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It was a year of misery for Eastern Europeans, 1241.

To escape the Mongol juggernaut, 40,000 refugees from the
steppe of Russia had straggled into Hungary. Mongol forces
followed, smashing every army in their path. Only the
death of the great khan Ogodei back in Mongolia halted their
onslaught. Today the memory of Hungary's agony is
Ieept alive by a memiorial near the town of Muhi, where 60,000
T were tedduﬁng ﬂw spnﬂ_g of that ternbfe year
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SONS OF GENGHIS

uthless as the Mﬂngﬂ!ﬁ themselves, time has all
but obliterated their once spfemﬂ;i mﬁxtn! ﬂf Karakorum. ' | 1, 1 ‘-.
Today a stone tortoise mnmum.*eE 'Hn!t here; on the wmdﬁfﬂuﬁ!
steppe of central Mongolia, rm'etd a pnwfrﬁd dynasty nf uﬁrl H f'
rior kings. Forged from brutal conquests of China, Russia, |
and most of the Middle East, the ISHI -century Mongol world
was the largest land empire history has known. The paiza—
an inscribed passport-medallion —allowed messengers to
cross the empire’s vast landscapes unimpeded. Though
masters on land, the Mongols suffered great defeats at sea.
Attempting to invade Japan, | -
T I—I E G RE AT | thousands died—some by
drowning, others by fighting for
a toehold on shore. A trophy
from that battle, an embossed
Mongol officer’s helmet (left), is
now a Japanese museunt piece.

EY MIH—E EDW-&RDS‘ FHOTER AMPHER &1 MENIRSAE MOTIUR DF HDONERULAM HTETORT,
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) Al empives from sunrise Lo sunsel have been given Lo us, and we

i I'.l||'r'i'.'! —GUYUE, THIND GHEAT KHAN OF THE MidNGOLS
G S uriiior of Movisol
0 EUROPEANE of the 13th century they were the horde
Irom bl Tartars from "Lartarus, that part of FHacles

arrzth, the Cathedral of

i b i e T : : A
Al o offered refiig where the wicked were punished. They had the heads
for the peomls of Kim of dogs, and they devoured the bodies of their victims

Indeed, the Tartars, as Europeans called the Mongols,
sometimes did eat the raw hearts or livers of zlain foes
therr city by Batu, the hoping to capture their spirits. Europeans knew little
about these invaders from the ¢ast, and “ Tartars™ seemed an apl name
for them. It sounded ke Tatar, a name that was commonly applied to
peoples of the Asinn steppe. Genghis Khan hod siaughtered a tnbe of
Other Kievans found no Latirs in his rise to power in Mongoli

luring the tmoasion of

grandson of Geneis ana

b
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Nlongolar Where was that? Even to learned EUrODEansS the distand

g+l 4 i A f
|||."-|J||I. .r|||:||1|' f -.-IIII T F i O e 1 ¥
realms of Asia were terra incognita

wrsrrith’s mold found Dire warnings of the Mongols’ approach reached Hungary's king, Béla
[V, in 1236, Soon thousands of refugees poured into his kingdom, bring-
g news of the sacking of cities to the east
For the genesis of the Mongol invasion of Europe we must leap 4,000
vectifies o fts end s @ miles to Karakorum on Mongoha's steppe (map, pages 14-15), Ina 20-
vear-long series of battles Genghis had brought the Merkits, Kereyitls, and

(00T MLLFIEENT PEFILAINIS

= iAW1

LRGET 8 S5 :--':'.l. L Farch

toal bo bring forth craft - et .
L h somé 25 gther Mongol tribes under his dominion, and by the time of his

lighi death in 1227 he had established Karakorum as his base. Now the mantle
of power had passed to his son Ogodet, who would
expand on Genghis's achevements, sending Mon
pol armies rampaging both east and west

| arrived at Harhorin, a small town near the site
aof harakorum, to chants and the clash of cymbals
Thizs was not in myv honor, however. Buddhist

manks in wine-colored robes were bestowing an
annial blessing on the home of my host, Baruazan
Crasin, A hotehier of sorts, who rents roand, el
walled gers to visitors. | was ushered into his resi-
dence; three gers jpined together, Crowded into
ane were eight monks and a dozen of Orosin's kin
Crosin ladled bitter koumiiss, [ermented mare's
milk, the ubiquitous drink of Mongolia, into pint-
size Dowls. His wile, Amarjargal, a buxom woman

in & blue silk dress, handed the bowls to the guests
plong with Jlli".”"- of botled mutton. Then the
monks noticed me and, one after the other, began
passing their snuff flasks, smiling and gesturing
that I should sniff a few grains

As 1 was trving to juggle all this hospitality, the
monks began to chant agnin, and Orosin filled cop-
per cups with vodka, another popular Mongolian
drink. Chanting gave way to singing, aughing
and shouting that continued long after 1 had retired

Lo my ger next door, AL last theére was silence, save
for the wailing of & dog that made the steppe seem achingly lonely
For a bhrief time in the 13th century Karakorum was the most powerful
city in the world. But besides sherds of roof tles and porcelnin, little
remaing today; Chinese invaders destroved the capital in 1388, after the
Mongol empire had waned.

th Nattomal Geographic, Februgry 19003
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750-year-old horror, a
[ome trumpeter sounds
an alarm every hour on
the hour from the touwer
of 5¢. Mary's Clrurch i
Krukdto, Polamd, Tradi-
tion says Hie same call to
arms wxas ieard on Palm
Sungday in 1241 fo alert
the towwmsfolk that Mon-
gols were aboult to starm
their walls. The Friem-
peter ends fus clarion
mid-node, epoking the
meereend @l wihich a
Maongol arrow struck his
medieval predecessor i
the throat,

10

Stretched out on a cot in mv ger, 1 peopled the silent rubble. Kara-
korum was home to Uvgurs from what is now western China, who were
emploved as scribes and administrators, and probably to masons from the
kingdom of Xi Xia and smiths from Samarkand, captured by Genghis.
Because the Mongols were tolerant of all faiths; there were Buddhist
monks, Muszlim imams, Mongol shumuns, and Nestorian Christians, the
early proselytizers in east Asin

Ogodel took the title khagan, “khan of khans" —lord of lords, as we
would say. Genghis had chosen Ogodel as his successor shortly before he
died, probably believing that Ogodei was the most competent of the four
sons by his principal wife. Ogodet lived riotously, enjoying — like my par-
tving friends in the next ger—feasts and drink. He built an enormous pal-
ace and commissioned a silver fountain adorned with animals. including
an elephant, a tiger, and a horse, from which spurted koumiss, wine, and
medd. According to Rashid ad-L¥in, a Persian who wrote about the Mon-
gols, Ogodel took * pleasures in the company of beauteous ladies and
moonfaced mistresses " But he was also his father's son, and soon after
becoming khagan, Ogodei unleashed the army.

*(Genghis never planned to create an empire,” Larry Moses, a histo-
rinn at Indiana University, believes. " But with Ogodei that changed.
Genghis’'s sons had been granted territories of their own, and under
Ogodei the Mongols began to enlarge them ™

First, in 1230, troops reconguered Central Asia, the scene of so much
destruction by Genghis himiself, and then swept on to the modern lands
of Arerbaijan, Georgis, Armenin, and Turkey. Rulers became vassals,
paving tribute and supplying troops.

Even while those campaigns were under way, Ogodei led his cavalry
against the Jin dynasty of northern China, whose territory Genghis had
also plundered. The Mongol army was so formidahle that it could fight on
two fronts at once. In 1233 the Jin capital, Kaifeng, toppled, and a quar-
ter of what is now China belonged to Karakorum. Some Mongols wanted
to slaughter the Chinese and turn their land into pasture for horses. Ogo-
de1, however, heeded a Chinese scholar who argued that if the people
lived, and prospered, they could be taxed.

Thomas Allsen of Trenton State College in New Jersey, an expert on
Mongol administration, has documented an array of taxes impozed on
subject peoples. In China farmers were taxed according to the quality of
their land and the number of oxen and tools they owned. There was also a
head tax on adult males, payable in grain, and a household tax, pavable
in silk. Similar taxes were imposed elsewhere in the Mongol empire. Mer-
chants were taxed on transactions. Special assessments, such as levies of
flour or rice for the army, were not unusual, and newly conquered peoples
could expect to hand over a tenth of their possessions.

Emboldened by success, in 1235 the Mongol nobles met at a kuriltai, or
great assembly, and resolved to venture even farther afield. They would
plunder the rich Southern Song empire and send vet another force west-
wiirtd —the army that reached Europe.

Az Morris Rossabi, an Asia scholar at Columbia University and City
University of New York, points out, “1f wasn't a conscious decision to
invarde Europe. They didn't know exactly where they were heading."
Historians believe the campaien was intended (o secure the flanks of the
fiefdom of Batu, one of Genghis's grandsons, An undefined western terri-
tory hod been granted to Batu’s futher, Jochi, Genghis's eldest son.

Photographéer Jim StaxFiern covered the emergence of the Mongol empire under
(Fenghis Khan [or our December 1906 issue.

Notional Geographic, February 1907






(_4:;1!1&'1' of east

Asia led Evropenns into
wiid imaginings of mon-
strous creatures. From
India in the 14th centtury
a papal envoy wrofe;
“No such prople do exist
as nations, though there
mury be an mdividuel
monster here and there.”
Heodipss denizens in-
habit the east n this
I5th-century lustration

of Marco Felo's travels.

And who, brothers, fathers, and children, seeing this, God’s
infliction on the whole Russian Land, does not lament 7
—LCHRONICLE {F NOVIAOROD

IXTY THOUSAND or more cavilrymen, along with bombardiers to
wiork the mangonels, the giant catapults of siege warfare, staried
westward from Mongolia in 1236 A few months later this force
reached the Volga River near today's Russian city of Kazan.
Today a dam at Kazan makes a lake so wide I can't see the oppo-

site bank. In fact, for most of its length Mother Volga is a series of stair-
step reservoirs—and a sewer for industrial and human waste,

Beside the river—
free-flowing then, of
course— the Mongol
horsemen fell upon the
capital of the kingdom
of Bulgar. Its rulers, kin
of the Danube Bulgari-
Huns, rin a prosperous
trade in amber, furs,
and lumber. News of
the Mongol attnck horri-
fied the Russian princi-
palities farther west
The chronicler of Nowv-
gorad wrote that the
“rodless” invaders
“slew all, both wives
and children.”" Today
the Bulgar capital is
mostly rubble,

The Mongols proba-
bly wore looted Bulgar
furs as theyv set out across the snowbound steppe toward Ryazan, 400 miles
west. Princes of that city rode out to parley with the invaders. What tribute
would the Mongols accept in exchange for sparing Ryvazan? They demand-
ed "atenth of evervthing, " even a tenth of the women and children,
according to the Chronicle of Novgorod, " Only when none of us remain, ™
the nobles answered defiantly. So the Mongaols cut trees and surrounded
Ryazan's walls with a stockade. Shielded from the defenders’ arrows,
mangonel crews bombarded the city with stones for five davs. Then the
Mongols poured in, engaging in an orgy of rape and pillage.

Russia at the time was a collection of principalities, so no great army
apposed the invaders. Turming north, they reached Maoscow, a minor
town, and torched its wooden houses. Then they rode east to Vladimir,

& prosperous trading city that supplied furs, fish, and iron products,
including combination locks, to merchants of the Hanseatic League.*®

I went the 135 miles from Moscow to Vladimir by highway. On the
outzkirts of thé city rose a clutch of boxy apartment buildings, gray and
depressing. Hut the old city core was low and graceful, pilastered, col-
umned, and crowned with golden domes. A bulbous stone gatehouse
stnod athwart busy Moscow Street. In 1238 its pate was gold-sheathed —

a touch of civic pride —and an earthen wall topped by a log stockade

*See "'The Hanseabic League, Evrope’s First Common Market,” in the October
|54 fssue
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National Geographic, February 1907



THE MONGOL DYNASTY

Husbvind to several wrives, the death of Guyuk,
Cenghis Khan fathered lechy’s son Batu forced a
miny children. The fﬁ:mr potwer siift to the Tolui
sois by s principal wife house, thus opening the
Borte, formed the limbs of way for Mongke and

his dymutstic tree. The Kublat, No itages exist
howuse of eldest son Jochi for Tolus, Berke, or Arigh
mever produced a great Boke. Except for the fal-
Khirn, biad i wielded great ted great khans, all are
pater. By his refusal fo shotom with traditional

support Ogoder’s line after  shaved heads,



FOUR
KHANS
BESTRIDE
“ASIA

By the bime of Kublai Khar the
Maormgol world had consolidated

i four near-autonomous Hu

afes, ench the personal fief of one
of Genghis Khan's descendants.
After the defeat of the Jin and Hhan
the Sauthern Somg empire, Kublai
irctinted B years of Mongol rude
over China under the asspices of
his Yian dynasty. From the Yuan
caopital al Dasdw, he remurined Hit-
teliay head gver the entire Mongal
empire and actipe ruler ooer

China and the Mongol homeland,

— |No match against tha
-aglle Mongals. European
armies fall ke sitting ducks
during the battles of 124i-42.
Sherwsring thelr snsmiss with,
armor-plercing arrows, ti
Mengol cavalry than maves
in to hack down the survivars
with iance and hook,
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In February of thal veasr
Mongol horsemen

stretched from the gatehouse around the city

e B

B R 1 21y e L SRRl : d
the townsfolk peered In terror from the battlements

approached across the snowbound countryside.
[ imagine standing with them. We see the invaders dismount and
advance behind a zhield of captives. Some Mongols rain arrows on s,

1
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te with a great log. It makes a terrible nodise ke thun-
I'he mangonels hurl burning stuff that smells of sulfur and ail. Look-

Ma

gthers batter the ;
aar

wiooden houses ar

-
i

[t |-|':'|II|I| rejee. 1 Suee 1Y |'|IIII._-1' afire ol the abhi
th Hlames Loo

Lur raler, Prince Yurl, was slaim when he went to seck help, 50 we can-
not expect another prince to aid us. We do what we can to drive
heathens, (As devout Christians, we helieve the Mongols are god
ages. ) When they lean ladders agamst our wall and start to climb, we
pour botling whter and resin on them. We throw down stones, anything
Muany Mongols die, but others keep coming. Then our stockade catche
fire, and the Mongals

-

way the
RN

burst through the burning timber

| hide in a cellar. Some ol my companions retreat into Assumption
Cathedral, which 5 butlt ke a fortress: a cube of stone wilh narrow wits-
AN
her daughter and grandchildren. Somehow the Mongols know that Prince
Yuri's family is hiding in the loft. They sel fires to smoke them out. Defi
int to the end, Agafva suffocates with her kin

Tha Mongols plunder whatever they want: the coveted locks made by
pur smiths, silver candlesticks, even the candles. They strip what'= left of
the golden gate. They take our wives and siste

Femarkably, some 760 years Inter Assumption Cathedral still stands in

|

dows. The Mongols fight their way in. Our poor Princess Agafva

1 "%

Viadimr. A marhle slab in a wall marks the niche where the bao

Princess Agalyva and her family were interred
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HE WAVE OF DESTHUCTION swept across U ne, Consuming
Kiev and Chernigov. Between assaults the Mongols paused

for almost a vear to fatten their horses and forge new arms.

| hien ;-r--E‘:.'.Iul_'. cosl e L) !':l_"-'ll 'ri-l_||_:- I m AImOng L1 ]'-.i:._l-
chaks and other Turkic tribes on the steppe
Meanwhile scouts gathered intelligence in the west. Flungary’'s arm)
Was | 10,000 troops if King Béla could rely on
fight. In Poland a sizable army was

Lemnica. When the Mongals et out a

otentially huge — perhaps |
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Febiruary 1241, their | r. Batu, spread |
[ront, intending to engag:

at Krakdw and anot

e ]

hilals hiis forces across a 600-mile
afl of them in one great sweep
Thirty thousand cavalry rode mto Poland. A vanguard approached
Borakow e

skt liess cily w LS

then retreated — a Favorite Mongol tacti

Polish troops ca il

in pursuit, onty to blunder mito the ambush. The o
torched on Palm Sunday,

i
into a similar trap. His 30,000 men included a contingent of Teutonic
]"-:T.'i:ulil-' s from the Balti FEgLOn, overed (rom head to toe In heavvy steel
mail. The Mongols appeared and retreated. The mounted knights rushed
in pursoit, only to find themseélves in the pall of a smoke screen. Blinded

ear Legmica, Duke Henry, one of Paland’s four ruling princes, fell

and encumbered by their metal sheathing, the knights fell to fast-charging

wielders of mace and lance. Henry s army was destroyed
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fill. som he nobls | com Buda and Pest » thetr tro
il Batu, learning of the wall rabinbly uded that a sieg
id be ditficult, while open-field warfare might yu - [SIViE
' =0 he ordered his soldwers | treat, i iregredd | his, Hels
| Hinto hini il i | th thietr monarch 16 i I5 ot 111
Faced L Tilies e troim Bucka | ke | Lo Lhie
Miuht plain, U il o CoLEn ' e with red ol villag i
rhestnut trees. On the Hitle Saio River a two-car ferry eld back and forth

on o cable. Somewhere near this stream King Béla bivouacked and cireled
his camp with warons, Thev came out to meet Bato's army . and £
tfime the Hunganans had the better of the fight, But then one wing of

] | |
Batu's force got beland them, Surmunded, the Hungarians broke out and

.
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Apparently surprised by the spirited defense, the Mongols withdrew.

