion and prosperity and the struggle {or =ocial justice, devotion to public
education for seli-government, acts of shame and cownrdice, self-indulgence and
generosity in public life, that elusive spirit of union, that hard-attained reverence
for government— the democratic struggle recalled by memories from a box.

Aessps Qodlg s
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By BENJAMIN P. FIELD V

Photographs by

SISSE BRIMBERG

OUND for the nation s
frst presidential Inau
gural, George Wash-
mEton crosses New

York Harbor and doffs his hat
o an admirmng capital city | be-
low}, "'The music of the driums

h54

and the ringing of the bells were
ervoueh to stun one with the

- an observer recalled. A
week later, on Apreil 30, 1789

N s

Washington was sworn in

To mark that event a centurn
iater, Congress declared Apnl
M, 18589, a nutional holiday,
and another new President,
tenjamin Harrison, returned 1o
the first capital for parades,
speoches, ond nreworks.

Harrison, in a carriage.

followed Washington' s routi
up Wall Street, passing under a
lemporary arch erectisd by

|'i'|;|."|’--':|-|_'-||'-1.1.'| d ]'|1|_' [l-‘:rh ol

M-
dght, " said an organizer of the
event, " was bounded on each
side by the walls of immense
high buldings. each structure
rachant with riunbow-Hoed
buntings each window
rleaming with bright eves, ever
cornice mnged with faces,

The lanuage reflected the

yafionad Geographec, May 1980



hopeful apint of the times. By
April 1889 the Civil War was a
receding memary, the Western
[rontier seemed secure, and the
[utiere promsed stability

The centenninl offered an op
portunity to refiect upon the
past and o mark a young coun
Exhibits of
waszhington memarabilia went

kryv 5 progress

on displav in major cties, sou-
venir medallions and books
were 1ssued, and m the village of

Babwlon, New York, n tinsmith
and inventor named Benjamin
. Field 1 s eredited with
assembhbng a box of mementos
for his descendants. My great-
ereat-grandfather’s shop, where
he probably built the time cap-
sule, still stands (bottom left)
Almuost 30 years have passed
sinoe 1 frst saw the box, 1 was
only 12 when myv father showed
me the trunk half-mdden under

the staars 1o the diim hieht of our

basement on Long [sland

| ermember runming my fin-
Eers Over the lettering on the
X' s metal extenar, wondenng
what secrets lav inside, Dhd it
hold newspapers from Washing-
ton's day? Keepsakes from Har-
rniaon s ernf Letters through
which my relatives would speak
peroes the vears? Would the doc-
urments crumble on contact with
air ! Could 1 open the box with-
put damaging its contents?







HOoM THE OUTSIDE My
mysterious pirthright
logked stmple enough —
a ralvanized box that
would fit under an nirplane seat
But inside was Ao package
more complhicated than T had
imagined. I got my first peek
during a visit to the Washington
(D). 4 I[Ill-]:].l.ﬁ Lenler
we ran the box through a C1
scanner, an X-ray device thai

rotates around prbents to pro-

Therrp

dhuce images of thelr organs
and tissues

Chur investigation showed that
the box s puter metil skin was
alawit 4 tenth of an inch thick;
beneath that was a wooden con-
tainer; that, in turn, was limed
with another laver of metal. It
reminded me of Churchill’s
phrase; a riddle wrapped In a4
mystery inside &n enpma

To penetrate further, we
needed more powerful tools, We
tound them at NASA's Georee
L. Marshall Space Flight Center
m Huntsville, Alabama Hére
enmineers use A sophisticated
X-ray instrument called ACTIS
(advanced compulesl tomogra-
phy mnspection system) to find
minute Naws 10 rocket nozzles
lurbine biandes, and other hard-
wiare ol space exploration

A red laser beam guided
technicians in positioning the

s

£
X

.I

)

-
L 2

;

box on & metal turntable in
MNASA © epnning room (Lo
left). For this portrait Lhe
“ramérn” 1= an X-rav device
that fires a pulse with the
energy of two million electron
vilts, capable of penetrating six
Inches of steel. Engineers, jour
malists and others watch from
another room, linked to the
seanning procedure by remote
monitors (above)

As the X ravs pass through
the box, they are absorbed to
VArvIng degrees by the materials
withing the denser the material

-

=

-.i

o7

the fewer the ravs emerging
[rorm 1l Sensors measure the
nttenuated besm and relay
the mmormation Lo o NASA COm-
puter, 'he computer, in turn,
paints p composite picture from
the digital data, making an
image of maore than @& million
Hny electronic squares on the
scTeen. 2ome 00 Images emerge
i two davs of scanning. Each
pne depicts o lengthwise slice of
the box, each less than a sixth
of an inch thick.

We =e¢ 1hlo the container a3
if 1t had been opened from the
boettom. At a depth of about
three inches, a small packa
appears, tied with o loop of
twing (top image at far left), Just
above that laver a nest of coms
or mietlnllions glitters immddle
mage). Higher in the box.
another view reveals o metal
disk. It s about two inches in
linmeter (bottom image) and is
packed in n prezeniation box of
its own. A computer enhance-
ment ormegs outl more detail

eft), and the funt sugegestion of
aman's profile. It proves to he
the fumiliar face of Washington,
featured on AN MEMmEenios
trorn the 15849 centenmal (circu-
lar tTmage|
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penetrated the box with beams
FARERE 1rom 0, 0000 To SO0, 000
electron volts (nchest X ray is
sl GO Te 13U DU elediron
valts), Staff members study the
resulting radiograph in theis
Craithersbarg, Marviand, ab-
pratory (middle left)

Fheir imagng vields an end

view of 1

e box, in which the
metal disks teem to float in
space (below); some apparentls
have pins and clusps, like lnpel
puttons. MzNarls poant into the box
irom top and bottom., their uni
form shape supgesting o man-
tactured origmn; probably in the
| centars

studving another view, focts-
Ing on the medals fmom above
ohservers believe the 5 QISCErn
the date 15589 on the three-sided
anield in the cluster of shadowy
images (top, Bong page), A
tater TASC enhancement of the
medal prodduces a man' s profils
on & star (top left)

With these two clues we
searched a catalop of political
memorabilu st the Smnthzonian
[nstitution and soon found the
twin of our meddal. It 15 a com-
memoralive pin i=sued for the
Washington centennial in MNew
York (top right). Our hopes
began to cdim that the box mught
hold objects from the first

InaugFuration

L. 8, History in a Box RE0



UR WEEKS of space-age
study have borne
abundant informa-
tion, enaough for ths

artist’s inside view (helow). The
detaited sketch will help us open
the hox without damaging its
contents

At this writing the box
remains sepled, vet theé scans
hove already helped unravel
some of its mysteries: We know,
for instance, that the wooden
container 13 built of pine or
cedar, with three planks on the
op, two on bottom, We know
that at least 32 nails hald this
container together. We can
identify one medallion and can
spe the details of two other=s. We

The opening of the hox will be
televised on National Geographic

EXPLORER af § p.m., DT, Sunday,

Al 30, the 200th anniversary
of Washington's Inaugural. on
Superstation THS.

can even see a it of printing on
a paper or folder inside: “Slett
mer Lambert & Co." it reads,
shown In a computer-enhancedd
image (above). The tite displays
the flounshes charactenstic of

a late 19th-century style.

