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AGE-OLD CHALLENGE:

The wasteful use of water resources may be

By BRUCE BABBITT

ACH NIGHT as the sun goes down
and the desert darkens, the
neon lights of Las Vegas, Neva-
da, flare into the sky, Beneath
the lurid glow of giant casino

signs, water splashes in Roman foun-
tains, runs into acres of swimming pools,
and overflows into street gutters,

Las Vegas, prodigal playground of the
West, illustrates the conflict between
man and nature in the Colorado River
basin., Within just ten years the metro-
politan area could be using virtually
every drop of Nevada's legal share of
the Colorado River's flow. City leaders,
expecting the population of 800,000 to
double in the next 40 vears, are searching
far and wide for new water supplies.

City water engineers are advocating a
traditional solution! an enginesring proj-
ect to tap into the underground waters
beneath remote valleys of eastern Neva-
da. They propose a system of 145 huge
wells spread across nearly 20 percent of
the state and connected by a thousand
miles of pipeline. Cost estimates range

The author, a former governor of Arizona, is an
attorney who specinlizes in representing rural
interests in waler-rights disputes

Fra

from 1.5 billion to four billion dollars.
Environmental costs may be as high or
higher, if less easy to quantify, Critics
contend that groundwater pumping will
lower the water table, destroying streams
and marshes that sustain migratory
waterfowl and nourish plant and wildlife
aases in desert basins, including distant
Dieath Valley National Monument in
California. Even there, in the hottest
desert in North America, water hes
beneath the ground. Fearful for the
future, the National Park Service has
filed formal protests against the project.
Water reformers throughout the West
are beginning to question these expen-
sive, environmentally damaging water-
transfer projects. They insist that there
is a better way. If westerners would
strongly promote conservation and
develop plans to recycle and reuse exist-
ing water supplies, there would be no
immediate need for more such projects.
Reformers point to Tucson, Arizona,
as a good example of a desert city that
today supports growth by conserving and
reusing water. More and more streets
and parks are planted with the trees and
flowering plants of the surrounding

National Geographic, June 1997



WATER AND THE WEST

how the West is lost.

>onoran Desert. Kesidents receive free
pamphlets explaining xenscaping, the
art of landscaping with low-waler-use
plants. City ordinances require low-flow

toilets, shower heads, and faucets, and
the city has even shared the cost of more
efficient toilets for older homes. Many
goll courses and parks are watered with
treated sewage effluent

['ucson residents are proud of their dis

tinctive “desert city” image. The pavoft

iz clear: Om a per capita basis, Tucson

now consumes about half the water

of Las Veras, where conservation is

shill voluntars

As the following article makes starkly
clear, communities dependent on the
Lolorado River are {acing a crisis. The
river 15 bemg used to the fullest, and the
region 1s now 1n its fifth vear of drought
As urban populations continue to
grow, the battle between the traditional
water engineers, known in the West as
“water buttaloes,” and the emerging
reform movement will surely intensify
The juestion, as yet unanswered, 18
whether man can live and prosper with
nature, respecting the limits of our

dlesert environment

Water and the Wil

~

Water crupts from a mock volcano at the Miroge
Hotel in Las Vepas. In the West, demand for water
exceeds supply, so this hotel uses mostly woste-
waler o create (ts msh desert magic,
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A River Drained Dry

By JIM CARRIER
Photographs by JIM RICHARDSON wesr vy

HE MAN THEY CALL El Coyote
pushed his blue dinghy away from
the bulrushes, stroked through
the murky brown residue of the
Colorado River, and began to pull
up his gill net. Halfway through

pulling in the 130-foot net, he found an eight-
inch mullet that landed with a lonely plunk in
an orange pail at his feet. Minutes passed
hefore I heard the plastic thud again, and by
the time the whole net lay empty in the boat,
there were just three fish 1o his bucket

“At least it's breakfast,” Ricardo Sando
val said to me. “The net's been out here two
davs." El Covote, so nicknamed for his days
as a crafty baseball playver, paddled back
home to El Mavor, the ramshackle settlement
of the Cucapd Indians, the "nver people”™
who are [ast in line for the waters of the
Colorado River system (map, prges 16-17)

Fifty miles south of the U. 5. border in
Mexico's Baja Califorma, the great river of
the West that 1 had followed from beginning
to end was gone, the water in its bed a shal-
low, narrow sump of salt and pesticide-laced
ritnoff from crop irmgation

“Ex nuestra vido—1It 1= our life,” said
El Coyote, summing up 2,000 years of his

peaple’s sustenance from this area. But for
half & century the delta had been dving, and
with it the Cucapa culture. No longer can
tribal members hunt mule deer, plant squash
with the floods, harvest wild salt grass, or et
fish three times a day, Several species of fish
and plant life have disappeared. The settle-
mint has shrunk to about 85 families, The
once rich estuary is filled with weeds, trash,
and occasional swamps of unhealthy water
barely enough to float their hoats. Last vear,
the fourth year af diought, the water dropped
to its Jowest level in tribal memaory. The
Cucapd were lucky to eat fish once a week

“We are the niver people. We're still
here, ™ said Ricardo. “ But what river? 1
haven't seen it Tt doesn't get this far.”

While most mapmakers draw a vibrant
hlue line fram the central Rocky Mountaimns
to the Gulf of California, the nets of the
Cucapd tell a poignant truth about the
Colorando Biver: (Continued on page 10)

Dories heached at dawn in the Grand
Canyon will soon phinge through
rapids on a once wild river so dammed
and diverted that it vanishes before
reaching its old outler to the sea.

Nateornal fJ'J‘JJE'ru;'Jf.Ih'_ June 100]
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Colorado River Agueduct, @ 242-mile-long lifeline to southern Californio cities.

wintle dams provide flood control, hvdroelectric power, water storage, and

recredinem, .'l'll.!_'l ArowWwm COmnyons, qlter Censysiems, and threaten notiyre EP¢Cies

T ] 5
F.ree | 1 Sl I II" I'I.l_ LIRS III



Umbilical of water sigzags through hilly, saguaro cactus country northwest of
Phoenix. When completed, this 3.5-billion-dollar Bureau of Reclomation
network of agueducts, called the Central Arizona Project, will bring nearly half

Vational Geographic, June 1901
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a tritlion goilons of Colorade River water a year 335 miles from Lake Hovwasu

municipalities. End-of-the-line Tucson will drink itz first drop in 1992,

b0 central Arizona farms, Indian reservations, industries, and fast-growing




(Combmmued from page 4)

Demand has
finally exceeded the river's capacity to

Lhe Southwest.

.'I.II_':I“;:'F

For a river bigger than life such a condition

ceems unthinkable. Plunging {rom frozen
heights of 14,000 feet on the continental
snine, the Colorado writhes for 1,430 miles

It etches the Rocky Mountains, it carves the

Jivt Canrier is a colummist for the Demoee
who often writes on western woler 1550
lance photogrnpher |IM KICHARDSON
vered Atk

the July 1988 NATIOMAL (ECGRAFHT

vieleran of the Denver Fosd, ©o

mile-deep Grand Canyon. Foronly 56 years
have its red-mud floods been under control
European explorers thought the land it

flowed through was useless. “Ours has been

the first and will doubtless be the last party of

whites to visit this profitiess locality,” wrote

Lt. Toseph C. Ives of the Army Engineers 1n
(858, alter steaming upriver to the present

site of Hoover Dam in search of a navigabls

route betwesn the Rockies and the Pacibu
“The Colorado River, along the greater por-
tion of its lonely and majestic way, shall be

forever unvisited and undisturbed

National Geographsc, June 19€]




gringing up the rear, Juan Garcig drives

his poats alongy Mexvico’s Canal Central,

the Colorado’s last mayor diversion.
squatters ke Crarcia line the canal, elring

ot a lving as formers amnd feld hands.







stunned by the maemtude of what it was )
Holding back the flow, 726-foot-high

Hoowver [Dm, in operation since 1935,
domesticated the Colorado, whaoase floods
: orice fore throwugh the countryside,
nghis jackpots in Nevadi, nurses elk in At the Central Arizonda Project’s
Wyoming, freezes ice lor California, sweetens  computerized control room in Phoenix
cantaloupes in Mexico, In bringing life to 21 (helow), water is just a keystroke away.
million people and more than
two million acres of farmland in
sevien states and two countries
the rniver has reached a dammed
and diverted denoucment

| here 15 only so much water

ing demands ArE increasing

askEed to do. The Colorado grows grapes in
New Mexico, brews beer in Colorado, raises

minnows in L LN, Ho&Ls raits in Arzona,

Conflicts are constant among
water users. The 1922 Colorado
River Compact that divides its
waters into two basins for use Iy
¢ven bordering states— Wvyvo- . EE—
ming, Utah, 1'|.|..|-..i.. N W i T AT, % IS IEy

byl = AT

ideguate as Americans flood the
New roles must be
writien in & bme of environmen
Ll concern and heightened awareness of turquoise reflected from glacial salt

Native Ameri .‘."I rights and claims, A new ['wo miles more and the river leaves the
stratepy 15 needed for western water, As the wilderness, weaving its wav through a sage
Colorado River nears thy I.'I'I'.I of a frntful plain. This is where its virginity ends: Here

century tn wiich it wais harmessed o human the first irrigation ditches cut into its banks
needs, it enters an era of limits Crver a ridee. on the New Fork of the
Green, John Barlow's grandfather, Perrv W
1 HESE GLACIERS really did a number Jenkins, built his ranch in 1905, He orga-
on this country,” said John Barlow, a  nized Sublette County around the Green's
rock-and-roll lyricist and former Wyo-  watershed and later helped represent Wyo-
ming rancher, as we looked out the ming in negotiations for the historie 1922
window of a small plane, nearly touching th Colorado River Compact. Each summer John
gouged granite of Gannett Peak. Sunrise had Dood-irrigated 2200 acres to erow grass for
just topped Wyoming's Wind River Range 1,100 cows, Hul he lost the ranch to high debt
one of the Colorado's main sources, and and low beel prices in the late 1980<. The
Own in the :»'h-L-':n'-*.'a'- I could see stretch new, absentes owners sold the cattle, and the
mirks on Mammoth Glacer as it slowls unused water slipped into the Green, where
ehed into the Green Kiver, the most north almost 60 percent of Wyoming's compact
erty reach of the Colorado system share goes for lack of use
“You could say that the Green was the ‘T woutld like my kids' kids to live here,”
central river in settling the West,” said Bar zaid John, who makes a living writing song
low. 1t was the heart of the beaver trade, and  for the Grateful Dead. “1 don't think the
John Wealey Powell began his historic explo national interest is served by running all the
ration of the Colorado in 1862 at the town of witer to where it cleans off driveways in Los
Grreen River in the Wyoming Territon Angeles, Hut [ think the compact will be
Unlike most other Colorado tributaries abrogated, and Wyoming will be the loser
which are diverted at their headwaters I his 18 heretical, but | don't know how we
the Green has wild beginnings. [ could zee can justify our need for the water under
i moose and her calf clomping at the edge present cireumstances,”
of LUpper Green Biver Lake, a brilliant I hres hundred miles to the southeast in

™"

(e Colerado; A River Drammed Dy |



Patchwork tn Fraser Experimental For-
ext near Denver increases spring runoff
bv letting snow full on clearings, where it
becomes snowpack, instead of on trees,
where much evaporates. Waler comes
wrtder lock and key at a headgate of the
Williazms Fork River, where Fim Taussig

(below) diverts water to his ranch. In
1963 Denver bought the Toussigs' water
rights but pave them a 40-year lease. In
20013, their land muay be left high and dry.

| 0T !||_|| _-I!I.'l:' Fhie L oind ||"r||__| |||' ||il'_ |I:|I Il SULLHLY B s Of SR EELE, COTH, ang
ML= DK MNever summer Mountains ||:|" i herley on the Greal Plaines

beautiful names; Cumulus, Nimbus, Stratus “Some people thought it was awial to tesr

With the heart of a poet and big snowshoes up the side of the mountam,"” said Harve:
I'd hoped to find one of the river's sources Jolinson, 95, chairman of Water supply and
near Lake of the Clouds i Rocky Mountain storage Company, which owns the water in
Natwonal Park, which hes below these peaks the ditch, "I tell them we re growing {aod
I'’he birth here i1s difficult! The runolf of the el they'd go hungry without i

errated mountains is interrupted by a big First dug by Asian labirers, the ditch cas
pnuee 14 miles across the mountam breasts ried wate 1} 1 900, “We were guite despe!
Nhis Gerand Dhatch runs wiler epstwaro across ite. mndd thi 1|.I'|.-._'-|I'.'EI"'=IIII: was flush with
the divide at 10,186 feet, then sends it down water,' _]'-"[':-='|- tald me. © 1 he company
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Muaking the most of drowght,
Frank Norton visits the site of
his fomilv's former dude
rinch, normally covered by
Lake Granby, Filled in 1952,
this man-made lake is a
catchment basin for a major
diversion of the Colorado’s
headwaters, a 13-mile-long
funneal through the Rockies
that brings water to forms and
cities [ike Bowlder. The Nor-
tons resettied up the hill and
ot o maring {bacigrownd
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the West

W E HAVE in the Colorado
an American Mile await-
ing regulation,” said Los
Angeles water investigator
Jozeph B. Lippincottin 1912,
Since that time the river hus %, | y :
hﬁ_:n “regulated™ ﬂl#mr&l. out of Gilrel Yy _.7& 'a :r:::?r"?:h
existence and now rarely emp- Cfris . =
ties into the Gulf of California. p _
With scores of reservoirs and Hoover Danm lmps -
diversion dams, hundreds of 9 ¢ m“::,fhfﬂ'ﬂ" i |
miles of aqueducts and tunnels, Vs sian four billion kilowalt - v
dozens of pumping stations, o 0 ﬂ:rfhﬂmmnh ey Ej_- : {I: -
thousands of miles of canals, ls, : A R
and more than 30 hydroelectric N . .
plant=, the river basin contains Elru,.ﬂ:‘md ;r;mmﬁf ;4 '
one of the world's most con- of pipeline carrylng 3alty drain- Al
trolled river systems. aize L hers WEPLY e
Riverwide regulation began g S
with the 1922 Colorads River

|'
|I

: : Salinity leval Incraases from 50
more. Bul as populations rise “ﬁ?" il (ppm at uuﬂ: Cal-
. - b orade's spurce o more p e a
and states in hu_th basins cosn St 4t Trmpetul Dism—Jar- abitiv
plete water projects, the Colora- ;E“u_g,m.hh witer standard

; - 'of 500 ppm. The quality of the
do will be virtually tapped out. _m'ﬂﬂm ﬂ;rmm >
) _ wiithin 118 ppm of that Found st
ey £k M A DA I Imperial Dam.
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Compact, which divided seven
wastern states into upper and P
lower basinz (map) and allo- 0_5&
cated 7.3 million acre-feet of &
water & vear to each. A 1044
treaty with Mexico gunranteed
that country 1.5 million acre-
feet annually. Although the Col-
orado was committed to deliver
16.5 million pere-feet, its annunl
flow has averaged only 14 mil-
lion since 1930, and evaporation
from reservolrs removes another
2 million,

As long as some States con-
tinue to use less than their share
(inset), others can siphon off
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S HI rocking the boat, 74-
year-old Martin Litton has
spent nearly hall his life
caompaigning to keep the
Crrand Canyon wild, Below

Cxlitn Caryon I e, time-

exposed beoms from a flush

Light (right) show fluctua-
tlors in daily water levels—
the result of releasing water
for hydroelectric operations,
which Litton sava “erodes
beaches ond hurts the ecol-

|'II|,,f.".' |-l_:|'. !||'||.'- CEEFLVEN L, 11
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primary law of the arid West, " first in time,
first 1 nght, ™ gives the oldest users of water
nearly ironclac sentority and ownership
Johnson, one of the grand men ol the Fiver
arrived in Colorado in a covered wagon and
spent his life making the semiarid plains
bl v o
me, “if vou put good water on it

L.olorado’s entire Front Range 12 a rich
tarm Dell and a growing urban area becpuse
e Gireat Dhiwide

"It's very productive soil,” he told

of water diverted across t

he Grand Ditch i one of the oldest

| Kiver Dvarned Dy

||I.|i|'|' { . '!.-'i'.'_'.r'..-l

transmountain diversions, but there are 20
others, draiming & third of the Colorado’s
high tributary flows, Denver, where I live
gets half its water from the Colorado system

HE MOST IMPREOBARLE DIVERSION lies
2. 000 feet below the Grand Diteh.

where snowmelt cal

acted in Lake
Crranby s [iterndly pumped backward
up the old Colorado nverbed to Grand Lake
A beautiful, natural mountain lake is thus
made part of a plumbing system that takes 90

percent ol the [ivl.'.l.-'lllii-: main stem’s water, A

tunnel 13 miles long and nearly ten feet wide,
part of the Colorado-Big
talkes the inke water under the Continental
[hvide to the east face of the Rockies. The
water then flows to cities Hke Boulder, serv-
ing a population of 300,000, and to Weld
County, the fourth Achest agncultural counts
in the U. S. But draining so much wate
leaves the Colorado a small stream In the
mountrins, with just enotugh water to meet
the state requirement for keeping trout alive

hompson Project,

“Without that requirement yvou would
have dry stréeambeds on the Western Slope
for sure, ™ said Rolly Fischer of the Colorado
River Water Conservation District, which
has carried on a ha
Denver and the Front Range. Formed 25 a

Proftecilvi

=Century Wiler war '-.'l.':_ll_'l

nssociation” when the Coloraco
Big Thompson was built, the district has
tought nearly every transmountaim diversion
“1'he fear has been that the Western Slape
would be dewatered just as California's
Owens Valley was dried up by Loz Angeles,”

Al Pischer

Lenver-ssuburban neighbor Aurora has
proposed tapping the Gunmison Kiver, the
oneé remamning Western alope river not
diverted to the Front Range. *The Gunnison

¢ last fronters i'l e waler wWars I

sad Bill Trampe, one

'-'l-'l"!l' i:ll reaser]l ther OwWhn taxes

15 ane of 1
af the local ranchers
Ior 1YYl 1o

Hght Aarora in water court, " Recreation is
the Gunnison's leading industry, " he said
“1t requires water in the streams. And half of
Auroria's water would go on lawns. ™

Hut Aurora’s population of 222,000 could
triple by the vear 2050, and the city is
already using the water from 20,000 acres o
mountain ranchlond and has bought other
tarm water. ' The Western Slope views it
As thelr water, while 1n reality state law

provides for diverting water to where if



can be used,” explained Aurora’s utilities
director, Tom Griswald.

N THE SPRING OF 1000, the signs of
drought came early in the mountams,
where snow depths are watched like a
water stock market, On April 1, when |

skied through the Fraser Experimental Forest
west of Denver measuring snow with U, 5
Forest Service scientists, the Colorado’s pre-
dicted flow was 45 percent helow normal.

Within davs George Anderson wis making

tough decisions downstresm about ranchland

waler in Roan Creek, just one small tributary
near Grand Junction, Colorado. "1'd rather
do anything than go tell a guy 1've got to shul
his water off,” said Anderson, a soft-spoken,
friendly water commissioner with a gold
tooth in his grin. “If you don't have water up
here, vou don't have nothing,” he said as he
drove me around the irrigated valley,

In o drought, George Anderson is judge,
jury, and executioner. On about a hundred
ditches that in a good year carry Roan Creek
to 8,000 acres of grass sprouted from sage-
brush range, be had to close all but six of

National Geographic, June 1001




the puillotine-shaped beadgates in April

Az the Colorado's two main branches—the
upper Lolorado and the Green —converge,
the landscape becomes increasingly arid and

lonely, precipitation drops from as much as
55 inthes in the mountains to as little 22 10 on
the Calorado Plateauw. where the rivers sink

INto serpentine cracks.

The greatest pollution is salt. Starting with
snowmelt quality of 50 parts per million, both
rivers grow saline as the water is extracted,
EVIPOTALES from reservioirs, passes over niatu
ral zalt beds, and pours through zoil that was

The Colovado: A River Dadwed Dy

Battened down apainst blowing dust,
campers jam Lone Rock Beach on Lake
Powell, Glen Canyon [am’'s | 86-mile-
long reservoir, Drought has dropped the
lake level 66 feet, doubling beach size.

once the bottom of an ancient sea, By the
time the Green renches Green River, Utah,
600 miles from its source, its salinity axceads
the federal 500 parts per million salt standard
for drinking water

The river used to flood silty cold in the
spring and trickle warm and clear in the fall




Now, below dams like Flaming Gorge, it
runs clear and cold yvear-round, The dams
trap silt; reservoirs release frigid water from
their depths back into the river, creating
excellent trout habital but contributing to the
near extinction of several native species sensi-
tive to the temperature change,

“We're not talking about one or two fish,"”
said Harold Tvus, who runs the U. 5. Fish
and Wildlife Service laboratory on the Green
Rivier near Vernal, Utah. "We're talking
about the loss of an entire fauna, More than
half the:endemic fish in the upper basin are
endnngered. This is the last stronghold.”™

Before sunrise in'a rose-colored canyvon 1
watched Tyus's biologists seine the Green for
tiny Colorado squawfish larvae —"threads
with eyeballs.” That they exist at nll there
is due to the Yampa Kiver, the only major
undammed tributary in the Colorado drain-
age. It joins the Green in Dinosaur National
Monument ancd runs warm and low enough
for squawfish spawning. Proposals to dam
the Yampa—one company wanted to sell the
water to San Diego —would probably elimi-
nate the fish, said Tvus, who favors giving
the fish a water right of their own.

HERE THE GREEN and Colorado
meet, in the remote labyrinth of
Canvonlands National Park near
Moab, Utah, a powerful river
results, I could see the pistachio color of one
mixing with the red-silt-laden flow of the
other, a total of 13,000 cubic feet asecond
swirling and gathering strength for a plunge
through Cataract Canyon. Inea life jacket and
rubber raft I joined a group of thrill seekers
through Big Drops 1, 2, and 5 —rolling,
muddy rapids guarantesd to soak to the skin.

In side canvons we examined the ruins of
Anisari Indians, the “ancient ones" who
lived along the river a thousand years ago:
The best explanation for their disappearance
is @ combination of drought, overpopulation,
and internal strife —elements present in the
West today.

“The Colorado has defined what the West
hecame,."” the rafters hieard from Sally
Ranney, president of American Wildlands,
after a steak dinner on the beach. “And
because of the water shortage it will define
what the West will not become. We have a
saving out here that water flows toward
money. It has nothing to do with gravity.”

ad

Par for this course, 125 million gallons of
wastewater are pumped vearly from the
city of Page, Arizona, to keep desert dog-
legs green near Clen Camyon Dam, in
background. Recyeling the West's woter
allows greater use of its scarcest resource.

Near the end of our trip the river widened
into Lake Powell. Capable of holding nearly
twao vears” flow in a red sandstone bathtub
1,900 miles around, Powell i3 just upstream
from Lees Ferry, the dividing point between
the upper and lower basins. The 1922 com-
pact apportioned 7.5 million acre-feet to each
basin, from an annual flow then thought
to average about 17 million. In years of
drought, the lower basin gets its share first,
sometimes resulting in a shortiall for the
upper basin.

Virtually all the water that will enter the
Colorado has done so by now, and the lake is
a quick look at demand and supply. In 1990,
the fourth year of drought, a ring was show-
ing in the bathtub 66 feet above the water
level (evaporation alone takes five feet a
vedr), Lessthan 5.5 million acre-feet of
water flowed into Lake Powell, not nearly the
B.25 million required downstream by the
compact and a later treaty.

Lake Powell's creation in 1963 was the
crowning act of the U, 5. Bureau of Reclama-
tion's 10-vear, big-dam era. Built for water
storage, flood control, and power, Glen Can-
von Dam flooded caverns and canyons that
only & few thousand people had ever seen.
Today more than three million people visit
the vast desert lake each year, and 1 could see
a new conflict on the river, as the traditional
waler users—the irrigators and power inter-
ests—bumped heads with the enormous eco-
nomic force of leisure time. Boatérs wanted
thetr docks in the water, not draped on silt.