Batu's raiding parties crossed inlo Austria, almost reaching Vienna
Some historians speculate that the Mongols could have driven much
deeper into Europe, But in 1242 g rider from Karakorum reached Batu
with the news that Khagan Opodel was dead (most likely from drink),
and suddenly the Mongols were gone.

Batu probably withdrew because he expected his uncle’s death to touch
off a strugele for the throne, Larry Moses says Bato aspired to be khagan
but knew that Ogodei's son, Guyuk, had been preordained. And Batu

L_,J; hated him, Stll, Guyuk would have to be confirmed at a kuriltai of
he sacking of nobles, and if Batu, an honored khan, did not return to Karakorum to
take part, the confirmation might be thwarted. Since he was heir (o the

Baphdad sent tremuors , "

& Mongols' western lands, Batu decided to retire to southern Russia and
through the [slawic build his own capital,
world. Aided by vassal Sarad, as it was called, must have been spectacular, for Russian archae-

- ologists have unearthed fine glazed tiles and even clay water pipez, Batu
stafes, Hulgu's troops ruled from o huge ger. Legend says it was lined with gold hrn?nﬁf:.n.nd
crushed the defersling inspired the name for Batu’s Russian realm, Golden Horde. (The word
“horde” comes from the Mongal erdu—camp or fiefdom. )

The Golden Horde allowed the Russian princes to administer their own
thew proceeded to Borm- territories but extracted taxes and troops in tribute. Russian historians
bard the city with man- call this the “Tatar yoke.” If the levies were withheld, the Mongols
burned the cities agiin or summoned the recalcitrant princes Lo Saral,
where some were killed. Prince Mikhail of Chernigov, for example, was
at lowoer left o o 14th- kicked to death and beheaded for pood measure.

The Mongols in Sarai were outnumbered by Kipchaks and other Torkic
people of the steppe, who were soldiers, tax collectors, and slaves. Today
their descendants are among the six million people who in Russia are still

@ river by means of a called Tatars
porttoon bridge. Once

garrison o open comial,

gonels— ke the one seen

eentnry dlustration that
depicts soldiers crossing

The dynasty did not have a sitting monarch for quite g while.
inside, they wrapped the Within and without theve was great tumult,

Abbagid caliph m a car- —CHINESE HISTORICAL TEXT

pet and trampled lim ITH OGODEL'S DEATH, and with Batu opposing the

torth horses. They plun- choice of Guyuk and refusing to return to Mongolia for a
: kariltai, the descendani= of Genghis were thrown into
deregd Isiam's grealest = ;
] "8 confusion. "If no acceptable candidate could be agreed
city, killing amyone upon, they simply fought it out and whoever won,
sishio rusisiod won," says Thomas Allsen of Trenton State.
After Ogodei’s death they did not fight with weapons, though that

g would come later. What transpired was rough-and-ready politicking,

with deals and favors— fiefdoms, treasure, concubines—dispensed to
princes and nobles in exchange for allegiance.

In the main, the house of Ogodei was arrayed against that of his
brother Tolui. In each clan a powerful woman plaved the leading role,
Although men took severnl wives and had concubvines, one wife, usaally
the first, enjoyed high status and frequently took part in clan affairs.

In fact, Ogodei’s widow Toregene ruled the empire for three vears after
his death, all the while scheming to win the throne for her son, Guyuk.
Historians portray her as a vindictive woman with a penchant for sorcery.
The other woman in the sucecession contest was Taolul's widow Sorghagh-
tani, described as politically savvv—a Christian who supported Islam
with alms, Ultimately her candidate was her son Mongke.

Round one went to Toregene, who in 1246-saw Guvuk enthroned in a

The Great Khans 21
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ger olitside Karakorum. In attendance was a Franciscan friar, Giovanni
da Pian del Carpini, who traveled deep into Asia 28 years belore Marco
Polo. He wrote that Mongol nobles and vazsal rulers “brought to the new
emperor an infinite quantity of gold, silver, precious stones and ot

ier
valuables, " and * general revelrnes went on well into the night "
Lrlovanm was about 65 when he made his 15-month journey through
cevastated eastern Europe and across Mongol-held Central Asia to deliver
A letter from Pope Innocent IV, The pope wanted assurance that Europe
would not be invaded again and invited the Mongols to accept Christian-

ity, bot Guvuk gave no promise of restraint and rejected baptism. Instead,
he said Innocent IV should lead a delegation of kings “to pay homage to
me and to serve me.”

Guyuk, another hard drinker, ruled only two vears. Mow a new succes-
sion struggle began Guyuk's widow strove to win the khanship for her
nephew Shiremun, But this time powerful nobles sided with Sorghaght-
ani, and Mongke was enthroned at a koriltar in 1251, Even as the nobles
celebrated, Shiremun and his supporters approached the ceremaonial tent
with arms, only to be discovered nt the last minute and arrested,

Mongle exiled Shiremun to China, where he was later executed, and

Nobromo I'|-'--'I_:':l'.'.'_."-'rr. " F'-'c'.rr.u_r."_'-' [y
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The Greal Khans

stained the far corners of the empire with the blood of suspect cousins and
their collaborators. Some were murdered in darkly ingenious ways; two
officials choked as their mouths were stuffed with stones, and Guvuk’'s
widow was sewn in a carpet and drowned.

Mongke consolidated his grip on power by cloaking himself in Genghis
Khan's mantle, proclaiming, 1 follow the laws of my ancestors.” This
was certain to appeal in Karakorum, where people had begun to worship
idols of Genghis.

He is still revered. Last spring before Mongolia®s parliamentary elec-
tions, the Democratic Unjon Coalition aired TV commercials in which a
(enpghis look-alike declared that it Genghis Khan were alive, he'd be on
the coalition’s side. The coalition won decisively.

“I believe he really thought of his grandfather as his-guide,” Thomas
Allsen savs of Mongke. 1 think he believed he must continue Genghis's
palicies.” And that meant congquest.

Mangonel-men . | . with a stone missile would convert the eve
af @ neadle into a passage for a camel. — JUVAINI

ONGEE LAUNCHED CAMPAIGNS even more audacious than
(zenghis had magined. He and his brother Kublai
led renewed assaults on the Song dynasty in southern
Chinn, From their capital, Hangzhou, probably the
world's largest citv, with at least one million peaple, the
Song riled an empire rich in silk, jade, and porcelain. They printed books
and sent trading ships to Java and India. Fertile lands along the Yangtze,
Pearl, and ather rivers fed 50 million peaple.

The Middle Fast was an equally tempting target, renowned for its car-
petz, calligraphy, and scholars, including mathematicians, astronomers,
and physicians, So another brother, Hulagu, was sent west to capture
Baghdad, Islam's greatest city, as well as lands along the Mediterranean.

In 1253 the Persian writer Ala-ad-Din Ata-Malik Juvaini recorded
Hulagu's preparations for his Baghdad expedition. With the cavalry were
a thousand expert artilerymen from China. The army swelled with troops
from vassal states; Armenians, Georginns, Persians, Turks, By one est-
mate the force grew to 150,000 men, perhips the largest one the Mongols
ever put afield.

Hulagu veered into the Elburz Mountains to destroy the Assassins, a
vinlent [slamic sect. Dagger-wielding fanatics, the Assassins had mur-
dered many Islamic rulers who rejeécted their extremist tenets. They were
zaid to strike while under the influence of hashish —hence the word
“assassing, . from the Arahic hashshashin, or hashish eaters.

Juvaini recorded that the mangonels hammered the eagles-nest fortress
of the sect’s grand master, Rukn ad-Din, until he surrendered. He asked
to be allowed to travel to Mongke's court (o seek clemency, and Hulagu
agrecd. But in Karakorum Rukn ad-Thn was received coldly, and after he
departed the city, Juvaini wrote, he was " kicked to & pulp and then put
to the sword.™

The Mongol jugzernaut rolled on to Baghdad and the verdant lands
along the Tigris. Genghis had always been fortunate in facing enemies
weakened by internal problems, and in 1258 the Mongol luck held for
Hulagu Baghdad's ruler, Caliph Mustasim, was lethargic and insulated,
and his chief minister was of doubtful lovalty, (n the one occasion that
the caliph’s troops ventured forth, the Mongols broke a dike behind them,
trapping them with Hoodwaters, and killed at least 12,000,
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Hulagu's mangonels hurled palm-tree stumps against Baghdad (carts
hauling stone missiles had not arrived), and after seven days the walls
were breached. The Mongol: poured in, The caliph's remaining soldiers
were slaughtered, and there was civilian carnage reminiscent of Genghis™s
ravishing of Central Asia. Historians say that Christian Georgians and
Armenians in Hulagu's army vented their hatred of 1slam until Baghdad
was filled with the stench of corpses. Some Persian writers put the toll
as high as two million, an exaggeration, though it was certainly huge.
“Many tens of thousands were killed, " wrote g Chinese envoy who vis-
ited Baghdad a vear after its capture. Baghdad never recovered its place
ns the hub of Islumic culture. As for the caliph, he and bis sons were sewn
in carpets and trampled to death by horses.

The Islamic world was in shock, as Europe had been when Batu
scourged Hungary and Poland. The Mongols, who intended to stay,
named Hulagu's territory, which included most of what is today Irag
and Iran, the ITkhanate — " subordinate khanate." Soon Hulagu added
Svyria as well

Christians in the Mongol army urged Hulagu to push on to capture
Jerusalem, which was then in Muslim hands. Only one formidable (oe,

National Geopraphic, February 1907




the Mamluk regime of Egypt, stood mn the way, and Hulagu demanded
its surrender. There was, however, another force present: crusaders
who c¢lung to Palestine"s Mediterranean shore, also hoping to gain

the Halv City. Would they side with the invaders from the east against
the Musiims?

Before the question could be answered, history repeated iself. Hulagu
learned that Khagan Mongke was dead, probably of dysentery, after a
reign of eight years. Hulagu anticipated a succession struggle, and, as
Batu had in Hungary, he withdrew, leaving anby 10,000 troops to hold
the empire's Mediterranean frontier

Outuz, the Mamluk sultan, was determined to drive the Mongols awayv
and even invited the crusaders to join im in the campaign., The Chris-
tians spurned him but allowed the Mamluks to pass through their terri-
tory to attack the Mongol [orce

At Ain Jalut in Galilee, where Diavid is said to have killed Goliath, the
Mongols were lured into the kind of trap they had 5o often sprung, Sesing
and slaugh-

the Mamluks retreat, they pursued, only to be surroundec
tered. By Mongol standards this was no titanic clash
Where Gollath had reached his limit, the Mongols reached theirs.

Fhe Geyveot Khans

biut it was a defeat.

(f;ln':n.':-.-ir' rrenertion, i

potier’s wheel sping off

i If.*.'.'.f.l.' croation wnder Hh
hamds of He Qton Shen
i the oty of [tnpdezhen.
Fredatmg the NMiongols
by o thousand years, the
city’s porcelain industry
corrrtrmes o b ol
Firte cevamics, ke Fns
kiln-ready teapol, Linder
Kublar Khiani, exports of
Chinese crafis flowered
Lo bring rice fo the
peopie of ks northern
CHTMIH |, Re extended
Chrma’s Gerand Cirnal

aern near fimng,



@nf hisfory's greof

rmisadperiiures tinfolds
it @ 13th-century Jup-
nese scpoll diepicting
the attempted Mongol
rironsions of Japan.
Undawrited tny an ahorted
aftock in 1274 —uien o
storm forced hs fleet to
refreal — Kublar Khan
lavenched a moch larger
armutda ngainst the
islards in 1281 Agam
mabure intervened, this

imee unith g !ylrrfr..um oy

5

In Xanadu did Kubla Khan

A stately pleasire-dome decree;
Where Alph, the sacved river, van
Through caverns measureless fo manm. . . .
-AAMUEL TAYLOR COLERIDGE, “KTTHLA KHAN

UBRLAL, then 44 vears old, was leading an army on the banks
of the Yangtze in Song territory when a rider brought news
of Mongke's denth. He soon heard, too, that his voungest
hrather, Arigh Boke, was maneuvering in Karakorum to
become the new khagan, Kublal broke off the fight with

the Song bt instead of returning to Karakorum, where he believed his
brother would take him prisoner, he withdrew (o northern China

When the Mongols eaptured this realm from the Jin, Kublai, as a
grandson of Lrenghis, had been granted a share of the spails: huge fief-
doms of land and peazants. He spent much of his life in China, surround-
ed by Confucian advisers and attending to the welfare of his peasants.
He even built a capital there, complete with a dazzling palace. It stood
in what today is Ching's Inner Mongolia Autonomous Region and was
called Shangdu —the " Xanadu" of Coleridge’s poem.

In Karakorum, Arigh Boke no doubt bore down on Kublai's attach-
ment to China—evidence that Kublai had forsaken his roots —as he cam-
paigned to become khagan, But Kublai moved faster, proclaiming himself
khagan at Shangdu in May 1260. Only o month later (perhaps after
receiving news of Kublai's preemptive strike), Arigh Boke proclaimed
himself khagan at Karakorum, Kublai set put for Mongolia, fought a
series of battles with Angh Boke, and won his submission in 1264, Kubla
spared his brother bul executed ten of his advisers.

Kublad claimed to rule all the lands where Mongols held swav, from
Korea to Irag and Bussin. But in fact the empire hoad splintered. While
Kublai nttacked Arigh Boke, another clash had erupted in the wesd

Noattonal Geographic, February 71007



Hulagu, lord of the [Ikhanate, and Berke, who had [ollowed his brother
Batu a5 ruler of the Golden Horde, warred over possession of the fine
grasslands of Azerbaijan. Absorbed in their own affairs, the western
chieftains paid only nominal homage to far-off Kublai, And soon their
kin who ruled in Central Asin begin to act independently as well.

The every-prince-for-himself greed of Genghis's 2ons and grandsons
had already been exposed in the succession strugeles; personal power and
wealth were more Important {o them than any notion of greater Mongolia.
(renghis, who had spént two decades unifving the Mongol tribes, must
have screamed curses on his progeny from the grave.

OR HIS PART Kubla concentriated on developing China. Following

the tradition of his adopted land, he proclaimed himself founder of

i Chinese dynasty, which he naméd Yuan—"origin" or “primal.”

Ever the builder, he began in 1267 to raise a new capital. The site

he chose was more centrally located than Shangdu. He calied it
Daidu—" great capital.” We know it todny as Beijing.

“No Kublai, no Beijing" was the history lesson offered to me by Chen
Gaochua, a scholar specializing in the Yuon dynasty, as we ate lunch in a
Beijing restaurant. Chen pomnted out that although several earlier dynas-
ties had ruled from the plaim where Betjing stands, Kublai’s city was
much larger, enclosed by a wall 1B miles around. And after his short-lived
Yuan dynasty was overthrown by the Ming dynasty in 1368, succesding
cdynasties kept Beijing as the capital, Chen reached with his chopsticks for
another slice of Peking duck and added, with a touch of hyperbole, " We
are dining in this restaurant thanks to Kublai."