Inside and out, the careful
metalwork supprts the iden
that my ancestor the tmamith,
Benjamin P. Field I1, bailt the

box. Even if the opening reveils
no treasures, there 18 & personal
reward for me, ane that reaches
back to link me with ancestors

| never knew. For the first time |
can enviston one of them sitting
at a table with the collection
roattered around him: He is
mathering folders, packing
medallions; tving an envelope
with twine, thinking ahead. []

Box's likely contents: 1| Galvanized metal cover 2 Inner box of pine or cedar 3 Inner meétal liner
4 Folder with printing s Rolled-up newspapers or printed matter 8 Book 7 Quarter-size coins
or metal buttons 8 Medallions in presentation case< 8 Washington centenninl pin.

GG

Natronal Geographic, Moy 1089



Onar activities take Vo s far
as an ancient M FviEn s l.—fr-h_ in a hish ‘ .
tropical forest. Or take yvou I"'-J.".IJI':I:I'I.F_" tar .
away sland cities unchanged by ime

Though ouractvities are by no

micans limited to our ports of call. On our ships weve set up more of a sports program than even the wildest

sports enthustasts could handle, On board voull find everything from snorkeling to skeet shooting
And we haven't forgotten those of v whose idea of a pleasurable vacation is to exerase vour mind
more than your body For vou weve planned leisurely davs of effortless fun. Diys of backgammion tournamer

atiti el s et Werrrel seewaesl [ The Seeyen: Shipe' Jogrme fdsmea 5580 Naneepim U | e



wine tostings, and lectunes by sorne of
the biggest names in sports
Yet this is really ondy part of
the reason our ships ane known as
® the Norwegian Cruise Line Fleasure

ips. But voudll see much, much more by stmply calling us at FR00-262-4NCLL for our free fleet brochure
Owver the vears weive alwavs given our passengers more cruise for thetr money " NORWHEGIAN
s naturally theyve come to expect more from us Which leaves us no choice but to w CRUISE LINE
sep searching for new activities Even if we have to reach back 1500 years to find them.  The Plaasure Ships.
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THE ALL-NEW DODGE SPIRIT ES. Dodge Spirit ES is a true driver's sedan. You
can tell by its aggressive lines. Monochromatic look. And by how quickly it moves when
you put your foot down. A new 2.5L fuel-injected turbo provides the power. Or choose
3.0 liters of fuel-injected V-6 performance matched to a new electronic Ultradrive auto-
matic. You also get responsive power steering. A sport suspension. And our exclusive

7 year or 70,000 mile Protection Plan® Best of
all, Spirit prices start at just 59,995, while the
premium ES (shown) is only 512,495 So see your
Dodge dealer. Then let your spirit soar. ¥¥0

*See ihs powertrain emsted wamanty & s restnctions al dester BUCKLE UP FOR SAFETY
FSticker prices exciude fax, dastmation charge & oplions

- THE NEW SPIRIT
- OF DODGE




FREOM THE

PRESIDENT

Making science a contact sport

HROUGH the magic of telecommunications,
students gathered in Grossenor Auditorium
at Society hendguarters this month will be
transported to the floor of the Mediterranean

Sen for a live adventure of discovery,

Cruising thousands of feet below the surface,
they will marvel at the sight of glassy lava from an
underwater volcano and take part in a search for
strange and beautiful o
forme of life near hvdro-
thermal vent=. Their un-
dersea craft
Jason, @ seven-foot
long, remotely operat-
ed vehicle that carries g
three color video cam-
eras. These camerns
will send live pictures
through a fiber-optic ca-
ble to a vessel on the sur-
face, bt
them to a satellite above
the Atlantic Ocean
From there the piciunes
will be relaved to a
ground-based recerver and broadomst
vin another zatellite to a network of
nine museums arnd other educational
inetitutions in the U, 8. and Canadn.

will be

which will

L] Bai 4A

It will be the first live broadcastof s e newotr-co
3 IS LML FICTLES
kind ever attempted from the bottam A A e

of the deep sea.

This exciting project has been organized
Robert [0, Ballard, Director of the Centér for
Marine Exploration at the Woods Hole Cceano-
graphic Institution, whose team discoversd the
wreck of R.M.S. Titamic tn 1985, Bob has hopes
for the endeavor thad
immediate goads, He wants to convince every stu
dent who participates that science i challenging
and fun.

“1 want to show kids that science, nnd particu
larly oceanography, is a contact sport done by peo-
ple with the right stoff,” he sald. “I want them to
lonk at thetr math homework @5 an athlete looks nt
push-ups —as something yvou need to do because
vou want o piay o the game,”

Bob expects as many as 250,000 students to take

reach  far bevond it

pétrt in the interactive television programs, which
will be broadcast from May 1 to 14, Through & tele-
communication center at each of the participating
metitutions, students wall be able to ask questions
uf Bob and other scientists aboard the research ves-
sel to help the voungsters understand what they are
SECINE

In addition to exploring the Marsili Seamount
Jeson and its
companion sled Arge will
be used to investigate &
widesprepd area of
wreckage, which Bob be-
lieves holds the remains
of ships from the time of
the Romans. A prelimi-
narv look at one site re-
vealed amphorar used to
export winge [rom [aly
and  Carthogpnian  jars
used 1o carry H=h sauce
and oil. The National Sci-
ence Tencherd Associa-
tion has developed class-
room matenals for fourth through
twelfth grades on related aspects of
archacology, trade, seafaring, and
geagraphy to help students prepare
for the Hive broadcasts,

This project would not be possi-
ble, of course, without the generous
support of sponsors, especially the
Natwnal Science Foundation, Quest Group Lid.,
Flectromic Data Systems Corporation, the Office of
the Chief of Naval Research, mnd the Tumer
Bropdcasting Svstem. The National Geographic
Society lent a hand in developing the advanced
camera systems, whose images will be seen this fall
man EXPLORER TV documentarvon THS,

Bob Ballard and his team deserve a lot of credit
tor what they're attempting. Bob is not only an
explorer but also a man with a vision. By bringing
ltve televiston to the undersea world, he's doing
for cceanography what we ve béen doang for geog-
raphv—mnking the facts come alive. More than
that, he's defining what it means to be o teacher in
the 2 1st century by allowing students 1o share with
him—in real time — the excitement of discovery

_ volecano,
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San Joaquin Kit Fox Genus: Vidpes
Adult size: Length of body, 32-50cm; tail, 22-30cm
Habitat: Ard scrubland and grassian
Surviving number: Estimatad a8t & few thousand

San Joaguin kit fox pops huddle together, secure
at the entrance to their den in one of this sub
species’ last strongholds in California’s San
Joagquin Valley, The San Joaguin kit tox shares
its hahatat with other impernled animals: the giani
kangaroo rat, the blunt-nosed leopard lizard and
Nelson's antelope ground squirrel, Al one time,
even the Califormia condor, which today lives
only in captivity, soared high above this wildlife
community. The San Joaguin Kit fox 18 one of
many wildhife species in the area threatened by
the conversion of native hahbitats to agriculture

Species: macrotis
Adult weight: 1 5 2kg

1 in the San Joaquin Valey in Callormnla, U3 A
Photographed by Tupper Ansel Blake

subspecies: mulica

Wildlife as Canon sees it

and urban development.