Downriver, in the Grand Canvon, the dam
was exacting another price. With most of the
silt blocked off, the clear, deep-green
“hungry” water ate awny existing sand ani
silt, the base for the canyon's ecosystem.
“Some of the worst erosion came early, in
1964," said Martin Litton as he maneuvered
a dory through the rapids below the dam for
perhaps the 75th time in his 74 years. The
Grand Canyon curmudgeon has jong been a
bur under the saddle of dam interests.

Without the usual feast-and-famine flows
of the natural river, wildlife changed

National Geographic, June 1901






Disert harvest: Matthew Endisches
displays the Navigjo Reservation’s first
commercial crop of shiitahe mushrooms,
griown on oak logs. Water from the S5an
Juan River drips from above through o
mesh canopy thoat reduces evaporation
by blocking 80 percent of the sunliyht.

o Sl

Figh used to wnrmer waters and
muddy bottoms died off. Beaver disappeared
to their homes, built
anks, were regulariy
exposed as the water level rose and fell. Tam
arisk invaded and songbirds increased; trout
were introduced and bald eagles began to
make winter stopovers

Litton glanced up at Lhe violet-green
swallows looping about for bugs: “They're
doing fine, but most cliff swallows left after
the water cleared. Not enough mud for their
nests. With lewer beaches for boaters to
camp on, the national park limited visitors to
22 000 a vear, outlawed driftwood bOres
extepl in winter, and made everyone cirm

abruptly

becanse entrances

underwater n '-.|.'ILI rver

out all waste

On our second morming we awoke Lo find
our hoats high and drv on the narrow beach,
Ihe water had receded nearly 13 feet during
the night. Glen Canvon's hydroturbines are
used when power demand peaks, cauzing the
water in the Grand Canyon to go up and

down lke 4 tide. Less demand for power, less

waiter. Y See, the water i= low todny because it

wiet ¢cool in Phioenix vesterday and they didn 't
wiant s much air-condibbonimg. The beaches
can't take this daily up-and-down stull,”
explained Litton, who argued for & shift ol

peaking power away from Glen Canvon

£d

But Llovd Greiner, a manager with the
Western Area Power Administration, late
countered: ] don’t helieve there 15 enough
evidence that fluctuating lows are a4 mojor
contributor to the domage. The river drops
n the canyon. With water
rushing through, there will be erosion.”

CUn g Sunday morning we
awoke in the canvan (o bad

2,000 feet

news: Low wep ke demanida
for electricity in Phoenix meant
that low " Saturday water'

wis reachine us 87 miles from
the dam. In Unkar Rapids, Lit
ton hit a4 rock. A few miles far
thier the niver looked worse
“1've never seen Hance Rapids
Ihis i= basically
pnrunnable in dories,”
when he saw the bou
sticking out of the water

0w walted, with environ

this low

b s

I|!'T:-

mentalist Litton praying, ironi
cally, that Phoenix would
suffer a heat wave so we could
flozit the river. That might I stared up into a
heaven cut by the clenvage of the canyvon. |
witched satellites inch Across the stal
sprinkled sky and thought that mine was the

last geperation Lo have seen a might skoy

or the
Grand Canvon's waters unregulated. Two

davs later Litton’s pravers were answered

uncluttered by man-made things

HEN Maj. John Wesley Powell
emerged from the Grand Canyon
in 1869, he met Mormon colonists
who gave him melons and other (ood
irom ground that recerved only four inches
of rain a vear. Powell later foretold the
apportunities and Iimits of western watet
“All the waters of all the artd lands will
gventually be taken from their natural chan
nels, ™ he wrote, The Mormons believed that
wrrigation fulfilled the prophecy of Isaiah
that when Christ returned “the desert shall
for in

rejoice, and blossom as the rose.
the wilderness shall waters break out, and
i€ desert.”

Like a miracle the river plugged by Hoove:
Dum, on the border of Nevada and Arizona
achieved that promise. The “grande dam
reined in the Colorado, fostered what wis the
richest irmgation project in the world, and
watered and powered the Sunbelt. As]

sifcams in i
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followed the waterway 150 miles below
Hoaver, I could almost hear the slurping
straws of distant cities. On one side of Lake
Havasu is the Central Arizonn Project (CAP),
which carries river witer 335 miles eastward
to Phoemix and, soon, to Tucson, On the other
15 the Colorado River Aqueduct, emerging
irom 4 pump house able to suck
up one billion gallons of water a
day forsouthern California.

Until 1990 those California
intake pipes, run by the Métro
politan Water District (MWD
of Southern took
pretty much what they needed -
over one million acre-feel i vear,
twice MWD s right to the river
Arizona wasn't using ifts full
share. With the CAP nearing
completion m 1990 it looked like
Anzond would come close
When dry California asked for
moreé waler, the Bureau of Rec-
lamation, with its hand on the
Hoover spigot, said no. It was a
historic announcement. As 1990 bepan, the
lower basin had, for the first time, used up its
full share aof the Colorado River, Six months
later, with generous rains in Arizona, the
spigot to California was reopened

Given these limits, it was strange to me to
trave: west along the Colorado River Aque
duct and find its waters spread in chevron
shaped shallow ponds near Palm Springs,
Califorma, soaking into the ground! Like a
desert mirage, the waste wasn' L what it
appeared: The walter was recharging the
desert’s huge underground aquifer.

Because of the rich aguifer, wealth bevoned
all imagining has come to Palm Springs. On
Country Club Drive, 1 passed developments
with names like “The Lakes" and “Desert
Falls.” At Marriott’s 400-acre Desert Springs
resart the lobby contains a ten-foot-dee
indoor lngoon, complete with bonts, and the
resort pumps one and & hall milhon gallons of
witter & day onto 1= golf course in summier.

Cahifornia.

N LOS ANGELEE I found serious attempts to
conserve water as the California drought
entered its fourth vear. Sguads from
the ¢ity's Drought Busters enforced new

ordinances agiinst washing sidewalks,
serving unsolicited water in restanurants,
and watering lawns during the day,

The Colorade: A River Dvained D

Net lnss: U 8. Fizh and Wildlife specinl-
ist Bruce Haines setnes the Green River

for scarce Colorade squawfish lorvae but

this time finds only nen-native minnows,
Dams, which alter the water level and
tempergture of rivers, endanger squirm-
fish and other indigenous species.

| spent one morning cridsing the streets
with Drought Buster Tony Marufo, who
woilld birake to a halt at the first sign of a
damp spot on a hot sidewalk. “Some people
say [ can smell water,” he said, grinning. In
1990, in a city long known for its profligate
water use, Marufo and his 25 colleagues
wrote 8,862 citalions from May to October.
By late summer Los Angeles had reduced its
Water use 1‘!}' more than 10 percent

But MWD's Tim Quinn told me that con
servation 15 i limited tool, that per capita usse
i3 up in most western cities. Newer houses
actunlly push water use up-
matic dishwashers—and higher income fem-
Iltes use more water. “'We're trving to find
wiys to fiatten those numbers out,” he said,
“but lowenng them may be impossible, It
woltld crods the line of fundamental changis
in life-style —no green vards, for example.”
ine that no one
in the Californin water establishment wanted
to cross. Controlling growth, they said, is not
n water agency' s job; finding more water is.
The population of 15 million served by MWD
15 growing by 300,000 a vesr, and officials
fear runming short of water by the vear 2000 if
aerious drought conditions continue

The sacramento River ic a likely source of
relief but an unpopualar cholce with many

all have auto-

And that. | learned. wis a

9



A trickle s no trifle for Drought Buster
Creorge Verdesoto (below), one of two

dazen water patrols who scout Los Ange-
les strects and issue citotions fo armyorn:
wasting water, In desert communities
like Lake La Quinta (right), near Palm
Springs, developers create oases [ike this
murmy-tongued mini-lake to attract
western homebuyers,

northern Californdans who think seuthern

Californiane are stealing their water. The

Iroupht has also raised anew such possibill

Hes as seapoine tankers branesineg fresh water
i

from the Pacific Morthwest, ships hauling ice-

beres: and a oipeline to tap the Columbaa
Biver

tor turn Pacibic Ucean water into Iresh wile

Desalination plants have been started

Another prospect is woter marketing -
trading water like a commodity, a relatively
new concept i California. In its first
denl MWD agreed to finance the hning of

irrigation canals and the upgrading of

I -
rriation District plumbing at o

[mperial
cost of 223 million dallars. The deal will save
100,000 acre-feet Irom seeping into the
groutnid, thus increasing water pvailable to
MWD, The agency might also pay [armers
not to grow crops in dry years: Agriculture
draws 80 to 20 percent of the Colora

“The phone rings three times a week from
landowners in other states, wanting to sell
their water,” sadd Tim Quinn. Wyoming
might use 1ts water after all, 1 thought — by
selling it to Califormoa. Bul state taws
would have to change (or thal
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Big-buchled suocess has conte to Imperial
Valley farmer Jim Storm (below) from
Colorado River water that irrigales five
dozen crops marketed under his River
Ritrich brand name. Across the border in
Mexico, water means survivil to workers
whi pick cotton for sty dollors o day.
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homeowners: *In five vears maybe | can.’
Snyder, an athletic third-generation Cali-

fornia builder, drove me by the lastLake

Shores Beach Club, where palms and grass

surround a sandv beach, " This is the kind of
amenity that brimes peéople to EastLake.
We've spoiled ourselves, no doubt about i
There has been enough water in California
for whatever we wanted to do,'

AGUARD CACTUSES stand guard in
Arizona along the Central Arizona
Project. The 3. 5-billion-dollar witer
network administered by the Buremu ol

Reclamation is considered by environmental-
i5ts the ultimate in desert [olly. In order to
pump 1.5 million acre-feet of water clear 1o
lyeson and subsidize 1ts cost 50 farmers can
irrigate ¢conomically, the bureau helped
binld a conl power plant near Page, which
tadnts the air over the Grand Canvon and the
Mavalo Reservalion

But south of Phoenix, on the tiny Ak-Chin
Inidian Reservation, that same CAFP 1= a god-
Water from the Colorado has
wrned a dirt-poor community into a prideful,
self-sufficient farming community with low
unemployment and no welfare

“We're usine it to farm cotton, small
grains, alfalin —even fish —ant

.-I:'FI".|.. | besrmed

Wa percent ol

our people work on our farm,"” said Leonn
Kakar, astrong woman whose family led the
way to this Indian—country success. She spoke
to me in the shade of o tamarisk tree after cer-
emonigl basket dances to celebrate ground-
hreaking for a tribal museum. A mile away
workers were harvesting cotton. “1've gven
26 vears of my hie for this
fight,” she snid with a shake of
her graying, curly hair. “It's
made a world of difference.”
Uinti] the 1960s a few hun
dred Ak-Chin subsisted in the
Somorin Desert around shallow
wells. But pumping around
Phoenix lowered the water
table hundreds of feet, making
farming too expensive, Citing
the 1908 Supreme Court Win-
teTs doctrine
enough water for Indmians bo
irrigate their land, the tribe
qued the federal government
Congress awarded the Ak-Chin
(AP water. which [irst armved
in 1987. Within two vears & 38 percent unem
ployment rate had dropped to 4 percent, and
the tribal farm had tnpled its Acreage,
Encouraged by the Ak-Chin success, other
Arizona tribes, which have bheen without ade
guate waler for & century, are following suit.
Their claims total more than all the water in
Arizona, which arguably could make them
the American Arabs of water. The huge
MNavajo Indian Reservation alone could claim
most of the flow of the Colorado, bhased on
the Winters doctrine, Y It's certaunly a cloud
of uncertainty that hangs over our water
management progroms,
deputy director of Arizona's Department of
Whater Resources
But a water rizhl without wet wiader s use
less, and several tribes have compromised in
aorder to get canals built and water delivered.
The CAP carries Colorado water for ten
tribes. “We are doing what we did m A D,
200, just a little more modern,  saxd Leonn
Kakar, “Water ifeline, our blood.”
Below the Colorado River Aquecuct, the
wice, wide and slug-

which reserves

eatd Larrv Linser,

5 CHLT

Colorado runs likke o 8
sish, the banks riprapped in places and lined
with tamarisk and occasionnl rows of
cottipges, Near Yuma, Arzona; It DBACKSs up
behind the Impernad Dam, which takes more
than 28 percent of the water, the single
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Radiant shafts of water streéam down rows of rich farmland in southern Cali-
fornia’s Imperial Valley. Receiving only three inches of rain a vear, the valley's

half million cultivated aores would revert to desert without the 2.9 million
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acre-feet of water—about one-fifth of the Colorado's entire flow—drawn from
tire ALl American Canal. Altogether, 700 prosperous farmers generate chout

i Billion dollars a year in pridluce, grain, and livestock
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biggest chunk of the river, and pushes it
through the All American Canal about 80
miles west to Californin’s Impertal Valley

Diriving west, | watched dune bugiies race
over santl dunes sliced by the canal, where an
estimated 70,000 acre-feet of water soaks into
the sand each vear. Congress has authorized
the Bureau of Reclamation to stop the leak
age on the canal; lining it is a likely solution

California cities can’t understand how so
much water can just disappear into the
ground —or how nearly one million acre-feet
of water runs off and under irrigated helds in
the Imperial Irrigation District and into the
brinv Salton Sea, The state of California has
fotrnd that the district, at the farend of the
canal, wastes about 15 percent of its water
and has required it to conserve 100,000 acre
feet. Some 700 farmers there, who generate
nearly one hillion dollars each vear, have a
very senfor vight to the river’s water. After
00 years, they are worried.

“We do live in a democracy,” said Larry
Cox, a 32-year-old cotton, alfaliz, and vege:-
table producer [ found weighing onion seed
“Tf vou've got 16 million voters up there in
L.A., who's to say they can't change the
laws? 1 think it's a definite possibality.”

The land is so salty and the river water is
0 saline (averaging more than 700 parts pet
million) at the end of its Journey that extra
water is poured through the soil to flush salt
away from roots. Each field gets about four
feet of water. Pipes buried four to eight feet
below the surface then carry the excess, salty
WALEr AwWay

Cox, whose omons will be used on McDon-
nld's hamburgers, said he resisted more effi-
cient irrigation methods until he felt forced to
try the drip system on a tomato field plagued
by waterborne soil disease. " [t was [airly
easy, hesiid, Yand the vield went up
substantinlly."”

OWHERE ON THE COLORADO did 1 get a

greater sense of the dividing of the

waters hetween the haves and have-

nots than below Morelos Dam in Mex-
ico, south of Yuma, Arirona. The last of the
Colorado River is pushed into the Canal Cen-
tral here, and the riverbed becomes shallow
snough to wade across. Many Mexicans hop
ing to start & new life with the water and
wealth of the U, 5. have waited n the niver
bed until dark before crossing the border

.ll
hal

i _-i':j":h'!-_
a0 -I"'"_r
e T, e, T

T -

Without a real river, the poor have built
makeshift homes along the canal. T hey are
called avecandodos —sguallers
old man wash his clothes and hang them on a
cachanilia, or arrowwood, plant
carried a bucket of water for her garden, a
skimpy row of corn and squash. Their homes
were part adobe made from ¢ anal mud, card
board, and car parts

For some 20 miles the nearly empty rver
bed is the border between the UL 5. and Mex
ico, but metaphorically the Coloradeo has
divided the two countries since the Hrst

| watched an

A woman
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What remains of the Coloroadn
geeps into desert sands after
Wexico's Carmal |'r.'|'r'|'|'. _-_fi--
tertiry in the boackyrownd
(abowve), takes s treaty share

Yvorkers in Yoma, Ar=ona,

fristall one of 9,360 desalting

mambraneas in o desalination
plient that, when compleied,
will reclaim more than 70 mil-
o gallons of drainoage waler
g day from the VWellton-

Hohawk irrigation district




attempts to divert the Aver into California, A
1944 treaty guarantees Mexico 1.5 million
acre-feet of water a year. After return flows
from the irngation district east of Yoma
raised salinity in Mexico to more than a
thousand parts per million, killing crops, an
agrecment was signed controlling salt levels.
Rather than take the saline U, 5. soil out of
production, Congress authorized a 260-
million-dollar desalination plant.

Unider the treaty, Mexican officials don't
expect more water from the U. 5, “The
States aren't interested in @ving up any-
thing,” said Luis Lipez Moctezuma, &
planning official for Baja California. Only
two-thirds of irrnigable land in Baja gets water
from the river, which is divided among
14,000 farmers, each of whom can plant only
40 of their 530 pcres, There also is an increas-
ing demand for urban water: An agueduct
takes Colorado River water to Tijuana.

T WAS IN THE RIVER DELTA that I saw the
real effect of the water shortage, The
delta was once a series of green lagoons
that ecologist Aldo Leopold described as a

“milk-and-honey wilderness” where egrets
gathered like a " premature snowstorm, "
jaguars roamed, and wild melons grew. That
was in 1922, the year the Colorado River's
interstate compact was signed and plans were
laid for Hoover Dam. In the yvedrs since,
marine ecologist Cuauhtemoc Ledn DMaz told
me, the ecosystern has changed completely.

Twno marine animals became endangered
species: a fish called the totoaba and a por-
poise called the vaguita. The totoaba used to
grow as long as six feet and weigh 300
pounds; its flesh and bladder were a delicacy.
Adults migrated to the mouth of the delta n
thick schools, and the tides sent their eggs
back, deep into the natural nursery of the
delta, When the river was cut off, the nursery
mechanism was cut off too.

Other, unknown species may have disap-
peared, according to saltwater agronomist
Nicholas Yensen, who rediscovered a wheat-
like salt grass thought extinct, Through selec-
tive breeding he improved the vield from one
or two pounds an acre to ane or two ONSs An
acreé. The prase grows best when irrigated
with full-strength seawnter, making it valu-
ahle in arid and saline areas worldwide.

“When the Colorado stopped flowing, we
lost the main population of the plant—it

a4

Lifeblood to those who depend on it, the
Colorado flows down Mexican canals,
nearly 1,450 miles from its source. With
demand for water exceeding the river’s
ability to deliver, people in the West will
have to cut back or do without,

could have gone extinct, and we'd never _hn.'lir'r
known,” he said. The river was like the Nile
in its importance to the delta, “We probably
never will know what we lost."

In my last doys on the river I talked with
Cucnpd Indians at their village, aided by
Anita Alvarez de Williams, a self-taught
expert on the small tribe. It had been six
months since they had been able to catch
enough fish to sell, Still, at every home, a
hoat lay expectantly in the gravel. “1 don't
have much hope for the future,” said Ro-
sendo Carrille Oliveras, " The older ones fish,
the younger ones goof off— there is no work."”

Anita introduced me to Inocencia Gronzales
Saiz, a 53-yvear-old woman who makes tradi-
tional beaded collars, worn in ceremonies,
Instead of fish, she said, they eat frijoles and
junk food. The water can’t be used effec-
tively on melons or squash because it 1s too
salty. They eat a diet high in sugar and fat
Many of the people have diabetes.

I thought back to all that T had seen on
the Colorado. The river could produce so
much—and promize zo little. As we left
El Mavor, Anita said to me, “There are
important things to learn from apparently
simple cultures. These guvs have béen
around for a couple thousand vears. But
harring a miracle, you're seeing the
last of them."

Aldo Leopold, at the end of his essay on the
Colorado Delta, wrote: “Man always kills the
thing he loves. . . . 1 am glad I shall never be
voung without wild country to be voung in.”

With what water it had, the Colorado
created a new civilization in the Southwest,
Now it is beset by the needs of a mature and
burgeoning community. There is talk of re-
negotiating the compact to move more waler
where the people are and of creating new
ways to exchange, augment, conserve, and
rmanage. The river above the delta reminded
me of an aging prima donna eking out a little
maore time, refusing to face the inevitable.

“What river?"” I remembered the fisher-
man El Coyote asking me.

I knew the answer, but had no reply. 0
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EAST EURDPE'S
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DARK DAWN

Tarmished by Pollution




FINGERS OF SUNLIGHT pry into the fume-choked air as a pol eperalor works fo refease bubbles of gas Irom
sluminum plant in Ziar nad Hronom, Czechoslovakia. He uses a wooden stick, which burn:

nolten melal at an
i

er with each use but leaves no conlaminants in the mix. Every day. workers here inhale cancer-causing
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tar vapors, Reporis of job-relaled cancer vary widely—bul as a concesgion to the hazardous surroundings
employees gel to refire at 53, live years earlier than normal. Not only humans are al risk: The plant also emifs
fluoring gas and salts, dangerous to trees and livestock,




A STEAMING POTION of water, limestong, and coke residue pours into a quanzr-milg-wide holding pond &l
ihe Buna chemical works near Merseburg. Germany. This waste, which seeps inlo tarmland, reportedly is

That cannot be said of the ten pounds of mercury the plant dumps. on average, info the Saale




1 single day. Metal-laced Industrial waste also taints Easlern Europe's food chain. In areas of Poland's

Upper Silesia, soil levels of lead, cadmivm, and other dangerous melals have been found 1o excesd

accepied nmits, and 35 percent of the children in 8 recent study showed evidence of lead poisonina.




While the world wasn't
looking, Eastern Europe's
regimes poisoned their
environment in the name of
progress. Now new leaders
must assess the damage and
set priorities for reversing it.

» THE FALL OF 108g the communist gov-
|:| llll:-.'l.l--.-ll [:.-III '_.-II- II!-:I.-'-Il |
crumble. A:
BOETT,
:' | - . i H 1 . LR ¥ b (E =k Pl b B
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Hungary

a3 newlound treedom —were el D

eEramenix
the Iron Curtain was Los
journalists—nosing  around in
Roomania. and Bulgaria with
L] E¥LAE

pouring of complaints about polluted air, con

taminated water, and polsoned soil
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lutionn Chokes F Nations,” " Envi-
ronmental Catastrophe in Eastern Europe”™

ast-Blo

brought a crowd of guestions to my mind: Why
How did

all the fuss right now? How bad 1s it/
[z it affecting peoy

how are the new governments responding?

is a doctor by
nclination, I was distorbed |
For two months m 1990 I traveled throughout
Eastern Europe, eager to discover the truth
What I found was not nearly so simple as the
helieve, Eastern

Europe’s industry is backward and outdated,

i 1) PeEnys le’s health, am
r trminine #&nd a2 scientist b

what 1 readd

had led me
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ENERGY LIFELINE and environmenial nightmare both
begin in the coal mines. These Polish miners dig
igh-grade black coal, some af which Poland will
gxport 1o raise cash. The nation keeps all of its dirtier,
nigh-sulfor brown coal for indesiry and heme heating
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levels for sulfur dioxide gre exceeded the whole
time, " he said, " and only once did the fluoring
level fall to within the péermitied range. Wi
have a long way to go to meéet our targets.” |
was intrigued to note that in 1989 the amount
of dust falling on the city was less than in previ
otrs vears. Y During that year we had a lot of
strikiss, and many factories were not working
properly,” heexplamed. "1t had nothing to da
with improvements in pollution control.™

Pollution in Krakdw was nowhere to be
seen, but Appearances can be deceptive—it
was summer after gll. From the walls of an old
fort on the outskirts of the city, 1 could seée
Wowa Huta's forest of smoking chimnevs
looming I the distance. In winter with wind
blowing smoke toward the clty, 1 could imag-
ine quite a different picture —the dirty one my
taxi cdriver had painted earlier

I'he next day, [ met Stanistaw Juchnowicz,
a distinguished-looking architect with specta-
cles wnd silver hair, president of the Palish
Foology Clab, “"Why," | asked him, “was a
huge stéelworks built next to a city of such his-
toric importances”

He paused., weighing his answer. * You
must understand, it was a political decision
There 3 no iron ore here, and we had very Hittle
mdustry. According to the theory ol our com-
munist masters, the wage-earming class was
supposed to have a leading role in society, In
the 1950= all the countries under commiunist
ritle underwent massive industrialization.
Krakdw wis 8 university town with very few
wage earners. Putting the steelworks here was
adeliberate attempt to destron the old order by
creating a class of wage earners where none
existed hefore”

Like Juchnowicz, other members of the Pol-
ish Ecology Club were highly gqualified and
intelligent. Thev all showed deep concern,
speaking with passion about the horrors of paol-
lutiom, They told me about the uncontrolléd
discharge of fluorine gas from an aluminum
plant, the escape of orgamc solvents from &
pharmaceutical factory, the l[allout of
cadmium-laden dust onto the soil from smelt
ing works, and the uptake of cadmium by
some vegetnbles eaten by humans. They also
reported that 170 tons of leard were released
into the air from Nowa Huta annually, and
that electrostatic precipitators fitted to facton
chimnevs to control the escape of dust were
switched off at night to save electricity, Then

there was the appalling state of Poland
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Pollution’s
long shadow

FROM THE BALTIC 1o the Black Sea, hall & cenlury
of runaway Industrialization has left a smear ol
destruction through the hear of Eastern Europe.
Under orders from Moscow, factories appearad
where only larms and markets had stood. The his-
toric university city of Krakdw was “given” the
huge Mowa Huta steelworks simply bacause

the Stalinist repime mistrusted the city’s intellec-
tual elite. Now the city lies within the “dirty trian-
gle” formed by Paland, Czechoslovakia, and
eastern Germany —a reglon of dense population
where pollution controls are often nonexistent.
Eastern Europe's network of rivers has become a
convenient mathad of disposal —especially the
Danube, recipient of eighl nations” waste.