The Yuan dyvnasty wall encompassed what 1s now the heart of Beijing,
crowded with shops and office and apartment towers. Within Kublai's
citv, too, is historic Tiananmen Square, where Mao Zedong proclaimed
the establishment of the People's Republic of China in 1949 —and where,
in 1989, a pro-democracy demonstration was crushed by tanks

The Greal Kvans
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I usually got up edrly in Beijing and took o walk. 1 passed old women
sweeping the alieys with bundles of twigs and saw sidewnlk eateries
springing to life, the coal smoke of braziers r1j'|-_-'|i'1z.z -.1,-:12-] the aroma of
steamed buns, Mot far from mv hotel stretchi igh wall of the For
bidden City, the Ming stronghold. A little |l-:".ll|'|1| I| it was Beithan Park

where couples paddled mn rented boats on a placid lake

Kublal knew thal .I:Ll-r-, it was on the grounds of his palace —"the great-
est palace that ever was ""-‘] arco Polo wrote, with a banquet hall for
6,000, There were quarters for each of Kublai's four wives ac well as for
s many concubines ELLllnLLi. F -...----..-;u:lj-_-l. Inthered 22 sons by
wives. (There was no tally of dadghters. )

some Westorn historians have guestioned whether Marco Polo ever
traveled to China, suggesting that he based his descriptions on other
|I|r-|r| cles, Hut Chinese mstorians find 1n his téext obscure names and

115

act=s that ancient Chinese records corroborate. To Daidu, Polo said,
“are brooght articles of greater cost and rarity, and in greater abuan-
dance than to anv other city in the world." From India came s
and pearis, and “no day in the year passes that there do not enter the city
1,000 cart-load= of silk™ from .nlnﬁz'.w ProvINCes

while encouraging trade, Uhinese hstorians declare, Kublat also

devoled greal encergy to impn "m-,:_ the lot of farmers, © Before Kuhla

NLES

. the
Mongols thought of farmers as useless people,” says Chen Gaohua. i-lu[
Bublai appreciated them. He knew how to rule a farming country." He
reated an agriculture minwstry that distributed seeds and animais. Farm
ers were encouraged to band together in communes
Eublal wonld surely have admired the slight man, wearing & blue Mao

jacket, whom 1 met in the village of PDoudian near Beijing. As Doudian’s
omn -'I*n e e nir r, Lhang Lhenliang has revolutionized | 15 village. | saw
uxuriant fields of cabbage, emerald carpets of sprouting wheat, and a

ivier of golden corn Spread out to dry on a roadside. Al pointed to the
benefits of good ----1l|--"-i|i:'- g thit use of tractors, fertilizers, and im
:|."I."-.'l'."i Leetls Filteen venrs o 1 fl_||l|-:_ . 2K |||__-||E..-_'|_- IO FTOW ONAT E-|_|- -||,.'
Lhang said, " Today we need only 60." Villagers who once worked the
HAREN

oW have factory jobs, some producing clothing for export

HOUGH KEURLAL usually heeded the humane tenets of his Con-
fucian advisers, he ignored them when they urged pacifism
He knew that in the eves of both Mongols and Chinese his
prestige would be measured in large part by the wealth and
territory he added to his realm

U he most tempting target was the fertile Soutbern Song empire. Posses
sion of the Song lands had long been a Mongol goal, and many Chinese
themselves hoped that the south could be reunited with the north. (They
had been joined until the collapse of the Tang dynasty in 907, ) As early as
1260, the year he proclaimed himself khagan, Kublai had sent an emis-
sary to woo the Song rukers in thedr Li','-j-'..: . Hangzhou. He hoped the rul-
ers would become his vassals. Instead, his emissary was taken captive

akirmishes srupted, then full-scale battles. Kublat's troops besiemed
two Key cities, Alangyang and Fancheng, for nearly five vears. On oppo-
sile Danks of the Han KEiver in what 15 now Hubei Province, they gnarded

the "r'.-.rl-_al.-'v Basin, the Song rice bowl, The large Song navy supplied the

!". £l III ey andl EEA N ilect Lhie rivers and Ui seEfcoas! ||I-.'-'.F'|'!-Fr'l"l*. |1|'.'-I

[leets, the Monpols assembled o navy of their own. Mane

1= snil
ors and some of his commupnders were Chinese, and Chinese and Koreant
butlt his ships. One of Kublei's nephews, who ruled the Hkhanate, sent
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engmeers 1o butld monster mangonels:. The stones they hurled may have
wirighed as much as 200 pounds

Fancheng, heavily damaged by these machines, fell in 1273, and 113 815 Elsrrohere i South
ter city, Xiangvang, surrendered. Kublai now put the army under the _ :
command of a Turk named Bavan, who had served the Mongols in the

slarid of loma, Kubloi's

Middle East campaign. Bavan fought relentiessly toward Hangzhou, cap-

turing it in 1276, Three years Inter the last Song holdouts were defeated ererals fared less woel]
Kublai had reunited China. He ordered the army to treat the people | i
| Li=p Ll I' |II 1TT] |.. |.|. il
r

gently, meaning to win them over, not Wi Lhem out
e, LIy .il'.".l.' 3 I'I::'
ANGZHOU 15 the southern terminus of the Grand Canal, an Lo .
i . : - I B PR T BT =LY TR
artery that, al my hirst glance, diddn 't seem deserving of the
name. The water was the color of pea soup; and the canal Pl canTpaigns. Vi
I-i

was clotied with small boats from which laundry flapped Kuhlar's death o 1294

like pennants. Their cargoes were basic: cement, sand, rolls .
VAol EXINIPRSION (Tl

of steel wire. [ watched men unloading barges filled with bricks, careving
Hint a time—a 120-pound load — in bamboo hiods across their shoulders fo an end

e (sreat K hans X
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in fis homeland, Gen-
ghis Khan trespires rep-
erence al his memorial
m rorthenst Mongolia.
Condemmed as an im-
perialist by the Soviets —
whose oo imperialism
controfled Mongolian
politics for 70 years—
Grtrghis came fronm a
fimnie wien conguest still
earned grudging respect,
Free now to write their
awn history, Mongo-
(tans resurrect the long-
suppressed congueror
and bl hivn gz a great
unifier—_Lhe father of
thetr nation, and @ sperit

wnsiting to be reborn.

To learn more aoout the
Meongol empire, log on
to National Geograpthic
Online (hitp:/foum.
mationalgeographic,com
om the World Wude Web
or GO NATIONAL
GEDGRAPHIC om
Comrpir Serme).
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Begun centuries before Kublai™s time, the canal was a grand endeavor.
Dug by hand and gradually extended until it stretched more than i thou-
sand miles, it was one of China's great construction projects. Ching's
major rivers flow from west Lo east, so an interior north-south waterway
meant that merchants could avold sending their cargoes on the high seas,
where pirates were alwavs a threat.

The Grand Canal was inaccessihle from Daidu, a problem Kublai
solved by putting three million laborers to work. Extended 135 miles, the
canal ensured a supply of rice for the north, where—despite Kublai's
encouragement of agriculture—famine was a certainty if crops failed.

Even with the completion of the canal, Kublai's final vears were filled
with frustration. Still intent on expanding his rule, in 1281 he sent an
armada of 4,400 ships and nearly 150,000 troops against Japan. Unable
to make headway on Kyushu, the Mongols reboarded their vessels and
attacked a smaller island, Takashima. Bul before they had gained more
than a foothald, a typhoon roared in, sinking nearly all of Kublai's fleet.
In all, two-thirds of his troops perished, the worst loss in Mongol history.

In 1292 Kublai tried to reach even farther —to Java, 2,000 miles south
of China. He had sent an emissary to demand tribute from Java's king,
Instead, the offended monarch branded the emissary's face. Kublai dis-
patched 1,000 ships and 20,000 troops, But the army was ambushed and
withdrew after losmg 3,000 men.

HESE HUMILIATIONS ate away at Moogol prestge, just as the
cost of them depleted Kublai's treasury, Nevertheless when
Kublai died, in 1294 at the age of 79, he bequeathed a unified
China that had known the benefits of benevaolent leadership.
Muorris Rossabi, whose biography of Kublai is the definitive
work, says, " Kublai was like other Mongol rulers in that he was a con-
queror. But he also was able to govern, and he governed very astuteiv.”

The usual succession disputes plagued Kuhblai's descendants in the
weakening Yuan dynasty. Weary of burdensome taxes, inept rule, and
corruption, Chinese commaners overthrew the Yuan lords in 1368, com-
pelling them to return to Mongolia.

In Baghdad the Mongol llkhanate did not survive even that long; the
last of Hulagu's line died in 1335, In Central Asia a Turkic lord, Timur,
or Tamerinne, forged a new empire with his capital at Samarkand. The
last remnant of the withered (zolden Horde was overrun by a Turkic
khan in 1502,

The Ming rulers who forced the Mongals out of China immediately
began building fortifications to prevent them from returning. Walls to bar
invaders had existed i China {or centuries, but none was so formidahle
#s the one the Ming eventually construcled. Harnessing the lnbor of mil-
lions, they built and built, for 200 vears.

Forty miles narth of Beijing, 1 walked on the parapét on a frigid day,
the wind clutching at my throat as | traced the 2,500-mile-long wall's tra-
jectory across the distant mouniains. In every lookout tower, in every
bowman's notch, fear is palpable: the fear that the Mongols struck in all
who defended agamst their thunderimg horsemen,

Though at times the Mongols were constructive, uniting Mongolin,
umtting China, and building Beijing, and though they were andacious and
brave, their record is overwhelmingly one of greed and cruelty, of cities
devastated —Samarkand, Herat, Bagphdad —and nations subjugated. The
Cireat Wall, as formidable in its way as the people it was built to keep out,
is the Mongals' epitaph in stone. [1

National Geographic, February 1997
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An Arctic

Heralding a new era of cooperation, the United

States and Russia are making data from their Cold

War intelligence archives available to science.

(R NEARLY HALF A CENTURY the intelligence agencies and military
commands of the United States and the Soviet Union spent bil-
lion= of dollars to eollect information about the Arctic Ocean—
everything from the properties of seawater and the topography
of the seafloor to the sersonal patterns of sea 1ce

Taken as & whole, this treasure trove maght vield answers to profound
questions about the Arctic and its relationship to the ecosystem of our
planet. And yet, lor national security reasons, the information was held
strictly off-limits to environmental scientists around the world.

In the spirit of the new openness that followed the end of the Cold War,

| became determined to do all that | could to help unlock access to bene-
ficial L:I'ln'.'l.h'l‘IL_tr.'.. including the Arctic data. After | conferred with the
naiional security community in Washington and with my counterpart and
valued colleague, Prime Minister Viktor Chernomyrdin, in Moscow, both
countries agreed to make much of the Arctic information avatlable for use
i peaceful scientific research,

I am proud Lo announce in these pages that we have taken a8 major step
towird that goal. The first volume of the jornt U5 -Russian Arctic Ocean
Atlas in CD-ROM format s hereby réleased to the world's scientific com
munity. And we aoffer in the lotlowing articie a representative selection
from the CIDD-ROM

With this atlas some of sclence’s most sought-after data about our envi-
ranment has literally “come in from the cold.™ Yet this historic achieve-
ment is about more than the mysteries of the Arctio, 1t is also a lesson
about the possibilities for progress that unfold when Americans and Rus-
slans join as partmers in the peacefnl service of our planet. Though we do
not vet know precisely what truths the once forbidden mformation wall
reveal nbout the Arctic and our world, we do know that a great portal of
knowledge has swung open and that we are passing through 1t as explor
ers logelher

- AL GORE

Breakthrough

AUGUST 1961
Flying the Soviet flag,
the nuclear icebreaker
Lenin [foreground)
plows north, trailed
by the icebreaker
Yermak. Borne by
such vessels and by
aireraft, the Soviets
probed the Arctic
Ocean for decades,
seeking military
advantage in the Cold
War and amassing
vast stores of environ-
mantal data. Informa-
tion derived from this
archive is now being
made public, along
with rare photographs
of the Russian scien-
tists at work.
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SEPTEMBER 1993

trust,” says Gore, "We aach had to be sure that our national security would not be compromised.”

T':. E h

In private talks, Vice President Al Gore and Russian Prime Minister Viktor
Chernomyrdin forged the political alliance that led to the exchange. "“"We built a relationship of

hour, which wouldn't have been so bad except
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MAY 1837 Arctic pioneers, members of the U.5.5.R."s first scientific expedition to the North
Pale, SP-1, lived for nine months on a drifting ice floe. Led by Ivan Papanin {second from right), the
voyage proved that men on a drift station could collect mountains of data—and live to tell about it.

colleagues Mew to the Arctic and boarded the
Forgo, atl this was Just one crazy 1dea

A longtime environmentalist had
studied national security issues while serving
on congressional intelligence and armed ser-
vice: commattees, Along the way he Decamd
aware of the vast guantities of scientific data
collected secrethy by the U
munity and the military that could also be

Lzi0Te

=, Intetligence com-

applied to solving environmental dilemimas
rain forest decline, global warming, ocean pol
lution, desertification. Onee convinced that
sensitive material related to national secunty
could be digitnlly excised from these data,
(ore was determined to see much of the rest
macte available to science

I'his 13 what propelled him (o the Arctic i

1941 and placed him aboard the Morge, which,
after taking on its civilian passengers, sank
back under the ice and set a course for the
Morth Pole

One of Paree's 1asks was to test an array of

1e thickness of

Imatruments designed to souee t

In Avcltic Breakthrough

polar 1oe from below, Gore was keenly inter
ested 1o how data collected from these devices

might be wsed to study global chmate change

1ICOE Y BTUES, Lhen

the ice cube at the top of the world should be

L1 the earth 15 warming, the t

getting thinne:

Historically, of course, the U5, Navy's
interest in polar ice had nothing to do with
global warming. During the Cold War both
.5, and Soviet strategists had regarded the
Arctic as a potential stagmg area for World
War LI, which would probably have featured
Typhoon-clazs submarines punching
up through the ce to fire ballistic missiles al
'I'ﬂ.'ii

s0viel
target= on land, and ULS. subs tracking
movements. Knowing how to [ind
would be a strategic advantage in such a war

S50 would knowing all vou could about t
Arctic Ocean's weather — as well as its bottom
topography, currents, and temperature and
salimity, all of which affect acoustics.

The polar ice also provides ideal cowver
tor prowling submarines, which could rvoid



AUGUST 1966 Numbing cold and a coat of ice were all part of the job
for sailors aboard the Moskva, a Soviet icebreaker plying Arctic waters
for military, scientific, and commercial purposes, With some 3,000 miles
of coastline on the Arctic Ocean —and its submarine fleet, based in




Murmansk, poised to wage nuclear war from under polar ice —the Soviet
Union paid close attention to the icy waters on its doorstep. On the front
lines: scientists from the Arctic and Antarctic Research Institute (AARI) in
Leningrad, who fanned out to study the Arctic Ocean from top to bottom.




detection by maneuvering among the lobes
andl caverns on the ice's underside, where
sonar is scattered and absorbed, making it
much less effective.

After Parpo reached 90° north, the com-
mander brought the sub te the surface as he
had earlier, ramming up through thin ice.
Gore climbed out and got his first look at the
North Pole. * It was very bright — and the eeri-
ness of the landscape was striking, " he recalls;
“Clouds of ice crystals were being blown back
and forth by the wind, and I'll never forget
how the ice sparkled in the air. It was a stun-
ning experience.”

OME 500 MILES SOUTH of where (Gore
s stood, & group of tired Russian scientbists
had, just days earlier, been weighing
their chances of staying dry a few more hours.
Riding a huge ice floe, Vladimir Sokolov had
his doubts. "Pools of standing water,” he
recalls, “cracks in the ice. That sinking feel-
ing.” Evidence, in other words, that the ice
platform was finally, after three and a half
vears of faithful service to the Soviet Union,
breaking apart, softened by the spring thaw
and crushed by the surrounding ice.

Since October 1987 dozens of scientists had
lived and worked on this cake of ice, metic-
ulously collecting oceanographic readings,
weather observations, and ice data as the floe
made a slow tour of the Arctic Ocean, pushed
by winds and currents.

By April 1990, when Sokolov arrived by air
to take command, the floe had turned south
into the Canada Basin and stalled out. A few
days later the drift station ran into what Soko-
lov calls an ice “meat grinder,” a pressure sys-
tem that grinds the ice floe to pieces as it rotates
helplessly, held fast on all sides by thicker ice.
“This is when the trouble started,”™ Sokolov
zays—when the ice started to crack, when sup-
ply planes couldn't Iand without falling into
a crevice, when his scientists were intermit-
tently forced to stop taking measurements and
start moving buildings from place to place in
search of stable ice.

This went on for a vear. Then things deteri-
orated further, although Sokolov’s crew con-
tinued to collect data until the bitter end. They
were finally evacuated by an Antonov cargo
plane in April 1991, Dramatic endings were
not at all unusual for drift stations in Arctic
waters: In fact, Sokolov’'s expedibion, known
a5 SP-30 for Severnyy Polyus (North Pole),
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| drift station, Severnyy Polyis
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Storm-swept and locked in ice, the Arctic
Ocean defied scientists long after other seas
were being explored. Even the constant
movement of Arctic ice went unexamined
until 1893, when Norwegian explorer Fridtjof
MNansen drove his research vessel, the Fram,
into the ice pack and allowed it to freeze. &
Driven by wind and currents, the icebound
Fram drifted same 2,200 miles in three years.
Taking a cue from Nansen, the U.S.5.R. in
1337 mounted the first of 31 drift stations -
vanguard of a program for sclentific and mili-
tary research that grew to include more than
a hundred polar stations, a dozen ships, and
vast airborne surveys. Most activity ceased
with the collapse of the U.5.5.R. in 1991.
During the Cold War, Western nations tried
to keep pace with ice stations of their own,
along with automated buoys and a massive
reconnaissance effort from submarines, air-
craft, and satellites, Inset maps (right} show
the relative concentrations of observation
points since World War Il
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was judged a rousing saccess, as was another
ice station, SP-31, drifting near the Alaska
coast that spring. MNo one knew it at the bime,
but 5P-31 would be the last Soviet dnft station
in fustory

oRr PECADES the Soviets had been tireless
in their pursuit of knowledge about the
Arctic, Part of the reason was military,
of course: Sokolov's oceanographic data, hike
that from all drift stations, were considered
vital for the fleet of Soviet submarines operal-
ingin Arctic waters from Murmansk and other
ports. But the Soviets also had important eco-
nomic and scientific reasons to be up there.
Some 300 ships a vear plied the Northern Sen
Route along Russia's 3, 000-mile Arctic coast.
Navigators needed to know exactly where the
o was and its condition, scientists sought to
understand its structure and movement
Besides launching one or two drft stations a
vear, the soviets flew hundreds of missions Lo
viarious parts of the Arctic, usually landing on
skis, then collecting data on the ice or boring
through it to sample the ocean
These activities were run from the Arctic
and Antarctic Research Institute (AART) in
Leningrad (now 3L Petershurg), a bustling
research center and staging area where patri-
otism ran high and money was no object.
“Those were the davs when no one asked,
"How much will it cost? " remembers Leo
Timokhov, a senior scientist at AARI and a
man who has flown hundreds of sorties to the
polar ice. " They would just say, 'Doit!" "
This era had begun 54 vears earlier, when
the Soviel Union had organized its very first
drift station. Launched on Mav 21, 1937, near
the North Pole, 5P-1 was manned by a radio
operator, hydrologist, magnetician, and the
group’'s leader, a round, jovial member of the
Soviet secret police named Ivan Papanin,
Clutfitted in fur and housed in neanvas tent
msulated with eiderdown, the lour mien
trooped daily to the tents and wooden sheds
where they conducted their research. They
routinely lowered a cable to gauge the depth of
the ocean and sampled sediment from its bot-
tom. Thev also recorded water temperature
at various depths, logged gravitational and
magnetic readings, measared snow depth,
andalvzed the ice, and studied the weather
As was the Russian practice, every observa-
tion was recorded twice—once in the hasty,
semifrozen scrawl of the field notebook, and a
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O JUNE 1987

Along the ice's south-
arn rim, melt pools
develop as ice recedes
during the summer,
allowing navigation
to resume on Russia’s
MNarthern Sea Routes,
Lifeline of the Russian
Arctic, this 3,500-mile
shipping corridor
hugs the coast from
Murmansk to the
Bering Strait.