1o save endangered speaes, il 13 vital o pro-
tect their habitats. Understanding the framie
balance of our world's ecosystem holds the prom
ise for the future. Expressive color images, with
their unique ability to reach people, can help
promote a greater awareness and understanding
of the San Joaquin kit fox and how it lives within
its natural environment.

And understanding 1s perhaps the singie mos
important factor in saving the San Joagum kit fox
and all of wildlife.

= — = INTELLIGENT COLOR

The most revolutionary advancs
In copying. Smoe the copler
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“Coca— An Ancient Herb Turns Deadly™ { Jan-
wury [989) serves as an excellent primeron illegal
cocaine use. The article is one of the most com-
prehensive published for the general public,
CHARLES P. SMITH
Dirvector, Justicve Progmms
O 5. Depaviment aof Justice
Wischington, ). C.

This feature should be required readineg for
EVETY American.
GEORGE [). HEAVEY
Regionad Commirsionery
L7 5. Customs Southeast Region
Migmi, Florida

Asa member of the Society, [ have hever been so

proud of the steps you have taken to help lnw en-

forcement ¢ducate citizens on the most sericus

problem we face as & nation. Last year 152 offi-

cers died in the line of duty in the United States,

and almost all the deaths were drug related
FERALD 5, ARENBERG
Executive Divector, National
Aszsociation of Chiefs of Police
Waskington, ). C

You state that six million Americans buy cocaine
and that it brings them indescribable pleasure,
unbounded energy —often misery, sometimes
death. | hope vou haven't appealed to six million
more who may fall susceptible to the glamorous
description portrayed and ignore the down side,

Witriam A, Prrr

Carfsbad,. California

I am a social worker investigating child abuse
and neglect cases in the Enst Los Angele= barrie
In the post few vears I have found most of my

cases are drug related. 1 have observed many
families, not just those on welfare but many

middle-class parents, who get so hooked on
drugs that they first lose their jobs, then start sell-
ing their furniture and other possessions Lo sup-
port their habit. Then they get evicted for
nonpayment of rent and wind up abandoning
their children with relatives or just leaving them
along in motel rooms. [ hope vour article will
pressure the politicians to spend more on drog re-
habilitation We can't afford not to do it

RiCHARD H. SMITH

Burbanik, Califernsag

Peter T. White's detailed covernge of the cocaineg
trade omits its murketing, sales, and distribution
berein the U 5. Since the early 1980z the cocaane
industry has moved from an era of independent
entreprencurship to o strogile for control be-
tween the drog svndicates forged by Jamaican,
Chinese, and Colombian gangs and the drug cor-
porations muodeled on the Fortune 5000 compa-
nies. In only two decades we have seen the
recapitulation of American economic history as
the cocaine trade grew from cottage industry to
major corporation. Besides adopting organiza-
tional structure, it uses classic business methods
like mass marketing, mass production, and econ-
omies ol scale to make an elite product available
and affordable to all, Cocmine has created a shad-
ow tndustry that holds up a pightmare image to
American business and society.
EAREM JESCAVAGE-BERNARD
Selden, New York

There i3 &n ever increasing effect of cocaine that
medical professionals are facing in intensive-care
nurseries throughout the country, Cociine use,
even one “hit” of crack, can cause placental
abruption, resulting in' premature birth. We
daily pdmit these " fetuses, " many as youngas 2.3
or 24 weeks of gestation. Even more frighténing,
current resenrch has shown that & single hit of co-
caine by the mother results ina continunl dose for
the fetus, as the drug converts to a metabolite
that iz repeatedly ingested by the baby asit eircu-
lates in the amniotic fluid. The damage to these
mfants at critical stages of development remains
ton b spen

IMANEK. MCBRIDE, KN,

Lmion City, Califorrnia

Cocaine's potential for causing death is, initself,
mmsufficient justification for outlawing it. If we
outlawed everything that could cause death,
we'tl have todo without tlobacco, Aleohol, all pre-
scription drugs, firearms, automobiles, knives,
ropos, matches, stoves, raror blades, and bath-
tub, to name but a few. So cociine kills 1,600
Americans vearly out of a population of 5.8 mil-
ien regular users? That would make it one-
twentieth as deadly as tobacco, which kills 200
times as many Americans each year out of o pop-
ulntion of regular users that is only ten Bmoes as
large. Yet tobacco cultivation is actually subsi-
dized by the American taxpaver, while the prod-
uct is easily available to any child tall enough o
reach the guarter slot on & cigarette machine:
Talk about hypocrisy!

TERRY PHELAN

Albany, New York

Sagebrush Country

["ve never been to the U, 5., but next time ['m
stuck in a traffic jam I'1l be thinking (dreaming

National Geographic, May 1089



tﬂ Ride.
*Dad talks In smokescreens Can't ever say whal Your truck s an impartant part ol everything you do.

he really feels Like this moming, getting ready whether it's hauling balas of hay or striking out on
o po. All he could falk about was the fruck. Did yvour own. That's why it's important to take it o

| have the oil checkad? How were the brakes? Mr Goodwranch, :

So | told him, | had the Goodérench guys at the Mo one else has the GM factory fraining. the experi-
GM dealershup look it over ence, the genuine GM parts that Mr. Goodwrench
| did, oo, has. That goes for GM cars as wall as trucks.

Ses, this truck is my tickat to the real world’ My S0 whether you drive a Chevrolet, Pontiac.
freedom o go where | want o go. You better Cldsmobila, Buick, Cadillac or GMC

Kt b a ok cife oIt Truck, bring it to Mr Goodwrench -
Dad just nodded. You'll find him at over 7200 General

But | knew what he was saying. Motors dealerships coast to coast. Goodwrend
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perhaps?) of those buckaroos disappearing over
a rise in their “fresh-made world without
fences.” Il be able to sense the smells of distant
plains and sagebrush seas and hegr the echo of
thundering hooves, To Messrs, Chadwick and
Schofield, many thanks.