Caad and
dying conifer foress
downwing from two beue-
plumerd Crachoskovak pover plants, appear
prange &t cantor in thes 1akse-cotar safellite image
Heaithier stands appear black. Poliution affects sama 173,000

mrras in thas regipn. Lices betwieen e plumes g 3tip-ming scars
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MIST CARRIES a deadly payload 1o the remains o a
Crechoslovak lorest. Sulfur feom coal-burning Indus-
iries combines with moisture 1o creale airborme acics
that kill and denude woodlands. The acid rain that
created this timber graveyard in the Ore Mooniains
could have risen lrom any neighboring courntry
Further damage is done to surviving woodlands by
insects like the larch bud moth. Thriving under condi-
tions other forest animals cannol withstand, the moth
has devastated a large area in Poland.,

rivers, polluted by untreated sewage, indus-
tridl effluent. and brine pumped out of coal
mines. The picture that club members pre
sented was one of unrelieved mismanagemeént
and disaster

Folish intellectuals were clearly the
e surprising awareness of pollu-
tion I had noticed eariier. In Nowa Huta,
where a grav-black dust cakes everyihing, 1
found another point of view. There | met a
S0-yvear-old smelter, round, grnmy, toothiess
and proud. *They're always on TV and radio
he told me, point
ing his callused finger in the direction of Kra
kiw. “Why don't they campaign fora modern

plant here instead of trying to close us down?

drivine

foree behind

goimng on aboutl this place,™

ATOWICE, an old mdustrinl
where miners have been digging zing,

lead, and silver for more than 300

CETLET

years, sits on rich deposits ol coal

irough
anlithern Poland into eastern Germany
northern Crechoslovakia Eastern
Europe’s chemical, metallurgical, and other
hl_’_';l".':.' |['|I'||_:,-'|"';||' 15 IZ_'I_'Irn:'II'['r._iI.TI'II |"-..i'|.1'ii"r'|.-lll'|" ilJ'E-"i
\uge urban
industrial development with adozen or so sat
ellite with roadz: and
lurching tramlines bent out of shape by subsi-
dence of the mines. Fetid lakes, massive spoil
heaps, rows of grubby houses,
factories, hospitals, and mines are all jumbled
ver in haphazard confusion

he atr has a distinctive sulfurous smell. 1o
nrovide the power and heat for industry and

I'his caal belt extends in & broad band t
anda

W hiere

the surrounding arca consisl aof 1

cEflers Criss '-'|l-':|":f|

shops, schools,

¥ i
RS |

homes, great quantities of poor-quality coal
mainly brown coal, or lignite—are burned,
while the more expensive low-suliur coals are
exported for precious foregn currency, Laray
skies and dirty cobbled streets add gloom
People ive amid
cramped in blackened
[ felt asif the clock had
was back In the

to an already dismal city
poverty and sgualol
[enemietl I-|'.i|||1||;__r-
stopped 40 vears ago: |

it

ndustrinl Midlands of my Enghish childhood

A retired jomer invited me to his home in
one of thetenement butldings, The rooms were
spatless. His wife said she had to wash the cur-
tains every two weeks and found it almost a

full-time job cleaning the apartment. From
their living room window 1 could see the
nearby smelting works and right into the fur
naces, which glowed orange and shimmered in
the intense heat. | asked what it was like living
amid all the foul air and dust

The joiner lit 8 cigarette: “ This is my hife,”
he said, “1"veworked here for 45 vears. It was

Vational Geographic, June 1061
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A AEMAISSANCE SCULPTURE on Krakdw's Cloth Hall
mells away, ils porous limestone vulngrable 10 air-
borne sulfuric acid from the smokestacks of the Nowa
Huta stael mill, just miles away. Western companigs
are lining up to sell scrubbers and other antipoliution
devices to the region's gavernments. which are al lasl
irying to halt industry's destructive march against arl
and nature. Bul Ieaders are walking a tightrope
between spending money to clean up the environment
and keeping their foundering economies alleal.

cause, forests all over Europe are in trouble.

Nowhere is this more apparent than in
Jelenia Gdra, & resort town in southwest
Foland near the Crechoslovak border, once a
CGrerman-speaking region. Most of the Ger-
mans left when Poland's boundaries were
redriawn at the end of World War 11, My guide
at Jelenin Géra was bilingual and much in
demand by Germans returning to the haunts ol
their childhood. As we drove out of the valley,
winding slowly through densely forested hills,
he pointed out that many of the trees were
lnsing thewr needles

“1t's the first sign of ill health,” he said.
“The needles get fewer and fewer, and even-
tually the tree gives up and dies.” We climbed
through the forest, which gave way to irregu
lar treeless spaces covered with scrub and
small birch trees and finally opened out mnto
what could have been rolling grasslands were
it pot for the tree stumps.

*Last vear =0 many trees died that the armny
was cilled in to fell them, " he said. *1 brough
an elderly German couple up here, and the old
men broke down and cried. He kept sayving
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how beautiful the forest used to be. He
couldn’t believe how it has been destroved.”

We turned off the road onto a rough track.
“Climb up there,” he said. “Then you'll
understand what acid rain is all about™ On
the way up | nearly fell into a deep gully
gouged out of the mountainside by water rush-
ing down the treeless tlopes, From a high ndge
| saw a forest of stark, groy, dead tree trunks
extonding as far as the eve could see. The [eel-
ine of desolation was overpowering. If the
chimney smoke has had this
effect on trees, what could it
be daing to human health, |
wondared?

VERYWHERE I WENT, |
tried to find out, but
garbled and fanciful
stories led me to sev-

eral dead ends. Someone

Bratizlava told me about &

village in Slovakis where the

people were moved because
they were dving of cancer
caused by fumes froma near-
by aluminum factory. | went
there to Tind that I!hl.ﬂ_..' haid
been moved hecause the fac-
tery wanted to expand and
have a new road built straight through the vil-
lage— hardly a democratic derision, but with
the communist commaeand svatem such things
are possible. And it was the factory workers
exposed to tar fumes relenszed during the elec:
trolytic process who were getting the cancers,
nol the villagers. | looked into a report of an
alarming infant-mortulity rate in a highly pol-
lutedd East German cty. The rate, in fact,
turned out to be comparable to those of West-
ern Europe. 1 listened to frightening tales of
malformed babies being born, a theme that
came up 50 often 1 asked a psyvchologist in

Hungary to explain

“You've hit on an interesting guestion,”
she said. "“There could be poisonous chemicals
in your drinking wateér, heavy metals in your
vegetables, cancer-forming gases mn the air,
or raclioactivity in yvour home, but they ' re all
invisible. Fear of the umknown is the problem

Our most deep-seated fears are connected with

ill health, death, and the safety of our unborn

children. That is why we alwayvs hear about

cancersand birth defects when people are wor-
riedd about karmful thmgsin the environment

Noitonal Geograghic, June 1997



Linking a defect or cancer 1o a single environ-
mential hazard i extraordinarily difficult.’

Common sense eavs it isunhealthy
A city with arr contaminated with smoke and
milal-laden dust, but 1t 15 unreahstic to hiame
aple living in polluted
arcas entirely on the fumes and chemicals put
out bv industry. The elfect of overcrowded
housing, unhealthy food, inadeqguate medical
facilities, : teohal are |_I[L|]_‘|._{]_|].

to Hve in

thie poor hes

ST KInE, and i

miach more harmful. Why was everything
being blamed on pollution

b F NN
when it was obvious that

better medical care would

immediately improve the life

expectancy of adulte and
newbaornss
| began to understand

p aftate En
vironmental Inspectorate 1n
Halle, F.ast Germany, where
1 by their press
I‘I.]:ul.l"L'll R lima
Lion wi
up in 1985 10 set norms, " he
said,
sions -and control them by
means of fines, Until recent-
Iy the results were
however, the West Germans

apphed heavy pressure to have them
public, and now we publish them."

He showed me his files of 1987 and 1988
with the words “Secret Confidentinl™ crossed
out. " By l-:l.'i.'hir.e the local fipures secret,” he
‘it wias possible to present only selec-
"'.”-'.il'u.l'u.f aut atinter-

national conferences, [t

W en | '-.'I'["-'i’_t_"l

| WaS Frecled
officer,

"fll'.rurj.':{r'.l.:. 315 vk

EIES-

“End 1o megsure

secret;

miacle

wenton,

tve hipuresasnationa

15 also our job to

mmvestipate complaints made by members of

the public about pollution, We did have a few
complaints, but the level of and
AWAreness was rather low
Around the time of the political changes in

the fall of |
enormauzly, When the communist
prid the Berhn Wall came down. the
plaints came down too" He
explain how the level then settled to a figure
than before the polibical changes

In his view the increase in complaints about
pollution and health risks during the upheay
ta the communist
It was the only means then available to
the prople. Open opposition was i|-|-|1-...~.-.;h'l,--

"With the coming union of East and Wes

interest

a4, the number of complaints rose
regime fell
COT-

WEeRnL On

even lower

als was linked Lo opposttion

regime

Fast Evwrope’s Dark Daien

TROUBLE IS IN THE AIR for an unmasked waorker in
Mapdeburg, Germany, who opens bags of ashesios,
Ihen feeds them into a hopper io make reinforced-
cement waler pipes. Prolonged breathing of asbestos
muftiplies the risk of cancer ol the lining of the lung
len limes. Compounding the peril: Smoking, epidemic
in Eastern Europe, increases an ashestos worker's
cancer risk 20-fold. Such exposure to multiple cancer-
causing agenis hampers experis seeking lo isolate
the effects of individual pollutants,

LI 1NN AR

Blima told me, "people's con-
cerns have turned Lo matters of money, family
employment, and 50 on, which are much more
important tothem than pollution. Actually the
true level of awareness of environmental prob

v low, and we
must try 1o radse it by education,

Lsermany,”

lems in East Germany 15 ver

Now things began to make sense. To pre-
cerve the illusion that evervthine in the com-

munist paradise was just fine, the true figures
were kept secret. Because those in power were
quick to stamp out any dissent or opposition, i
was extremely difficult for people to make
their feelings known without risk of punish-
ment. I remembered Protessor
telling me that when all forms
oppasition woere banned in Poland during the
the Polish Ecology Club
Ihe government considered
acceptable for citizens to complain about pol
lution but not about the current regime, so
with the ecology club asa rallying point, envi
ronmental matters bed
of anticommunist activity

I remembered zeeing in the lovely

Tucrhnowics

af political

period of martial law,

WAS Spared

amean important focus
Lyothi
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HELL'S GATEKEEPER, a worker closes an fron halch atop a coke oven al the Gross Gasserei steal plant in Mag
deburg. The wheeled hopper that leeds coal Into the oven is obscured by swirling smoke and gases —including

ammaonia and cancer-causing benzene— rising from the inferno. But 8 more imminent threat o WoTkers 15




a lack of satety measures. (ne lalse slep oll the rall and onlo the superheated oven could mean dealh
Ouldated plants like this use technology abandoned in the West, which for decades has striven to limit
pollutants that result from making coke, the fuel for blast furnaces
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church in Pirna, East Germany, anotice board
with the title: * Protecting the Creation.” Cn it
were photographs of rubbish dumps, factory
chimneys, &nd ani

things. The messase was that humans are part

other unnmturasl uEky

of God’s creation and therefore responsible fos
it. The Protestant Church was, initsown quiel
way, acting as a channel for protest against the
regime in East Germany, where the ever pres-
ent secret police made any open opposition
extremnely difficult. Concern for the environ-
ment was a pertect way of registering protest
without alarm bells ringing in police head-
juarters, After all, what could be wrong with

||:_'--"i|||- A ATITITIE JRUTE wialer, ¢lean pr, and

-

e a4

a rubbish-free environment for their childrens
As the communist regimes with all their
characteristic secrecy and paranoia fell apart,

the people who were polibcally active, mainiy
intellectuals, did their best to tell the oulsic

world about the poor state afl the ensyaranment

Air and water pollution and declining life

expectancy in Eastern Europe were pointed

out -as evidence of the unsatisfactory perior
mance of the communist 3V BLEIT In |l|-:|l.' of
the old message " Look how good our statistics

are; everything in our ¢

l::I.I'.'."]-_'-'i: s
J..l il II'-. : L AT

had evervthing is; communist rule is a disaster,

mimiurnisy

wonderful” was the new meéssage: ™

National Grepprabric, June 1
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FROM CRADLE TO GRAVE, Eas! Europeans pay a
lethal price for lorced industrialization. Alexi
Dermendjiov, 48, worked 25 years amid heavy-matal
nusl al 8 Bulgarian copper smeller. A lung-cancer
viclim, he breathes with an oxygen mask as a doclor
removes Huid from his chesl. [n southern Poland, a
premalure baby battles respiratory problems at Kra-
kow's institute for Pedialrics. Experis suspeci, though
they have yel to prove, that poliution contributes o
the region’'s high infant-martality rate

medical facilities 15 unknown
I he regton is blessed with a snect

'|-I'|.'r.:-_ LTE
Most. and Teplics

=TT E
etween Chomulow

mten seven maonrindustrial mnplexes and
Ll see apen-pil mines and an o
preen lake, Here I met Milof, a truck driver in
i'li-.-'- '-'-'ZIIIII-.-.! onstructied] a soecial ad "_|' 11
home and was making good money by selling

videds 1liegally recorded from West Germai



YEARNING TO BREATHE FREELY, many East Europe-
ans become retugees from the air. Al Primary School
10 in Most, Czechoslovakia, children practice donning
lace masks issued by the town council for use on
suifur dioxide alert days.

Shrouded in sleam mist (facing page), a Hungarian
respiratory patienl finds relief from Budapest's pol-
luted air in an “inhalatordom” booth. Some days the
smog Is so bad that residents of Buda can barely see
their companion city, Pest, |ust across the Danube.

I aske
in the most polluted
Czechoslovakin

He looked vacant, shrugged, and started to
tell me his plans to buy a restaurant. When |
pressed him, he told me how cool, smoke-

laden mr lr.l:']ll.'l| between the mountains

telpvision wl him what it was like living

nd unhealthy part of

causes the frequent bulldup of smog in the

vallev, "Ssometimes they announce an emoer-

gency on the radio, " he said. " Old people and
.'"] U
af home away from
've had both of them in the hospita
hronchitis, I suppose it must be th
he added, azif these were things in life that just

children are not supposed to go out

my bwo daughtern = honl
witl
Lach aar,
have to be nccepted

Hut
mium. Ouorides, lead, organic solvents, and
other pollutants I had heard about actoally
o to peopler 1 questioned every specialist 1
to find out. The effect of

absorbing fairly lurge quantities, 1 was told

what does this emoke laden with ¢éad

CHITIE TS S Il B
For examnple, cadmium causes

fluoride can=es Lthick-

lead causes

15 well-Kknown
thinnine of the bones;

erine of the bones nnermia and

and organic
solvents have various effects, including dull
ing of the brain and severe liver damage, The
difficulty is in trying to establish the effect of
small quantities taken over a long period of
time. Whitt, {or instance, i= the effer
are taken together?
s that research is continuing and
really knows,
sfances, in particular some chlorinated com-
and hesvy make
pecpie susceptible to Cancer

in the getting
more specific information, 1
returned to the city of Prague

mental retardation in children:

t on bones
- § i r'l .
if cadmium and Auoaride
'he triuth
thowiah &1 -

|||||.|||£'. IThEaELS

nonnids metals. seem (8

||II|I|' isf

o call on Viadimir Bencko, a
tall, dignified doctor interna
Honally Known as an envi
ronmental health specialist
“Now that people here ar
amoking more, how 15 1L pos-
manle to tell whether thetr dis-
eases are caused by smoking
or pollution?” 1 asked

This is extremely difh-
cult,” he s, © but there are
effects on health that can be
linked to specii |||||.|j[_-_||r_:
There wis & po
wl with

depasiting

Slovakia bhurnmg <

1 hizh content. It was
between a hall and one ton of arsenic a day
mto the countryside for 20 miles around. The
first we knew was a report of bees dying out
'."-I_'Il"l'l ITOTH Music ["..."..'I."l"_]'.' LE T |-I".-.1"'!:-
schoolchildren. We investigated
the problem and found that children in the
area had a high level of arsenic in their hair,

Y=L Ml

Then we

DALY el

hlood, and urine, compared with o control

group. At the power station we found pedple
WEre dying rom cancer at 8 Yyounger age than
workers at other power stations, People living
near the power station have an increased risk
We has
stndied exposure o nickel, cobalt, and beryl
[t
]u_'-.':_lullf_- ment Of CRRCErs .

an be dope to remove

make

“Rlectrostatic precipitators can remove Y3

of developing skin cancer o0 & plso

Nhese metals all seem to promote the
I asked him what
sy sfances from s

narmitu

percent of particulates,” he said, “butl the
most harmful part, if inhaled, is the remaining
: ean that residue,
miiist be put through & scrubber, which uses a

sturry to

Jpercent, Lo thie ermissions

st one rin=e aoul the remaming
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substances. But that creates another prob-
lem — how to dispose of the toxic rinse water?
I helieve we must consider very seniously the
possibility of expanding nuclear power,”

HE PROSPECT of Uzechoslovakia turn-
ing from coal to nuclear power is hotly
debated, 1 discussed it with Dufan
Obernauer and his colleague Igor Pin.
ter, partneérs in a company making geophysi-
cal instruments in Bratislava

Dusan smiled scornfully; “Ten nuclear
power plants were originally planned, but
only two are working, one near Trnava. How
it came to be built there istypical of the system,
Some party official probably looked at & map
and said: ‘This is an underdeveloped region.
This river can be & source of water, so we will
place it just here.”

“Nobody asked a geologist for advice
because if they had, anyone could have told
them that it is situated in the most active earth-
quake zone in Slovakia, on a classic tectonic
fault line, Earthquakes could also be a prob-
lem when they 611 the dam at Dunakiliti.”

The dam, it=elf highly controversial, is part
of a hydroelectric project being built with
Austrian finance on the Danube near the
Crechoslovak-Hungarian border. It is a
gigantic undertnking of the “man conquers
nature” variety. Though proposed in the carly
1850s, when vast engineering constructions
were in fashion, work began only in 1978, Itis
an odd enterprise because the turbines are on
the Danube floodplain (at Gabdikovo) where
there is very little slope to the ground. To
achieve sufficient flow for generating electric-
itv, the Danubw will be diverted into a concrete
canal 15 miles long, with a large artificial lake
gt Dunakiliti, the upper end of the canal; there
the water will be held untilitis needed at times
of peak electric demand. To regulate the
outrush of water, a second dam is needed
downstream in Hungary at Namymaros.

YAbsolutely Stalinist,” was how Juraj, a
student I met in Bratislava, described it
Juraj, a blond and fiery 20-vear-old, was a
Green, as Europe’s énvironmental activists
Are KEnown.

“They'vealready destroyed a major areaof
the floodplain forest, and there's more to go,”
he observed. “It's a unigque habitat.” When
we wint to see the forest nepr Dunakiiiti, the
Danube wasin flood. I removed my shoes and
socks, rolled up my trousers, and waded
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through zhallow water dappled with leafy
shadows. The partly submerged forest was a
sublime world of peace and silence broken
only by the soft plop of frogs and toads
in retreat. “They talk about flood con-
trol. . . . This is nature's way,” said Juraj
with a defiant wave.

In a rented car Juraj and 1 followed the
cotrse of the huge canal to Gabéfikovo, The
sun beat down, swallowtail butterflies danced
before us, and the dead-flat, empty farmiand
seemed menaced by the canal's massive banks
as they roge above the plain.

“The canal is impervious,”™ Jura) said, "so
the water table on the plain will fall. Then
they'll have to irrigate —that's just stupid.”

At Gabéfkovo, a building site in the middle
of the plain, controversy over the project had
brought work to a halt. Cranes and compres-
sors lay idle, and the site was deserted excepl
for a few curious sightseers, We clambered
around, overawed by the huge scale of the
canal, shipping locks, and power plant. Will
this ill-conceived scheme ever be put to work, 1
wondered, and if not, how will the Austrians
get their money backr

That evening 1 was discussing the impor-
tance of industrialization in communist think-
ing with a group of environmentalists when
someone pulled some bills out of his pocket.
Pointing to a picture of belching smokestacks
on the hundred-crown note, he said: “ Look at
this, our proudest achievement, symbol of the
bright future! And how much longer can they
go on advertising this disgraces” he mocked,
waving another bank note bearing a picture of
the Slovnaft ail refinery.

“In 1972," he continued, “oil appeared in
Bratislava's water supply, and for months
half the city had no central water.” Only then
did it hecome known that oil and oil products
were escaping from the Slovnaft refinery. The
point is that beneath the soil, extending over
70 miles from here right into Hungary, is a
huge basin about a quarter of a mile deep filled
with gravel and wuter. The refinery had for
vears been leaking oil into the groundwater at
the edige of what is perhaps the largest reserve
of drinking water in Europe. When the danger
was realized, wells were sunk around the
refinery in 4 protective ring and then pumped
continuously to try to limit the spread of oil.

“The refinery should never have been built
there in the first place,” the environmentalist
said. “The only thing to dois Lo close it,”

Nuational Geopraphic, Jume 1981



EXHAUSTED FROM PUSHING a rail cart loaded with lead ore, this worker at the IMN Firiza factory near Bala
Mare, Romania, sils molionless, head in hands, for long minutes. Factory employees work amid thick dus
cantaining lead, which aven in trace amounts is known o damage the brain, kidneys, and red blood ceills
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poorest and least educated section of the eom
munity. To help offset the problem in Hun-
FRTY'S
the povernment provides a free supply of safe
drinking water in plastic bapgs to mothers with
small children

800 wvillapes with high-nitratle water.

HE PROBLEM of groundwater contami
nation s imbimately bound up with thet
af toxic waste, Al |:'l|||J.1|--:--.I'~ Institute
of Hydrology, Isaw a map marking the
location in 1970 of all the
waste dumps m Hungar
amall points dotted the an
Lire country
"1t yout added all the
dumps in use today, the map
would be almost Black with
dots. " I was told
need a different scale to show
them properly.”
Cithers at the
jomned in the conversation
“We don't now what to o
with all the chemicals pro-
duced by modern industry, "
sald one. "We can't even
kegp track of them. People
clon t understand that 1t's no

o 5 el :
NREATODUS SUn

“1t would

Iinsto e

SE DUTVIRE
stances or putting them down old mine shafts.
[f theyare allowed to contaminate the ground
water, they will be sources of micro-pollution
tor centuries.”