= AUGUST 1966
Laft out in the cold
after leaving the fac-
tory, a truck from a
Gorki auto plant is
hoisted off a cargo
ship ot Povek, a port
on the Northern Sea
Route. As they have
done since AARI's
founding in 1920, sci-
entists still monitor
ice conditions for
shipping, along with
other aspects of the
Arctic Ocean.

Yafiondgl Geopraphic, Felwuary 1007
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QOCTOBER 1961
Blasting apart mas-
sive blocks of ice with
explosives —and
smoothing things
aver with bulldoz-
ers— enginesrs on a
drift station typically
bullt a runway first
s0 that supply planes
could land. Next they
set up living quarters,
maounted on sledgaes
far mobility. Finally,
they would assemble
scientific equipment,
like the stationary
weather monitor
labove) designed to
transmit readings to
AARI| headquarters.

Sl ALY RNTEIELY TR -

second time around the stove at night in the
precise pencil notation that would make up the
offickl record of the expedition. These paper
notebooks would be stored at AART and made
avadlable not only to the mthtary but also to
civihan soviel scientists,

Al went well during the summer and fall s
the floe drifted south in a lagy zigzag pattern,
cdriven by currents and prevailing winds. But
by December their fce sland had entered the
Fram Strouat east of Greenland and begun
moving rapidly south, pelted by storms and
chewed at by turbulent, ice-covered seas,

By February the four were up to their ankles
in seawater. Armving in the nick of time, a
Soviel webreaker pHucked them from the 1ce

-a rescue that caused 2 nationnd sensation
Papaninand his mnies werée made Heroesolthe
Soviet Upion and given o mmoltuons ticker-
tape parade through the streets of Moscow

o osuch festivities awaited the drifters of
SP-30 on their return to the motherland in
April 1921, The mood in Moscow, indeed in
the whole U.S. 5. K., was a dark mixture of
fatalism, anger, amd fear. By December the
Union ol »ovict (Continued on page 52)
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Putting the Arctic data to work

The best model yet of Arctic picture of how heat s exchanged
Cecegan temperature appaars on betwesn surface waters and the
the oceanographic CD-ROMina  deep ocean and how warm and

Continamntal

shell

cross section (above) combin- cold currents (below) affect

ing U.S. and Russian data. Rep- glohal climate.

resenting a transect of Arctic “That's the graat thing about
waters [red line, at left), the this CO-ROM."” says NOAA
gross section shows an araa of Administrator D, James Baker,
vartical mixing in the Greenland "It features a continuous set

gyre (A}, where warmer surface of measurements over tima.”
water is pulled in and cooled,

forming a mass of deap leaan circulation
ocean water. This column e
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JUNE 1974
Probing under the
ice, oceanographer
Gennady Kadachigow

maves among forma-

tions typical of the
Arctic Ocean. As very
cold, dense brine
seeps down from the
ice, the surrounding
seawater is cooled

and freazes to form
these stalactites. This
bizarre icescape had
strategic value dur-
ing the Cold War:
Because sonar |s of
[imited use in such
conditions, both LLS.
and Soviet subma-
rines could generally
avoid detection.

APRIL 1955
Rolling out the bull-
dozers — essential
gquipment for any
drift station —Soviet
sclentists unload
gargo from a supply
plane. After a hiatus in
Waorld War ll, the Sovi-
ets swarmed over the
Arctic during the Cold
War, launching hun-
dreds of missions be-
twean 1950 and 1991

JANUARY 1989
Making snowhballs for
sclence, ice physicist
Vietor Morosov of
AARI uses an ice press
to study the snow on
drift station SP-28, as
colleagues use a drill
to test loe thickness.
Although the first
CD-ROM atlas from
the Gore-Chermomyr-
din Commission is
composed of oceano-
graphic data, a sub-
sequent atlas will
contain ice data from
drift stations and spy
satellites.



Socialist Republics would be history. The
world, in short, was spinning like an ice {loe
caught in a meat grinder.

FEISTY, FORTYISH WOMAN named
A Linda Zall was the person assigned to
handle the letter that arrived at CTA
headguarters in May 1990 from Senator Al
Gore of Tennessee. Today, almost seven vears
later, she can still recite pissages from it, like
the last sentence on page one. " Gore wanted
to know,” she says, “if we had data related to
‘sea surface temperature, sea ice type and
motion, sea level data, ocean carbon dioxide,
ocean chlorophyll, circulation patterns. . .
trace species, cloud amounts, types and
heights, precipitation, tropical winds, ete.’

“ My first renction when I read that sentence
was, ‘Why me, God?' * she says. "1t was the
‘etc.' that really worried me.”

After the shock wore off, Zall set to work
dissecting the letter "sentence by sentence,
word by word™ to see what complving with
Gore’s request might entail. The more she
learned about the environmental data the CIA
had in its “black,” or secret, files, the more
merit she saw in Gore's idea of releasing them.
“But never in a million vears," she says, “did
I believe the agency would sign off on it."”

Even with its old adversary faltering, the
CIA was still a product of its long struggle
against the U.5.5. R. *Remember,” savs Zall,
1990 wasn't like now, where we're sort of
hugsy-kissy with the Ruzsians. Most of the old
guys at the CIA and in the Navy had spent
their whaole careers fighting the evil empire.
The last thing they wanted was to open the
black door, even a tiny crack."

Gore didn't know it vet, but in Zall he'd
found someone at the CIA as relentless as he
was. Early on she'd won permission to go out-
side the agency and meet privately with scien-
tists to lesrn how intelligence data might apply
to their work. Zall pursued dozens of the top
scientists in their felds—figures such as
oceanographer Walter Munk, geophysicist
Gordon MacDonald, planetary phvsicist
Michael McElroy, and polar climatologist
Norbert Untersteiner of the University of
Washington —all of whom donated their time
and effort to studying Gore’s request,

Then, in November 1901, Robert Gates
became the director of the CTA. Gates, along-
time analyst, realized that the agency needed
to redefine its mission in the post-Cold War
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world. A few weeks into his job Gates recelved
a letter from Al Gore asking him (o grant high-
level security cleprances to the scientists Zall
had recruited, allowing them tostudy the most
sensitive material in the files at the CIA and
the Department of Defense.

Seeing an opportunity to make the CTA more
"renatssance,” Gates agreed. That summer
Lall went into overdrive and got her group of
60 or 30 sciontisis lop-secrel clearances in
record time. Their background checks went
smoothly, although Zall nearly keeled over
when she heard what Untersteiner, a high-
spirited Austrian who'd been of dralt age in
1944, answered when asked: “Have you ever
been a member of an organnization dedicated to
the overthrow of the United States?"”

“Yes,” he wrote on the questionnaire, " the
Grerman army.”

In a moment of pigue Zall named her group
of headstrong scientists Medea, after the char-
acter in Greek mythology who didn't let any-
thing —even her children—stand in her way

ORE WAS INAUGURATED Vice President of
the United States in January 1993, Ry
then the Medea team had hit its stride,

sifting through the billions of dollars' worth of
classified material gathered by U. 5. satellites,
aircraft, ships, submarines, buovs, and other
devices. This was a bonanza beyond imagin-
ing for earth scientists, and Medea’s work—
shepherded by Linda Zall —would ultimately
lead to the release of military historical data,
including spv satellite images, and a partial
redeployment of the nation's satellites to help
momitor the environment.

In April 1993 U.S. President Bill Clinton
and Russian President Boris Yeltsin put Gore
and Prime Minister Viktor Chernomyrdin in
charge of a joint U.5.-Russian commission to
foster initiatives for the good of both nations.
Six months later Gore quietly raised the ideaof
sharing material from the intelligence archives
of both nations for the good of the global envi-
rmooment. Chernomyrdin was receptive, says
Lsore, but " properly apprehensive” that Rus-
sia’s national security not be compromised.

Months of pmnstalking negotiation fol-
lowed, as the two sides grappled with the fine
points of how to share national security infor-
mation. "'We had to Agure out how to give up
the milk without giving away the cows, " says
Victor Danilov-Danilian, Russia’s Minister of
the Environment.

Natronal Geographic, February 1907
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FEBERUARY 1989 How to bathe on a block of floating ice? Russian scientists, like these on drift
station SP-30, baked in a makeshift sauna, then dashed outside and rubbed their bodies with
snow. Adrift for months at a time, Western and Russian ice camps were hotbeds of improvisation.

The two nations forged an Environmental
Working Group, headed by Danilov-Danilian
and NOAA Administrator [D. James Baker of
the United States, and the milk began to flow,
The working group's imitiatives range from
analyzing environmental degradation at mili-
tary facilities in both countries, to predicting
earthgquakes and other natural disasters, to
assessing the impact of ol and gas develop-
ment in permafrost regions.

The most dramatic progress so far has been
in Arctic Ocean research, where shared data
has led to a serigs of CD-ROM atlases. The
first of these, released this month, is the most
comprehensive collection of Arctic oceano-
graphic data ever produced. About 70 percent
of the data is derived from the Russian archive
at AARI in 5t. Petersburg, while the rest
comes from previously restricted international
studies, the U.5. Navv, and the National
Oceanic and Atmospheric Administration
(NOAA]). The Russian contribution, which
consists of some 1.4 million winter observa-
tions, represents decades of toil by screntists

An Avctic Breakthrough

on both the airborne survevs and the drift sta-
tions —material drawn from 900,000 pages of
documents that took 15 employees more than
a vear to transcribe. Subseguent atlases are
being prepared on Arctic ice and meteorology,

Like many Russian scientific institutes,
AARI is financially strappeil. Its headguar-
ters, including the library where the onginal
data are shelved, 1s literally falling apart, Leo
Timokhov, AARI s lead scientist on the pro-
ject, savs he and others hreathed a sigh of relief
when their notebooks were safely digitized
and added to the CD-ROM. “1It makes me
very happy to see our datn secure,” says Ti-
mokhov, glancing at the cracked plaster over
his head. “One never knows when a pipe will
burst.” He agrees with his colleagues in the
L'.5. that same of the most valuable oceano-
graphic data in history have just been rescued.

It's too carly to sav what conclusions stience
will draw from this wealth of new informa-
tion — but scientists, especially those studving
long-term changes in the global environment,
are eager toget their hands on it
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Among the dangers
of life on the ice: polar
hears, like the pair
that were shot after
menacing this drift
gstatian. The Soviets
kept dogs to warn of a
bear's approach. Most
other hazards were
related to weather
A man could survive
blizzards and frost-
bite, only to fall
through ice weakened
“1" SLOrms or Warim
weather




DECEMBER 1972
Working the night
shift —wwhich lasts all
winter—the crew of a
weather station race
through a blizzard
to their barracks. A
typical January entry
in the diary of lvan
Papanin on SP-1. "The
SNoOWSstorm rages
unabated . . . we felt
our ice floe quake
again . . . hearts begin
to palpitate. Our run-
down condition is tell-

'iﬂ{.i on us.'

JANUARY 1958
To fend off the alfacts
of winter, a doctor
gives light therapy Lo
a worker overcome by
life in total darkness
As a rule, workers
were evacuated after
one winter—although
saome, like oceanalo-

gist Leo Timokhov,
ralished Arctic night!
“"On the ice you're
close to the cosmos -
as if yvou are sediment
on the bottom of a
tranguil black sea.™

JANUARY 19556
Ringing in the new,
scientists at this drift
station put up a tradi
tional Russian New
Year's tree and
toasted their late pre-
mier, Joseph Stalin,
who had died in 1953
Social gatherings
ware considered cru-
cial to the success of
a Soviel drift station
‘We ate every single
maal together,” says
pne scientist. it was
a e,






OCTOBER 1961 Sciontists take a break
from building the outpost where thay
would live for a year. “After one drift season
we ware friends for life.” recalls Sergey
Priamikov of AARI. "“"We were all in it
together.” Such thoughts today apply to
nations. And as the Arctic CD-ROM shows,
bath the U5, and Russia, in preparing for a
war that might have destroved the warld,
fashioned tools to help save it.

“Ihis is, after all, the record of what's
happened in the Arctic Ccean in the second
hadt af the 20th rentury, ' save Norbert Unler
steiner. "1 hroughout the Cold War the Kuas-
aan Arclic was strictly oft=-limis o scientsts
from the West. This data changes all that

Now we'll know, for exammple, if the warm

water anomaly we found in 1993 was there in
i0or 1962 or 1950, It wall allow us to paint
the big picture i much greater detail
Equally important, perhaps, is the princi-
ple behind the exchange. Evervone involved,

bath in the Umnited States and ['-EI.--"I. believes
that this kind of cooperation, when applied

the problems of global ar pollution, sa)
ar healing the acid-stressed boreal forest b
Siberia, or containing nuclear and chemical
wastes in the Arctic Ocean, 1= & source
Fenuinge hope

‘The Russians want to understand the
rlobal environmental crisis just as much

Victor Danilov-Dianilian sees things from a
different perspective. In his Moscow office, he

sounded decidedly less upbent. But even he

For further information on the Arctic Ocean
Atles CD-ROM wisit the NOAA Web site at
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Mot plants, but. ..

For almost 25 years now my hus-
band, Steve, and | have bean capti-
vated by the strange beauty and
amazing diversity of lichens,
Seven years ago our fascination
drove us to photograph as many
as we could of the 3,600 spacies in
the United States and Canada. In
pursuit of lichens we traveled from
Alaska to the Florida Keys. We
climbed trees, scalad cliffs, waded
through swamps, crawled over
tundrad hummocks and desert
sands—always hoping to find a
lichen we hadn't sean before.

In the windswept vallays of east-
arn ldaho we found several. lgnaor-
ing the dramatic sagebrush
country around me, | focused my
attention an the ground, whera
vallowish aimond-size lichens nes-
tled amid the gravel (right]. These
were "vagrant” lichens, unat-
tached and free ta be blown about
like tiny tumbleweeds.
Collegting on snow-

A Reseapey  Tree ridges, they
Frosect pravide food for
SUPPFORTED pronghaorn during

IN ParT long, harsh winters. In
By Yous the Middle East similar
SOCTETY drifting vagrants were

gathered by villagers
and made into bread:
the biblical “manns from heaven,”
some scholars believe.

Deaspite plantlike forms, lichens
ara not plants, Often called tiny
ecosystems, they are actually com-
pound organisms made up of two,
or avan three, very different part-
nars, none of which is a plant. Bi-
ologists no longer find the concept
of two great kingdoms—plants
and animals —adequate for the
classification of all living things.
Fungi, bacteria, and simple organ-
isms like algae now occupy king-
doms of their own. The dominant
partner in the lichen symbiosisis a
fungus. with a colony of algae or
cyanobacteria —sometimas both -
supplying food by photosynthesis

separated from its partners, tha
fungus itself would be a shapeless
glob., In his studies of symbiosis in
the 1970s, Vernon Ahmadjian
teased apart Cladonia crista-
relia (right} into its fungal and algat
components, which he cultured
and then induced 10 recombine,
Ahmadjian, of Clark University in
Worcester, Massachusatis, was
ane of the first scientists to recom-
bine lichens, His resynthesized
Hchen even produced the early
stages of the rad spore-bearing
structuras that give this species its
commaon name, British soldiars.

This is t-hﬁ first appearancs in the GED

GARAPHIC of the work of nature photog-
raphers SYLVIA and STEVE SHARNOFF

Nalional Geogmphic, February 1007
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Lichens to dye for

An arsengl of nearly 600 chemicals
unigue to lichens helps them sur
vive in marginal environments and
ward off attacks by bacteria, other
lungi, and grazing herbivores
Called hichen substances, these
pigments; toxins, and antibiotics
have mada lichens vary useful to
people in diverse cultures, espe
cially as a source of dyes and
madicines

The warm browns in rugs made
by members of the Ramah Navajo
Vieavers Association come from

boiling the vagrant lichen
Xanthoparmelia chlorochroa, seen
n a basket with a skein of dyed
waoaol lleft]. The lichens once used
to dye Scottish Harris Tweed con
tain substances that gave the fab-
ric an aarthy aroma and reputedly
made it moth repellent. Shrubby
gray lichens, sGrapead off Maditer-
ranean coastlal rocks and soaked |
ammonia-rich stale urine, yialded
some of the famous roval purplia
dyas of antigquity

The most widely usad dya lichen
among Mative Americans was the
gye-catching wolf lichen Letharia
viriping labove right). The Chilkal
Thngit in Alaska traded coastal
commodities such as fish ofl for
wolt hchen from the interior 1o
colar thelr prized dancing blankets,
still worn by the Chilkat Dancers
of Haines, Alaska, in their per

formances (tap),

Worve [ivan Meebs the 1oy

Though famed as a wolf poison
the woll hchen often found a place

in the Native American pharma-
copoaia. 1he Ukanagan-Calville,
Blackioo!l, and others made a
madicinal tea from 1t or usad i
gxtarnally 1o treat skin probigms
While scores of lichens have
sarved as traditional medicines,
few can compete with members of
the genus Usnea (above [aft) as
gifective healers, used in leas and
galves in nearly aveary part of the
world. The lichen substance usnic
acid has bean used in some Euro-
paan antiiotic creams



Designer rocks

As if painted by 8 mad hand, a
siate outcrop 15 encrusted with
lichens in the Sierra Mevada foot-
hills of Califarnia (right). In west-
arn Nevada the Northern Paiute
nama for brightly colored crusiose
lichens used as madicines, such as
Pleopsidium oxytonum {laft),
translates literally as “'lizard
samen,  alluding to the push-ups
that lizards do during courtship
displays.

in legends of the Northwest's
Interior Salish peoples, Covote's
long hair became entangled in a
tree and was magically trans-
formed into food, hanging from
branches in thick clumps. Sean
hare interspersad with larch nee-
digs (bottom), Bryoria frermontl
wis a dellcacy for some tribes and
distastaful famine food for othars.
same Interior Salish mixed tha
lchan with mud and usad it for
chinking log cabins. Others used
it as fiber to make clothing.
Mortharn fiyving squirrels build
nasts of it, which serve as cozy
live-in larders, providing winter
food. Anthropologist Craig Kirk-
patrick of the University of Califor-
nia at Davis recantly discovered
that two other Bryora species are
the primary food of the andan-
gerad Yunnan snub-nosad mon-
key in China.