Paun O SULLIVAN

Dublin, freland

Veterinarians have examined the stomach
contents of covotes often enough to know that
these animals pursue the smallest desert crea-
tures cn which to make their ménls. Now mice,
ground sguirrels, jackrabbits, and cottontails
miultiply out of proportion o their need because
covoles are relentlessly pursued and killed by
those who think no further than the guns they
use, | wounkd expect NATIONAL GEOGRAPHIC to
champion the ecological necessity of the covote
or, if your policy is intended to be disengaged
from 1ssues, to show both persunsions at work

in Nevada.
Jo BiLLiNGs

fminy, Nevada

When 1 first ¢came to Idaho in 1933, there were
jackrabbits in incredible numbers in the Little
Lost River Villey and coyotes everywhere. A
big-time sheepman in Howe, Idaho, told me that
mn spite of hordes of rabbits his loss to predators,
mainly covotes, still remained at or near 11 per-
cent of his annual lamb crop, Covotes do prefer
mution over jackrabbit at any tme, and 50 do 1!
EMFRED ANDERSON
Blackfoot, [daho
Stingrays
The public should not be led into the false belief
or security that one can usually fondle stingravs.
Having studied sharks and rays for over 30 vears,
I think articles that depict people plaving with
rays should be discouraged. Rayy are dongerons
FrANK |, SCHWARTE
Cimrversity of North Caroling
Morehead City, Novth Carolina

Many divers, and certainly all who love wildlife
most in its natural state, experience a thrill far
greater in seeing stingrays cautiously out of reach
of humans than in having direct physical contact
with baited rovs beggping for food from “as many
as 150 divers and snorkelers a day.” The hand-
fed stingrays of the Cavman lslands are another
example of man's selfish insistence on exploiting
maodified animal behavior to suit his entertain-
ment needs.

MNANCY MansH

Redmond, Washington

Indonesia

Arthur Zich seems not (o have seen the Aceh that
I saw during a visit in late 19586, The Acehnese T
mel are among Indonesia's most productive,

energetic, and créative citirens—and they are
tumoas for these gqualities in other parts of the
country. Lich's account implies that Aceh suffers
from its devotion to Islam. In fact, Aceh's fierce
resistance to Jakorta {(and to the Dutch in earlier
vzl reflects dedication to freedom and indepen-
dence rather than simply religious fervor.
WiLLiam L. WiILL1AMSON
Madison, Wisconsin

The situation in East Timor [includes] acts of
violence and repression perpetrated by the
Suharto regime against the Maobere people.
Portugal, constitutionally committed 1o safe-
guard East Timor's right to independence, is not
alone in condemning these abuses. The UN, the
European Parlinment, Amnesty International,
and Asia Watch have supported East Timor's
right to freedom.

LUls A. DE S0USA

Embassy of Pertugal

Washinglon, DD, C.

Author Zich cited 100,000 killed or dead of star-
valion and disense, 40,000 children orphaned or
maimid, of least 600 missing civilians. He was
rafused access to the eastern part of Easi Timory.,

Rowing to Antarctica

More than 10,000 students participating in the
Student Ocean Challenge program tracked Ned
Leillette and his créw aboard Sea Tomato by satel-
lite during their daring row to Anturctica. Many
thanks from teachers and students evervwhere
who can now fully picture just what it must have
been like to experience the “most mad seas"

MamE REYNOLDS

Newport, Rhode [sland

Society Membership

The Society celebrated its centennial with more
than 7' members in 1988, That means that in a
hundred vears membership doubled 22 times. In
the same span of time, world population doubled
only two times. If both continue increasing at the
same rales, every person on earth will become a
Society member by 2030. Then vou'll either have
to-slow down a bit or start sending gft member-
ships to Martians,

JorGe E, OosTRA
{hapud, Colombia

By our calculations, based on steady rates of in-
creqse, we will exhausd the pool of earthlings by
2042, We've open-minded about new members.
Letters should be addressed to Members Forum,
Natwonal (eogrophic Maogazine, Box 37448,
Wieshompton, 0.0, 20013, and shonld include the
sender’s addresy and telephone number, Not all

letters can be used. Those that ave will often by
edited and excerpled.

National Geographic, May 19080



Ameri

Why s The

Express

Card Green:

The fact is. with an impressive array of products
and services like this, Visa® could make anyone a
DIf enNvIouUSs.

Visa Gold Card.
Outdelivering American Express.

Visa Gold provides full value auto renlal insur-
ance’ ernergency travel and medical assistance,
and al least $150,000 in aulomatic trvel acciden|
insurance—ial 00 more than Amencan Express.
Flus Purchase Security and Extended Protection®
which covers most of your purchases against
theft, hre, loss, or breakage. And Visa Gold wall
bring both emergency cash and a replacement
card right to you anywhere in the world. Some-
thing American Express just can 't deliver

Visa Travelers Cheques.
Better To Travel With.

Visa can prompdly refund last or stolen cheques
al over 245,000 locations around the world—
twice as mary as American Express. Proof that
when it comes to American Express Travelers
Cheques, maybe you should just leave home
withoul them.

Visa Business Card.
Better For Business.

Visas Business Card offers delerred payment
plans, emergency lravel assislance services,
convenient cash access, and specifically tallored
expenditure reporting services, And it is accepted

*Excess reimbursament insurance, ostun conditions and exclusions .I|-|-|':.'

al moree than sixomillion merchants—that's
plmaost thres times more than the Amencan
Express Corporate Card.

Visa Cash Access.
Easier Access Worldwide.

If you need cash from ust vour Visa cand,
vou re covered with gver 2458 D00 banking branches
around the world. In addition, with your Personal
ldentification Number provided by vour issuing
bank and your Visa card vou can get cash at over
32 (0 cash machines amund the world., Comn-
bined, this 15 more than ten times as many places
as American Express

Visa Classic Card.
The Accepted Leader.

Visa Classic is the accepted leader because it s
honored al neariy three times as many places as
Amendcan Express And six hmes as many Visa
cards are used throughout the world.

S0 next time vou have to choose, rememiber
which card is green

And why

It's Everywhere
You Want To Be.

L L
ViISA

CWaallS A ime 1583



“The next great leap forward in the car industry
won't happen in Detroit. It's happening right now,
at our dealerships.




THE CAR BUYER'S BILL OF RIGHTS

“SERVICE
ISYOUR

RIGHT”

For the past two years, in overall dealer service and
product quality, Chrysler has the highest customer satisfaction
of any American car company.

At Chrvsler, we understand thal dealer ser-
vice can make or break the relationship between
car buyer and carmaker That's why..just as
we've made a commitment to stand betund the
car buyers nghts. . .our more than 5,000 desilers
have made an equally mmportant commutment to
deliver customer satisiachon.

And thevTe debverng. LD, Power and
Associates, one of the industry’s most respect-
ed research organizations, surveved over
25,000 owners of 1987 passenger cars. The
results clearly showed that owners of Chrysier
bualt cars were hapmer with the overall service
provided by ther dealers, and with the quality of
thetr cars' than Ford or GM owners. That says a
kot about the way our dealers treat your car, and
the way they treat you

Last vear alone, our dealer techmoans
{‘} recarved more than SO0, 000 total hours

of specialized traming i the most

"0 Powes gy dascesaies TOEE D51 Gisior=.r DEmesar i &= ih Penghin! Cimety and

Dt Tearwns Kor FR- AT piccange cars SUCEKLE U EQS SATETT

advanced repair procedures. [ hat's an mcrease
of almost 200% from 1981 With this hands-on
kmowledige, and the most sophisticated equip-
ment avalable, they're prepared to handie any
problem
¥ou have a nght to foendly treatment, honest
rvice and competent repans.  Chrysler. . . and
every Dodge, Chryvsler, Plvmouth, Jeep and Eagle
dealer. . idend to see that vou pet i

“SERVICE IS YOUR RIGHT. AND WE
INTEND TO SEE THAT YOU GET IT”

CHRYSLER
MOTORS

X




Back
Popular Demand.