Hazrardous wastes,” said another expert,
‘must e accessible and stored where we can
Keep an eve on them unti] appropriate lechnol

oy 15 developed this

[ he Greens don't ke
ided. They oppose every waste dump.”
He was right. My Green friend Juraj, for
oxample, had taken me to a waste dump near
belonping to Bratizlava's largest
chnemical factory. Though it was well thought
out and guarded by a resident caretaker, Jura)
had been passionately opposed to it and every
however well designed. In
should

||i:-' Hme

ather waste dump,
hiz opinion, thare be no such thing as
lOXiC wiste,

“It's %0 easy fol
sodk into the soil, " said Zoltdn 1lés, an analvt-
ical chemist who did postdoctoral work at
xale and had recently become Hungary's
spcretary for
His brown eyves flashed as he
cern. © We produce five to

hazardous chemicals: ta

the environment
spoke o hils coin-
=iXx million tons of

deputy state

Kast Ewrvope’s Dark Dvmon

ABANDONED by their families and by a health-care

system already pushed pas! its limits, two girls share
a common late in the Home for Children with Mental

Diseases in Dobromirisi, Bulgaria {lacing page). The
girl at right hias deformed bones. Inslilutionalized

tlose lo home in Teplice, Czechoslovakia, mentally

disabled Martin Hiter (below) is able 1o visit his fami-
ly every few wecks. Pollution Is not a certain villain

In either case, bul in both areas pollution-related
Ilinessaes sirain meager heallh resources.

hazarcdous waste a vear in this country. We
OO0 llegal landfills
Imagine how many there sre that we don't
know about."

He told mé about a recent discovery, Next to

more than

i
ENOw il

the Kiskunsag National Park, which iz also a
United Nations-designated biosphere reserve,

a state farm wanted to make extra money by
reprocessing waste from a paind
When thei
ment fatled and the waste-filled barrels kepl
coming, Lhey dumped them illegally, 500 actu
allv insicde thi |_|_-,—;:

s todd me, “were found by
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are still not

lactory 1n

Budapesl FEPrOCessing equip-
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away by the wind; 2,000 barrels
peoounted for

Ot in the countryside 1 learned that THés's
concerns were well-founded. Visiting the state
farm on the Great Hungarian Plain near Keécs-
Eemét
tagesdot the landscape, | attempted to get into
the bleak, wire-fenced enclosure where the
remaining barrels are stored in the open
A broad-hipped, aproned, middle-aoed lady

where attractive reed-thatched cot-
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SWEET SPLASH OF SUCCESS, Hungary's Lake Balaton was heavily polleted by sewage and agricultural
runoff until the government launched 8 massive, continuing cleanup. The popular holiday spot provides al
|east one happy ending for those trying to reclaim Ezstem Evrope's shattered environmenl.

guarding the gate looked me over with distinct
lack of enthusiasm. After 20 minutes of hard
persuasion, she agreed to let me in. 1 counted
more than 10,000 rusting barrels there, some
of them already leaking. It seemed only o mat-
ter of time before the whole storage area would
hecome an unmanageable nightmare,

¥ THOUGHTS WERE IMVERTED by a
call of nature. I found my way to a
little shack with two footprints and
a hole in the ground, where 1 made
my personal nitrate contribution to Hungary 's

groundwater. Lack of sewage treatment 15 an

issue in gl the countries 1 visited

About half Hungary's inhabitants simply
have no sewage system beyvond the kind of
facilities I had been using, and only a quarter
of Budapest's sewage has any form of treat-
ment at all; the rest is just discharged into the

Danube, Though nivers have the power to

cleanse themselves if they are allowed to tum
ble naturally over little rapids and gravelly

’

(.

beds, they are too rarely left alone. Lrams are
constructed to create reservolrs, water s
extracted for irngation, and the river 15 con-
fined by embankments to control floods; ad
navigation, or allow gravel extraction. Any
single dam or project considered by itself
might seem a good idea, but the effect= of many
added together can have far-reaching conse-
guences, as ] learned on a visit to the Danube
Dielta in Romania,

Nicolae Bacalbasa-Dobrovica, a wiry,
weather-beaten professor, has devoted his
working life to the Danube hshenes and
knows every corner of the delta

“In the past 25 years,” he told me, “man’s
activities have caused enormouschanges. The
delta is an incrediblv rich habitat for birds,
fish, and other wildlife, but it is literally van-
ishing. When dams interrupt the flow of riv-
ers; their sediment settles, silting up reservoirs
instead of building up the deita.”

More than 30dams now trap sediment along
the Danube itself, and dorzens more block

Natronal Geographic, June 1001



its tributaries. Each diminishes the delta.

According to Bacalbasa-Dobrovici, the
number of fish in the Danube and its delta has
dropped dizsastrously. Flood-control embank-
ments prevent fish from spawning among the
submerged plants; and the water is becoming
more and more polluted.

*lance saw a 60-mile section of the Danube
choked with dead fish," he told me. “A very
sprious problem 18 eutrophication — water
enrichment with nitrates and phosphates,
Only a fraction of fertilizers used in agriculture
15 assimilated by plants. The rest eventoally
enters Lthe water system.”

In enriched, sediment-free water, algae
grow very quickly. In the daytime the algae
add oxygen to the water, but at night they use it
up. Eventually the oxygen level may fall so
low that fish and other aquatic creatures die.
And when the algae die, they fall 1o the hottom
and rot, using up all the oxygen. This allows
the formation of poisonous hydrmgen sulfide,
which can kill fish even out in the Black Sea
where the river discharges.

“Under Nicolae Ceaugescu an attempt was
made to turn 250,000 acres of the delta into
farmland,"” said Bacalbasa-Dobrovici. “This
wias economic madness, but it was impossihle
to say anyvthing against it."

He ook me by boat to see Lake Razelm,
artificially cut off from the sea to provide fresh
water for irrigation and fish culture. The
water was bright green, as o ue as pea soup.
Passing through a lock into the brackish Lake
snoe, we suddenly came across & group of
fishermen wading up to their armpits and
dragging a net through shallow water, As our
boat swerved toward them, they looked
afraid; one, trvine to make himself invisible,
turned his back to us.

“They are poaching,” -sai Bacalbasa-
Dobrovici. ¥ Fishing is not allowed here until
October, but these are difficult times —we
cannotl be too hard on them. They probably
don't have enough to eat.”

We walked along the Black Sea coast and
saw the rotting remains of 1wo delphins.
Bacalbazn-Dobrovici shook his head sadly,
“Inthe past 50 vears the number of dolphins in
the Black Sea has declined from an estimated
million to about 200,000, We must improve
the water quality, but how will it be possible
financially and administratively when the
Danube flows through eight countries, and 70
million people live within its drainage area?”

East Euvope's Dark Dawn

15 WORDS ECHOED IN MY MIND. [ could
see that the Danube's decline, like the
larger problem of environmental deg-
radation | had witnessed across East-

ern Europe, was an international concern. So

what exactly is the “environmental catastro-
phe” of Eastern Europe?

Eastern Europe, it seems to me, was devas-
tated by what [ often heard described as the
“industrial megalomania” of the 19505, when
communist governments were stifl trving to
force into practice the hundred-vear-old the-
ory based on Karl Marx's Communist Mani-
festo, The industrial revelution in the West by
this time was also more than a hundred years
old, and hard lessons were being learned about
pollution, waste, limited resources, and other
matiers Karl Marx had never considered. The
Eastern-bloc rulers, however, were blind to
these problems.

A Czechoslovak friend described what it
was like in the 1950s, “We had to live under
various five-year plans, The bright future lay
in industrializing as fast as possible. This way
we would exploit all natural resources and
gain mastery over nature. The technology was
often out of date, but we were after short-term
benefits —there was no thought of the future
environmental consequences.”

Now that the Fastern bloc has apened up,
the most outdated , inefficient, and uneconom-
icil factories— often the worst polluters —will
simply disappear, and thousands will find
them=elves oul of work. With massive unem-
ployment and backwnrd industry, it will be
aglmost impossible for any government to make
the environment & top priority.

Because pollution was used by palitical
activists as a stick to beat the ruling commu-
nists and, as Manfred Klima observed,
because money and jobs are far more impor-
tant tothe man in the street, the pollution issue
will likely fade from the headlineés. Thesewage
and sulfur dioxide, however, will still be there.
To achieve the standards we take for granted,
huge sums of money will have to be spent. But
whose moneyv? How will Eastern Europe's
struggling economies pay for these necessary
improvements, let alone the clean technol-
ogies we are now beginning to expect?

Enormous tasks lie ahead, To tackle them,
East and West must join together. But will
Eastern Europe’s new rulers find the environ-
ment as important now as thev did when they
were in the opposition? i
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Secrets of

ANIMAL
NAVIGATION -~

By MICHAEL E. LONG

NATIONAL GROGRAFHIC 3ENICOR WRITER

Photographs by JAMES L. AMOS

P TO MY HIPS in the dark swirling
waters of Idaho’s Salmon River this
frigid November moming, encased
in thick neoprene waders and pelted
by an insistent rain, I feel like a fisherman dis-
guised asasnow tire, I am casting flies to entice
a silver bullet of a fish, between two and three
feet Jong, called a steelhead because its fore-
head is gunmetal blue. Though its brain is
about the size of a peanut, this Prcific salmon
is completing an epic round-trip voyage of sev-
eral thousand miles entailing wondrous feats
of navigahon.

Three years ago myriads of yearling steel-
head were released in the Salmon’s calmer
headwaters, hemmed by cottonwoods and
firs. When the lengthening days and warmth
of spring triggered physiological changes to
prepare the fish for life in salt water, they
began the long drift some 900 miles downriver
toward the Pacific Ocean, there to feed, grow,
and roam. One steelhead tagged in Washing-
ton’s Quinault River was caught by a research
vessel 3,210 miles from its home river and
more than halfway to Japan.

When the migrating mood strikes again, the
fish are suddenly of one purpose—to return

Sithoucttes on an October moon, snow geese
from Canada’s northern Arctic set a course for
weirmer climes. Scientists focusing on the

incredible sensory systems of migratory crea-
tures come up with some surprising answers (o

that persistent question: How do they navigate?
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ousad by the

warmth of a

Fabryary sin
manarch buttemies shr
from winter DIVOLacs on
fir trees high in central
Wewicn. in spring the
hutterflies flutter north-
ward. Several genera-
finns are born, breed,
and die befare the final
genarabion reaches
as far a5 Canada.

VWhan auhimn comes,

that generation fuels up

an fower nectar and
fifes aif the way back o
Mexicn, adespife /is
having had no direct
knowledge of the route
ar gestination. Scien-
fists suspact il
genetic programming
gives guidance, but
how remains one

of the mysleries of the

Monarchs” migraion
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home to spawn. From widely scattered loca-
tioms they head for the Amernican coast, Jning
steelhead from Oregon's Deschutes and other
rivers in running a gantlet of drift nets, killer
whales, sea lions, and seals

Entering the Columbia River estuary, the
fish must escape humans with rods and gill
nets and traverse fich ladders—a series of
water-filled concrete stairs-—-gt Bonneville
and seven other humge hydroelectric dams

salmon, so that one can know the salmon on
the one river {from that of the other.”

Automotive-age scientists studying the little
blackpoll warbler's fall migration from Nova
scotia to South Americh—in which the bird
lozes half its weight in the four-day-and-night,
2, 400-mile flight —calculate n fuel efficiency
equal to 720,000 miles a gallon.

Moanarch butterflies stream from wanter
roosis i fir trees on a volcanic plateau in cen-
tral Mexico to summer in

Ignoring the mouths of
the Deschutes and a score
of ather tribataries, the
Salmon River steéelhencd

SedlG

_ MARTLANY northern latitudes, copu-
lating and laving their
eggs atop milkweesds 1o

enter the Snake and tarn
left into the Salmon, iight-
ing thair way up the rag-
Ing torrents to the place of
their voulh

Now with a rude smash
one of them takes my
fly and tears dowpstream
with my line arrowing
behind. About 80 vards
away the steelhead lunges
from the river, and I have
a {reeze-frame picture of
i flash of writhing silver
that hangs in my mind"s
eve, My line i limp. The [ -
brute has escaped. But | o
feel privileged to have
ohserved a fish accom-
plishing this marvel of
endurance, survival, anil
homing accuracy

HE STEELHEAD is
anly ong of many
creatures whose
exploits of naviga-

foster new generations
along the way. With the
old monarchs gone and all
ties to the ancestral site
oitensibly cut, anincreds-
. ble thing happens—but-
terflies that have never
been to Mexico roost there

AsTitutie the next Evinti.'r.
Oveun The fabled albutross
, can teach even a U, 5.
. Navy navigator athing or
.0 Had two., In 1957 sclentists
9 i banded 18 Laysan alha-
ﬁ?ﬁ“ﬁm trosses on Midway atoll
M in the Pacihic and put

thém aboard MNavy air-
craft bound for Japan, the
Philippines, the Marnana,
Maurshall, and Hawaiian
[zlancls, and the state of
Washington.

Keleased at thess loca-
tions, 14 birds returned to
Midway. The albaiross
from Whidbey lsland,
Washington, 3,200 miles

tion daunt the mind. For
céenturies people have
marveled that fish, birds,
insects, and other ani-
mals find ther wayv over
incredible: distances (o
precrdaimed destinalinns.

Fitted with a transmitter afier being
taken from a fishing net, o loggerhead
turtle designated 04933 enters the
ooean off Virginia Beach. Tracking by
satellite has revealed the route to and
frovm the species’ winter home,

distant, averaged 317
straight-line miles a day.
The bird from the Philip-
pines made its 4.120-mile
return in 32 davs—ar
abhout 130 miles 5 day.
Even more remarkable,

“What is most peculiar
i that each salmon searches the stream to the
place where he was born,” wrote Norwegian
clerpvman Peder Claussgn Friis m 1599,
“From a little narrow [jord at Egersund two
rivers flow. There 15 not a howshot betsveen
the river mouths, vet each river has its distinet

i+

some of the birds would

have had to 0y circuitous routes to avoid

strong head winds, leading researchers to con-

clude thalt “existing theories of bird navi-

pation do not fully explain their homing
behavior,”

Indeed, Preocoupied with the fact that

National Geographic, June 19071



Equipped with the essentiuls of navigation—symbolized by a map o indicate position and a
compass to show direction-—a redsturt flies northeast. This night migrant sets {is course by the
sturs, Scientists agree that the primary daytime compass for birds is the sun; for bearings on
overvast dovs many researchers propose earth's magnetic field as a guide. Young birds embark-
ing alone on thelr first migrution are apparentiy progranuned with genetic instructions for direc-
tion and distance. The map sense of birds and other creatures remains largely unexplained.

secrets of Amimal Navigation



Fine points of sky piloting

The disappearance of some opingd that swallows winter
strange explonations. In the Scientific breakthroughs in
fowrth century 8.0, Aristotle the 1950s revealed that birds
theorized that some birds use the sun as a compass
hibernote, an idea still in together with an internal clock

vogue in 1555, when the Arch-  that compensates for the sun’s

bishop of Uppsala in Sweden changing position in the sky.
Thus in the top panel a pigean
(1) that teok a bearing from

78

the rising sun (2) maintains
its proper heading regardless
of the sun's location (3).

The inset {4) displays other
cues: Star patterns guide night
trees and other sources may
provide olfoctory markers;
wiind-generated low-frequenoy
scund, which travels immense
distances, may also be used by
migrants. Birds don't need
smaole to know wind direction;
pressure sensors in their mid-
dle ears detect an approaching

Nationai Geographic, June 1001



weather front with its
accompanying wind shift.

The second inset (5) shows
the magnetic field of the earth,
generuted by the fluid iron
moving in its core, symbolized
by a bar magnet. The feld
lines intersect the earth ot
varyving angles, called dip
angles, which are progres-
sively steeper at higher
latitudes.

I'n theaory a hobolink {G)
embarking on its autumnal
fight to South America cowld

Secvels of Anmimal Novigation

gauge latitude by sensing

the changing angle between a
gravity vector (7) and the
local field line (8). However,
this theory does not explain
how a bird would determine
longitude.

Conflicting evidence clouds
the magnetic hypothesis. Some
scientists find no convincing
data to support it. Many sug-
gest that birds are opportun-
ists that have a repertoire of

cues they employ as a situa-
Hin requires.

Oecasionally, bird behavior
defies explanation. Pigeorns
raised at Cornell University
typically vanish without
fmovn cause when released
at a test site west of Ithaca.
“It's the Bermuda Triangle of
pigeonry,” declares Cormell
scientist Charles Walcore.

{5
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Lroes a might fiver orient by stars
if mognetic cues ore missing ?
Resogroher Kenneth P Abli

I'.rli_r-.!ll_'l-"'i iIri r'||:_:|'rr'i| coll FD i et

the ¢ffect of the local magnetic feld

on Savannah sparrows placed in
tverted cones, where they can still
see fhe SEi[rs

he hirds maintain theor 2ense
of direction despite the loss of mag-
nefic cues. A sparrow (left) hop-
pardd af the center
of a cone leaves tracks in the

ping from an ink

appropriate migratory direction.




ET'S OBSERVE THE ANT that sprints:
Near Maharts on the Tunisian coast,
Ridiger Wehner, a biologist at the Uni-
versity of Zurich, introduces me to
Cataglyphis bicolor, & black desert ant no lon-
ger than my thumbnail that investigates the
palm of my hand and tries to plerce my 3Kin
with its mandibles.

When the midmorning sun begins to sear the
sands with temperatures that can reach 160°F
at ground level, these ants
range from their burrows,
Wehner explains, search-
ing for the corpses of other
insects less heat wolerant
than they. When it wants
to, this long-legged speci
men siill trotting around
my palm can cover a me-
ter n ahout one second.

“An ant follows a truly
tortuous outhound route
as far ns 200 meters from
home, turning and stop-
ping frequently,” says
Wehner. “But once it has
found prey, it immedi-
ately takes up a straighl
course for home —despite

all the zigs and =zags
outhound.™
Since few landmarks

doi this iandscape, the
ant's fent was one of the
great puzzles aof animal
navigation. Wehner dem-
onstrated that the ants use
siylipght as i compass cue
and that their visaal =vs-
tems are especially sensitive to the patterns of
polanzed light in the sky (page 87)

These patterns are created when raysof sun.
light entering earth's atmosphere collicle with
air molecules and other particles and scatter in
nll directions. Because most scattering takes
place in the blue and ultraviolet wavelengths,
we perceive the sky as blue.

The scattering causes polarization—light
that was vibrating in many planes now
vibrates primuarily in one. Distinct patierns of
polarization are created: The most intense s
always 00 degrees away from Lthe sun.

The eve of the desert ant has o thousand lens
elements; a human eyve has but one. In their
Zurich laboratory Wehner and his colleagues

fa
|

Airborne over Canadian tundra, an
arctic tern will soon embark on a
migrution that can take it as for as
the Antarctic. The tern may include
such gpeographic cues as coastlines
and rivers in its navigational reper-
toire. At Cape May Bird Observatory
on the New Jersey coast (facing page),
hawile-eved birders trivmphantiy

spot a migrating peregrine falcon.

revealed that each of the ant's eyes has BO
lenses dedicated to receiving polarized hight in
the ultraviolet range of the spectrum, each
from a different point in the sky, “CUne lens
from 180 dezrees, another from 270 degrees,
and z0 on," says Wehner.

He went on to convince his peers that this
lens arrangement gives the ant a sort of celes-
tinl map keved to the pattern of polartzation
“The ant turns its head when it stops, to
enable its eyves to lock into
the pattéern. This allows
the animal to compute the
compass heading back to
its. burrow. It does this
comstantly. If an ant
misses its burrow, it
begins & search patiern, a
series of loops that usually
locates it.™

Tao test the process at
Mahares, Wehner built a
device that looks like a
power mower with a slot
for movable glass plates.
These enabled him to
control the amount and
direction of polarized
light streaming (o an ant
beneath. With a smile
Wehner recalls the spec-
tacle of “scentists chas-
mmg ants that were trying
to sprint for home be-
neath the device., Some-
bady wrote that we were
mowing the desert.

“What we're trying- to
sort out now 15 how the
ant measures distance. perhaps by keeping
track of how miny steps it has taken.” lis
technigue of compass direction and distance
traveled is actually dead reckoning — short for
“deduced"” reckoning —practiced by human
navigators for centuries. For the ant, how-
ever, misrerkon and the sunwill kil vou in less
than an hour,

HE CONCEPT that animals might navi-
gate by earth’s magnetic field, first
pnroposed by the Russian naturalist
Aleksandr Middendaorf in the 1850s, is
one of the most persistent and controversial in
the history of navigational theory

“To get an idea of the magnetic field,” says

National Geopraphic, June 1901









lonked into his microscope snd found millions
of them. Studving bacteria in mud taken from
a pond at Woods Hole, Blakemore bad placed
SOITNE iIlIEL-H'IHE':I'IE on A TTIHT-'I"_-I:['IJ_]E :il'll_'ll.! It['
observerd a remarkable scene—the bacteria
consistenthy swam toward the north end of the
slide. Blakemore joked to his colleagues that
he had discovered * north-seeking bacteria ™

Purzled and skeptical, Blake
more coversd the microscope to
rule out the influence of light on the
bacteria, around, and
1|-.|-|."'|I'I iTi‘I'l'l.-I:'I'II i! {3 .;i_r'll_'ltl'll_'ll' FoaIn L
trv to confuse them. No matter
what he did, the tiny horde—15
million bacteria can inhibhit a drop
of water —congregated in the same
orientation.

A magnet was brought close to
the glass and rotated. Incrediblv,
the horde " swerved in unison, " he
remembers, attracted by one end
of the magoetl and repelled by the
other. Blakemore realized he was
seging something no one ¢lse had
evVer recorded seeing

MNaobel lnureate Edward M. Puar-
cell of Harvard sugpested an
expeniment: Remagnetize the bac-
teriz with a short magnetic pulse Lo
see 1f they orient in the opposite
girection. Adrianus Kalmijn, an
expert in bioelecincity and magne.
tism now at the Scripps Institution
of Oceanography, helped conduct

tarned i

the experiment. The bacteria
reversed their direction. They also
made U-furns when magnetic

palarity was reversed. Even dead
bacterta continued to orient!

When an electron micrograph revealed a
timy chain of dense material inside a bacte-
rum, Richard Frankel at the Massachusetts
Institute of Technology identified 1l as magne-
tite, or lodestone, the mineral anee used in
compass needles

“They gre swimming magnets,” explains
Blakemore, who christened the organism
Aguaspirillum magnetotacticim, “The mag-
netite hierally torques the bactena into align-
ment with the magnetic feld.” Since the lines
of flux dip progressively toward the poles,
“the bacteria are oriented where they want
to go, down to the mud.” For locomotion
they use flagelln, tinv filamenis at each end

secrets of Antmal Navigation

that whirl at 300 revolutdon: a8 minule

Richard Blakemore and his colleagues had
madé the frst uneguivocal demonstration of
an organism orienting to earth's magnetic
frelcl, & discovery of such interest that editors
ol new physics and biology textbooks seldom
pass up the opportunity to include a picture of
the bacterium, 1 propose an addition to the

Polarized light patterns affer a compass cue to many
insects. Credied when sunlight collides with air molecules
in the upper atmosphere, polarized light has a structure
analogous to light passing through the slats of @ venetion
blind. To make the patterns visihle to humans, Melvin
Kreithen (above) of the Unitversity of Pittsbureh cleans
round detectors—his “windows on the invisible™
embedded in o Plexiglas hemisphere.