Dne of the most important of
the so-called reindeer lichens,
Ciadina staffaris (center, among
ground-hugging bluaberries} is a
favorite food of North American
garibou and their Eurasian coun:
terpart, reindeer. When the lichens
are coverad by snow, the animais
dig craters as deep as three feet to
reach them, fighting off competr-
tars horning in for a free meal
Arctic peoples once ale raindeer
lichans when times were rough,
boiling them in water. They were
considerad a treat, however, when
consumad, farmeanted, from
caribou stomachs.

fid Falional Geoprapiiic, February TOG3















Underfoot and overhead

Forest-floor carpat in British
Columbia (lett) includes a soil
anriching lichen, Peltigera

aphthoss, and star-shaped
mosses, The lichen contains bright

green glgae and is peppered with
dark warts holding nitrogen-fixing
cyanobactena. The pale underside
shows at the edges. Thriving in
pristing anvironmeants, this spa
cias, like many other lichens, is
fast disappearing in regions of air
pollution and habitat disturbanos.
Becauss of thair extreme sansi-
tivity, lichens are usaful indicators
of airguality. In Alaska, Forest Ser-
vice scientists Chiska Derr and
Linda Geiser [lower right, Trom
left) compile data on lichen spe-
'_ledti i .l|r|l.:| 195 ."-..r ||l..l|"-.J |'-.I I_'-_l-..
which will be compared with
future inventanas 1o see how the
lichens havae fared. Lichans act like

Lichens: Mm

JI (I lI|.i|-"|"- [FyE |r'..'."

sponges, taking up pollutants that
coma thaeir way. By analyzing
lichens chemically, sociantists can
tell what's in the air

Blown off treas in the P
Northwest during winter storms,
witch's hair, Alectoria sarmaniosa
[top right), provides surnaval food
for black-tatled dear, From the
gondala of the Wind River Canopy
Crane in Washington State,
researchers stu'iv lich&n growth
atterns in trestops. Witch's hair
bacomes abundant only aftar trees
gre about & hundred years old

acific
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Air monitors

After a winter rain, leafless trees in
an Oregon farming valley come
alive with lichens, including the
oakmoss lichen, an important
ingredient in many fine perfumes.
Virtually dormant when dry,
lichens become bright, plump, and
meatabolically active when damp.

Growing anly where the air is
vary clean, Usnea longissima
inght and with others at far nght)
was callea pine gauze in-a sixth-
cantury Chinese harbal and i8 still
used in traditional Chinese medi-
cing. Locally abundant in the
Pacific Northwest, it has all but
disappeared in Europe.

Pollution is & sarious threat to
lichens evan in the remote Arctic,
and reindeer that rely on them for
laood are undar Ingcreasing stress,
In addition, fallout from the
nuclear accident at Chornobyl con-
taminated lichens and thus rein-
dear in Scandinavia, whare many
herds had to be destroyed.

As early as 1859 European

LT T TN
Lot B e T

e L

geientists recorded that alr pollu-
tion was killing lichens In urban
and industrial areas. Today Stave
and | note with growing concem
that lichens are nearty absant from
lartie areas, bacause the environ-
ment can no longer support this
Rardy yvet vulnerable maonitor of
the very 2ir we breathe. []

Ssationagl Geographe, Felmuary 1997
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THE DAWN OF HUMANS

By RICK GORE
Phaotographs by KENMNETH GARRETT
Art by RICHARD SCHLECHT

Few scientilic helds stir debate as intensely as does the

search for human ancestors. Strong emotions and
deeply held rehigious belief= crash against the physical
evidence presented by paleoanthropologists. Some
people do not accept the findings and interpretations of
these scientists; rather they place humans on a family
tree all their own, apart from other forms of life on
earth, Others agree with the scientists who hold that
evolution is a fact of life

Even within the scientific community debates are
passionate —not about whether the evolution from
apelike creatures to humans took place but about the
manner in which the long process occurredd

This report 1s one in a series on the dawn of humans
that examines the most important discoveries from this
contentious field and the meanines scientists draw
from them —THE EDITOR

Leaving tracks in rain-wet volcanic ash, primates crossed Tanzania's
Lastoli plain 3.6 million years ago. Archaeologist Fiona Marshall and
prodect leader Martha Demas discuss their team's efforts to conserve
this unigue record of our distant kin, who traveled around East Africa
much as we doc side by side, upright and striding:
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Bone collector

The Taung child skull is displayed with an
image of a modern African crowned eagle,
known to attack prey weighing as much as
40 pounds. These birds regularly kill pri-
mates, according to British biologist Steven
Parry. New analysis of the skull —and the
animal remains found with it—leads paleo-
anthropologists Lee Berger and Ron Clarke
to reason that about 2.5 million years ago
a similar raptor added this hominid shull

to its refuse heap.






OU WANT TO EAT what vour
ancestors atef” Loee Berger, n
bespectacled palecanthropolo-
mst, is driving across the veld,
or grasslands; of South Africa
when be stops to ask this ques-
tion. The ancestors he s talking about did not
live last century, nor even within modem
! "h - mEmory. They are earkv hominids—
apelike creatures on the human fam-
ity tree whase roots took hold more
than four million yvears ago with
the advent of bipedalism and
who eventually evolved
O | into us, Homo sapiens,
L Without waiting for an
. . answer, Berger opens his
door and heads for a clus-
ter of reddish brown ter-
g’ mite mounds. A jackal
howls in the distance,
while rebras grazing
nearby snart at our inlrusion.
Berger licks a long blade of grass
and pokes it into a hole in one of the larger
mounds. He pulls the blade out, laden with
termites, and pops a few into his mouth,
“Muptwem, like
herbs," he savs, amil-
ing. "They're good
when wvou're really
hot. They have all
this gcid in them, and
it makes your mouth
water., Tryvone.”
I'do. A crunch be-
tween the front teeth,
i sguirt, and an after-
taste 1 find more as-
tringent than smmemene,
“Ohur ancestors
would have eaten them, just as chimpanzees
and some hunter-gatherers still do,” he says
“They're pretty high in protein.”
His eves scan the grasslands around us.
“Do wvou realize how much food is out
here —if vou aren 't picky?" hesays, eatchingn
grasshopper. "Have him. A bit grtty, but

Hunger and fear

The Continuing Search for Qur Origins

Artickes in this sorios focus on carly membery of our gwn
g and the hominads that preceded them. Much of thia
research was supporied by your Sotety

chockablock in nutrients." He rolls over &
rock and grimaces at a centipedeé. “Don’t eat
that. It'l] sting the heck out of you,"” he cau-
tions hefore looking under another rock.

“If vou really want to understand your an-
cestors, vou've got to come to environments
like this." he continues, * Just walking on the
veld, they would have encountered all kinds of
nutritious things—a field mouse or a bird's
eggs or flying ants. And some of the roots and
tubers out here make terrific food.™

Trying to understand our ancestors has
drawn me to South Africa. In the past decade a
surge of hominid fossil discoveries, many of
them muade here, hns electrified the science
of human origins, intensifving debate about
how a four-legged, tree-dwelling ancestor of
humans, chimpanzees, and gorillas became a
gracelul runner who could race with Hons on
the savanna. For months [ have been learning
about the early hominids® first steps on the
road tp becoming human.

Palroanthropologists love to draw hominid
family trees. With the tlightest #ncourage-
ment—and sometimes without—many have
rrabbed my notebook and started sketching
their own netwaorks of branches winding from
apes o modern hu-
mans. Details often
differ, but most sclen-
tisi= agree that there
hove heen two mEjOr
groups, or genera, of
hominids in the past
four million sears.
Lyne 15 our own ge-
nus, Hemo, which
appeared  perhaps
twoand a half million
vears ago and which
includes at least three
species: MHomo habilis, Homo erectus, and
Homa sapiens.

One of the gréat mysteries of palesan-
thropology is when, where, and how Homo
replaced Awustralopithecus, the genus that
mhabited much of Africa bemnming arowund

four million vears ago. Australopithecines, as

Predators on the ground and in the air threatened Austrolopithecus africanus three million years
ago. With long, powerful arms and short legs, these small South African hominids may have soughe
cover among the branches. They foraged there too: A. africonus teeth show wear patterns similar
to those found In modern primates that feed mainly on leaves and fruit.

The Fivst Steps

17



meémbers of this genus are called, had npelik:

anitl distinctly smaller brains than
Homo, but they had mastered bhipedalism, the
f q@ll h

§ anatomist Ravmond Dart describwed
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hallmiark miniils

[.. 1] 2
the Tirst australopithecine fossi (ol 1
St

Nhe fossil —n chiled s <deu] ) estimated (o b

Virica ina limestone cove called Tring

militon venrs old —made international heac-
limes. Dart noticed that the hole theough which
the child's spimal cord left the brain lay at the
brase of the skull, not toward the rear as m four

legped primates. To lim that indicated that
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istralopithecines hive since been

LENMNETH (GARRETT & (0l i et peonles
tfatés back to his underpmvlunte vears nl the 1ni-
viersity of Vieginia, where he majored in
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colled robust australopithecines, becanse they

eVen spiedies have

DEET SEVETRE o those species ar

had heavy features, includmg large jaws Tor
crushing tough plant foods. The others als
had relatively heavy jaws, bt their overall
tuild was lighter. The most famous represen
tntive of the gracefully bullt species is Lucy
a J. IB-mulion-vear-old partial Avwstralopithe
g aferensiy skeleton. When her remams wer
discovered by American palesanthropologst
; Wanadd lohansonin 1974 at asite cilled Hadar
i Ethiopia, Luacy became the oldest and most
amplete homimd known, and many scientists
amo to see her as the mother of humankin
Mot thiat
crossing the line from ape to human, Like n
chimpanzee, it had a8 small brain, long arms,

short legs, and a cone-shaped thorax with
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lrge belly., But gforensir stood upright and
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Built to walk

An obliging chimp shows off the splayed big toe typical of ape feet. More bumanlike feet must have
made the Laetoll tracks (detail, above), which show all toes parallel 1o the axis of the foot. The
chimpanzee spinal silhouette (facing page, at right} exhibits the forward lean that makes four-
limbed walking standard for the chimp. in modern humans, at center, spinal curves bring the pelvis.
legs, and feet directly under the trunk; emabling two-legged travel. Anatomist Bruce Latimer has
reconstructed an Austrolopithecus afarensis spine of about three million years ago, at left. The result
matches human curves, supporting the contention that this species made the Laetol| tracks,

Fanzania. There, about 3.6 million vears ago,
a voleano called Sadiman erupted, blanketing
the savanna with lavere of ash. Shortly after
least two hominids walked
peross the ash, leaving thetr footprints behind
In 1978 & team led by the eminent pildeoanthro-
polozist Mary Leakey discovered and exca-
vated those footprints.®
them from damage, the team buned the site
i
the sand was [illed with the seeds of acacia

Lthe eruption al

Hoping to protect

with river sand a vear later e AL SE

treces, @& forest sprouted above the prnts,
threatening to destrov them with its roots
Alarmed Tanzanian officials, helped by the
Cretty Conservation Institute of Los Angeles

The First Steps

Califorma, launched an emergency operation
in the summer of 1993 to kill the trees and
excavate the tracks

sadiman valcano still lies on the horizon mt
Laetoll as I arrive at this desolate site on the
edipe of the Serengets. | walk towardd the while
r1_1.'|L|r| l.:ll.[:l‘,'lj:l_'r' ||'|il| R 'l'-l' 'li|-:|l2||'l'|-!“-lll._.: -
cavation trench, T'wenty-ning of Lhe 69 prints
nRve been exposed, and toey ervone = relief the
roobs left the most important ones undamaged

For yvears | have read of these buried tracks
with no hope of ever seeing them. Suddenly
they appear before me as if they were made

*=ee " Fpotprinis im the Ashes of Time, " by Mary 1)
Lenkey, o the Apnl 1970 NATIONAL GERGRAPHT
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last week by local Masal tribesmen walking
through the gray mud of a water hole. I see two
distinet trails. One was made by a small indi-
vidual. The other track of slightly larger prints
lies parallel about i foot away, Many scientists
suspect that, ke orangutans and gorillas, our
earliest ancestors were sexually dimorphic —
males grew much larger than females. Thus
the first track may have been made by a female
and the second by & male. And maybe not just
one male. The imprint of a second big toe 1n
severid of the larger prints suggests that anoth-
erindividual may have walked in the footsteps
of the first, like children do in the snow.

Staring out across the savanna, 1 imagine
the scene. A hominid troop 15 sleeping in a
grove of trees when the eruption awskens
them. It is another inaseriesof explosions that
has lasted for weeks. Members of the troop call
to one another for comfort. The large males
race to the ground to protect the females and
vounyg as a heavy snow of ash turns the land-
scape unfamilisr and frightening. Then, need-
ing food, three apelike figures trudge across
the land to forage.

The female was probably in the lead, says
Brace Latimer of the Cleveland Muoseum of
Matural History, oné of the anthropologists
brought in by the Tanzanian government to
study the excavated prints. While examining
the prints, he saw that the female’s track
veered slightly; apparently she had side-
stepped something on the ground. The first
mitle made the same stutter step about & vard
behind. Whether the third forager was in fact
walking behind the others or came later is
impossible to determine.

As T kneel beside the large print and lightly
touch its sole, T am filled with guiet awe: Tt
lnoks perfectly modern.

“1 thought that at three and a half million
viears ago their prints might be somehow dif-
ferent from ours,” saves Latimer. “But they
aren't. The bipedal adaptation of those homi-
nids was fuli-blown.”

But though this excavation has revealed
new information, it has not solved the greatest
mystery about the footprints; What kind of
hominids made them? Latimer believes they
were left by members of Lucy's species, afar-
ensis. Although few of Lucy's fool bones have
beecn found, the bones of other afaressis
individuals from Hadar suggest to him that
her foot could have fit the prints as easily
as Cinderella's did the glass slipper. Other
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specialists disputle his interpretotion, arguing
that afurersis toes were too long and curved to
make foolprints as modern as those at Laetoli.

“Lucy was one of the stepsisters, not Cin-
derella, ™ argues Russell Tuttle of the Univer-
sity of Chicago. He believes the triacks were
made by a mystery hominid whose fossils have
vet 1o be found.

UCH DSAGREEMENT over bones is in-
tense. I have often seen the faces of dis-
tinguished scientists flush as they've
bashed one another’s theories about
the anatomy of afitrensis with acerbic wards.
Those who hold that the species found at
Hadar made the Loetoli footprints a thouzand
miles away and 400,000 years earlier believe
this indicates that Lucy's species ranged
across a great enough expanse of Africa fora
iong enough time to have given rise to Homo.
Other scientists see a much more complex
picture, arguing that many of the fussils we
call afarensis may in fact be something else,

=ome scientists are now even questioning
Lucy's position as the mother of us all. Throw-
ing out perhaps the greatest insult, Peter
schmid and Martin Hiusler, anthropologists
at the University of Zurich, recently proposed
that Lucy might have been male.

This idea provokes exclamations of incre-
dulity from Owen Lovejoy, the anatomist at
Kent State University who painstakingly re-
stored Lucy's pelvis, as well as from Donald
Johanson, who discovered her skeleton. Both
believe that aforensis was sexually dimorphic
toa notable extent. “ If Lucy is a male, imagine
how small that would have made the females
of her species,” savs Johanzon.

In 1992 Johanson's team from the Institute
of Human Origins in Berkeley, California, ex-
cavated a new gfarensis skull at Hadar that is
much larger than Lucy's, indicating that the
individuals at Hadar did range enormously in
size, pernaps according to sex. ™ Schmid, how-
ever, argues on the basis of his own reconstruc-
tion of Lucy’s skeleton that " Lucy’s pelvizs has
more male traits than female characteristics.”
For one, in his model Lucy—like modern
mitles —lucks a ventral arc, a bony ridge on the
front of the pubic bone, found in almost all
modern females, HiAusler adds that Lucy's
pelvisis too small to have given birth Lo an aus-
tralopithecing infant. “The only reason you

*Ser " Face-to-Faoe With Lucy's Family, " by Don.
aid C, Johanson, i the March 1996 jssue.