.'-'|..4|':'.=: b | irated

AL onie fime, pereprine Blooss nesied by the thowsands
stes. But with the widespread use of the insecticide DDT in the 19408 ang
the peregnne floon

1 - 1. R p— N - . d . = .
5% thie species siffered greathe In

e easem LS

cisappedared entirel
1
i i 1 | I LE! 1 [ | ] i -
oW pereerine Bloons e made o oomeback, thanks o effiorms

LTS TVATI I sss

|95 WHen fCrwery DROETHTIS 2 peregnnes hove

werre esehlished
1
et rebesrsedd i the easterm LS angd there has been a seeady incnease in the

ESTITTE PR b
LIV

Wath wise conservatiod policies, other ond

Funve als made comebacks

d species Torn the Noatkosal Wildlite Federat

e sxecies suoh as thi

ligeitor and the babd emgpl
il

<101
|._. | Lo I ||_!_,'I||_'I'_':'._

o » h
4 ,é

Mg

ri b

MATIONAL WILDLIT
FEDERATION

LK) |60 Street. N
"._!l.__.._-,l'_|":._l|. 1 | H




The 1932 Cadillac V-16 Sport Phaeton

A Meticulously Engineereed Die-cast Metal
Replica of One of America’s Greatest Cars.

rhe 1932 V-16 Sport Phaeton wa Hand assembled.. even annot be rushed  Pocsryations 1
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A rear-wheel ai'lh-ilnck brake S}rstem hrair.e system designed to help you make fast
might be un:upﬁctﬂd inacompactvan. . stable: stups. For all the driving, stoppingand
But is now standard in the advanced * living your family does, Chevy Astro is the
Chevy Astro.) P - van that can. *ia
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Slowly Restoring
Leonardo’s Masterpiece

tlimeler b millimeler  the
restornnion. of Leonardo Oy
vincis Thast Supper (Gieo-
oRAFHC, Movember 1953 conlmues
Work his been caompleted on abwon
hatf the mural, located in the refectory
of o former momstery in Milsn.
Ialy, Dy Piun Brombilla Baralon
we o s executod the festorition singe
LT, o oW WorKiRE on thie face of
Chrmst and the upper part of the toble
e, Pietrs O, Mamm, mnspector for
the supermtendent of fime wrts in A
L, savs At her fued vidr are necded
b0 Tinewdy repairing damage from expo
uiire o sunbight and NMuctusting lerm
peridures, stripping the layers of paim
sihded by carber restorathons,  and
P FEEYTIE !hl.' gl JH4E = |||.'|".|rr||||.|I|.'|:F ITWCT
Centuries
Meaowhile. Marom hopes to instal
aft  apr-Comditioimimg  syslem o in the
I ESEL D r‘_.' this KEatr L III:'I]1 L LTkl
renewed detonaration as rosgoration
witrk |5 completed. To redoce bmid-
iy, which also can cuuse senous dum
ape, the murnher of visiors allowed o
soe the T Lasi Supper has been hmsted
Loy 2% it koY ome tie

L ncovering the Past:
the Mastery of Fire

hen dild our ancestor Tiest learn

0 use fie?! That prehbtoric

wdvince — which ranks imimpoc-

TR with BRI I|||_=| :rl.'.?i.|r|_|1 Tttt |

in have occurmod moch enrlicr than
sCremtsts had thought

The most recent ewidence comes

from Swurtkrans, 4 large cove excavil

bon near Pretorue,. South Afnea. At-

chacologsi O K. Brim foond churred

el Pones sSattered through ime-
stone st about & milliom years old
and alder. Expenmients shiw that the
bones were healed al iempersiuncs as
|'i|t:=.' & THivL .|-.|:u|ri||:!1 T4 ._'.|||1;_|:Irr|_'l
And m the cave lavers, reomains of
Lhe ape-man A revtradogithecion robusiny
inid @ lurger bramed homimd, Haorene
eritcimy (OB Moy bt
| SES ), suepprest wehn tended those fires

Proviously the carlicst strong evi-
denie of Tore uve came from Zhoukow-
dian, a cave ncar Beijimg, China
There, smid remains of Foosio ereeius,
A layer of ash and bumied animal
b ates Feony abawt ball o sulbHon
VEATS BB

Black-footed Ferret
Population on the Rise

imgs are lpoking up again for thy

Black-footed {erret, which  has

pre theoueh o penb-ofl-Pauline
CEESCTI0E (it ithe last |||.'|.'|1|.j|.'

The hirtle snrmal, o member of the
wiise]l family, hod been consslerod
extinct until o small group wias Tound
amad proine dog colomes near Mec-
Wyommg. In 1981 (G-

fome 193], Thenr known
population feached m peak of 129 in
|9 belore. o combination of & plagine
Mt kalled prune doeps, their chiel
prey, and camne distemper. whch kills
ferreis, coused o 1o crash. Authonties
then captured [errets from the wikd and
started o breeding program

Early in 1980 the ferret population
wis up o 35 acoording o, Tom
Thome, o vetermarian with the Wyo-
1:'lr|!'_li LT g |-|-.r~. [ I1.'r||rr:|:|.|.":|.'._ w4 |1||

lEci=o,
RPN

ot churpe of the program, Fifveen (er

réts hve been sent o two other factl)
bed [0 prevent anv. dew oulbreak ol
iilnesa from Kilking all caplive femmits,
as happencd in 1985, Thorne plans 1o
reintroduce sume ferrets il the wild
when the population renches S,
winech he hopes will hisppen by 199]

Soviet Geography Poll:
Pandas in Panama?

fninternational survey conducied
last vear by the Cradlup Organira.
Licd for the Matlonal Gieograph-
e Socety slowed thal Americiuns have
w woetully limited kKnowledge of geog
raphy. As saciely Preshdent Crifher
M. Grosvesor reported (CrboGiara
movember 1UER), vouhg Americans
did especinlly poorly when compared
wilh residents of cight other. nations,
fimishung last in o test of penersd geo-
grapitc knowledge. A lew of thein sakd
they thought pandas came from Pang-
ima and Knngaroos from Lebanon,
St vl 'III.ITu.'rIl'.'llI!-l. will by I||"'|| B
howy' they compare with people in the

sovie! Lmon when i comes o geo
grhpincexpertse. Liallup will join with
the Imtitute Jor Socology of the
LS. SR, Acollemy of S¢ences oo
sociely-commissioned poll of | SN
VT omens, & thousand of them
crutsrde the Moscow ores and the e
mainder m the capital. The Sowvier
pespondents will be asked virtually the
Al FTTE 1|'|:||."~1|-||1'n i thime ru--.:|| in hé
carlier survey —oguestions (o lind oul
whal mmporiance they place oy ge
graphy hnd 1o test therr map-reading
pkills by mequinmg them W Jocatke
specaiie places o bodies of water