Ax seen by a camern under the hemisphere (focing
pagel, axes of polorization appear in the detectors as fon
shapes whose orientations differ according to their
relation tn the setting sun, at bottom. Honevbees and
desert ants employ special cells in their compound eves to
recognize this pattern, which enables themn to determine
the location of the sun, even 1f it is ohscured,

picture caption to help students remember its
marvelous gunlities:

Lacring a good cervetelium,

Aquaspirilhum wses magnets Lo tell "im,

Wihich iy Lo viedd,
fn the magnetic field,

But ‘¢ needs a flagellum to gropel "im.

T'he limerick ponts up a fault of the bacter
um, at least from a navigational point of view:
Aguaspiriiium is relatively passive. Ndaviga
tors an the move, such as birds and fsh.
<hould have some active means of detecting
the field. Kalmijn has been pursuing this for a
long tirme with sharks, stingravs. and skrtes, o
group of fishes known as elasmohiranchs



While dissecting a shark, a 17th-century
Italian anatomist named Stefano Lorenzim
puzzled over the function of globular struc-
tures connected to pores on the animal’s head
by canals filled with a jellylike substance. Lor-
enzindi first thought he was dealing with
glands, but the thickness of the canal walls
“makes us sispect that they are intended for
another, more hidden function, since nature
never acts casually, ™ he pronounced.

Because of their shape, the structures
became known as the ampullae of Lorenzin,
but their function remained hidden untdl 1958,
when Kalmijn, then o graduate student at the
University of Utrecht in the Netherlnnds,
tackled the question as his thesis project.

In Kalmijn's experimental tanks small
sharks called dogfish prowled until, galva-
nized by their encounter with the electric field
penerated by a flounder hidden under the
sand, they lunged into the sand and grabbed
the prev, When Kalmijn buried electrodes in
the sand that mimicied the Aeld of the floun-
der; the sharks attacked the electrodes with
{fantastic accurncy, biting between electrodes
just two inches apart.

Kalmijn proved that sharks and other
elasmobranchs, using their ampullas of Lor-
enzini, can detect electric fields as weak as
five-billionths of & volt per centimeter—the
most - sensitive  eleciric-detection  apparptus
known in the animal world.

To illustriate the shark’s capability, Kal-
miin offers this: “Plant electrodes 2,000 miles
aparton the ocean floor and power them with a
1.5 volt Aashlight battery. That is a very weik
electric field. But everyshark in between those
electrodes will know what you're up to,”

Kalmijn later pul stingrays in a seawater
tank and trained them to find food in the east-
ern part of the tank. Next, he encircled the
tank with a wire apparatus called s Helmhaoltz
coil. Sending electric current through the
wires enabled him to cancel out Lhe earth's
magnetic field and substitute another. When
he changed west to east, the stingrays homed
to the new magnetic cast, no matter what their
location was in the tank.

Kalmiin is now engaged in experiments to
verily whether an elasmobranch, in this case a
leopard shark, actually relies on its electric
sense when orienting toearth’s magnetic field.

At Bodega Marine Laboratory tn Califor-
mia, marine biologist A. Peter Klimley offers
another hypothesis; Hammerhead sharks that
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he studies at a seamount in the Gulf of Califor-
nia seem to cruise along minute geomagnetic
gradients—magnetic highways—that origl-
nate from deposits of iron in the carth's crust.
These are local magnetic fields, as distin-
guished from earth’s main field.

Klimley free dives 90 feet into a school of
hammerheads and, withz spear, implantsinto
a shark's back a dart tethered to a transmit-
ter —an exercise the former college swimmer
shrugs off as “routine.” The shark leaves at
dusk to feed and returns in the morning, tele-
metering its location to a boat in hiot pursait.

“Myv eureka moment was the first teack,
when the nnimal went out 12 miles, turped
around, and came bock.” he says. “Shark
tracks are not always straight, butthey re very
directional. Sharks all seem to go out and back
along the same paths. That indicates they are
orienting o some simple, fundamental fen-
tures, which I think are the magnetic gradients
in the seafloor.”™

Klimlev rates the shark’s ability to detect
the tiny gradients as “extraordinary, perhaps
5o keen that it cannot be measured with any
device that we know of "

To prove his hypothesis, Klimley wants to
enlarge his research on the geomagnetic prop-
erties of the seafloor and also to capture and
relocate sharks to see if they seek out areas of
strong gradients—the “highways." Fearful of
injuring & shark through capture by hook and
line, Klimley wants to find a hetter way

“Peaple think 'm joking when 1 say I'm
going Lo lasso a shark.” But he has already
chizcked it out by grablbing ncruising hammer-
head by the tail—prospective target of the
lasso —and hanging on for aride. “ Theanimal
accelerated a bit but did not appear to mind.”

FSOME ANIMALS DD POSSESS 4 IMA E.'H'Etlll.'
sense, why not humans? The possibility
excites Robin Baker of the University of
Muanchesterin England, a theorist of ani-
mal navigation and perhaps the most volumi-
nous writer in the field. To test this, Baker
blindfolds students and takes them on a long,
circuitous trip away from the university. Then
he stops and asks the students to locate it by
pointing. Baker concludes that enough stu-
dents point with sufficient accuracy to suggest
that humans have such a magnetic sense.
Intriguing as this idea may be, other scientists
have not been able to replicate the results of
Baker's experiiments.

National Geographue, June 100]



That desert ants use polarized
light patterns in the sky for
compass tnformotion s they
forage was revealed by biolo-
gint Riidiger Wehner (top left,
at left). Wehner stands on

a grid of one-meter-wide
syguares near Moharés, Tumni-
aia, to chart the movemernts
of a single ant as it manegvers
beneath a trolley pushed

by an assistant. Though a
shade blocks direct suniight,
the ant tahes a bearing from
polarized light. Wehner has
muore recently discovered thit
the ants wse color patterns,
ingluding ultraviolet light—
invisible to humons—as o
secondary compass,

How do ants reckon dis-
tance? By counting steps, an
experiment suggests. An ant
exits its burrow, surrounded by
i pentogonal box (left). The
insect proceeds to the end of a
ten-meter trock, where an
assistont gives it a morsel and
places it in a longer track,
where the ant hedds for home,
Many stopped at about ten
meters, lnelring for the burrow,

Secrets of Ansmal Navigation




Volunteering as an expernimental subject
during a visit to the university, I was blind-
folded and seated up front in Baker's car. 1
resolved to keep track of the direction and
turns— “Most people try that,” Baker said —
but so0n gave up because of his relentless turn-
ing (three times around one traffic circle),

After 20 minutes or so, Baker stopped the
car and instructed me to point to the univer-
sity. Then he asked, "Point to north.” That
startled me. Unfamiliar
with Manchester, 1 had
no idea of north on this
overcast day even when
we started. But 1 had a
[eeling and pointed,

Baker told me that I
had pointed 15 or 20 de-
grees to the right of the
university and that 1 had
indicated south instead
of north—"That's nol
insignificant,” he saud
“You were on the same
nxis—aonly you picked the
wrong pole.”
MERGING frum
its nest an the
beach, a tortle
hatchling is con-
with a life-or-

fronted
death question: Where 15
the water?

“The conventional hy-
pothezis holds that hatlch-
lings head for the brighter
half of their world, the

horizon out to sea, 5ays
hinlogist Michael Salmon
of Florida Atlantic Umn-
versity at Boca Raton

Investigating this, Salmon built an arend in
the laboratory to simulate the hight and dark
areas of the beach environment. He tested the
responses of green and loggerhead turtle
hatchlings to these cues, as well us (o the stope
of the beach.

“The most important factor is the dark sii
houette of vegetation and dunes to land-
ward,” salmon. YHatehlings simply
crawl away from these objects, a responss thit
directs them toward the ocean.” He al=o found
slape to be a secondary cue for greens but not
for loggerheads. Brightness came into play

SHVS

s

Despite frosted lenses placed

over fts eves to deprive it of wvisual
landmarks, a pipeon will still return
tor the vicinity of its loft. Bindogist
Klaus Schmidt- Koenig supervises
the release of pigeons in a field near
Tiibingen, Germany (facting page).
In pioneer work published in 1958,
he first documented the existence
af a time-compensated sun compass
in homing pigeons,

only when slopes were slight and silhouettes
were weak.

There is no explanation for a turtle s naviga-
tional prowess in the open sea, including the
astpunding 2,800-mile round-trip journeys
that greens make between Ascension Island
and Brazil. Salmon theorizes that they detect
wave motion —nearly constant in direction in
thiz belt of trade winds—and may use that in
connection with earth’s magnetic field to nawvi-

gate, Another idea 15 that
1 the animals use their sense
of smell, which brings us
again to the salmonids

Like Peder Claussgn

Friis, the l6th-century
Norwegian  clergyman,
U.S. s=cientist  Arthur

Hasler had a persistent
curiasity about homing in
ealmon, but it took A com-
bination of circumstances
to satisfy it

Al the end of World
War IlI. Hasler's profi-
ciency in German led toa
job with the U. 5. Strate-
gic Bombing Survey m
southern Germany. Chne
weekend he fnagled a
jeep to seek out Karl von
Frisch, discoverer of the
honevbes compass, in his
suminer home near St
(ilgen, Austria. Bombs
had destroved the scien-
tist's home and labora-
tory in Munich.

As von Frisch records
in his book, A4 Brologist
Eemembers, he was pnx-
s when the Americén
jeep drove up. But when Hasler “asked after
me and my honevbees, " the scientist relaxed
That summer thev became fast friends.

Von Frisch told Hasler about his discovery
of Schreckstoff —fright substance—a chemi-
cal emitted when the skin of a minnow is bro-
ken by a predator. Scenting it, the other
members of the school immediately disperse.
That fish could have a keen sense of smell
impressed Hasler,

COn vacation later in Utah, Hacler led his
tamily to-a favorite waterfall of his boyhood.
“As we approached, the waterfall was hidden

National Gceographic, June 1997



by a cliff,” he recalls, “Suddenly 1 experi-
enced the wonderful fragrance of mosses and
columbines growing near it that I had not
smelled since I was a boy. The names of my
school chums whom I had not seen for 20 years

Nashed back. And then it occurred to me:
Mavbe a salmon does this!"

On Issaguah Creek in Washington State,
Hasler and colleague Warren Wishy showed
in 1954 that migrating coho salmon whose
noaes had beon plugeed with cotton missed a
crucial turn in the stream while the other fish
did not. Hasler concluded, “Smell is impor-
tant for salmon to find their way home,"” and
cach niver has a peculiar odor from its own soil
and vegetation.

Responding to other sclentists’ criticism
that the nose stuffing influenced the cohos'
behavior, Hasler sought to expose smolts—
yvoung hsh undergoing physiological changes
that prepare them for migration—to a

Secrels of Antmal Notieation
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chemical to see if they would later home to @
river containing that chemical.

“1 neaded something that wasn't toxic or
poliuting and was stablé and available,” he
says. Hasler also necded something the salmon
coiddl detect. One substance, which smelled
like horze urine, repelled the fish. He finally
settled on morpholine.

Hasler exposed smolting coho in Wisconsin
hatcheries to morphaline, then trucked them
te¢ Lake Michigan. " They didn't have home
rivers to return to,” Hasler says, so hie simug-
lated these by putting morpholine into several
rivers Hlowing into the take. " The coho, identi-
fied by distinctive fin chips, homed to those
rivers by the thousands.”

Diring a lecture trip to Germany, Hasler
met Nobel laureate Konrad Lorenz, a special-
15t in imprinting, the rapid and rreversible
learning during a critical period in a creature’s
enrly life that determines behavior later on

K
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A census taker counts migrating salimon
dt Bonneville Dam on the Columbia
River. Lines on the viewing chamber
measure fAsh, Sclentists apree thot sal-
maoriids locate home streams by smell
One view holds that fish imprint on
agdors from soil and vegetation, while a
Norwegion school argues that fish home
on pheromones from kin, An experiment
aft the University of Oslo devised by
Pierre-Philippe Morin attempis o diz-
cera whether Atlantic salmon smolis
exposed only to city water will later

roact o I'l_||:'r|.lrrr.'|r.'|_'- laden warer,
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tnthusiastic on hearing about the salmo L voung man, Hans Nordeng [oueht against
LATENE lermed LREr omIng Dengvior & w (rtack German troons ino the 1940 hattle far

derful example of landscape imprinting Narvik. After the war he tnok o degree in biol-

LR

NOTHER THEORY Surfaced i 1968 Kiverin northern Norway to study the migra
.' i ' [ ¥ 1 ] v B . i | | " [} 1 ] r 4

when Brtsh saentist Koy Harden iwon of salmon, troul, and char, a fascination

Jones argued that the mmprinting since bovhood

of o migrating smoll is nol 0 one While taggine fish, Nordeng observied that

shot occurrence but & sequential process that soon after the smolts descended the river, the

|||.|":.I.': [rAce continuously as the [ish MY ESs Rt nsh would return “::-'I:I'!ilill._' o |]|I_

downstream. sl ts must be trigeering the adults’ return
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pheromone that the adults recognize innately,

' test his hypothesis, Nordeng took adualf
char from the Salaneen River system and flow
the fish mites to a hatchery at Voss
in southern Norway, where their progeny

(]
were reared. " Thus nobody could say that the

progeny had imprinted on the Salangen,
pxnmilains Nordeng

Four vears |later, when the olispring were

readvto migrate, Nordeng released them In the

Salangen Fiord, near the mouth of another riv
er. Histheory predicted the chiar woold never
theless return to the stream of thewr kin, aplace

they had never been, because they would smell
Leaning across a
table al the University of Tromsg, where we
were talking, Nordeng said emphaticalky:  In
spite of everyvthing, they found the place, they
came back to the stream of their parénls.”
With salmon aguaculture burgeomng in

the distinctive pheromaone

Furope and North America, Nordeng shares a
growing concern among researchers that man
mayv be interfering with the navigational ahill
ties of wild fish. "Along the coast of Norway at
least two million hybrid salmon escape from

the rearing cages each year. They mingle with

Yok romesd Cerrpn |I.r'|l-rlll . June




the wild salmon and migrate randomly with
the wild lish to their home rivers.”

ese hvbrd fish are
sglmon rases the
“We are interferinge with

e possibility that t
bragding with wilad fiag of
alarm for Nordeng
and, therelore, thelr

I will be a

their genetl
ability to navigate," he
wild

makeup
o WAFNS

salmon, Decatse

catastrophe for the

ielr descendants mav not be able to

comeday t
return to their rivers.”™

These are fighting words in Norway, where
the harvest of farmed salmon 1n 1989 totaled
nearly 115,000 metric tons —as against |

SETELS r‘.'f Arrmal Naz IFdiion

The image: A newt
silhouetted on o
raidial grid between
spokes ten deégrees
aparrt {left) chooses o
heading. The ques-
tiore: Do different col-
ors, aor wavelengths of
light, affect its map-
netic prientation’

The biologist: John
Phillips of Indiana
LUniversity fabove),
The hypothesis: Anid-
MUEs My Sense miag-
netic fields through
specialized photo-
recepiors in their
eves. They muay in
some wary "see” o
muagnetic field.

To test this, Phil-
lips implants a min-
iature electrode in o
photoreceptor within
the eve of a blowTy

ons lor Lthe entir
Atianti

harshlv criticized

waorld's catch of

B
CAlMOn —Aan

(above) (o register
any change in the
electric activity of
the receptor when the
local mognetic field
s varied., A second
clectrode S8TVWs as

u refercnce.
Fhillips hopes o
answer an elusive
question: What is
the recepior for
mdgnetism?

SEATOINE

Mordeng has been

'The genetic component of naviecation s a

crucial guestion,

SAVE B Verspoor, # popi-

lation geneticist at the Marine Laboratory in

\berdeen, Scotland

g
pa it R

£S5 s5¢em (o

['he

e FIVINE 8N AnsSWEr, oCientisls

slmionicds Lhem-

report that wild fish return to natal rivers in

much greater proportions than thelr hatchery-

E:FL'll -':i!.l-.-if.l.*.

~ea ranchers, who release hatchery salmon
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returning fish, are often disappointed. ™ Ke
turn rates are all over the place,” says Richard
research sclentist at St Andrews
Biological Station, New Brunswick, Canada

John Balley of the Atlantic Salmon Federn
tion has been rnising and releasing hatchery
stock salmon for 15 "Initially the
returns were very good; then they fell almost
MNow we are getting about a
Chur expernments wikh

= Aunciers

Lo Zero, e Says
one: percent return
hvbridized fish provide pretty good evidence

{or a genelic component (o navigation

r MOGGINGEN, a ldth-century castle
In southern Germany, biologlist Pete
Berthold of the Max Planck Institute
15 demonstrating that juvenile hird:
he bred have gencti
the direction, timing, and distance of migrn
tion. Thus the destination
alone, without the assistance of adults
Berthold takes me to view " Blackeap
City," a complex of 50 avianes near the castle
Wi

blackciaps n

oiroerams thnt determine

hirels et o thed)

where he crosshreeds blackcap warblers

-lr
have several populations of

"he explains. ' Some don't migrate at

all, others fly all the wavt Africa, and
etill others winter tomewhoere in betwesn

I"'”"'i"'-

 CRnird

Berthold bred blackcaps whose preferred
migratory direction was southeast with others
whio flew southwest.
showing the “direction to migrate (s inherited

tv=. Herthold

he progeny flew south

as are timing and distance,  he
even succeeded in turning the offspring of sed-
entary blackcaps into migrantz. He concludes
"Almost every 'I:!Il'_'_ that is necessary for a bird
from the breeding grounds |

imherited from the per-
Incredible but true,’

s

o know Lo 1l
wintéring quarters is
LS
1 capability had been suggested by a
ten-yearstudy completed in 1957, Researchers
in the Nether

northeastern
[hev displaced
the birds hundreds of miles o Switzeriand
Released, the juveniles continued on the siume
| armived in Spain and
['he adults,

|!:|!'|I'F_'||||--| f].0LNK) gt nriinee
lands that were migrating fron

Eurooe to Britadn and France

COIMM [3aSS5 '|'|'I! CLIOE] il

soithern France hirwever, Coim-

ensated [or the displacement and took up A

i

heading for their traditional wninter gquariers
he adult starlings met the supreme test ol

the animal navigatos

{hiy nad never bheen., |_'||_'_-|r_l'll' Deing N jacked

homing from a place

from the Netherlands to Switzerland, thes

had a map to show them where they were

A COMmMpass by kel WwWileEre i go

L3 I
|
g

To investigale map and compass questions,
imvestigators have typically turned to the hom
IDE PLRECOn

and imagine vou are one of these worthy birds,

Now, indulge me for a moment

g cleseenolant ol w :||1 E.'.'_I-'-‘. AT O I*'.':""-t ._r|-|.,!
developed a homing ability to retum to their
[tesis 10 I-l"l':l ||.-.|l"i.| VOLUTTE

are iaken toa place where vou nave never T

A fier Lralnibg ot

and released. You orbit a couple of Limes and
take up a compass heading for your home 1071
You have homed from sigmficant distances,

uch a5 a 600-mule fhght from  southern

Notzonal Geogropfine, June JOG ]



Lermany over the Alps to your base in [taly
you have truly amazing senses that leave

You can use the sun as a

humans far behmnd
compass, compensating forits movement with
vour internal sense of time. On cloudy days
vou appear o switch to the earth’'s magnetic
Besearchers forgive
yvou for your reluctance to fly at night; they

have shown that other hirds appear to take

field for compass cues

their primarv headings from star patterns
From anywhere in the United States, it can
be Argued, your

erupting in Java or winds swirling around the

Keen ears hear a volcano

L g =T e T ] .-|I A LR = Fa -
-II. | I'l =l I'_I .'E IIlllJl.IIII ||I'II: II..!'Il:I I||'.||

Computer imagery plots the electric field gen-
erated by a fish native to murky waters, which
st sense its environment throwgh fluctua-
fions in the electric current, (A similar fish is
silhouetted at bottom in this double expo-
sure.) The fish generates and discharges cur-
rent fore and aft in circular bulges. Color
bands denote zones of equal voltage. When
an tntrudeér impinges on its field, the fish
detects the resulting change in current
through pores in its skin.
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After enticing honevbees to visit a jor containing sugar syrup and honey, biologist Fred C. Dyver
brushes them with a telltole pink pigment so they'Tl he easier to spot in flight. The Michigan Stare
University scientist has discovered that bees returning from foraging take bearings from o

sequence of familior landmarks analogous to visual stepping-stones,

Chowing down at Dyer's feeder, some bees wear numbers the sclentist glued on for positive iden-
tification. After returning to o swarm, nmumber 50 waggles her body commumnicate the direction
and distance of the food to other bees, which observe closely. Orientation of the dance relative

to the sun gives the course to the food, heration of the dance tells the distance.




Andes. You have excellent vizion, but even
when scientists try to confuse vou by putting
frosted lenses over your eves at a release site,
you still make it to the vicinity of the loft.

Indeed, vou even home correctly when
researchers transport you to the release site
under deep anesthesin or inside a rotating
drum. However, magnets placed on vour back
seemm to disrupt your initial orientation under
an overcast sky—though you make it home.
Interference with vour sense of smell also
seems to affect vour ability to home.

OW TELL U5, worthy bird: Though
researchers have come to some
agreement On your compass sense,
what do you use for & map?

At this moment a taut silence descends on
laboratories around the world. So quiet one
can hear the coe of a single pigeon. Not one of
all the men and women who have studied vour
sensory abilities and observed your behavior
hasbeen able to answer that question ina man-
ner that convinces a jury of peers,

The principal hypotheses are two—olfac-
tory and magnetic. Although a pigeon’'s sense
of smell is just average compared with other
birds, pigeons seém to have a wonderful mem-
ory for wind-borne odors, according to Flor-
wmno Papi of the Department of Animal
Behavior at the University of Pisa in Ttaly.

Papi explained to me that a pigeon remems-
bers the direction from which particular odors
come and somehow arganizes these recollec-
tions in a cartographic fashion. Thus when n
pireon is released at a new site, it determines
its location by an olfactory map and then uses
the sun to take up & compass heading for home.
But the chemical cues it presumably receives
have not been identified, and Papi's hypothe-
si5 has been met with skepticism.

Those of the magnetic persuasion argue that
the earth's magnetic field, with its varving
intensities and dip angles, can give map infor-
mation to an animal with senses keen enough.
But most agree that this would only provide
information corresponding to latitude. A
navigator also requires longitude.

Wolfgang Wiltschko of the Johann Wolf-
gang Uoethe University m Frankfurt, Ger-
many, has labored tirelessly in magnetic
research since his 1965 demonstration, with
his mentor, Friedrich Wilhelm Merkel, that
Furopean robins use a magnetic compass.
But Wiltschko stops short of claiming

Secrets of Amamal Navigation

that magnetic parmmeters create o map.

James L. Gould, & biologist at Princeton
Unmiversity, savs a bird's “map sense seems
likely to retain its status as the most elusive and
intriguing mystery in animal behavior.”

Do you remember Richard Blakemore's
magnetic bacteriar They precipitited an ener-
getic search for magnetite in other crentures.
Scientists reported finding it in tuna, salmon,
honeybees, pigeons, turtles, and even in hu-
mans. Papers were written hypothesizing the
use of magnetite to navigate.

Robert C. Benson of the State University of
New York at Genesco has been studving the
bobolink, In the fall bobolinks from North
Americarendezvous on the const of the Caroli-
nas, gorged to twice their ordinary body
weight — [uel for the 1,600-mile flight over the
Atlantic to Venezuela. The birds work their
way south as far as Argentina. There the male,
in molt, acquires the bright black and white
colors that earn him his Spanish name, ¢hario-
lidn, or trickster.

Beason and a German co-worker, Peter
Semm, report that cells in the ophthalmic
nerve of the bobolink are sensitive to magnetic
field changes—pgenemted by a Helmholtz
coll—of as little as 0.5 percent of the earth's
main field. They hypothesize that this capabil-
ity “may be involved in the detection of the
magnetic map used for navigation.”