National Geographic, Februory 1007



Balancing act

T AR BY T JOEEBENTLL dnm CRE BT

images ol sinus cavities (green) and a brain cavity (yellow) are based on L1 scans of the skull of an
archaic Homo sapiens. Anatomist Fred Spoar holds a cast of a modern human inner ear, which trans-
mits balance infermatlon and sound signals to the brain Usmg CT scans to compare the organ with
similar structures In fossil skulls, Spoor studies how our forebears maintained their balance.

wotlld say Lucy is a female 15 her small sige,™
savs Hiugler. Y Perhaps we should change her
name to Locifer.”

Lori Hager, a pateoanthropologmst st the
Umiversity of Califormia at Berkeley, agrees
with Schmid that by modern human standards
Lucy does notl look clearly
Hager concedes
he pointless. Modern [emale pelvises are wider
than those of modern males because a= human
brains expanded, women needed mnrth canals
large enough to deliver large-brained infants
"You can't determine the sex of chimpanzees
on the basis of their pelvises,” Hager says
“Mavbe there weren't pelvic differences in
australopithecines either "

fermale, though

that such & comparison miy

Hager and others believe that male and
g, like chimpanzees,
were not noticeably different in appearance
ani that the variation in size is because there

fermale aust I'Ei]-l!]_]i!hl"n Tils

The First Steps

were al least two spenes of australopithe-
cines at Hadar—one large and one small. This
hypothesis, if true, will strengthen an inc reas-
mgly popular ides: Many species on the early
nominid family trée remaan to be found.

Meave Leakey, the noted Kenvan paleo-
anthropologist,
species —an australopithecine older than afar-
ensrs, Because the 4, 1-million-year-old fossils
were discovered at Kanapol, near modern
Lake Turkanain northern Kenva, she calls her
new australopithecine anamensts, which
means  of the lake” n the local Turkana
lAanEuage. *

Tanand lanky, Meave Leakey s continuing
the work she helped her husband, Richard,
ploneerin the 18705 1 meet her at the National
Museumsof Kenva  (Continued on page 58)

recently found one of these

*See “The Farthest Horzon,'

september 995

by Meave Leakoey,
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ANCIENT GLOBAL CLIMATE
Bafore 3.5 milllon years ago Atlantic snd Pacific
waters mix in the open passage betweoen the Amuor-
icas, balancing salinity levels. Buoyant Attuntic cur-
remts wnmiper the chill of the Arctic Ocsan,

| :hrmuﬂw f(,

HMODERN GLOBAL CLIMATE
The Pacific no longer mixes with west-moving
Attartic waters in the tropics, The Morth Adantie Cur-
rent, heavy with salt, sinks befors it reaches
the polr sa. Deprved of warmth, the Arctic freezes,
ultirmataly causing a cooding, drying effect in Africa
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Challenged to survive in
a shifting landscape

Wind-borne dust and pollen deposited in coastal
ocean-floor sediments provide clues to rainfall,
temperature, and vegetation patterns in Africa
over nearly five million years (graph, above).
Many scientists find significant correlations
between periods of climate change and impor-
tant junctures in hominid development

Early hominids like the australopithecines
llustrated above possessed features that helped
them survive in a variety of landscapes. A biped's
free hands are able to gather a broad range of
foods. Erect posture offers less surface to absorb
the sun’s heat and exposes more skin to moving
air, helping bipeds keep cool on the open plains.

According to geologist Steven Stanley, Africa
grew cooler and drier afeer the Isthmus of Pan-
ama rose (globes, left). Rain forests shrank;
woods were broken by broad stretches of grass.
fand. Stanley believes this change drove the split
between Australopithecus and Homao,

Palecanthropologist Robert Blumenschine calls
Tanzania's Ngorongoro Crater (right) “a modemn
analog” of an eastern African landscape that likely
challenged hominids between one and two mil-
lion years ago. Dense forest darkens the crater’s
southern rim, foreground. Downslope, open
acacia woodiand thins into savanna. Grasses
and sedges ring a dry lake bed. In the distance a
stream winds across the crater floor, and on the
far rim trees thicken again.
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il L A onarmensis,
oldest member
of | genus,
dates from
around four mil-
lhon years ago.
A bahrelghozah
jaw and tearh
wara found
1,500 miles west
of the East Afri-
can Rife.

Limbs and branches

on the family tree

These trees present conflict-
ing interpretations of hominid
history spanning nearly five
million years. Phillip Tobias
views Homo as a fairly simple
genus descended from A. afri-
conus two to three million
years ago. Bernard Wood
views Homo as a more com-
plex genus with no clear
path of descent from the
australopithecines. They
agree that robust australo-
pithecines occupy a separate
lineage that went extinct
about one million years ago—
but disagree on how many
robust species existed. Such
diagrams frame the current
debate about our species’
ancestry. Future fossil dis-
coveries will test both.

FLRGAELLY
: Aunfr slopdincon &arvmin

1 ?gi-x,f.

Hominid phylogeny according to
Phillip Tobias, University of the Witwatersrand
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Early Hominid

Finds in Africa
Site or region name
Homo
Robust australopithecines
Australopithecines
Ardipithecus
I, SID) ARDERRAHMAMN
H ereciug
1. TIGHEMIF & KCOBI FORA
H. erecmn H"'—’ﬂ“
3. BAHR EL GHAZAL (KT11) 4 wfu“"‘"""m
A bolvolgharoll A, baisei
tw ' A aforensis
i,y 9. ALLIA BAY
I.l aforensls A anamensis
AWASHIARAMIS
g . LOTHAGAN
Ardifethecs ramidus
5 OM0 A anaieris
He
H habiks I1. LAKE BARINGO
H rudol e H erecius
A Doise| Home sp.t
A oathicpicus A, balnm)
A aferensi L. FENIN]
1. WEST TURKANA A B!
H. erechin I13. OLDUVAI GORGE
A, bodjas M. erechin
A oethiopcus M. habilis
A affureis A boisei
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. LAETOLU
A aforensis

15. HMALEMA
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URAHA
H rudolfensis
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I7. KROMDRAAI
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A africonas
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Romains of this diverse spe-
cies are found in Asia as

woall 23 In Africa lts brain-
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(Continued from page 81)  in Nairobi, where
she shows me pieces of aramensis, including a
narrow, apelike mandible with small, vaguely
human-looking teeth. She also has two ends of
a tibia, the larger of the two lower leg bones.
They are telltale fossils: The sirength of the
tibia and the angle at which it must have
joined the knee and ankle indicate that ana-
mensis wilked on two legs half a million
veurs—or 25,000 generations—earlier than
the Lastoli hominids. Leakey's goal now is to
explore more four-million-year-old sediments.
Fossils of that age, she sayvs, "will tell us more
about the split between chimps and humans,”

The next day we fly a small plane to a remote
site cilled Allia Bay on the shore of Lake Tur-
kana. Four million vears ago this landscape
was prime homimid habitat. A forest along a
river's edge provided shelter and fruit, while
nearby grasslands and patchy woodlands
would also have been good for foraging. Be-
vond the landing strip there is no hint of civili-
zation today. When we set down at 9:30a.m.,
the temperature has already hit 97°F — by mid-
day 1t will push 1207, Strong winds gusting off
the lake constantly suck moisture from my
body. “Drink, drink, drink. At least two gal-
lons a day even if yvou don't feel thirsty,”™
cautions Leakey.

At night hyvenas whoop nnd lions roar, while
deadly, pencil-thin carpet vipers lurk in the
sand. I am assigned to the camp’s only vacant
tent—abouta hundred vards from the others.
While the relentless wind shakes my 1zolated
shelter, 1lie awake, alert to the slightest noise.
[hd ourearly ancestors face the night feeling 2o
vulnerable? I don't imagine my ability to run
on two legs would help much if a hungry carni-
vore appeared outside the tent. I try to remem-
ber where the nearest tree is.

Leakey and her longtime colleague, Alan
Walker of Pennsyvlvania State University,
seem oblivious to such concerns—a trait I find
common 1o the sun-weathered men and wom-
en whaose passion for finding ever older hones
drives them to such pumishing sites. Leakey
can walk all day intently scanning the ground
for scraps of bone under the withering winds
and sun and return to camp seemingly re-
charged, exhilarated, and ready to handle
such practical problems as getting fresh meat
or repairing vehicles,

Over dinner we discuss the growing com-
plexity of our view of human origins. Already
many scientists are arguing that the tibia she
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found last vear resembles Home more than it
does gfarensiz. They suggest that it might be
part of another line of hominids, one that could
have made the Laetoli footprints and later
evolved into us. But Leakey thinks that her
new bones and those of Lucy's species are sim-
tlar enough, at least from the neck down, Lo
make anamensis Lucy's direct ancestor. She
sees differences, though, in the teeth and skull.
“Anamensis had a more primitive, chimplike
head than Lucy,” she says, She suspects that
her find is but one of many hominid species
that evolved after the advent of bi 1sm.
“1 think anamensis may turn out to be just
onetwig on a bushy bush, " she savs, “Most of
the other twigs may never be found, and it may
never be possible to say exactly what evolved
intowhat. What matters is what these animals
were doing —experimenting with hipedalism.
Why? What caused this breakthrough?™

O THE NORTHEAST of Lake Turkana,

in Ethiopis, a site called Aramis may

soon help answer these questions, An

international team including Tim
White of Berkeley and his Ethiopian col-
league,; Berhane Asfaw, has been uncovering
& 4. 4-million-yvear-old species that White
believes is the oldest hominid vel discovered.
He thinlks this new species is so different from
Australopithecus that he has created an entire-
ly new genus for it. Borrowing the word for
“ground” in the local Afar language, he calls
it Avdipithecus, or "ground ape.” Its species
name, ramidus, means Y root.”

“"Ramidus is Lhe first species this side of our
common ancesior with chimpanzees,” he
savs, “It's the link that's no longer missing."

Several of White's colleagues tell me they
suspect ramidus actually belongs on the chimp
lineage; its teeth look too primitive to be on the
main line of human evolution. But, except for
the teeth, few have seen the fossils, which
White refuses to discuss in detail until he has
thoroughly studied them. The kev gquestion, of
course, is whether vamidus was bipedal

White just smiles when I ask him that ques-
tion in his lab in Berkeley’s Life Sciences
building. “Let’s just say ramidus had a type of
locomotion unlike anything living today,™ he
finally says. "I vou want to find something
that walked like it did, you might try the bar in
Star Wars, "

Fit and wiry, White brims with confidence.
Few anatomists are as respected as he is for the

National Geographic, February 1967



Brain space

Even the cleve -'.I'--n'-|:-:|r-IE|:- FIBIVL } SEECITES STTRAI-
brained next to a modern human {below right)
n these images from a University of Lurich
exhibit. The head of a baby chimp passes easily
through the birth canal (diagram, below . I
contrast, tremendous force is required to
mave a human infant's farge head througn Its
mather's marrow pelvis. Scientists speculate
that A, aoforensis females, such as Lucy, shared
both conditions: They gave birth to small-
headed Infants, but the birth process was still
difficult, because their pelvises were narrowed
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Stepping-stones to change

Two million years ago early members of the genus Homo
exhibited familiar human traits: increased brain size, toolmaking. ¢ B
and a high-quality diet. Each trait influenced the others' devel- = §
opment. Even the simple technology of stone-tool production &
indicates increased mental abilities, Gathering workable stones, .
remembering flaking angles, and matching tools vo tasks called L L
for bigger brains than earlier species possessed. Australopith- 3
ecing brain volume averaged 400 1o 500 cubic centimerers
(ec). Early Homo specimens show volumes of 600 to 750 cc.
As anthropologist Leslie Alelio notes, large brains are
“expensive’’ organs, requiring high energy levels to operate
(diagram, right). Human brains use about 20 percent of the
body's total energy production. Fueling growth in such a de-
manding organ requires food dense with calories and nutrients.
Early Homao appears to have added meat from larger animals
(left) to the mainly herbivorous australopithecine diet. Homao
hatilis was a fairly small species, and its tool kit consisted mostly Trade-off for

kdliees, inomrt e

of fist-size hammerstones and small, sharp flakes. Many re- a better brain
searchers befieve that, with nelther the stature nor the weap- v v
ons of a mighty hunter, these early humans used their brains 1-=||:I.-ad Homio ::m-e I EI :

! di lch aflowed for
and tools for scavenging the prey of stronger, !#mr carnivores oot g;:: ::gul:l. iritrfndlon
(above). Breaking open the bones of a single wildebeest’s leg, energy became availsble ta ran a
filled with fatty marrow, an individual could consume half a wiill larger; more complex brain
day’s calorie needs in one relatively safe and easy meal. CORAINT ANTURGIGLOGY, MRS 1008
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hundred over an area the size of a typical city
block, may have been common in a landscape
shifting from forest to drier, open woodland.

“The pre-hominids were probably already
more bipedal than chimps today, ™ sayvs Hunt
YAz they were forced into areas of smaller
trees like (rrewda, it became more efficient for
them to feed standing upright on the ground
rather than trying to move through the
branches from tree to treg.”

Oince on the ground, it would have taken
less energy to shuffle on two legs from tree to
tree than to radse the torso from a four-legged
posture to feed, then lower it ggain to move on
all fours to the next tree. "' That would have
had & side benefit,” says Henry McHenry of
the University of California at Davis, "It freed
the hands to do other things."

As the amount of shady halitat shrank,
keeping the braim cool might have been ancth-
er factor in the development of bipedalism,
savs Peter Wheeler of Liverpool John Moores
University. Une way to reduce the risk of heat-
stroke 15 to stand upright. " During the most
stressful puirt of the day a biped on the savanna
gets only a third of the solar heat load a quard-
ruped does, " savs Wheeler. Also, with more of
the body expozed to cooling bréezes, shedding
heat becomes easier, reqguiring hominids to
CONSUME (2S5 Water.

In the debate over why the first hominids
developed bipedalism, Lucy takes center stage
once agdain, While Owen Lovejoy of Kent
State has long believed that Lucy lived exclu-
sively on the ground, others think she was
equally at home in the trees. Afarensis, they
point out, would have been a good climber
because of the mobility of its joints and its
strong arms and shoulders. And because its
long, curved fingers and toes would have
helped it grasp branches.

Others question how efficient 4 biped Lucy
really was, Peter Schmid, one of the Swiss an-
thropologisis who challenged Lucy's gender
and one of the specialists brought to Laetoli to
study the footprints, savs that his reconstruc-
tion of Lucy's skeléton suggests that she would
have rotated her trunk when she walked, wad-
diimg like a gorilla.

Unlike modern humans, Schmid says, Lucy
didn’t have light ribs and a widening of the
upper part of the thorax that would let her take
in more oxygen and cool her body efficiently
when she ran, He maintains that Lucy woeuld
haeve had to pant like a dog to cool herseli.

9

Running any distance on the savanna would
have caused heat exhaustion,

RGUMENTS OVER ecarly bipedal tech-
niques flared afler a discovery
called Little Foot by Phillip Tobias
and Ron Clarke of the University
of the Witwatersrand in Johanneshurg. A
cluster of bones that made up the instep of a
hominid that lived in southern Africa between
3 and 3.5 million years ago, Little Foot had
for vears lain misidentified in a drawer full of
baboon fossils uncovered at Sterkfontein, one
of South Africa’s great fossil excavations.
After Clarke recognized the bones as hominid
in 1994, thev were transferred to o felt-lined
plastic box and stored in the vault at Tabias's
laboratory

“1 love it with all my heart," Tobias says as
he removes the pleces of Little Foot from the
box and assembles them on his desk, “The big
toe of this hominid deviated so it could swing
put to the side as our thumbs can,” he savs,
moving the toe bone back and forth. Modern
humans can move the big toe up and down,
but chimps have mare range of movement,
enabling them to grasp. But while Little Foot
had that apelike feature, its ankle was more
humanlike. “This combination suggests that
our feet became human gradually,” says
Tohias, “from ankle to big toe.”

When Little Foot wanted to, say Tobaas and
Clarke, 1t could have retracted that grasping
big toe and walked much as we do, even
though it retuined tree-climbing ckills. They
even think that Little Foot was the kind of
hominid that made the Laetoli footprints,

Scientists who believe that gfarensis made
the footprints have attacked Tobias and
Clarke's interpretation. ‘Whether or not their
¢laim that Little Foot walked with a divergent
g toe holds up, they have fanned a contro-
versy. Some scientists now wonder whether
hominids expenmented with different ways
of being bipedal.

During the 1980s, while South Africa was
1solated from a world increasingly intolerant
of apartheid, Sterkfontein produced hundreds
of new gfricanus specimens, ncluding many
fossils from the arms, legs, torsa, and pelvis—
airvicanus body paris rarély found before. In
1994, with the end of apartheid, news of these
discoveries began filtering out. Some of these
finds may even turn out to be new species,
Lee Berger, Tobias and Clarke’s colleague at

National Geographlic, Felvuary 1097
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The anatomy of dexterity

Hammaerstanes, like this
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Evolution headquarters

Even after decades of excavation at Olduval Gorge (above), Rutgers |.Jr'|l'-.-E='"'=.I"l|' '1'1-F-'11r'--‘|=rr:-|'|':;|-'_1g|r-.'.