Clovis Cache Discovery
Points Up Old Debate

(e discovery of a mapoer cache of
LRI POINES 10 Contrl YWwirsning
joen | DrpnGRaraar, Olrtoler [6xE )

nas heiped refocus aitennon on
VIERER uestion of when the Americas
were first peopled
such distinctively  Tloted.  spein

patnts, dating from 113500 to 10,500
viears aeo, have been found m southern
Creadn mnd madh of the Linited Stites
Clovis points have turned up also at
ipmber ol sites in Mevico, Guatemaly
pnd Costa Hicn (map, below). Mog
wete folind on thie surface and cannm
pe Oifted. Bol Alam Brvan of the
Uniiversity of Albertu,
whooxcavited u Olovis

poind i Ciunlemaln, was able o date
that site at whout 10,710 vears apo
A site tn somthemm Mesieo Yeldod o
L lowvielike poimt daring boack 1o W 30K

YRS 0

Archacolpgnts agree that the West:
crn Heomisphere was  populated by
people who crossed o lind bridge from
Asa mio Almkan. By abour 12,000
vears ago they hiad hegun o sprreisd
vouthward through the Amernigas via
unicg-Free cormdot’ st of the Rocky
Mountains, most believe, using sham
Clovis spearpoints 1o kil nrge gume

But Bryen, notmg (indings of non
Cloves arttfacts 130000 and more veon
abd m South Amenca, thinks that the
crigmal dispersal of peaple, perhaps
dlong the Faalic const, was mmch
earlier nnd that Clovis proifits were just
o ] sevoeral |.'.'|'.E||‘|II|-.'I:_|1'|r.- ey l.'Il I|_I|:|_|
By thetr descond gy




America is hooked on
fﬂ-Tt‘:igﬂ oil. Teday, we
import almost 40 percent of
the oil we use—even more
than in 1573, when the Arab
embargo plunged us into
gas lines, rationing, and
TELCSSICH.

The more we can use
nuclear energy, instead of
imported uiﬂn generate
-:I.-:nr:iq::it}.; the less we have to

(Y9 LFSCEA

depend on foreign nations.
The 110 nuclear plants in
the 115, have cut our foreign
otl dependence by over three
billion barrels since 1973,
And they have cut foreign ofl

payments by over one hun-
dred billion dollars.

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

= .

To help kick the foreign oil
habit, we need to rely more
O OU OWTE Eﬂfl’g}' 5—'1':'11!"1.'1551
like nuclear energy:

For a tree booklet on nu-
clear energy, write to the
U.S. Council for Energy
Awareness, PO, Bax 66103,
Dept. SNO4, Washington,
D.C. 20035.

g COUNMCIL FOR ENERLY AWARENESS

Nuclear energy means more energy independence.
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uUniting comfort and control in
MERCURY SABLE I o

* Mercury Sable resulted in a sus-
pension system that combines silken comifort on the straight-

aways with a tirm sense of control en curves. And a driver’s
seat that suppors you In a position of control that's also
very comiorable. Even the comforting convenience of switches
you “read  with your fingertips and control with your eyes on
the road. Expenence the comfort and control of 2 Mercuory
sable at your Lincoln-Mercury dealer today. For more Sable
information, call 1-800-822-9292

Quality is Job 1



NATIONAL GEOGRAPHIC MAGAZINE
GILBERT M. GROSVENDR, Preident snd Chairmun WILBUR E. GARRETT, Eadinr
JUDGE, Senior Aunnciare Edisor  THOMAS R, SMITH, Avociawr Ednor
w*m

AENION ASSISTANT EDITORS

Trookans ¥, Canay, Scumce St B Gansra, Ir., Carmgraphy - WiLuM Qs Egrmditions
Moan Gecvn, Emviranmeenr  Twondas B Kooy, Phomprephy  Rosvet W Maobis, Lapour

:

7

B TR NATIONAL

=) GEOGRAPHIC
et Ll SOCIETY

Samuns W, Marympws, Produesion €, Lows Mazzarmes, Coared Conser- Eurasrni A Moes, Lol For the merease amd diffusion

Howasso E. Panss, Ar  JoEw 1. Ponax, Wunasrps  Loaey B Rocsan, Resarch
W, ALiaw Moves, My €3, Swirn, Retwarch Chiamd Pragnn Gesann A Vavsmio, Senipe

EDITOGRIAL
Asmrrant Enrroas Wilkemn 5 Ellis, Rows Fedey, Hick Gerrs. Alice ] Hall David Jeffary, Peier MiSer, Bobert M
Pooia, Marli Sy, Peess T White S0aos WaiTEaa; 1. Abemximmie, |Eervry Ardes, Daesd § ;

;;
I
i
Y
kS
|
'
i

CARTOGRAFHY

Amoc. Dirpctors: Hanild B Aber, Ir . Alice T.M. Heckis Joka - mmm il
Peisshalisa.. Trshni ¥ Thirer, Hlaiond A Hassen . K Jahben Arctsmssgint Corgy
F Siaaar] . 1 Dachizrs Map Editery Chatles W Croithan®, Fro. _Iu:lm'l'lﬁﬁ.'l'l-ll-l.]m
Euls K Cigs Paavs. fos A Savm, Thomes A Wall. Thoemss 4 Disprgrorrs bt & Ronies,
ﬁ-int.i? : Bihnd, Bissri, Cheidie T P M. Emay
. Flussilier, Lawis R Whete, Caeecben N, Kubn, Gaither (i) lﬁmﬂw!ﬂ-
&, Wichwier, Deoughis & S2refed Ndan T, Valdds, Asderrs [ Wahll fusn Tear; Chiver O AN
m Azt Rulisd B Michols, Ssper , andur Baday, Jamen B boCleliaml, Ir P Walh Al L
i ¥ I 1, Coner, Charden ¥ Case, Kevin P Aftm, Richard 'W, Bulliigiom. At |
Ciex, Manin T Ceolden: - L hhiwr. Henr A Deiapgher, Edenit & ol
EDITORIAL SERVICES _
Apearieriok; Sl Jews Ve Beniis M. Swmbh v o e Biew, Dlese Bior Ames. hlarg L B Mary
kn—u.,mmmn—uu,_ Carel L. Do, . Frrmegpin, Sevs 1. Pail, Elesiir
pumr, Katborine b, Rasse § Sstnn, Emmy Soum-

g
i
s!