Beason plans to remagnetize bobolinks, as
Blakemore and Kalmijn remagnetized Agua-
spivillum, "I the remagnetized birds orient
differently from normal birds, ™ he savs, “that
points o a transducer in the bird that utilizes
magnetite, or & similar compound, to convert
magnetic information into nervous impuolses
that are involved in the orientation.”

In 1977 Michael J. M. Leask, an Oxford
University physicist, published a complex the-
ory with the startling suggestion that a sensory
basis for magnetic information may lie in &
photoreceptor in an animal’s eve. In other
words, an animal may “see” a magnetic feld.
Leask’stheory excited John B. Phillips, & biol-
ogist now at Indiana University.

After 12 years’ work, Phillips believes that
he has established 4 link between the visual
system and magnetic field sensitivity in the
blowfly and a migratory salamander, the red-
spotied newt. But the poal remains H1
haven't yet tapped into the receptor that has
actually given up vision to do magoetic recep-
tion,” he says.
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Dusted with harmless plgments that fluoresce
under witravioler light, kangaroo rats (left) are
[oased to roam Nebraska's Sand Hills ar rnight
Fallen pigment muerks their troils (below),
enabling biologists at the University of
Nebroska State Museum to chart the rots
eomings and goings, How they kieep their

CHUMIFINES FEMWIINS ane muore prvstery of ardiial

navigation to be solved another day.
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lice Pleasance Liddell,
daughter of the Dean of

v Christ Church, Oxford, had
' aspecial friend named
Charles Lutwidge Dodgson.
He was a shy, stammering
-« mathematician, starchy as his
LT high, stiff collar. Yet in

=

became the witty, affectnon-

the presence of a child he

ate Lewis Carroll, storyteller.
Alice was ten when he told
her a tale abour a little girl
who falls into a rabbit hole.
Published as Alice's Adven-

tures in Wonderland, 1t

immaortalized them both.

Wonderland

o LEWIS
CARROLL

Elj.-' f.-"‘LTI I‘!’ ""*]F‘ﬁf'h"fﬁ‘q MWATIONAL GECGRATHIC SENIDR YTAFF
Photographs by SAM ABELL
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T THE EDGE of an Enghish
meadow a rabbit expert
thpped through my copy of
Alice’s Adventures in Wonder-
land and stopped at the pie-
ture of the large, white
rabbit studying his warch.

“Chryctolagus cumicadus, "

John Sandford, chairman of the British Rabbit Council,
pronounced. “An albino. Pink eves, you know. Absolutely

domestic. Can't survive in the wild.”

Pointing to a hedgerow, he showed me a rabbit hole,
guarded by bramble and netdle.

“Unlike the one Alice fell into, burrows never go straight
down,” he said. *“They run parallel to the surface.”

He snapped off a twig from an overhanging tree and
dropped it into the hole. It went straight down.

“Strange, " he said, and stooped for a closer look,

7

CHARLES LUTWIDGE DODGSON, the shy Oxford don who
wrote Alice under the pen name Lewis Carroll, would have
been delighted. He reveled in the unexpected. In Alice and
its seqquel, Through the Looking-Glass, he celebrated mamic
absurdiry. In his tales, logic spins like a carousel {"[f you'll
tell me what language 'fiddle-de-dee’ is, 1] tell you the
French for it!"). Puns tecter on the brink of outrageous (a
tree can bark: it says “boughwough™). Words dance with
joy (MO frabjous day!™).

Even his pen name was a play on words. He transposed
Charles Lurwidge, transformed it to Ludovic Carolus, and
emerged as Lewis Carroll,

In a moment of pure magic, on a summer day in 1862, he
conjurcd the story of a self~assured young girl who tumbles
through a rabbit hole into Wonderland: by turns shrinks and
grows; meets the frenetic March Hare, the apoplectic Queen
of Hearts, a mad Hartter, and a hookah-smoking Caterpillar;
attends a mad tea party; and plays eroquet with a flaminge
mallet and a hedgehog ball. After the adventure she awakens
in a meadaw: Surely itwas all 8 dream —or was ir?

Dodgson loved children. But one was special, a little girl
with haunting eyes named Alice. It was to please her that he
created Wonderland and changed the landscape of childhood.
What chemistry between a fussy Victorian don and a child
could produce such a watershed of delight in English letters?

Dodgson would seem an unlikely choice as creator of any
wonderland. Lecturer in mathematics, never married, deeply
rehigious, he lett Britain only once, for a tour of the Conti-
nent, and spent his time viewing cathedrals,

Yet his imaginanon danced on the boundary between
dreams and waking.,

His prolific muind produced learmed works like Enuclid and
His Modemn Rivals; a masterprece of nonsensical verse, The
Huunting of the Snark; poctry in Phantasmagoria and Other
Poems; a novel about faines, Syleie and Brune. He wrote on
social 1ssues (opposing viviséction, favoring the education of

The Wonderland of Lewis Carvoll

“I had sent my herpine straight
dowrm a rabbit<hole . . . with-
out the least idea what was o

Ji

F'mfpfﬂ dfterwards. "' It was
y 4, 1862, when Dodgson

rowred Alice and her sisters up
the Thames in Oxford and, ai

their request, told a stary.
Begged by Alice to write

it

down, he complied and pave it
ta her as a gift. Published in
1865, Alice was first and most
famously illuserated by Sir
Johpe Tenniel. His White

Rabbit (below) finds a co

M=

terpart in a modern production

by the Parasol Childven's
Theatre of London. Puppetry

was a favorite childhood

pastime for Dodgson, eldest

son in a family of 13.
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A tail's rale: Dodgson meticu-
lowsly paited up the " Mouse's
tale'” from Alice to puide his
printer. But the perfectionist
it i could veer inro ald-
bachelor fussing. He pestered
tllustrator Tenniel with such
advice as "Don’t give Alice 5o
miich crivoline. "' Pushed by
Dodgson to use a model to
dyaw Alice, Terniel vetalr-
ated, saying he needed o model
as much as Dodgson needed a
multiplication table.

LiNmANT, CRiRIET DHNCH

strect past its handful of redbrick houses faster than you can
say "“frumious Bandersnatch.” The parsonage, a mile or so
away, where Dodgson lived as a child, burned years ago.
Nothing remains but the rubble of a pasture well, capped
to prevent the blackface sheep from falling in.

Oultram picked up a pebble from the rubble and handed
it to me. “"Dodgson had quite an imagination as a child. He
made pets of snails and worms and sent them into imagmary
battles.”

‘“But about that Cheshire cat . . . ,”" | prodded.

“We don't know for sure where he got the idea, but to
‘ein like a Cheshire cat’ was a common expression in s
day. ' Possibly it originated from a popular Cheshire product
of the time: cheeses molded in the shape of a cat.

"Of course, if you want the real animal,”™ Ouleram said,
“vou might check the Cheshare Area Cat Championship
.. . except that it's held in Wales!” He grinned, eyes blue as a
Samese.

“¥ou see, there's simply no venue in our county large
enough for the show.™

The improbability
index continued to soar.
Fitting, no doubt. Hadn't
understanding Dodgson

her ides of the tald was semnthing Hke been likened to dissecting

a soap bubble?

i Still, every so oftena
2T Eﬂ:ﬂi clue dropped, a bit of
i memorabilia carrying
the faint perfume of
childhood.

In a musewm casen
Rottingdean, England,
there is a set of minia-
ture carpentry tools
Dodgson whttled for
his sister Elizabeth
whien he was 14: a2 tool-
box the size of a match-
box, a toothpick-size
chisel, mallet, and saw.
In them you may
glimpse his world of
play, which would find
form in the Alice
books: Dodgson, the
child, full of small-
scale whimsy and
brotherly atfection
He dressed o wg
and robe to perform
magic for his siblings; he wrote plays for a puppet the-
ater he helped build. As the eldest boy, he nurtured the
others, inventing games and stories. It was the begm-
ning of a lifelong love affair with children.

National Geographic, June 190}



When Charles was 11, his father was appointed rector
of Croft, Yorkshire, There, in a wind-blasted valley in the
remote northern countryside, Charles produced his first
works. He edited a series of magazines for a select audience:
his family, The magazines, Mischwash, the Rectory Umibrella,
the Comet, and others brim with puzzles, parodies, and
verse: entertainment for a family iselated in 2 pastoral
landscape.

It was a cluldhood remembered in happiness, constramned
by strict discipline and piety, warmed by laughter and love.

We know little about his mother, other than thar she was
gentle and, with 11 childeen, totally preoccupied with raising
a family. More influential was his father, Charles: His idol,
tator of his early vedrs, an dustere, high churchman who
meculcated n his son a rock=solid Christian morality. Dodg-
son would call his death, 1n 1868, “the greatest blow thar has
ever fallen on my life.”

(-

HAT™S ONE and one and one anqd
one and one and
one and one and one
and one and one?”
The White Queen's
question in Looking-Glass
comes to mnd as | sitin on alesson on qua-
dratic equanions at Rugby School, among
the upper crust of British public— actually
private—schools. [t1s located in the town
of Rughy, in England’s midsection.

Modgson was 14 when he arnved,
an awkward age exacerbated by hus shy,
sensitive nature, [t was a lability in a
place where heartiness was a ticket to pop-
ularity. Dodgson was not sports-minded.
Rugby, birthplace of its namesake sport,
was. He played cricketr once and was
quickly pulied off the team. He was teased
and bullied, There was no privacy, no
E‘E-EELP-E'-

The school hbrarian showed me Dodg-
son’s old dorm building, School House.
“In those days,”™ she said, “the butler
would lock the boysinat night. He'd slam
the heavy door shut and say, *Good-night,
gentlemen,” "'

The dorm, barracks-room bare; was a
monotony of beige walls, shadeless win-
dows, rows of iron beds. *"The boys ke
pride in the Spartan nature of this," she
said. Doadgson, | suspect, wouldn't have,

His letters home were chatty, full of
news about academics. He won prizes in mathematics, com-
position, classics, and divinity, Bue the letters were silent
about his feelings.

Later he wrate: “'l cannot

(Continued on page 116)

The Wonderland of Lewis Carroll

In a realm comewhere between
dream and wightmare, Alice
stands among monsters. Dodg-
sort shetched figures for the
manmuseript version of Alice.
A likeness of Alice Liddell
appears in the upper left
corner; a possible self-portrait
peers out from behind the hip
of the standing Alice, Hoping
to illustrate the published
Alice imiself, Dodgson
consulted art critic John
Ruskin, Hirea professional,
Ruskin advised.

LINAART EEEifl C=hiinbEH
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Alice’s
curious
adventures

lunge into this rabbit hole
and explore the wonderland
created on a summer day in
1862. Passing strange that Chesh-
ire Cat, not to mention the Cater-
pillar with the suspicious hookah “"Cuniouser
and curiouser” Alice found them.

Watch the line between real and make-
believe dissalve. The Gryphon describes a
Victorian schoolroom. The “classical mas-
ter'" teaches Laughing and Grief. The Duch-
ess, like a dotty moverness, is fond of finger-
wagging moralizing: “If everybody minded
their own business, the world would go

It staris with Alice’s
plunge down a hole in
pursult of & White
Habbit with & watch.
""Would the fall never

round a deal faster than it does.™ Alice Tanide fr a hall

Alice steps straight out of a Victorkan H‘hﬂiﬂ? on
England of high-walled gardens, overstufied SRR A
furniture, nurseries, nanmes,; and well- door,

behaved children. Here Britannia rules eter-
nal and ever so proper . . . just behmud thit
cat with the disconcerting grin.

In an age of children genteelly bound
by “mustn't” and “shan't,” Alice breczes
m, slightly naughty, utterly charming,

A benchmark in chuldren’s hiterature, =
Alice lacks the molasses of pious rectitude S8
dopping from books of the era. |

“Everything's got a moral,” says
the Duchess, “ifonly you can find it.™

Everything except this book. Tt is
pure fun, written not for money and
not for fame, Podgson said, bot for the
delight of a child he loved.

Alice also transcends tine and place.
Translated into more than 30 lan-
guapes—Arabic o Lulu—depicted by
artists from Dali to Disnew, 1t has been
concertized, dramatized, and filmed.

Arid analyvzed. It has evén been
pronounced full of “preponder-  =mt
ant oral sadistic trends of .:‘.._.*:',_....{ =
canmbalstic character.™ ~

One might as well try o

gain a tochold on a cloud.
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The Knave of Haarts stesk them
E'-Hfr't.-nulr’lr'n'.ar.u— wardict afterwards, "
=ays tha Wusen. 50 goes legal

Mpr-!:-:iudur;ﬁ IlIIIII:mtil"l'-‘.l"-m:| F':u:_il
lee plays har trump: “You're Ing ‘A Mock Turtls and Gryphon
’ but a pack of a!"" As the cards dance a Lobstor-Chua IEI"EH
. Ay up, she witkes from her draam, = | ™  Tha Turtls sings several
, L, _ T e charuses of "Turtin Soup.” -
The Grypheo calls for an
encore, but m cry of " The

>
1%

At last Alice finds harself in
the longad-far garden.
Playing-card charactars

seurry arcund. Everyone ls
twitchy, Tha Quean of

Hearty likes to shout,” OF
with thelr beads!” The

Queen dormands & game of

unt, with Raminges fod

- , whils the Chashire

Cat fades in and out;

i ; n -
atighe hnu“.g ;-nd“ %:h,::;f:ﬂ:ucf:::f She attends a bea . - "JH Lol
queered feor space, biled into & cucumbr mﬁﬁﬁzﬁt ‘5‘
she puts an arm out fricme. - < mad Hatter, o Mars

the window, a feot up Hare. wnd o Dor-

mlise whe keaps T
anoazing aff. Tha
Hatter and March

Hare dutk the Doe-

mousa inkta the

She’s tiny Alice ance mora, and
mests a Enhmﬂn. He says that
one dide of mushroam will
make het grow tall, the other
wicde shart; Sizing herself up
takes sarme trial and error.
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Atrip through s
the looking- ===z

olass

n the elastic
( universe of
Through the
Leoking-Ciluss the

T - | =|
---r_l -II :

laws of nature are ;"I._;;ﬂ!lﬂ-ﬂ’ﬂ'ﬂh Rad -
repealed. A cake s handed / emuntry, marked out like 2 chesshosrd
round first and sliced up after- . AN A o J'Iﬁ';; H“u""'“'ﬂ"::'m“ L:I:j.:
wards. To go toward the Red _ I,‘r AVTTW " o s suiisioge e
Queen, Alice walks away from her - ‘3 £ 4 tobe 5 quaes,
Such witty mnversion refleces iy T fles -

Allce was thraugh the R

i r . in & locking-glans gor-
A IfnlEld,, RS 5‘?3“"—'“ M”r”:' H_'l._;“ﬁ mi::ﬂ dan, she mests carlous
Crardner, that “seemed to hl.mftmn L“Hngfﬁ;hﬂ"" e
best when he was seeing things the room, chess plecen.
upside down." Dodgson often iiﬂﬁuﬁﬁruiﬂm.h

amused children by playmg
music boxes backward and wrote
letters begimmmg “CLD, Unele
loving your,” and ending *“Nelly
dearmy.”

As Wonderland plays off cards,
Looking-Class, published in 1871,

takes the form of 4 chess game. Alice R e 3 | i L [ T 3 _'

progresses trom pawis Loy quesn. : -' s e it of s ound and - W § K \
Irisa progression crowned with mﬂmtﬁm?hll‘h The Red Knight and . _ E

the glory of inventive language. . E 'F'I:!.E-mﬂ-rmnﬂ the table “oa'n't  elghth square; she's White Kni ut g

Dodgson reases with sleights of : _ stand this any longar’™ Alice crownad quaen. Tha aver Alics g "They"" are the Lion

Knight—a=a kind bt

Ted Qluesn [nvites the
says. She grabs and shakes the Red batty fallow whao has

Quenn, who diszclves into a kittan.

and the Unicom,
fighting for tha

ongue and conjures words from

air. In the Looking-Clas: poem A Hﬂu,;‘::lﬂngﬂ"m LAY, s crown, A time-cut for
“Tabh . T , ., | urprised . - ' [ el o S A refreshments i

Jabberwocky," he folds two i 5" k - - RO NI alied The king cau
words into one, producing F 7 AR T N ﬂh:ﬂm‘_ - s e ' tiously sits down
| ' [ . 3 ' Fo ik o : Y. batwesn the twa,

chortle (chuckle, snort) and
galumph (gallop, triumphant),
words that endure.

"It seems to Hll my head with
ideas,” Alice says of that magni-
ficent jabber, “only I don’t
exactly know what they are!"

WiLslk =, - Brssl]
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mirror-Enage schoet-
By, short in staturs
ard tempar. Twae-
diedes gets folded up . ¥
Im hds wmbealla: the G
two decide to —,

Sha misst start off as
a pawn. Her firat

mave landy har in
sguare four, home to

Tweedledumn and gt $ill wis, and then
Twoedledes. Thay have dinner.*
rocite ' The Waltrus
and the Carpenter,” it
which tabks of cab- '

bages and kings and
ends with an oyster
faast,

ting
miltiply, The shasp
hands Alice a palr of
reedhes, whick
turn into care. How
convenient —thay
saam to be o a boat
Alice gets knocked
overboard.

e — ——

! Al the king's harses and all
i the king's men come running.
|, _The White King Is busy writ-

: irig I his rroteboak, A mee-

sefger arriven, 3 bag shung

ever his shouldér, and
P | shouts, " They re &t
LR mgaint™

- RN

'I.- —

inaxphcably baek in the shoo,
aski for &n egg. The egh i
|t tures oo Humpty
wh discourssas an wn-bi
There are 364 days “";m::ﬁ
migitt get un-birthdal
prasents. .. . And anly ohe for.
birthday prosents.”” Alics ls '
and haars a tremendous crathy, ™. '
by,

e 1_1




(Contine | from page 109) say thatl look back upon my life af

'. I_ | ||| » II A1 FTik" __-L.||_-I Talnli |.I'-'I-|!_L|:.:._l|_:Ir-l.I aOr i

fuce me to go through my

.erlu v considerations wou
three YEars ay T 5

.-"-.f:L: Rupby’'s ordeal came Oxford, the great old univer-
sity 35 miles from London. To envision the school as it
ippeared to Dodgson as a fisst-year undergraduate m 1835]
walk through the lush expanse of Chrnst Church meadow to
the footpath that edeges the Thames Eﬂhlk back. From there
Orxford is all spires and towers, and parade columns of plane
tIees St ; Lr, 1ITSE & :;r||['||n: || -'.l-\. W,

l]r'"lux reity shelte 1H||~L-waa.-nh::|=-IHILUTH.:
wing. Balliol is intellectual, so the labels go. Trimity, sport-
':r1_=' -"'l.‘.nl Christ Church, whose dean heads both the college
and the cathedral, cannot shed 1S reputation as a reserve
eged. Itwas to Christ Chareh tha
followed his father's footsteps

i !i"ll:' Privi

el a classics studert

“The dons smoke vou out,

-

over a bottle of Christ Church port. ""Most undergraduates
sirialder. ||.|||'.~-.- to glide by thev are guickly passed through
But every now and then, one bursts into flames. That on

‘|I'.:" KEC]
Dodgson, they kept. He gradoated with a first in mache-
| matics, collecred a graduate degree, and was ap Furrnr“livf-
| turer 1n “!'...-'|I"IH ancs. Exi a'p‘- lor vacations or short trips to
[ ondon, he uld stay ar Christ Church the rest of his lifc
“H 1c proverbial man who came to -];".m-1 " one

Carroll .u..aLn st sdid. “He staved and staved, and tor 30

WA |
vears m the best rooms mn Chnst Churche ™

Crack open the door to those rooms, One's a student
e | lounge now —two red couches, a newspaper-stacked table,

F1Tc‘["!-1-_|-- *.'rr" lopean eye of a television in it Then, m
St | loakine-elass | ﬁln--n turn back the clock to when Do 'le

. lived ||: re. Toys—2 mechanical bat, a win dup bear —spll
LU RE '—l.r'rI-F‘-': E

e — CLLETR e I
— I \Il!lll' r"...l r_l'r Ilhllll'.I IIII||' .Ir-ll'.l.lll Illl'll |I




from cupboards under the bookcase. Music boxes jostle for
room on a table. Drawers bulge with puzzles and costumes.

Surely a child would be present, invited to tea. Nothing
gave Dodgson more pleasure than the shy smile of 2 young
friend. Here, in the playground of his rooms, he showed his
chald friends drawings of fairies; "“You can't be sure they
don’t really exist,” he'd say, He'd teach them games he
invented: chess in which knighes and bishops come alive and
discuss the rights of queens, the ownership of castles. And
circular billiards, played on a round table with no pockets.
His love for inventing games was exceeded only by his joy
n playing them.

Remembered one of those child friends: “The truth of the
matter 1s that he had the heart of 3 chald himself, so when he
spoke to a child she understood . . . because he spoke her
own lanpuage.™

But the empathy of a shared language did not extend to all
the students he taught. One of his undergraduates recalled
lectures “dull as ditch water™; another remembered his
“dry and perfunctory manner." He was a wildflower that
bloomed only in the presence of children.

In Oxford, | was pleased o observe, Dodgsonian whim
abounds, Here the Thames i< called the Isis (said to be a
derivative of its old Roman name), and Christ Church oper-
ates on cathedral time. Your watch may say 10 a.m.,, but the
cathedral deems it 10:05.

There 1s an accompanying logic, a member of the House
(as Christ Church 1s known) msisted. “'You sce, it takes five
nunutes tor the sun to travel from Greenwich, where world
time is measured, to Oxford, so it veally i 10:05."

Of course. And there wis the Oxford dean who when told
dogs would no longer be allowed to live at college replied he
would call his dog **cats. ™ Dodgson, the mathematician and
author of Symbolic Logic, understood perfectly.

Although ordained a deacon at Oxford, Dodgson did not
go on to take priest’s orders. Perhaps his stamimer gave him
second thoughts, or perhaps he could not totally embrace
church doctrine.

For one thing, he loved the theater, an unorthodox passion
tor a Church'of England Victorian. Still, he kept an ortho-
doxy of his own: He refused to allow illustrations for his
books to be drawn on Sunday. He never, ever swore, and
once he chastised a cleric for reading the ereed oo fast.

HERE IS A ROOM in Christ Church
that breathes the very presence of Charles
Lutwidge Dodgson, a room of leather
books, cool and dark, except in late morming,
when the sun edges in and turns evervthing
to gold.

It 15 not where he slept or studied but rather the library
office, where as sub-libraran he glanced through a window
and saw the young daughters of Dean Henry Liddell playing
in the garden. They were Edith, Lorina, and Alice —a three-
year-old with bangs and thoughtful eves.

The Wonderland of Lewis Carvoll

Gently mocking himself in an
tke skeetch self-parody (facing
page), Dodgson shows “what
ook like when I'm lectur-
ing."" As lecturer in mathe-
matics at Oxford, he created
the Game of “"Logic™ as a
teaching aid.

A student at Rugir}r. the
top-tier English boarding
school Dodgson attended,
evokes his years on the other
side of the lectern. Studious
and shy, Dodgson was surely
bullied.

He publizhed mare than a
score of mathematical works.
But Wonderland is never far
away, says mathematician and
Carroll enthusiast Edward
Wakeling. “Alice i5 clearly
the work of @ mathematician. "'

(The White Queen's quiz:
“Divide a loaf by a kenifer—
uhat’s the answer o that?’’)
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Special delivery: Dodgson’s
letters to children are minmi-
splendored things of wit and
whimsy. Catherine Atkinson,
whose family lives in Dodg-
son's Yorkshire boyhood
home, holds a copy of a letfer
tn his “looking-glass™ writing.
Parrots decarate a dimimitive
“fairy letrer, " Dodgson’s
stamp case hears a vanishing
Cheshire Cat,

Frid

dressed in white under wide-brimmed hats, It's
exactly 126 skips from the huge wooden door of the
deanery, where they live, to Dodgson’s rooms
across the lawn. Their tight-lipped governess Miss
Prickett leaves them there.