Robert Blumenschine sys, "there’s no end to the treasures that can be found.” Louis and Mary
Leakey's pioneering work established Olduvai as the mast famous of early prehistoric sites. "-""'r'IL'

an internaticnal team (balow), Blumenschine continues excavations here. Sediments offer him clues

to the rise and fall of lakes and springs. Bone fragments gnawed by tecth or gouged by tools help

hifm reconstruct ancient relationships among predators, SCavengers, and prey




ever explained these satisfactorily,” he says.

Herger first got the notion that an engle
killed the Taung child when he saw one swoop
down and fly off with amonkey. He found the
eagle's nest and, working with Ron Clarke,
documented that the bones left on the ground
resembled the animal fossils found along=ide
the Thung child. He alzo found the skull of o
voung aboon with puncture wounds similar
10 the child’s.

“The world was acruel place for early hom-
inids,” says Berger. “They not only had to
watch every bush they passed by, every rock
they turned over, and every tree they walked
under,” he says, “but now we know they alzso
had to keep one eve on the sky.™

But around 2.5 million vears ago life irrevo-
cably changed for hominids. In Ethiopia I see
the reason why.

HESE ARE THE OLDEST ENOWN stiing
tools,” says Yonas Bevene, director
of archarology and anthropology for
the Ethiopinn Ministry of Informa-
ton and Culture in Addis Ababa. " They were
made 2.6 million yearsago, " he adds as he pre-
sents a box holding sharp-edged flakes and
fist-size choppers from a site called Gona

Thousands of such tools have been exca-
vated by a team led by Sileshi Semaw and
Jack Harris of Rutgers University. " Making
them was a simple process,” Bevene tells
me. “The hominids picked up one stone-and
broke it with another. That gave them a
sharp cutting edge that could pass through
an elephant’s hide — something hominid teeth
coutld not da.™

Tools were used not only o cot meal into
edible pieces; they could also smash bones in
order to expose the fat-rich marrow and dig
roots and tubers. Scavenging for carnivore
leftovers, especially the marrow and brains,
became a hominid way of life.

The use of tools to cut meat probably coin-
cided with the increased size of the hominid
brain. "If yvou found an abandoned leopard
kill, you could get vour day’s nutrition in half
wn hour, " savs Robert Blumenschine, & paleo-
anthropologist at Rutgers University. “But
vou have to be smart 1o be a good scavenger.”

And as early hominids grew smarter, they
developed better tools, Imagination may have
been born when our ancestors developed the
ability to think about a tool they needed and
then create it, says Kathy Schick, a stone-tool

L7

specialist at Indiann University., “Experi-
menting with different shapes of tools repre-
serts the earliest form of science,” she adds,

With the increase in brain size, the hominid
body began to change in other ways, “Each
gram of brain tissue needs twenty-two and a
half times as much energy to keep it alive as
muscle tissue at rest,” explains Leslie Aiello,
nn anthropologist at University College Lon-
don. “If you want to grow a big brain, vou
have to shrink some of vour other expensive
organs, such as your kidney, liver, or gut.”

While scientists are beginning to under-
stand the biological ramifications of creating
and using stone tools, they remain uncertain
about which hominid invented them. Many
beheve that australopithecines were capable
of fashioning simple tools, but others see tool-
making as a sign that Homo, with its larger
brain and greater intelligence, had evolved.
However, no Home fossils as old as the Gonn
toals have been found.

Palecanthropologists have gotten  close
though. A mandible recently found at Uraha
in Malpwi by Tim Bromage of Hunter Collége
and Friedemann Schrenk of the Hessisches
Landesmuseum in Darmstadt, Germany, may
be our oldest Homo specimen, *'We think this
was a young adalt who lived about 2.4 million
vears ugo,” sayvs Schrenk in his office, holding
up the two pileces of a brown jawbone that
retains its blackened teeth.

Others guestion the accurncy of the age
Schrenk and Bromage propose for the Malawi
mandible. Andrew Hill of Yale University
tells me that a 2 .4-million-yvear-old skull frag-
ment from Lake Baringo in Kenyva represents
the oldest Homo. Meanwhile, Donald Johan-
son and Bill Kimbel recently announded find-
mg the upper jawbone of an unidentified
Homo at Hadar and have dated the fragment
to at least 2.3 million years ago.

The fossil record for early Homo, however,
remains scanty, and specialists argue over
how many species existed. For mnnv vears the
carliest Homo fossils were all categorized as
Homo habilis, after fossils discovered at Oldu-
vai Gorge by Louis and Mary Leakey in the
1960, New [amily trees have recently been
drawn that break a second species, Homo
rudeifensis, off from habifis, Fossils of the
more advanced Homo erectfis, which scien-
tsts previously thought emerged around 1.5
million years ago, have been dated as early as
1.8 million years ago, indicating that erecins

National Geographic, Febvuary 1067



Members of the family

In the fossil vault of Kenya's National Museums, Richard Leakey displays four of his extraordinary
finds, all from the Lake Turkana region. The skull of a robust australopithecine, far left, though part
of the hominid family tree, rests on a separate branch, Clustered together from center to right
Heomo skulls spanning 300,000 years are all more closely related to modern humans
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Time is running out for

the world's largest cat.
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habitat loss, only a few

Siberian
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hundred survive in the
wild. While zoos work
to maintain the animal’s
genetic diversity, Russian

and American scientists
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in the fight to save this r1 ::' E
magnificent creature |
from extinction, i Bt |
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bond and live
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Later, the
|Ij_.'r'._.'-' TLEL]
The world
of Koucher
and Niurkn

% & three-acre enclosure 1o Lthe

village of Gayvoron, 190 miles

from the Sikhote-Alin Biosphere
Reserve, one of four set up in
protect wildiife

Ehis repaon L

{ar

hahitat. Russian scientists waork
in concert with the Stbérian

Tiger Project of the Hornocker
Wildhife Institute. a project that
Howard Quigley and 1 began in
| 749 al the University of Idaho

It i= not Known exactly how

maiy Siberinn tgers roam free;

l1ke most Iarge, secretive carnl
viares, they are hard 1o count,
The latest esttimate 15 arcund
L30. D work is mimed ot
mereasing that number through
better protection of the animals.
[he story of Koucher and
Wiurka is sadly not uncommon
Thev were among two etz of
cubs orphaned when thelr moth
ers were killed by poichers
according to Victor Yudin, a
vertebhrate biologist at the Rus

sian Academy of SCiences in

Viadivestak. The cubs were
pven 1o Yudin for care. But two
cubs were too manourished
LD SUTVIVE

I 'he winters of 1992, "93, and
04 were hard on Sthertan tigers.
Many were killed for their conts
and body parts. The demise
of the Soviet Unton led to the
opening of Russia’s borders
That made it easier for illegnl
traders to croza into China and
southenst Asin, where iger
bones and organs are prized for
their supposed potency as medi

cines and aphrodisiace

MavricE HORNOCKER 15 directo
of the Hornocker Wildlife Institute
Far mformation wrte: P.O. Box
1246, University of Idaho, Moscow
ldaho B3B43. Magc MorliTsCH s

photogranher for the Instifuls
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daylight, “sandhogs"”
install air ducts in a new
artery for New York
City’s water. City Tunnel
No. 3 will add 60 miles
to a multilayered sub-
terranean network that
slakes the city's thirst,
transports its people,
and channels its light,
heat, and voices.
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Subway Song

Maestro of rush hour, James Graseck strikes a final note
as a train pulls into the Herald Square Station. The violin-
ist performs in Lincoln Center, Carnegia Hall, and the sub-

way. “I'm not playing for strangers,” he says. “I'm playing
for a bulk of humanity. They're like extended family.



| become part of their commute.” Each day 3.6 million

paople ride the subway, along whose 230-mile route

the city grew. “The symbol of New York may be the sky-

scraper,’” writes transit historian Clifton Hood. ""Yet, with-

out the subway, the skyscraper would be an empty shell.” 113



VERYONE GETS SCARED on

his first sewer dive,” Jeff
Kwami, a 12-year veteran
says. "It's not anormal
place to be.” My plastic bodysuit
crinkles as | climb down a manhole
in Queens. Two pairs of gloves
cover my hands. Over my shoulder
is an emergency tank filled with a
ten-minute supply of air. As part

of safety training, | have learned
about methane, hydrogen sulfide,
and other potentially lethal or
explosive gases formed by decom-
posing organic waste.

Like most peopile, 1 huve lingered at an open
manthole, thankful I did not have to go down
into that dark, confined space. Despite this
fear, 1 have been fascinated. Looking beneath
a city street s like peeking under vour own
skin—the terrnin upon which yvour well-being
depends is so close, vet so full of secrets

Now [ am visiting the underworld that
keeps New York City alive. More than 32 mil-
lion miles of utility lines range in depth from
just below the sireel to more than 80 stories
down. Noone turns on a light, cduks ameal, or
warms an apartment withoot tapping into
these lifelines, Maps of them look like the cir-
cultry of a rocket. Color-coding helps. Red is
gns. Orange is electne, Yellow i stenm. Pink
is telephone. Black is television cable.

I nm climbing through this subterranean
rainbow to reach its deepest and least accessi-
ble lavers: water mains and sewers, repre-
sented by blueand brown on the map. Then 1
will sample the more familiar transportation
facilities, 22 underwater tunnels and 443 miles
of underground subway tracks. Although u
feslmg in my gut savs, “Don't do this," | am
excited o leave the surface.

Ban S.u:aﬂi?u.ﬂ"::iunu:|}1wmgm|1hur whii Hves 14
fleors aboveground in Manhattan

114

After anly seconds in the manhole —in re-
ality, a sublerranean brick chimnev —1 realize
how completely this underground has it own
rudes. which visitors break at their own rislk.

"o slowly,” says Jeff, who stands on a
platform about 30 feet below the surface,
cimging to the safety hne harnessed o my
back. I am 40 feet down, standing on a two-
foot-wide concrete ledge. In front of me is a
swift rivier of human waste—what sewer
workers call “nasties.” The six-foot-diameter
tunnel 5 filled only hallway, because muost
peoplein this residential neighborhood nre still
at work. At ¥ a.m. and after 5 p.m. sewer tun-
nels are often too full to visit. When Jeff or his
colleagues search for leaks or blocknges, they
usunlly descend Inte st night, when peaple are
sleeping and toilet flow is low.

Abaveme Lhenr the thunder of cars crossing
manhole covers. I | close my eves and ignore
the smell, the rush of water sounds idvihic
“What happens if vou fall in and you're not
attached to a rope?" 1 ask Jeff. “If vou don't
pull yourself out at the next few manholes,” he
answers with o shrug, “vou'd be tiken down-
stream & few miles to the processing plant.”
There 1'd be trapped underwater and drown.

Processing the sewage, mostly removing
harmiul bacterin, vields 310 tons of sludge —
also called blosolids —each day, Seventy per-
cent 15 formedd into pellets and sold as organic
fertilizer. Ope-quarter is shipped to Texas and
spredd on semiarid grissland. The rest goes to
i landfiil. The sludge contains hundreds of
tons of the toxic chemicals, metals. and other
industrinl wastes that seep—or are dumped —
into the sewer system each yvear. The pallut-
ants unaffected by these procedures end up in
New York's walerways

Behind me n= [ stand at the edge of the Aow-
ing sewage sre large brick troughs. Every-
thing down here is moist and slippery, so T'inch
my feet around to look bevond these troughs
into an empty storm-runoff tunnel. This alone
makes the trip down worthwhile becayse it
shows me how thing wark.

This sewer, like 70 percent of those in New
York and miny in older Amercan cities; is
alsoa collection facility for storm runoff, After
o downpour vielding a half inch of rain or
more, the sewage will flow over the floor on
which 1 am standing, =pill into the troughs,
and exit through the storm-runcfl tunne
directly into Flushing Bay. Thus, New York
regularly pollutes surrounding waterwavs

National Geographic, February 1907
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Among the last Amtrak tunnel residents, Bernard Isaac
lights a cigarette as he waits for water to boil. During his
11 years beneath Riverside Park, Isaac built a communal
kitchen 30 yards from the tracks, where graffiti artists
Lord of the Tunnel painted the mural of an execution, copying a classic



work of Goya. Isaac left last June, but only after the rail-
road ordered him out. “l miss the tunnel,” says Isaac,

who moved into an apartment in Harlem. “"Now | have
sirens, car sounds. | really wanted to stay behind after

they got everyone out, just to have some peace.”
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Rooted In rock

Much of Manhattan rests on clay, sand, gravel, and
boulders deposited by Pleistocene glaciers. Sand
nogs have dug 22 underwater transportation tun-

nels through this debris and bedrock. Below, thay
have blasted two water tunnels through gneiss and
schist. They are boring a third to serve as a backup
for a system carrying 1.5 billion gallons a daw.
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sti's job s to help Anish a 35-million-dollnr

station expansion, Included will be the first
plevators in Times Squire’s manm
As we stand in one of the many passngewnys,
Stu points to a low concrete ceiling. “'This s
g, e savs. Tt will
reguire going up through the street™ He un
rollsalarge man — aspaehett bowl of gas, elec
tric, telephone, cable, steam, waler, and sewer
lines “They're all between us and the street,”
he exploons.  We'vie got to dig throwagh them,™
"How can vou understand this map?"” |
ay, | Evervthing crosses evervithing alse.
Sty smiles. ¥ 1t's actually more complicatesd
than the map, ™ he ‘Manhattan is ths
most dense underground site in the country
Cnce yvou start to die, yvou never know whit
vor 're going to hit. Citen people don't tnke
things out. They pbandon things in place
throwing new ontop ofold, solater vou have to
fgure out what's opéerattve and what s not.”
We go up to the streel, where 8 waler nain
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He will be operating on the citv’'s under
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sInCe 19
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Mew York toughness s still here—when a
recently doring a rabbery
ramn untll meaics
angry possengers swore nt him for
making them Inte. But | am amazed by how
mich safer the subway feels these days. Most
cars and stations are reasonably clean and wiell
Ht. New subway-cur paint, ffrom w
puint can be easily washoed, he
mosh wralfit
ing or drawings etched by vandals, cover vir-
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Laally every SuDway Car w ndow

Three junior high =chool students show me
ww they paint graffiti on subway tunnels
lenoring farge rats, which they cnll " tunnel
rabbits,” they enter the tracks from stntions
They risk arcest, getting hit by a train, and
touching o 600-voit rail. Their handiwork 1= a
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Empty of passengers as it changes direction, a local
slips by a special tour of the 1904 City Hall Station,
designed as a showplace for the first subway but closed
when trains grew too long. After half a century it will
Turnaround reopen next year as a museum. Between 1982 and 1996



the New York City Transit Authority spent 13 billion

dollars to reverse decades of decay in the subway. Air-
conditioning returned, trains traveled ten times as far

between breakdowns, and graffiti disappeared. Stricter
law enforcement has cut felonies by two-thirds.
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hlight, but sometimes someone leaves worrs
worth reading. In one tunnel—used only by
Amtrak trains—1I find: “'We all Hive in a tunnel
of darkness, Yel few meet fearlesslv the
demons they refuse tosee., Tunnel of darkness.
Inner light.”

Puolice arrest graffiti writers as part of a new
policy that has reduced felonies on the subway
by two-thirds since 1990: Catch people for
the small crimes so they cannol commit Jarge
ones. Police used to ignore turnstile jumpers,
people who enter the subway system without
payving their fare. Now officers look for them.
In 1295, 5 percent of those arrested carried
WERPONS.

Despiite crime recluction, the subway still
convevsa sense that civillzation is aboul to lose
its grip, that chaos is just around the corner.
Veteran riders share their survival wisdom,
Dion't sit near doors, becnuse sameone could
rob you as the door is closing. Keep alert to
everyone armind you, but don't loek snvone in
the eve, because someone might take it the
WIong Wiy,

Staving aware of people while not looking
them In the eve i= a skill gquickly mastered. A
bad smell maoves through nsubway car, radiat-
ing from amun who seems otherwise normuoal,
No one looks at him or exchanges glances.
Being together under such circumstances is,
forthe system’'s 3.5 million dailyriders, nmed-
itation on aloneness, Al one station 1 sit in the
middle of a thrée-seat wooden hench. A young
man sits to mv right. Sheet music covers his
lap. He hums is he reads the music, his fingers
moving as though playving a piano. To my left
a woman sits down, opens & compact, looks
in the mirror, and brughes on eyeliner. Then,
perhape subconeciously, he begins to hum the
samie =ong as he. =it hetween them, silent and
inwvisible.

E NEVER ACENOWLEDGE T, hut the
three of us need ench other, The rule
under New York is the same as the
rule above: Muke sure other prople
art alwavs nearby. It i5 10:30 a.m. The trdin
I am on empties, and suddenly I am nlone, sit-
ting beneath one of New York's toughest
neighborhoods. The car stops at the next sta-
tion, and its doors open, Who will get in# Will
they see me as a good target? Only later do |
remember that when a car empties, you should
get off —even if it is not vour stop— and wait
until vou can ride with other peaple.

130

Numbers increase safety but gusrantee
nothing. The New York Datly Netes carries a
letter from Josiah H. Brown, special assistant
to the president at the New School for Social
Research. He describes sitting in a subway
car. A man starts to punch him. "His fists
struck without warning, throwing me off the
seat, " Brown writes. “My repeated shouts of,
‘Someone help me! Please!” were ignored by
some 20 fellow passengers, . . . Scrambling
quite passibly for my life, I glimpsed them sit-
ting, Inert, impassive. No one responded, no
one moved, no dne even offered o kind word
when it was over.”