J-ﬂr.tmw!“i—?hmm.ﬁn-hh—.t: lalﬁlf.lhl_:l;ll-l:rﬂ#
er.I'EI Anne MoMilles rrowe. Ars E abbs Wemmern M S (s A MBidathill. [hre

PRODUCTION SERYICES

Quairrrs Prank % Oheria, Bl W, Akbidgs. Pug-Puesy Oeolfeey T MeCossell Bills W Darmest, Bichmd &
Nredeck | Ellwinal W mlr.,m-m-m& el Pooroansrme Las Williem 5 Peinm,
Digehl H. Chisin, Jumes H Tioil W, Yee. FErermsal H. Wegmar, loseph 8 Andetum. Shere §

ADYERTINING _

Ce=wpge E Minflar, Ve Mrealasnr and Dbecne Fark Lyesch. Meveal Sale AlfonagerEzn &

L N Y Wes Jmmes [) Wemirm Keyumuy! Sbmger O W, lime 11,
Hohert [0 Jubmess e A ngedar Alimager A Beiutin, ¥, Chaugs Elysdes, THER Paia. inwrnditinal ddversi

Swbm Metise Schrwe Cleppr, Fuwre, Gl M. Tuckscn, Piodacsim
TELEVISION

Tim T - . View Prosubrnt sed Dysecirey, Frorgis M. Lamparhaia, Maneoe 8 Monmey, Sol L Sharwsberry,

ERDUCATIONAL SENVICES OF THE SOCIETY
WORERT L. WREEDEN, Sewiar Viog Priaidens

R riaire Lenouctiv,

' & Sedewn_lvan & Trihrew, Preships
AT T . Myt g e Mass Edfing, Philin B Siorr, duse O _
Temily Rirdy et s - T iy [ esbie ARen (ane H Beson Mlargery (] [na, Ton vl Y Fwpme, By
Fﬂlﬂ'.mﬂltﬂ-.ﬂll{lﬂ- Flammel, CRari= 10 Hormom. A e At 7 lann & .
Tum delbam. Rober Messer. M Knbes Moo, Theasas O Neli, Rarhess 4, Fesne. Theona B Freedl L,

Dipvul ¥ Shomers, Vienne ¥ Sleerman, CGebne 5. S, Jonater O Unguhar, ¥ -

Wmmay. Cimis

WWumaan Pai  Haduipr: Wl Kedews . Apw. Edoo Linoula Yossedes, Arn D
im_m:t.“fmm. mmm_m A& Pevrrsen.

Jimihe F.wﬂhmﬂnf.lrﬂ-:l—lﬂ.f 3 Kascher, Sendes
L mlartteraw, Louise ., Milbkse Twasroon: Bchard Eabisprand Dir ; Pl Macks Yzt B JCeRL; Al D

Corrmcary © 1189 Nathinal
Feguerrs! Trademuiks § Mewn

of geagraphic knowledge"

ThE Namiiial DR0GRuRTE S0CETY 8 chanased

otf Wiabcngtisn., D T . w6 bemgrecdil solaatifle anid
edhicatione] ivganteatsn. T 1990 the Socaety liae
sxpperted more {fen 3N explorstions scd research
projecss, scing o keowlecge ol enrih wea and siy

GILEERT M. OROSYENOWL, Preenfenr
OWEN B ANDERSON  Dreewts Vice Frender
Lrmizr Vier Preiaenmy

ALFRAFED |, HAYRE., Trrasurer

HAYMOND T, MEELLECGOTT, TH

ROBERT B SiMS

Viar Mrenidesn

FREDERN K C_ OALF L ETRNARDN | TUHANT,
IDSEFH B FOCIAN, IAMES P KELLY,
ADREAN L LOEFTIN, B, LEWIS I, LOWE.
HISS L MULFORDY, . GHECORY PLATTS
CLETIS FRIDE

EDWI W ENIDER, Seoremery
S ANNE DUPRE. Corpanmr Coumssf

BOARD OF TRUSTEES

HLBERT M. GROSYEROHE, Chaerman
UWER B, ANDEHRSON, Vo Chomrmes
LLOYD H, BELLICITT, Ve Chraaratiss

Presalent, Mibmel Caogtaphic Efa asin Frusduilum
i hutrrrern Boresidiae
MELVIN M. PAYRE, THOMAS W Mo KN EW
HIEL ALTHEITTON

Chairman. Kigg Manosa) Hana

Chairmen of the Boant. BS23 Anlestic
FRANMK BOMMAK

Dhalrmies shel CHUE, Pailes Congsoewiliin
LEWIS M. BEANSTOMEB

Emnethy Sk il Criovrcmmmenid. Flidiaari] Fmestrmss
HOPEET L FEEED S

I CARTER BROWN
Dherralind, Mational Cralizsy af Am

WARREN E. RURGER
Chraf Justice of she Unhed Sl (Rt

MHEHAFL CTLLINS

Fresihiem . Michae) Snlime Lasuiaies
GEORGE M. ELSEY

Ervmdem Emurmm, Amrmas Bes O nes
WILHLUR E. GARRETT
ABETHUR B HANSOMN, ¢ el Eeerinim
ALFRFED ] HAYHRE

A LEON FECHOINBCTHAM, TH | ladge,

LS Courp i Ajneealy fon e Thud Llrond
IGHN JIAY IRELIM

Prement, The Comspes Lt
4. WILE ARD MARRBIOTT, IR

L hanman esd Fresidea . darmos ooparsrem
FLORETTA DUKES MeKENZTE

Fuseesr Secerunrndrm of Schoom . | e f Croasbes
SNATHANIPL i BEED

Bl i i G A vie==nlal il
B FRARCS SALL 1

Frrsident, A F Sl Comprae
BEORERT C SEAMANS, R

Department of Arrunariey sl Admomatss, STT

TRUSTEES EMENITUS

EHANHGRED H, GREENEWALT, CARYL P HASKIMNE
MRS LYNDON 1. NRHNGDN, CURTIS £ LIMAY

W, Mt HEINEY MARTIN, TR | [ ALTRANCE %
ROCEEFELL PR FREDERICK o VOSRLIRGH, |AMES H
WAKHLEN, FR, TAMTY E O WHERH. oAy L WIRTH

COMMITTERE FOR
BEREARCH AND EXPFLOREATION

Melwiints . Poyes, Chuirme [ Dl Seiewanr, Nasiy
Bowhir, Vicr Chorrmee. Haios §. e Bl dadmpr Stk

] Nesech, Lowrs W Ssnare, wrremry,

Wisir E. Clareers Cuisenr M Ceosveson . Canr, F
Heammes, Tiwmias W Mi Kwish | Borir | hlbinlias Hzefarch
A mmnciage A ritherpriligy, Smnihannien lastiulh=. Porsa
H Warkd . Dhrestiie. Mmoot liencad Crard2a Cieasies H
Serrmirwan, *rofeser of Wickagy, Ussesrury nf Colomde
Joms M Sremie Uressdem. Yeoodds Hile Oecanogrepes:
Inmnrwtion. Cleeese . Sriarr. Jimen H Wainiis, Ja
Ol B Waltam, Pis [ Wiilreinid, Ji . B2k
Cremsliighit, £ 5 Clerdogioal Sarsey, Hean T W,
Prodesing ol Anmunpaligs. Lnverans of dicugan



[tisnt

for gumbo
ANYMOrE.

Tabasco” sauce has been a worldwide
favorite for over 100 years, livening up

the taste of everything from meat loaf
to macaroni salad to moo goo gai pan.

S0 why just save it for the gumbo?

The Ively taste of Tabasco'sauce.
Dont keepit bottled up.
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LOT OF PEOPLE are talking and writing about
the threat of giobal warming, Roger Sant,
Chairman of Applied Energy Services of
Arlington, Virginia, which builds and operates
power plants; 15 doing something about it.