Dodgson has traded his usual black suit for
white flannels and a strow hat. His blue eyes
sparkic. He carnes a prenic basket,

His friend and fellow don, the Reverend Rob-
inson Duckworth, joins them as they chat their
. way down to the Isis. At Folly Bridge, Dodg-
= sonand Puckworth consult their young crew and
'\ chooseé a rowboat. The party heads upstream,
past swans and moorhens nesting under the wil-

lows. Laughter floats over the water.
But what 1s a rowboat expedition without
stories? “Tell us a story, please, Mr. Dodg-
som, | the girls ask.

= Alice was beginming to got very tired of
sitting by her sister on the bank, and of
having nothing to do. . . . when a whire rabbit
with pink eyes ran close by her.

The 30-year-old don pauses. “That's all till next time, "
he says. “Butit iz next time, "’ they protest. And so he
continues. .

The tales tumbled out one after another, Dodgson wove
them around the children. His heroine was Alice hersell The
characters included an Eaglet, named for Edith. A Lory (a
parrot) for Lorina, A Duck for hus friend Duckworth. And a
Dodo for the stammenng Do-do-dodgson himself,

His stonies thit day glowed. Afterward, Alice begged him
to write them out, To please a child he loved, he agreed.

WO AN A HALF YEARS LATER, tor

Christmas, 1864, Dodgson gave hera dark

green leather notebook with the story of

Alice's Adventures Under Ground written and
illustrated by hand.

Prompted by frniends, he expanded the tale.
in 1865 Macmillan pu lished the now renamed Alice’s Adven-
tures i Wonderland, with tllustratons by Sir John Tenmiel.

It sold 160,000 copies durmg Dodgson's lifetime and pro-
vided him with such a comfortable income that he asked
Chnst Church to reduce lns salary.

In a book-lined study in her Gloucestershire home, Mary
Jean St. Clair, Alice Liddell's granddaughter, recalled: "' The
manuscript he gave my grandmother sat on 2 small table
in the foyer. We never thought ‘treasure, must dust it off.” "

Iri 1928 Alice sold the manuscript at auction tor 15,400
pounds (375,000 U §.) to an American collector, who resold
it six months later along with other Carroll matenal for
150,000, In 1946 it was auctioned again,

This time, Libranan of Congress Luther Evans bid with
funds contributed by American bibliophiles and bought it for

National Greographic, June 1991
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Imagine, a letter barely the size of a postage stamp! Or one
i reversed witting, to be read wath a mirror. In closing, he
mught send a two-millionth part of a kiss, or a flurry of ten
mithon kisses

ETWEEN THE TWO FAMOUS BOOKS a shadow

fell across Dodgson's life. And 1t concerned
s love of children. “There 1s not the shght-
est hint of impropriety m any of his frend-
ships with children,” says the preeminent
Carrollian scholar Morton Cohen,

But was Dodesonn love with Alice Liddell?

“Certainly he was, " Professor Cohen said. “But it was

The Wondeviand of Lewis Carroll




Stepping through the (ooking-

dlass, tn HE Opeting scem

iustrated by Tenniel (right),
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Alice lands m a world whern
thsurdity is the oniy reality
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Czuildford, not far from the

howse orcupied by Dodeson's
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died in 1898 | [ presmonia

| pure, romantic, and distant love
Cahen suevests that Podegson may

have cven asked for Alice’s hand n
miarniaee. It would hawve |n'u‘::.'=il-_'£|}.1c_'-.|
gquery to her parents, such as: “"'When
Alice 1s older, woul
suitable?”
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the igsue. Cohen surmises.  Social

standing was. Ahce, ol upper-ciass

stock. would be expected to marry
arell. Mrs: Liddell would neves approve.a mati h with a
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I any case Mis. Liddell, antennae quivering with maternal
wvigilance, detected something unusual, In June 1B63 1t seems
she banned Dodgson from the deanery, We mav never ki

L]

Wiy, DOCILSt the page i |..='-.'l_:'_-'"-"' s Qlary [Of that day has

beetn il 111 |'.-;|: OENET VWil EEITIES ATTE ITIISSENE s YOl

[hen later there was the matter of the nude photo

Dodgson photographed children in the nude as well as

clothed. A handful of the nude prctures of girls survive

His motives woere acsthetic, he insistec, rooted in "ade P

cetise of admiratnon far forn Fhe ohotoeraphy of nude
hildren was typcally Victonan, a sidebar to the worship

of the punty of

little irls ':'-l._'"::'-lll--ll'=i'-. moral Dodeson

alwavs asked the mother's PErIMISSI0N ana seems al'ways 1o
have had a chaperone on the scene
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innocent 111 ot -_-c'll_ll"-l". LI Carte |".-'-.IIL"'1: NS LIICIeSS.

In 1880 afttera juarter century of meercst n photography
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e _-::'-I'll|'--'|'-.' stopped aking piCIures [fassibliv the hobbs

DECAITEE TO0D NIMC=-CONSLUTIINE L 3

odgson was nearing sl

Fle wanted o focus on “some worthy work 11 writine. ™

But Colin Ford, an expert on Dodeson's photography,
uggests: " He may have realized he was treading dangerous
ground. He was preaching in church, and he felt responsible
for the moral welfare of his students. He knew his art was
innocent, but he had to be above am '|.'|"L|:.-|f: :

| | |
T Fim 101 ] a2 P T,
D51 L0 pul INe camera away,

. ODGSON'S LIFE at Oxtord was now ane ol
4 / by almost inwavernng routine. He shaved
cold water and spent the moming
g scriptutre and attendinge church
# b d |

[ - He did s wnting standing up at a desk

- = - i § —
! and lunched on dry biscunes and sherrv. For
exercise he walked a brisk ten miles or so, He never wore an

raysa pair of gray gloves

..'”."': [!:‘ll.'l.ll.l I-'I!]ii'.' ar .I'_r



In the garden of friendship,
]-J'c'rl:l.:‘.ﬂ n's most cherished
hloom was Alice Liddell, here
[ i l|'l||é|-'!'.l_|.ji.ljl'.|ll fte made al
Christ Church, At Bodys-
aallen Flall in Wales a doo

i
I

e Tl

aerns on g garden, and a [itHe#

iy disappears LR o STORTIREeY

|Ir..'}', “lingering in flye IL'L-'!'|."|'.'r

pleam. " C)f such magi

Charles Lutwndee Dodpson
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A holiday by the sea was hos annual treat. There 15 nothing
like the blinding whiteness, the sharp, salt air of an English
seaside resort

For the last 21 summers of his hife he took o train down
to the town of Eastboutrne on the southeast coast and settled
imto rented rooms.

Even now, a century later, he would find the tamilur: sea-
front hotels with wedding-cake facades, the promenade filled
with strolling familics, a passenger boat that putis past floury
chalk cliffs, and children on the shingled beach

Iy the golden hour of an afternoon’s end, | watched a child
of three play on a shotre bared by retreating tide. She stamped
her foot in the sand to mark it as her own, then, with a laugh
like 2 tiny bell, watched a wave erase her imprimatur.

Dadgson would have been pleased. Eastbourne rang with
the high, sweet voices of children. Armed with a bag
filled with games to vanquish boredom, he went forth,

a kmight of the nursery

Children were a tomge, he said. “They are
three=-fourths of my life. | cannot under
stand how anvone could be bored by little
dren.” And with them, he didn'’t
stutter:

And how could any clnld be bored by

E

Mr Dodeson? Once when a child walked

chi

bv, soppmng wet from having fallen mto the
seq, he tore off a bit of blotting paper (o ask
“May | offer you this te blot yourselt up?”
He cherished their innocence. "And they,
sensing sincenity, responded in kind
Perhaps the key to Dodgson’s soul can
Le found in a leteer he wrote has dear
friend, actress Ellen Terry: "One of the
|i.-:_".'i'- secrets of Life. . |]'|i that all that
is really worth the dome, 1s what we do
{or ofhers.”
That wis the core of hus beliwet
Yet his psyche remans elusive. Just when
you think you've pinned him down, he's up

nd gone; there's nothing left but a grin as
wide as the Thames

But wait, there 15 somettiing. A dream
of 2 book. An absurd, delicious joke.
A paft of love tor a hrtle girl wath dark,
thoughtful eves
In booking passage down the rabbir hole, or to any realm

in the geography of the imagination, best to accompany
a child. Chaldren

cnow to follow their hearts. We torgel
Charles Lutwidge Dodgson never forgot. In a sense,

he never grew up, As he might have said, he preferred

T INE CLOYYA T,

 He died of pneumaonia at 63, 1 the house 1 Guildford,

Surrey, where his unmarned sisters lived. The docror,

descending the staircase to break the news, gently said:

“How wonadertully young your brother looks!™ D

Natronod Geographic, June 199]
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BATS

THE CACTUS
CONNECTION

[ext and photographs by

MERLIN D. TUTTLE |




saguaro flower are closely matched. A revealing series arrests

one bat in mid-approach (below). Up to its ears, the ravenous
forager laps up nectar in the bottom of a flower (right). When the
bat withdraws (far right}, its bead is covered with pollen, which is
transferred to other flowers as the bat makes its rounds,

The saguaro is not totally bat dependent. Unlike the flowers of
the organ-pipe and cardon cactuses, which open at dusk and close
by midmorning, the blossoms of the saguaro open well after dark
and remain open through much of the following day, attracting
additional pollinators such as birds and bees.

[Eammnmmehndﬂ:hwhug-mudhatmda
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URVIVAL PRESSURE RISES in June, when
the Sonoran Desert 15 at its driest and
mtercdependence, always a necessity,

becomed critical. A relationship that beneffis

both parties— like the nocturnal meeting of biat
and cactus —is an example of mutuslism

Many otheér animals, including day creatures,

rely on the cactuses for food and shelter

By night, at far left, lowers of the cardon

and organ-pipe cactuses—the species most
dependent on bats for pollination —open wide
small mammals and birds seek fruit or shelte:
among the spines or in nest holes carved out by
woodpeckers. Towering as bigh
ns 50 feet, sagunro coctuses
offer & nectar feast at night and
for mmch of the dav. Bats, birds,
arnd msects giin preciouns mois-
ture as well as energy from the
sigary hoguid. Mamma

A Resvamcs
ProjecT
SUPFRTED
Im Pagy

By Youn
SOUTETY

& SUICIL as

ante ground squirrels, foxes,
and ringtails also feed on frints
Human interference can disrupt these natu
ral pssociations. Our studies at Bahia Kino
showed that cardon and organ-pipe cactuses
are not producing as much fruit as they could
The shortfall is apparently due to the displace
ment of many bats, chased from their caves by
villagers; to the offshore =land of Tiburdn
(map, below). While some bats do make the
\ rip (o visil mainland cactuses,
many flowers go unvisited. The long-term
effects are not yvet clear. ‘There is concern that
some of these plants, which live for centuries,
may be yvielding fewer seeds than neceszary Lo
ensure their repliscament

umrrtu STATES | g

-l'lr%gr . i = I

e Lo
:%; l\"\

N N Evicn Mexians

| - af thi
lessar lung-noad bat
[t ey cur meser
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LASTERED WITH POLLEN, & Dat quartet
roasks in & cave after-a fine night of fee
ing, Bats lick pollen from their faces
fter eating, making the mos=t of it proteln
CITEEE W Y W L ELE L & FeEvVe ;I o -,_--I-.: FOEAL R
between a bat's probing head and the flower

cAardon cactus, a EFCC RS WIth eXtranrcinars

are bisexual. peoducny blossams with Bath
il aml

pollen —the male fonction —and female ovules

But as recent y discovered by Ted Flemmng
me cardon plants gre all-male, producing

Howers with pollen but no ovules, while othe

gre all-female. with ovules but oo pollesn. Tha

male angd Temale piants vie wilth bisexual can
dons for reproductive dominance — R very
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INTRODUCING DIAMANTE.
A NEW LUXURY PERFORMANCE SEDAN,
BRILLIANT IN EVERY FACET
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An Excellent Report Card

for Geography Teachers

"'l Vhe goodd news ks coming in
from all over the Uinited
States: Geography 15 making

a comeback.

Dawvid Geyer, geography teacher
nt Penn High School in Mishawakas,
Indiana, tells us that dunng the past
two vears, enroliment in geography
classes at his school has jumped
friam 60 to 350 students,

“We had 1o add 14 classes (o meet
the demand,”™ says Dauvid, o 1988
gradunte of the Society's Summer
Crengraphy Institute.

In Colorado Springs, Colorado.
social stodies coordinator Kathrym
Luapp reports that the number of
world geography classes being
offered to high school semors has
rocketed from 5 1o 29,

Schools in Fredenick

County, Marviand,

this fall will offer

geography os @ sepa-
rile couise for the
first time in 20 vears,
says 5an Bennett, &

geography professor at the Univer-

sty of Marvland, Baltimore County.

A groat deal of credit for this
renaissance belongs to the Geo-
graphic Alliance Network. a collec-
tion of grass roots organizations
bringing together academic geogra-
phers, teachers from many disci
plines, and others dedicated 10
UTIProvIing fecgraphy instroction

These extroordinary volonteéss
educators have responded to the
slhiance mutiated by the Nattonal
Croographic Society, Now active in
40 states and Puerto Rico, alliandes
sponsor geography workshops for

teachers. develop classroom maten-
als, lead public-awnreness activitics,

and work with local., state, and

national leaders o reform carricala.

Truining programs have reached
tens of thousands of teachers, “Tt
has changed my professional life,
my department’s activities, and the
tenching methods of many teach-

ers, says Michae| Libbee, a geogra-

phy professor 8t Central Michigan

University anid a coordinator of the

Michigan Geographic Alliance.
Patricia Hardy, a high schoal

teacher and member of the Texas
Alhanoe, has been appointed Lo the
state's Educational Economac Policy
Commitiée, whose goal 18 1o estab-
lish an Education Policy Center. She
18 i an excellent posifion 1o appiy
the advocagy skills ghe leprned ai
the National Creographic Instruc-
tomal Leadershup Institute in 1989
Begun in 1986 with s¢ven alli-
ances in six states, the network now
boasts an active membership of
wormie 63 (00 people —all working
rogether (o show that geography s
an imporiant ool for responsitle
ertizenship, envirommental oware-
ness, and political understanding
We ot the Society have always
believed that teachers are the Key
to revitalzing poography, and our
support for them has been richly
rewarded We will continue (o assist
the alhances as they keep growing,
but they must alwo have the con-
linued support of members and
friends. The return to our nation is
certainly worth the investmen

Elet K Ll rrerin

Stufes tnking part in the Geographde Alligace Nerwork
are shown in red, The Lest additions are Jowa,
Kansai, Nevada, North Dakota, Rhode Ixland, and
Wyoming, along with Puerto Rico. Can you locate them?
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Looks Like Hilda Hobsons Students
Are Acting Up Again

But Hilda doesn 't mind. Thev'ne
ust busy rehearsing for the upcoming
periormances of " Downtown — Your

T, & musical written by Hilda for
9 eludents at ‘E"..':.:l'.-' _I menEery
[

I
-
I
Schonl i Saniord, North & .'=1r-'||r:-.

- Hilda wrote the show as part of a
. T
|' H"'f { ocil ¢ J_- ational program, The atm was

M tocom -r.- :.'--. study-of Sandord architec-
> LR s eardy | :--‘..-'.nr;.'. *] teit
‘ 5. using fourth-grade chal-
e 48 ChdacTeT L

ters, would he more inter-

s=tine and mot '-.'-|'.:.'|._ rememn ey Hilda
| o MR i r EETY

i e i'.'-l i T O FAMImAT —
I- = - -- —- - - -
Yourr Towm™ wms March 2. 1989 ar th

e B % | TP L ST u 1
lemple I-r:h-ta:r i downtoam Sanford
r..'.l....--...-_.--_.....,___. v
t||!.-_|i.:'_' LAl ] 1 sl .'I'..'n.:_'l_- L TSRS

back aguin this v
*Teac |'|. through drama a |'r"L|
sa wonderful vehicle for making histon

nme alive for |.||_. e r|||_1. S
L | A 1 1 | L
hould know, other teaching plays she has

- -I ':'];r

authored are giving -.-;_.|_.::'-_r'|_;__ talenits a
chance toshine in schoals dornss the state

All the more reason Why &
- , '1.'-.'-:'.'.=.'i ike to hawe Mikda take center stage
=% as our [atest {ood "_|' bor Avward recin-

-, LI o ! l | L+ ¥ TN gy
= i - CLIL |I'|- [E 80 OCUEnien I Dresent 4

ff check for 35,000 o St Clair Elementan

Schonl in her name,

* After all, wien you 've got a tlas
tor the dramatic ke Hilda Hobson, vou

deserve a curtam call of YOar 0T
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Russia on a New Course

In the February 1991 article about Mother Russia,
Mike Edwards hit the nail on the head when he told
that the Solovetskiv Monastery is “Russia in @ cap-
sule. " In the vard 1s a church bell used on the island
of Manamansalo in Finland’s Lake Oulujin afew
hundred years ago. The Russians “borrowed” it,
along with some picces of Finland later on. Since
the bell Hies unused, how about returning it and
building o new church together? We could find the
umber, nails, and paint, if the Russinns would pro-
vide the bell and a few carpenters, Then we would
helieve that Russia (s ona new course,
Risto O, MasanNies
Kuhma, Findund

Your refer to Lenin as Viadimir Tvich Lenin, 1 do
not dispute that that is how the [irst secretary
general of the Soviet Llnion is best known. but his
surname ‘is Ulvanov. He acquired the sobriguet

L.enin due to his lengthy period of incarcermation in
i fortress located oo the Lena Rivér.

Gt Sovza-Leme

St Catharines, Ontario

In the photogriph of teens in Volgograd (page 33),

one's amazement that a $12 souvenir T-shirt from

the Clam Hut in Highlands. New Jersey. could be

considered chic in Yolgograd is surpassed only by
wonderment about how it got there.

ALreD ). WEiss

Dunellen, New Jersey

Three Russiang from Volgograd on a Bridges for
Peace program visited the Clam Hut last vear,

It may be deduced from the ribbons worn by the
irate Russian tank colonel (pages 3-4) that he
served ut least 30 years in the Rod Army, holds
three gallantry decorations, and ook part in the
battles for Konigsberg and Berlin in World War 11,
While his bellicowe attitude towird Russian liber-
als may be regrettable, it is understandable.
Eamons O Toole
Limerick, Irelund

The Time Tapestry {pages 3-8 ) should have includ-
ed that between 1914 and 1918 Russia was totally
involved in Work] War 1. Through the peace treaty
of Brest-Litovsk it lost not only Pohsb lerniones
and the Baluc provinces but also Finland and
Ukraine. The events were cataclysmic for Russia;
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they contributed to the end of the tsars, 1o the
civil war, andd Lo the begmning of the Soviet system.
TiNG AHRENS

Stone Mouniain, Georgia

California’s Central Valley

“Harvest of Change”™ suggests that the Califorma
Department of Health Services does not belicve
that child cancer rates are clevated in MeFarland.
In fact since 1985 CDHS has recognized that a
child cancer cluster exists there. What we reported
ot the May 1B, 1990, meeting was that overall
child cancer rates in the four counties surrounding
McFarland were not unusual when compared with
rates elsewhere in the United States. Urban non-
agricultural areas had the highest rates, while rural
nonagriculturnl areas had the lowest. Unforto-
nately, it is very difficult 1o find causes of cancer,
cspecially when the absolute number of cases ix

low and there is no obvious contaminant.
Lyww R, Goromas, M. D,
Department of Health Servicey
Berkeley, Califormnie

The comparison of a *natural™ farm o a “stenle,”
chemically dependent one is misleading. As an
eastern fruit grower, | have long used pesticides

During the growing season there are birds nesting
i the trees and bees and butterflies visiting the
wildflowers on the orchard floor. Many chemical

pesticides are specific 1o the target pest and break
down quickly. It is a mistake to assume that all
man-madé chemicals are harmful to the environ-
ment and all organic. or “natural,” ones sre safe.
Daxa M. SuLiw

Fitchburg, Macsachusens

A kev to the development of California —waler—
was not presented with the correct impartiality. It
15 disappointing that you did not speak with more
[armers. Water can cost & mere $3. 50 an acre-foot
but is alten 10 to 30 times that smoumnt. Likewise
there 1sn't @ single farmer who wishes that it not
rain; he hopes for every drop he can get. Before the
Central Valley Project the vallev was inhospitable
and unproductive. The desert and swamps were
transformed into productive agricultural land at o
cost bome not by L1 §. taxpavers bul by farmers
and communities in the area that put up their own

farmland as collnteral for this project.
Mane W, Cooi,

Rakersfield, California

Thventhe Sierra Nevadi, where water is collected
for use by farmers in the Central Valley, With
cheap, subsidized federal water they grow tropical
fruits and high-water-use crops such as, of all
things, rice. In the meantime, my family is
required to cut back on our water consumption by
A percent, Chur two county reservioirs will run out
of water about mid-May, while there s still water
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agvailable m federal reservoirs for RrOowing rice in
the desert. What = wrong with this picture”!
Wavne E. CHRISTENSEN
Saonora, California
Since we received My, Chriztensen's letter, the crisi
hay been alleviannd, Snowmell from the moaiaing
by filled the fwer oty reservedrs

Surma of Ethiopia
This superb piece showed the incredible pnide that
the Surma peaple nightfully feel aboot their ethnic
itv. It highlighted the unigue customs withoul
making the Surma seem bizarre or infenor,
Latma L. Mo
Ellicon City, Maryland

Are we supposed to adnure ths culture thit 50 ter-
ribly mutilates s women? Are anyv of the men so
deliberately deformed? This 18 1991, not 1891
MaiLiory . Hagt
Vew York, New York
The use of lip plates was quile common among
women in the east-central African interior during
the 19th century, People of northern Mozambrique
explained that the dishigurement caused by the
plates made theirr women unappealing 1o siave
traders from the Indian Ocean const. The faict thal
use of the plates censed in cast-contral Afnca after
the slave trade ended gives substantinl credence
to this explanation. By extension, it rapses the

question as to the duration of the slave trade in the
sodthern Ethiopian arca

LERDY VAL

Histary Departrent, Harvard Universin

Cambridee, Mossachises

Hong Kong

It is about time that people realize the terror thal

Hong Kong people will face n 1997, As a Hong

Kong citizen. | am happy to know that whatever

may happen when China takes control, memories
of this dazzlimg city will sl exast 1o this 1ssue

Vincent Tam

[rvine, Califormia

An impression was Jefl that may dissuade peopile
from visiting the crown colony on the basis of
expense: 81000 for three days, &8s suggested by o
money changer. We recently spent ten days n
Honeg Kong: our hote]l was 350 (Canadian} per
night per person. Allowing 325 for meals permits
cating in ressonably good establishments. The
marvelous transportation network and Star Fermy
are inexpensive. We recommend the practical bro-
chures from the Hong Kong Tourist Associpiion
hiEx WooLLEY
Scarbirougeh, Cntarm

Britain does not have a lease on all of Hong Kong
In the Comvention of Pekingin | BU8 the New Tem-
tores from the Chima border to Boundary Strest in

[f anvbody should ask, go ahead and show ther




Rowloonwas leased. The remaining pars of Kow-
loon, the harbor, and Hong Kong Islond were
coded 1o Great Britin.