“We're building a coal-fired plant in Connecti-
cut that will release 15 million tons of carbon into
the atmosphere over 40 vears. Given the serious-
ness of the greenhouse problem, Shervl Sturges of
our staff came up with the idea of canceling out
the pollution we're creating. We asked the World
Resources Institute to find an appropriate way.”

The result: Next month farmers in Guatemala,
2,000 miles from Connecticut, will start planting
52 million trees as part of the most imaginative
and sensible program vet conceived to put the in-
dustrialized world’s money where its mouth has
been. For vears we've asked developing tropical
countries to stop destroving their forests; we need
them in part to absorb carbon dioxide from our
factories and automaobile exhausts, Not surpris-
mgly, they haven't, because most of the farmers
who slash and burn forests are desperately poor.
Thev do it to survive.

The project chosen for AES by the World Re-
sources Institute will provide seedlings and train-
ing for 30,000 Guatemalan farmers in the next
tlecade. Sant's AES started the fund with two
million dollars. The Guatemalan povernment will
add another milbon, Contributions in cash, labaor,
and food from CARE, the Peace Corps, and U
AT should raise the total to 14,5 million.

The project will be directed by CARE, active
worldwide in reforestation, in cooperation with
Uuatemalsa s forest service and the Peace Corps.
This February in Guatemala, CARE s Luis La-
pez told me: " We are working with 66 municipal-
ities in the country. First we hold classes on
conservation and sustamnable forestry practices.
Then communities plant and care for trees that
will provide them firewood, fruit, and lumber.”

Mark Trexler, WRI =cientist, estimates that in
40 vears the project should vield a net gain of 3
million tons of absforplion capacity. “It's an ex-
perimental project.” he said. “ Unexpected popu-
lation growth alone could invalidate our figures.”

As we see in the article on Swiss deforestation
beginning on page 637, it's not just the tropical
forests that are in trouble. It will take a Johnny
Appleseed attitude on the part of all of us to re-
verse the denuding of the earth's forests by huo-
man pollution. AES has set a fine example

ECHTOR



TOYOTA CAMRY

IAKE ARIDE
IN THE
GREAT INDOORS.

just climb aboard the 1989 Tovota
Camry. sit back and enjoy the ride
Evervwhere you look. beauty abounds
from the richly appointed dashboard
down to the super-plush seating and car
peting, And for a truly spectacular view
check out the vast amount of open space
Or better vet. go test ride the great Indoors
for yoursell, and discover beauty, everlasting,
A 36-month/36000-mile basic new vehi-
cle limited warranty with no deductible and
no transfer fee applles to all components other
than normal wear and maintenance items
Call I-B00-GOTOYOTA for more information
and the location of your nearest dealer Get
Maore From Lite. . . Buckle Lip!

TOYOTA QUALITY

WHO COULDASK FOR ANY THING MORE!




Room for
thewhole crew

It seems most mid-size cars

with front-wheel drive, the

these days barely have enough
room to accommiodite vour
elbows, let alone a whole crew
But we've changed all that
with the launching of a
space vehicle. The new Sonata
from Hyvundai. Inside the
Sonata vou'll discover deep
space. An astronomical 100
cubic feet of it. Which adds up
lo more passenger oom than
any other car in its class.
And it’s comforting to
know that the Sonata GLS
comes equipped with the
right stuff.
Like cut-
pile

e

carpeting and reclining bucket
seats, A fold-down 6040 split
rear seal with a disappearing
armrest. There's even a whole
galaxy of standard features
like power windows and
power door locks. And an
electronically tuned AM/FM
stereo cassette with O speakers.
We've also included an
optional sunroof for views
that are out of this world
When vou're ready to
take off there's a fuel-injected,
2 A-liter overhead-cam
engine waiting under the
hood. It's the most powerful
standard engine in its
class. And coupled
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Somata can really fiv

Hyvundai has a reputation
for poing the distance, so
every Sonala is backed by our
36 month/ 36,000 mile
Bumper-to-Bumper limited

arranty (with no deductible
reqjuired).* Each new Sonata
owner :lso receives free
membership in the Cross
Country Motor Club” And,
because it's a Hvundai, vou
can be sure it’s priced down to
earth.

For the location of your
nearest Hyundai dealer call
|-800-820-CARS. And test drive
the new Sonata. It's a move
that'll sit well with the crew.

TheSonatafrom
- HYUNDAI

Cars that make sense.



On Assignment

LYING HIGH for this month's

grticle on gravity, JOHN

BOSLOUGH (above, al cen-
terd foats aboard o NASA
RC-135. Used to train astro-
nauts, the plane genérates hriel
pitricels Of wedghtlessness by
carving parabolas in the sky
Although Jehn sported a motion-
sichness patch behind his ear, his
cuphorin fnded after 12 of the
flight's 31 mansuvers.

Unguenchable cunosty led the
Colorado-borm author to earn &
degree in the history of science
gt Princeton. At the Salida
Mountaim Mail he embarked
(N @ CAFeRr 4s & wriler. In our
May 1985 izsue he explained the
inner workimgs of the atom, and
in a 1985 book the theories of
physicist Stephen Hawking
Hnving followed the search

{Or gravity = sectet= from the
Leaning Tower of Pisa 1o Perth,
Australin, Jobhn finds that griavits

LE E. 1 (Y Fo 1im Bl b b FL D
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still welghs on his mimd, &ven
while jogeing near his home in
YVirmima. YIUs a mracle that
T Megs can pump nght along in
earth’s gravitational field,” he
savs, He avouls introspection,
thowgh, when pursuing his real
passion! aownhill skiing

Calling upon the last of their
strength, author JEFF Maclnns
(right, nt left) and photographer
MIKE BEEDELL built a cairn on
Baffin Bay to celebrate their
navigation through the heart of
the Northwest Pussage. The
first to make the journeéy by
wind and muscle power glone,
they sailed and hauled an
| 8- fool catamaran [or 2, 300
ice<choked miles. “We feel for-
tuniate (o have survived thess
treacherous waters,” Jeff wrote
of i node 10 the caarn

Fortunate indeed. The pas
cape has claimed manv lives,

including the 128 men who
perished with Sir John Franklin
on his 1845 expedition. Eight
vierrs later, while searching for
survivors, the British bark
Breadalbane wins crushed by
e, Jelf helped his father locate
and explore the wreck { July
1983 GEOGRAPHIC), That
trip turnedd Jell s ascination
into determnation

Cwver three summers Jeff nnd
Mike raced darkness and ice
that annually lock up the Arctic
But then racing comes naturalls
L r[L'l'[. a former moember of
Canada’s national downhill ski
team: “ The Arctic teaches you
1o b ancrecdhibly adaptable,
cavs the 26-vesr-onld Toronto
native. Recently outfitted with a
pusiness degree; Jefl now gives
f'.ll'l[]'L'.'I|II.|I'I.-l| Il"-".'-_l._l_‘fu o '|'I'-'|']'-"--
rate executives —when he's not

planning hic next expedition
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