Most Hong Kong Chinese | know would greet
the higure of 311 500 percapita mnoome with open:
mouthed awe. It 8 infloted by individuals who
have millons of dollarsin income . [ think a median
mcome of 34,000 1o 55, (N0 might be closer,

COne hopes the new owners will be sensitive to
the needs of these fine, hardworking peaple

RopenT Foy
KNirkiand, Wayhingion
Middle East Map

Lama U, § Manmne curmently |Februarv] stationed
mear the front lines in Operation Desert Storm. My
squadron mates and | especially enjoved the Mid-

dle East map, which we used as a training aid
SG1. JisErn Uswin
FEC San Fronceven, Califorrnim

The hostilities were only five davs old when vousr
maparmved. It recalls the early days of World War
Il when we had a Nanosar GroGraesic map of
the Axian-Pacific area, one of the best available at

the 1ime _
RENNETH RIVOIRE

Fawling, New York
About 200 males north of hiddah, Sagdi Arabaa,
v show the old Arab seaport of Yanbo ol Babr,
but not the modern town of Yanbu as Sinnivah, <ix

mules to the southesst. Extending 15 miles along
the Red Sea coastline, s oil refinenes, petro-
chemical complexes, industrial plants, and a stra-
legic port facihiy support a restdential commumnity
o 25 00N), 11 18 here that the termmals of the code
oil ind gas pipelines are located, ather than within
the Yanbu al Bahr nres, as shown
ADAM 5. BERESTYNSK]
Laguna Beach, California
[t s evident that the population figures vou quoted
for Sawh Arabin, Kuwait, and the other Gulf
States were [urnished by the povernments con-
cermed. Be aware that those figures include an
often substantml foretgn work force,
MNATAN AL-AMIN
Farmpigrny, Switzerland
[hank vou for vour continued support of the edu-
cahon system and the professicnals who stnove (o
make il successiul, Yourinsert map hos beenput to
use to answer questions, allay fears, and assist in
the winting of current eventsitesearch projects.
Doprorny KeL Lo
Pubilte School 113, (ueens
Cafercdale, New York

Letters vhodld be addrmsed bo Fontng, Natiomal
Civoprapic Magazine, Box 375448, Washimgron, 1. .
XK 2 ard shoidd imelude sender's addresy wnad
telephone tormher, Noeall letters can be wwed, Those
thaet are will often be wlited and excerped

ur pride and joy. The Civie 4-Door. EEEIEIEE
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reads: " Abendon hope, nll ve who
cnter here.”

Members of the UL 5. Eighth
Army Arr Force statyoned in
Englandd between 1932 and 1945
(CrooGrarie, March 1943) leh thets
mirk on the wills of barracks and
afficers” and enlisted men's clubs al
more than 120 hasnly constructed
mirtields in East Anglia. Between
Peinbing runs and dogiyghts with
German fighters, thev painted
ther dreams and the |||¥||||'r|_5n-_"-.
[he murals offer insigft o the
minds of Amerncan men &t wir far
frcem Bome

Cryve Lande of Appleton, Wis-
comnsin, leamed of the artwork as he
) rescarched a book on the Eighth Adr
A National EEI_HEIUHI'}' the health™ of the manine environ Fioree, the first sir combat wntt 1o

for the Florida Kevs ment and preservie il E.‘-I.“ Mottt of ArTIVE in foree in the European the-
- the Center for Manne (onscryvi- dter. By the end of World War 1)
ne future of Flonda's mmper- o, & natonn] eavironmental the Eighth deploved 200 000 nir
ted coril reels [Nanona grodp, terms the low a *lurming men; more than 300,000 had prassed
CrEoGRAFHIC, July 1990) may potntl” because it allows an attack throueh it
e brighter with the ¢reaton of the om land-based pollution but empha- Wany of the buildines the ammmen
nation’s largest manne sanctuary, sizes it will tnke mullions of dollars decoeated have crumbled o have
e Florida Keys Motional Ma- o run the sapctuary's research, edu-  been tom down, But o siurprising
rine Sunctoary has been designed catin, and enrorcement proygErams number remain almost half a cen-
to protect the reals as well as 60K rury lates

square nautical miles of wites Soldiers as Artistse “There are no graffiti on the
embricing both sides of the sland World War I1 Murals paintings, which amazed me,’

chain. The preserve mcludes th Lande savs. Bntons have sach affoc

EXIRTINg |"-:'.‘:'- |..'|.'_-;!:: and Looe Key fere are schntilv clad women. tiomn for the art thint 8 group icalled

federal shnctuanes and John Penne- atid krehts and minstrels., the Frehth War Adt Cooservation

kamp Coral Reef State Park There are arous clowns and SocHely preserves whole sections ol
Established bw { ongress st fall. H-17 hombers, mermasds and sail- paznied wiills from buildings they

the sanctuary is off-lirmts Lo most s, and a warnioe over a doosr that learn nre to be roared

tankers and other large vessels and

canngt be mined for seabed mmer-
nls. These mensures will help im
prove the water quality and ald the
stirviviel of corid reefs and marme
wilidlife. Equally rmportant, the law
calls for n review of land-based pal-
lution, such as septic tank dischurge
The Natiwona! Oceame and Atmo
'-["|'IL'II.' Admimstration 8 1o devise g
management plan (or the sanctoary
iy May |3, with help from the
Environmental Protection Agencs
and the state of Flondn, Workshops
begmning this month will solici
public comment. Timothy K. |
keeniey, the former NOA A official
who helped pian the federal effor,

calls 8 a chance “to ret 8 handle on

National Grograplic, June 199]
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Luxury Cast-ofis for
Mount Vernon Slaves”

he chiet .|T-.'|1::|.-:'-In-!:|-'. 11|
Cioorge Washingron's Mot
Vemon wis surprsed as he
studied the artifacts b and s team
had dug up, “Most of what we
foamad | would expect 1o find around
& planter’s house,  he srid
But Drenms 1. Pogue and s team
hied becn excavating a six-food-
stpare trash-filled cellar beneath the
guarters of the house slaves ot
Washington's Vimpma mansion
- .I-llu_"'. e g still victiims of a dehn-
manizinge metitaton.” Pogoe savs.
bt the ugh guality of the cerpmic
tcluding some of impaorted
Chinesd porcelain—and the buck-
les, buttons, and fragments of glass-
eq and wine boltles sugges) thal
thiese shiaves Hved belter, 0 o male-
rial se=nse, than might be expected
More evidence comes from the
amimal bones found o the staves
trash. 1t suggests they could trap
fh, even hunt o gve themselves o
better, more thverse diet than most
sloves pre believed o have reccived
Fhe & or =0 slaves who hived in
rhese quarters o few hundrod yards
friovm the mansion were weavers and
spanniers, hoose servants and Black-
Whether slaves who totled mn
Wishington's outlving lobadco
ficlds lived ns well s not known

SEHEFEES

smiihis

PREisEE GTSE B OB # T -

Ax [or the ceramics, Pogue thinks
that Creorge and Marths Washing-
ton passed them on when they be-
came chipped, cracked, or merely
unfashionable

L. S, Tick Collection
Finds a New Home

he L 3. government has

solved the problem of who

should pay [or the upkeep on
i million dend ticks by sending them
o Creorpi.

[he Nutional Institutes of Hedlth
has shipped the National Tick Col-
lectren 10 Greorgta Southern Liniver-
ity in Stateshoro with 4 five-vead
miltion-dollar grant to mantamn i
The Smithsoman had held the col
lection smce 1983 bt could oo lon-
ger store it Corntor James Keirans
[ below ), who necompaned the col
Hecthon 1o Creargia, 1s one o the

wiorld's top experts in wdentiiving

Yational Geographic, June 100}

ticks, which carry such infections
disecases as Rocky Moontain
epotted fever and Lyme discase
[ GEDGRAMIIC, January 1991). The
university will support the collecton
when the grunt expires

The collection —by far the world's
largest. with specimens from T of
the 850 known species —1s 4 vital
towl in determuining if o tick could be
carrying discase. "I m alking abowt
un amimal that can transmit diseases
that can kill you,” D, Kemranms says.

Unexpected Study Yields
Data on Mystery Cat

arren Johnson and Wilkam

Fronkiim didn't plan {o

study the habots of the wald
Cieotfrov's cat. Hut when several of
the elusive felines were captured ns
thi lowad State Umiversity seentists
iracked Pathgonin pamus { Lpo-
GEAPHIE, January 19491 )
Johnson, It woold have been o
crime to throw away the data,

Gieoffrov’s cal. nomed for French
naturalist CGeoffrov S6. Hilamre. 5 4
spatied feline about two feet lomg,
found from southern Braril and
Holivia to the
tp of South
Amonici. s
pelt has been
the world's
mpst commsniy
traded car pelt
Arpentinn
plone exported
soymg A5 K
nkoins from 1976
o § s Han
desple 115
tambmarity o
local trappers.,
OIS KIE
nathing of the .
cal's behavior LRI
Johnson, Franklin, and therr team

captured mine cats, fitfed them with
ear tags and radio collars, and set
them free. They found that the cats.
especinlly males, nre generally
loners; that they roam areas with
dense vegetatton at night! and that
their prnme prey are Earopean
hares, espemally during the spring
and summer, when the hres pro-
duce ther young

WEL, Sa%%
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If Today Is Tuesday,
Where Is New Mexico?

o wonder New Mexico's
license tags dow say
. “MNew Mexico, LS. AL

MNew Mexico became o United
States termitory in 1846, o state in
1912, But many people seem 1o
have trouble understanding that and
misplace if. usually south of the hor-
der m what might be calied Cid
MWexteo, Sines 190 New Mexo
Magazine — published by the state’s
tourism department —has collected
tales of confusion in o good-natured
column called “Ome of Char Fifty is
Missing.” Examples:

“If it's Friday in Texas. will it be
Fridav in New Mexico?™ a Texnn
asked. A Samta Fe woman was told
that Medicare did not cover services
outside the L1, 5. An Indisna church
camp flew flags of M) nations where

-

the church had mussionarncs —and
included New Mesioo's among
them. A New Mexico nativeé wins
told by a California woman, “ You
spouk English so well!™ An lllinois

woman called an mirhine gbout Albu-

queérgue fhght infermation und was
commectad to the intemational desk.
A Midwest school sont 8 New

Social-Climbing Moms
in the Monkey World

onkeys are physical climb-
ers. And, it seems, they
are social chmbers Lo

Primatologist Frans B. M. de
Waanl was studying female rhevas
monkeys at the Wisconsin Regional
Primate Center i Madison when
he nivticed an unususl and pre-
viously undocumented pattern of
behavior: A monkey mother hold-
img her infant would pick up and
also hold & wandermg second infant
for periods ranging from a few sec-
onds to ten minutes in length

D¢ Waal began 1o compile statis-
trcs on the frequency of what he
culls “donble-holds™ and now
beheves tha the mother was trving
o choose her baby's fnends. In
maore than A porcent of the ciases
the mother would pick up an mfan
fromn & family that ranked highet
than hers in the monkey group s
social structure.

"“We behieve that the purpose 1% to
try 1o see their offspring play with

S e ot Do LHEOIEAPHIC 4 Ay Df
submitted o Hors Weantrnsi®s, ™ AT A
Gewemariic, Boa IT35T, Washingiam,
[, . 2AG6, and ahonidd wiclude the
sendet’s pddress und telephone number

kb B W T Wikl

peers from high-runking families
ruther than low-ranking ones,” de
Waunl savs. And the sease of pur-
paoe i8 strong: In severnl cnses, de
Waal and his rescarchers svw o

mother spol an nfant from a higher-

ranking family, rush off to pick up
her corwn indant, then dash back (o
plek upr the other for a double-hold.

“1t"s an interesting homan paral-
lel,” de Waanl notes drilv, He plans
to keep an eye on the monkevi os
thev mature to see if the bonda of
friendship endure

Mexioo student o form (o “expedils
vour entry into the United States.™
Emily Drabunski, the magazine’s
editor in chief. says the column is a
resder favorite. She has her own
tke: A San Francsco cab dover
who leamed she was from lend-
hocked New Mexico recently told
her, “The beaches are lovely thére.”

Examining 500 Years
of Spanish Presence

mee the time Califormia was

ceded 1o the United Staics, a

Fanch hid existed on Sants
Rosa Island, one of the Channel
=lnnds off Sants Barbars (Creo-
GRAFHIC, August 1958). Next sum-
mer, visitors to the island —now part
of Chinnel Islands National Park -
will have o chance 1o e the descen-
dants of Spenish scitlers, Mexican
cowbovs called vagueros, herd cat-
te, shioe horses, and hve the trads-
bonal vaguero life.

The Island Vaguero Festival will
be one of many wauys the National
Park Service will mark the 500kh an-
miversary of the arrival of the Span-
ish i the New World, The Park
Service hus named 38 of its parks,
h!'-i'l'l.'lﬂ!'." SIS, MOnuments, 1LI!'I:L1 L=
morials Spanish Colonial Herntage
sates and has asked each to prepare
programs that focus on the cultural
exchange botween Spaniards and
Native Amencatis. The siles range
from Alaska’™s Sitka Naticna! His-
toncal Park, an area explored by a
Spamish ¢xpedition in 1775, 1o Dé
Soto National Memonal in Tampa
Bav, Florida, where the explorer is
believed 1o have lnnded mn 1530,

National Creographic, June 1991




Grand Prix STE Sport Sedan.

The duplicate-function steering wheel controls of the Grand Prix™
STE are more than just the logical extension of one of the most advanced
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with one session behind the wheel. And once you feel its commitment to

quiality, performance and excilement, you may never want to let go.
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WILDLIFE AS CANON SEES IT

TESENGEIRES  The maned sloth moves with slow deliberation through the upper
'?._F'F rainforest canopy. But despite its slowness, the sioth 15 remarkably
i il = . i ;
"'lm. agile. Hooklike claws anchor its position, while strong hmbs and

L ! flexible joints afford it great maneuverability in the treetops. Life

‘*. "=|. - for the maned sloth is in danger as its forest home rapdly gives
I'_‘ . 'l 4 " & ~ - = Ty = -I-
f <y way to logging and development. To save endangered species, it

is essential to protect their habitats and understand the wvital role
H.Hm'-l:l Slath _ M. .
Cilivaas Bt of each species within the earth’s
SpecheN; [orudti
Apchuabi sdae: !_. riigl

aprrox, U em | Ei.'lt'f"r".jﬁ':“ research ton] and as a

1
Ll T

Adult weight 35—4.5k3  means of communication, can help
Hahtiat: Atlante coastal

ecosystems. Photography, both as

forests in easturn Bensil promote a greater awareness and
Surviving number; _ _ ,
Uribonen understanding of the maned sloth
Photospaphad by ) _ Tl LAY 3
Mol Rattig and our entire wildhfe heritage. e Mew Classic

&HH L e oSt Rt by St B e ChaA I Ca“ On
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Seven Meetings.
Seven Locations.
Six Cabs.
Your Evening Is Free. =
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Caffeine Free diet Coke®
Just as refreshing. Just as delicious
Just no caffeine. And very

low sodium.

the taste of it.

*J

Rl F Sy ot g e iRy (e o e T



€ Esstrran Rowbak: Cormpany, 199

8 'I.-Ir
1 ' "'th:
wenories 0 any g less

Jo print film qives Yt

Show Your True Colors. ’




Farth Almanac

Dealing With Drought
the California Way
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New Horde of Tougher
Rabbits Plagues Australia
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National Geographic, JTune 106]
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Nuclear energy means more energy independence.
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Stranded Whale Warmed
by Tailor-made Wet Suit
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a New Ray of Hope
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Maybe you don’t need another diet.
Maybe what you need is a faster metabolism.

NordicTrack is the most eflective WAy o
‘ - -
| raise your metabolism.

= W The st way w raee vour melabaolism whitle you
|_|||_! 1% I| foaudh regllar ach T TS b, 4 e 8 )

mecordic Tk barms more Calorie

- I y i sy Ilr [ it i U 1T e, W e B
'||..-.i|||*- ’ I 1) calories per
HMLE EL i ||| B IR b et

: i r-"ll -l " = i
r . .ll.l.--|{|||-
And exercsing on Nord|
Ak recluoes l.' Ll | R T et .
pisldr mriiscle andd ralses yous
et ek inen, :|:-.|-.!|'._|.- 11 sy
sty bn shape, And
CsT T T 'I:l 1
welgl-ins _
What ore you Wwaiting og
_— e

Call Nerdic Tk toclay

ordicfrack

CML Campary

. i ad FREE VIDEQO % Brochure
xll ,. ¢ Body ackivse it 1'8U0'328'5888 I_:'T;.I-;-n

The highly efficient aerobics of o
“orlicTrack workodwd famsos vour inetibaiism
helping you lose welght and keep i off,

mctabolism (0og howeer lese CELICERID YOall T

Heartwise: dldnt settle for just one opinion.

eyl | em. when porrt of i bt In my Opinion, there are docy: o thie bt few years, we have been
beme=chiodesterol dier, lowers serum mented studies which reveal the urming our panents to consume
cholesrerol levels, which | think chilesterl-lowermp etfects ol at beast 20 orams of soluble fiber
will be good formost of us!” '||._.|_.|_'.'|.i||_|_1 sartof ol daily, Withonst something like
Dvid LA Jenkins, MD |. wecholesterol dier..." psviiium, ir isotten very ditficulr
Prideascr of Medicine and Natritspnal fhobers AL Risssell, MIT to achieve that inkakae

b lenees Liniversityod Toromen Pt il Msdai visir aind Pendessor ol MNikitad I, Tervanos. MDD

LT | 5 b 'mili E Mg 1 Pt 1
B et adi, Litkts Ulmiversioy. Bostom, 8.4 Chindeal Prl'fl'-'-l'r-]}I'l_'1|‘|"lll."|'|'| oif Famly
Pras tive and Commurmany Healit,
Temnle Lindverslty Schaot of Medicine

S A T T T TS S — —— W wm——

i MANUFACTURER C "'ILI'-':'I"*'J F.'d.F"I'Fl'EE DELCEMEeR 31, 1ot 3 I

= SAVE 50¢

It Heogpir Heartwise™

Iz not available in your market,

call 1-800-862-1413, weakdays, ‘

9:00 a.m.-4:00 p.m.(EST). ‘
T e e R R e ol o B RG] PR WeIET ‘
AL o -'Il. Ll I R ——— |

- B - 1 i R e B |

R—

Ll L

I
I
||
| I
|
TE000"s5050° _J

WHLMHHHE * The cereal with psyllium. il Pt

|
-




On Assignment

oled war pnotographer
fanwEs MNACHTWEY [urns 1o

Mnian's violence 4gsins

aature for-the artcle abogt East
European pollution in thes issue
Crisscrossing the region for five
months, Jim graphically recorded
the toll in Copsa Micl, Romanis
where & factory that makes carbon
plack for tires conts evervihing with
s001 — including photographers
“Tust sitting snll leaves vou coy
ered i Biack,” says Jim, who posed
with workers at the pliant (rnight
“Even the gyepiece 6 my ¢ ﬂl-|||;_'|__
plackened my eve with soot, as if a
practical joker had inked it up.™
East Europesns react 1o their
plight with what Jmm calls "the
shrug. " He explains: "It's & uniqoe
v exproessive, full-bodied shruy that
declures. "What can we do
limy taught himaelf photography ol
o “tl

agc PUrsaed itas “the anly reda!

iob P've ever had.” and has siace b
come the only four-time Maearine
"'l-'r-'-__'. ||'-i:-_r af the Year. He's also
J I?r . 1

.- b | I- -II T

arned the Overscns
robert Unpa Gold Medal for “ex-

coptional courage and enterprise ™

i ¥ ¥
lthiree times. Eight years of batile

Dield imapes are featured in s book

Deeds of War. Jim's previous Cine

. 1
LA FHE. SS5IETTTENTS 1 !|I_|'_' 1 I8 pk=

on Contemala pnd Nicaragua

e battle over west: 1 Walet

ngaged author I Caghies (bot-
Lo, Tront ). who took 2 mroch
necded break by leadine fellow rives
runners down rapds of the Ll
Colorado. This relatively untouched
tributary stands in charp contrast (o
wihat Lirmer, a natve New Yorkoet

I s CIrst A EDGRAFHIC Assigiimeril
found nlong the areater {olorndo
In the East vou don't have to
Lk #bhout water moch. 185 just
PR [T wwas wi irtimmg ancdd somewhat
sad to come West and find rivers
dralne I AT 7 TR v ere s

A yournalist for 2% venrs. Carry

hias spent the past six as the Denver
Fiosd's "Hocky Mountain Raneer "

Wmag the West and reporting on |

SUCh diverse fomes as racism .hr_ .
[daho and murder in New Mexico = o : -m






been focusing primarily
who sit I lhﬁ 1

((When you design a car for families, rear
seat safety can't take a back seat to ;mythmﬂ »

L“*I"L LC “‘11LL '-._ll”.

. -.1-. +—y
SAICLY ACD

\

|TLI

— ‘ e
* ula:._ seat belt ;
III - i 4 'l |
4 I dl i ifh E . : . j :
. Ner reamn aests
mormingorsimgndersve | LOESITL SHIP
4 i LF 1"
g = F Il.l.. I - - : - I I
| .II.II."' E'-.I'l,_:! -H"'n
1 il s
P - T 4 1 .I B il
rtmy o theg LM IC 1N SIYT
I I 3
il . 'E--'..l I||'| -:: || || I,_ 1 [I: :l L 1| -'I |
| ) L T : I -
those were 1ssued for inno
e . . i .
1' -]! '] I !I__ |_| '-..L. .1;| ."‘nl.!'l__ \ |. I
J Bl |_thIrl S drrear seal
fhitie assetiaers And e
LECL l" HHL:'.'--."--H~-1|-=|'&I‘. 11°¢

A DIFFERENT

€T

KIND Of COMPANY

H;'--ln-.l-i-l

||'.

Als

l :lt” "i"'. O NOW

A

W | r I_ 1 5 95
n those |

|
Ii'-..l R

SATURN

LM FFERENT D of CAR



	291F0001
	291F0002
	291F0003
	291F0004
	291F0005
	291F0006
	291F0007
	291F0008
	291F0009
	291F0010
	291F0011
	291F0012
	291F0013
	291F0014
	291F0015
	291F0016
	291F0017
	291F0018
	291F0019
	291F0020
	291F0021
	291F0022
	291F0023
	291F0024
	291F0025
	291F0026
	291F0027
	291F0028
	291F0029
	291F0030
	291F0031
	291F0032
	291F0033
	291F0034
	291F0035
	291F0036
	291F0037
	291F0038
	291F0039
	291F0040
	291F0041
	291F0042
	291F0043
	291F0044
	291F0045
	291F0046
	291F0047
	291F0048
	291F0049
	291F0050
	291F0051
	291F0052
	291F0053
	291F0054
	291F0055
	291F0056
	291F0057
	291F0058
	291F0059
	291F0060
	291F0061
	291F0062
	291F0063
	291F0064
	291F0065
	291F0066
	291F0067
	291F0068
	291F0069
	291F0070
	291F0071
	291F0072
	291F0073
	291F0074
	291F0075
	291F0076
	291F0077
	291F0078
	291F0079
	291F0080
	291F0081
	291F0082
	291F0083
	291F0084
	291F0085
	291F0086
	291F0087
	291F0088
	291F0089
	291F0090
	291F0091
	291F0092
	291F0093
	291F0094
	291F0095
	291F0096
	291F0097
	291F0098
	291F0099
	291F0100
	291F0101
	291F0102
	291F0103
	291F0104
	291F0105
	291F0106
	291F0107
	291F0108
	291F0109
	291F0110
	291F0111
	291F0114
	291F0115
	291F0116
	291F0117
	291F0118
	291F0119
	291F0120
	291F0121
	291F0122
	291F0123
	291F0124
	291F0125
	291F0126
	291F0127
	291F0128
	291F0129
	291F0130
	291F0131
	291F0132
	291F0133
	291F0136
	291F0137
	291F0138
	291F0139
	291F0140
	291FA02A
	291FA03A
	291FA04A
	291FA05A
	291FA06A
	291FA07A
	291FA08A
	291FA09A
	291FA10A
	291FA11A
	291FA12A
	291FA13A
	291FA14A
	291FA15A
	291FA16A
	291FA17A
	291FA18A
	291FB08Z
	291FC01A
	291FZ01Z
	291FZ02Z
	291FZ03Z
	291FZ04Z
	291FZ05Z
	291FZ06Z
	291FZ07Z