The New York Police Department keeps no
statistics on the indifference of bystanders.
“What would vou do il you saw someone
being ascaulted?” | ask my fellow riders, Most
ignare me. Most of those who answer say thev
wottld do'nothing, * Would vou it while it was
happeninge" elicits shrugs and blank looks.
Fear of guns and knives is understandable, but
this could be some lower ring of Dante's Infer-
no, & plice where people who could help you
do nothing.

Unlike those trapped in Dante's hell, sub-
way pussengers have a choice. 1 want to stand
up and shout, " You don't have 1o st there in
fenr, If enough of yvou are willing to care, vour
numbers give yvou strength. There's no need to
ride day after day indifferent to each other ™

But, like n New Yorker, | sit silently, hid-
den behind an exprecsionless face. T oo need
the true hero down here, someone Lo shatter
the indifference, reminding evervone that
hirmun contact 1= possible.

Duaring one morning rush hour, on a plat-
form bencath Grand Central, my hero comes
inan unexpected package: a 42-vear-old man,
slender, with bouncy strajght hair, wearing 4
ruffled white shirt and tuxedopants, Hisname
1= James (rraseck. As he plays the wvioling
people slow down, lock at each other, and
smile. With each piece be offers a quick com-
mentary. “Vivaldi i3 describing the icicles
forming," says Jim, who then calls Puganini
“the Mick Jagzer of the 19th century.”

A man hums his favorite opera, hoping Jim
will know it. Ope woman sets down her
briefcase and spends 30 minutes listening
and talking with other peaple. %1 didn’t
hear enough, but' 1 have to be at work.,”
another man says. Many people are regulars.
“1 count on his being here,”™ one woman
confessr=
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Behind the Scenes

LINHE TANTRELE

All Grown Up, and Staying Put

Vacatmwrng m lreland lose Auvgust, seatt wrer Bors Wemnrraub ran inmo Chrnsty Fitzgerald,
whids 4% a thive vear-ald appe ared 411 o -"ni'-rll | 976 ||ill!.'_||.' Pemmsila article. Esch summier
Christy, now 24, crews for tourtsts on a Dingle Bav sailboat, where Boris met him. He
alsn works as a mountiin gude and teaches [nsh dance, He's seen many tnends leave
Ireland tix look for work. ™ You have toowear a lot of hars of you want toostay,™ he says,

Write, Now.

SOMETIMES, for professiomal writers, anv
thang can be preferable to pumng words
UMW 00 papet Somie L FOGRAHIC startrers
pace the floor aimlessly; some stare intently
out the window—ar nothimg i parmcular,
Sl others admir to sudden urges 1o ndy
up somehow, the worst chares are wel
COME WHEN VOU T8 Wity for ispiratng
Assistant Editor Mike Edwards, whao
has prodoced 40 storres for the magazine,
otfers this advice 1o aspiring writer
*Betore vou start, pant the living room.
Fix the gurters. Clean out the garage. No
writelr should live in a new house—that
denies m essennal avodonce maneuvers, ™

FEBRUARY 1997






BEHIND THE SCENES

Their Life in Lichens

s NOT THALD Stephen and
Svivia Sharnolf dre olwesised
with lchens, But the Calitorna
hushand-and-wits photographis
team | below ), prodocens ol our
lichens story, are well mto their
third decade of photographing
ind gathermg some 5,000
speciimins Sponsored by the
hWissowr Boitamcal Garden, thes
AT Wil L|:||_' Yy '|]| 11 |'II |!||||-:.'.-.'-.r

liswin Brodo of the Canadiar

Mluseum of MNature bo Conmgile
I Licheris of North Amernica, a

On the Road Again

TS SURPRISING hiow 1ll-prepared some folks are for drvinge m o
desert,™ savs freelance writer Mark Miller, who need nor count
himself amone that pumber: The Catiformia-based author of om
Sowetiees? drivine pode poe for monthys god 16,3558 mules on
his trosty 1977 Violkswapen Rabbae while writinge the ook,
which follows both the big and back roads of Lirah, Arnzona, and
sew Mevico, "1 can't rell vou how many times | fenind mestorises
LN CEEN -.,i_" ;'.u_ =S '| e sl - ol II|:|.| il ._|||;_"'|| O CXTI Watot
ues st tor stranded teaveters, | handed oot moee than o dozarn

fLIsE Al -:II"." MErVICE Gf your Mociery,

Siaiatirest 15 the thied volume i oue 1Y-book Dirane Cogiecdes

tra Amterica seoits, which includes both maps and the auchairs
favorite routes and poms of Interest in the LLS. and Canadao definitsve, colipr-lustrated
maniual rhat will be published
by Yaleé Llsnversity Precs
[11 the past seven yvears ol
lichen huntme, the Shamotts
Have traveled nearhe DO AN
miles m g small recreatonad
velmole, And ves, sometmcs
while watching TV, they do
cximbar a5 muach mrerest in the
rocks i thie scomery as in the
|||- i, But thev are reallv e all
rhat obsessed. *We also have o
Preal tnlerest, o) lwi3 OIS,
" shime maolas,”

S0 AL R T

B FOR INFORMATION
Call: 1-800-NGS-LINE
[1-B00-647-5463)

Eﬂundi“g Good in Mexico Fall fraa froim ULS., Canads

B am-8pm. ET, Morn.-Fn

LCNSCTTIAMT, GECHGRLAPHIC FRHIOTOGRAPHER—and now a prodducer on Spac|al dEvicE |,:,,_?_r-.-_- Mearing:.
impaired (TRDD) 1-B00-548-97597
Write: National Geographic Society

1185 17th Strest MW
washmgion, D0, 2003640684
. i ey : Ondine:
water splashimg i Xochmileo (above), vendors” cnes, and man Warld Wide Web:
whi musie to supplement weitten datly repors, = The new Web It/ Swwes nationalga ograpine com
fec el i I- pd of 4 Bow sraw. T e AV '|'I..' FLOE Do |""!—.." ED-I'I'II]IIE'EW-E: (0 RANDNL SO RAPH

e Wb sire, Nanonal Crographic Online—Richand Olsenins
wits wsed o rakine pictures on assirnment. Bus for ten davs [ast
surnemer n Mexico Uiy e Lo scrinds, Yoddime CYOW Aro

— L 3 1 I
{1k L ealisin 1o e Dadlv Diesparches beature, Richard recorded
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YOU WOULDN'T BELIEVE
THE GARBAGE
MRS. WILLIAMS HAS BEEN GIVING
HER STUDENTS TO WORK ON.




Forum

In the Olctober 1996 1ssue 15, National Wildlife
Refuges” drew a large and positive response, but
the fact that bunting is sometimes allowed caused
such reactions as: Perbaps the name *killing field’
wiondld be more fitting than ‘wildlife sanctwary." "
Readers of owr Morocce arficle cawght ws fna time
warfrabout the length of Jimi Hendrix's sojowrn in
that cowuntry.

National Wildlife Refuges

Ameticans owe an immense debt of gratitude
leaders such as Theodore Roosevelt and visionaries

like John Muir. We are the beneficaries of their
wisdom., With birmlands, wildlife habitat, and
open lands beng lost to development ar & record
rate, our irreplaceable public lands become more
precious with each passing day, We cannor allow
them to be sold or exploited bor short-term profits,
A commitment to future generations, not shore-
sighted greed, muse be the principle guiding our
public lands policies.

WILLIAM HL MLIRPHY
S8, Tabnr, Mackigan

Regardless of the wise use of federal lands for
nature profection, conservation through private
acon remains the key to success in these ettorts,
The Nature Conservancy, which acgusres lands
that become part of national wildlife refuges and
maintams adjacent protected areas, should have
been 4 part of vour storv. This noncontrontational
organization of nearly one million has pinpointed
maore than 2.3 million acres in the United States for
protection; sce “Cuictly Conserving Nature™ in
vour December 1988 ssue.
RICHARD A CARPENTER
Charlorresinlle, Virginnd

Webster™s definition tor refupe is (1) shelter or pro
tection trom danger or distress (2] 3 place thay
orovides shelter or protection. How are national
wildlite refupe lands a “retuge” for wildlife when
we zllow honnng, fishing, planes, mads, boanng,
odl drilling, unethical trapping, and recreation 1o go
orin these areas? Improvement forrefuges doesnot
start with legislaton allowmg even more distress.

BETA ST

Chesiapradke, Vingird

When vou state that federal refupes are founded on
the principle of putting wildiife first, am |, a 45 vear
member of the Society, to assume thar wildhife
comes before humankind? The pendulum has
swung oo far.
EARL MacDOOCALL
Nureh Hay, Clidarn

Your excellent article was marred by several swipes
at military aircraft rrainmg. Atrcraftnoise and son-
1¢ booms are no more intense than natural thunder.
In California one of the largest colonies of the
endangered leasrtern has grown up between the 75-
decibel runways of Alameda Naval Awr Station. The
Defenise Departmént has an agreement with the
Mature Conservancy to advise the military's natu-
TﬂJ. MSnarce m.'l.l'l..'l._gm omn pl‘l‘l-tn:l.'mg hIWEME 4
its installations and tramming ranges. The Air Force
and Navy have adjusted Hight-traming schedules
to aceommaodate bird migranon roures as well
A% hn:-n:djng seanons for sensitive SPeCis such as
bighorn sheep. Beyond this, there 1s simply no sci-
entitic evidence thar aircraft crainmg adversely
atfects wildlife. The tow arget (page 31) had less
impact on habitar than the feet of the thousands of
nature lovers, like your photographer and your
zuthor, who hike through those areas,
RAYAOND SWENGDN
(4, Codonef, USAF (Ret.)
Suunily, Uta

Federal Lands Map

Thank vou for including the North Country
MNanonal Scenic Trail. For 15 vears we have been
tryving to raise awareness of this trail. We have just
exceeded 1,300 miles of marked and maintained
trail, certified by the Nanonal Park Service, with
another 600 miles completsd bur not ver certibied.

DEREX BLOUNT, Prexident

North Camrtry Trall Aprociatimm

Grmnd Rapods, Michigam

Solid green and vellow blocks to identify Forest Ser-
vice and Bureau of Lind Management holdings do
not convey the checkerboard pattern of land own-
ership so common in the West., Private forest
and ranchlands, often in alternaring sguace-mle
blocks, adjacent to federal land have sharrered the
ecological integrity of many areas.
BLAKE PANTIIN
Seattle. Wankmgton

| was disappointed that US. Army Corps of Engt-
neers lands were not included. The Corps ownsand
manages 11,7 million acres of land and water
throughout the U5, In addition w flood control,
Corps projects provide areas for recreation and
habitat tor wildlife. Many contam threatened and
endanpered species, sensitive lands, and archaeo-
logical sies:
TERESA | RASMLSSEN
Laweemcr. K

L ocated a hundred miles off Texas and Louisiana in
the Gulf of Mexico, the Flower Garden Banks
Nanonal Marme Sancruary, though not depicted,
is a wilderness visited by thousands of divers every
year, Its natural mhabitants melude species that
people travel worldwide to see: manta rays, sea tur-
tles, whale sharks, and schooling hammerheads—
all i one place, Great map otherwise!

STEFHEN GITTINGS, Manuger

Flavisier Cogrofen Hanks NUS

Hrvan, Teva
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African Gold

| was delighted 1o see the cover of the Oaober edi-
vion highlighting an article on the Asante people
and their " Atrican Gold." My pleasure diminished
when all I found were eight papes of beautiful color
photographs supported by amphified headings. The
Asante people are one of the world's great nations,
with a proud history that has influenced many
other natnons. They remain amajor force in African
development, and through their dispersal ro Amer-
ica and Europe they make enormous contributions
to their host nations.
HEV. ANTHONY BRASIER
Firgl Wycombw, Emplind

Kuril Islands

The arncle ignores the sacrifice made n the Kurils
by many of my comrades-in-arms in the final years
of World War 1l. Afrer the Japanese were driven
from westernmost Alaska (the Aleunan Islands: in
1943, plans went on to forge an Aleutian-Kuril
“bridge ro victory.” Under the cover of dirty weath-
cr, LS, submarines, destroyers, and arcraft based
in Alaska launched the earlivst artacks on the Japa-
nese homeland, except for the Doolitte raid. Many
planes were shot down over the Kurils, which were
later seized by Soviet troops.
LOREN McINTYRE
Arlimgtom, Virgoma

China's Terra-cotta Warriors

Louly Mazzatenta's article gives a fascnating
update on the painstaking srchaeological work
gonng on in Xian. Might it be possible thar the rerra-
cotta army of Qin Shi Huang is nor only evidence of
the emperor’s guest for immortality and eternal
power but also a ife-size record of those who served
in battle with honor and dignity? What a brilliant
way to instill pride and lovalty in the rank and file.

R. PETER SALINTIERS

Baflevive, Wasilringphon

In a photograph on page 76 a technician “injects
glue made of shark's lung™ under paint. | was under
the impression that sharks were equipped with
gills, not lungs. Was this an error of translation, or
are sharks in China anatommcally different from
those elsewhere?
RICHARL ELLIS
MWeiw York, New York

Crood catch, The transiation showld bave been

“fesh parts.”

Morocco

The article was interesting and objective. However,
as an Algerian woman, I felt insulted by the Moroc-
can’s quote on pages 123-4. We Alperians have an
identity and roots too. Likewise, we have never
been obsessed with religion. Our search for democ-
racy stumbles at many problems linked to a weak

cconomy, and we are paying the price. Algerians
nevertheless keep their dignity and respect and

proved it in 1996 when they massively voted under
the fundamentalist threat. There s a minonty of
fundamentalists trying to creare chaos, bur this
shouldn't be the opportunity for our neighbors m
try to emerge as Vdifferent.”

BACHIRA SALHI-PASSOT

Mice, Framce

| was surprised to read that Morocoo is of “small
sppe’ since i i ]nrg:r i area than Texas and taice
the saze of Germany, In population it s larger than
any LLS, state, excepr Calitdrmia,
AV MISHAN
Hoamrtom, exas

The arucle was well-documented and well thought
otit. The writer, whose sense of humaor added to the
beauty of the article, avoided the usithem dichoto-
my that often turns non-Westerners mio exotic
creatures who are helpless in dealing with modern
tmes. The Moroccan is hardworking, devout, prac-
vcal, and very tolerant. The fact thay erir's
billboard boasts that it s the city. of the hiture,
though it made me smile, s meaningful. Irtellsmuch
aboutthe optimism and perseverance of the Moroe-
can people, who believe it a better future.
MOLULAY ALT BOLIAMANIT
Tedwdo, O

For a country with a long hastory, very litle thoughe
is given to the future. Therefore, treating a custom-
er or business parmer fairly is of little concern; grab
the quick profit and the client be damned, When
ane isn't being hustled, one is struck by the poverty
and stark contrast berween the classes. The black
market and drug trade would appear 0 make up
the lion's share of the econamy.
EDWIN NELSDMN
Corratdancs, Mprocoo

Jimi Hendrix did notspend five vears in Diabar, He
visited Morocco only once—in the summer of 1969
on holiday. In addition, sand was an often used
metapior in his songwritmg, but there s no doco-
mentation to support the claim that he wrote “Cas-
tles Made of [not 'in the'| Sand™ after spending time
in Morocco, The song was wrnitten in 1967,
FY RN GORIMMN
Saw Framciuo, Califormis

Letters for FORUM shouda & sent to National Creogranhic
Mapazme, Box S7448, Wadbmgton, [0, 2001 3-744%, or
by faxe 400 2002-R2R- 54600, o v the Tntermer fo s fornomii
natioralgeographic comy. Inmolude nome, aduress, and day-

trene telepdrone, Letters may be edited r’urrhnr;r'm:d Ipace.

NATIONAL GEOGRAPHIC ONLINE

Nutional Geographic, February 1997



ERLat " ' ,
A whole new way. National Geographic is now onling with CompuServe. You'll NATIONAL
axplore and interact with new worlds, Go on virtual assignment. Uncover global GEOGRAPHIC
mysterigs. And visit places you've never dreamed of. Enter GO NATIONAL ON[JNE
GEDGRAPHIC if you're a CompuServe member. If you're not, give us a call or visit
our websits, We'l give you free software and 10 free hoursto discover e planet. | GOTTIPUIS 'V

www.compusernve.com Dutssde the US or Canada: 1-303-824-T338 Inside the LS or Canadac 1'“'3?4‘35“5

i 1998 CompuSanve m & Bademani of CanpuSenm Incorptratid *Subssgunt momhs 3595 You'l get 5 fres hours sach month, Addoonal hours 3.8 sach
Some sdétgnal chmgas say apply Mations! Beographe (niine & & trademark of the Natinal Gaogiapbe: Soeaty,



ASIMPLE vir ACCU
OF HOW OUR AN T 1-

I_. .
il | »
a |
| il




RATE DEMONSTRATION

THEFT KEY works

I. -'__ -
L - i |
5 ™R
P!
e Ilr#- -
d =
-
*
- B = i, .
. n
L '

Q UALITY S | O B |




NATIONAL GEOGRAPHIC
&

Colonial Florida Fort Recalls Declared a national
a Shining Moment in Black History hstornc landmark i

1994 Fore Mose wis

HIDDEN IN THE 5ALT MARSHES of northern St Aogus- brooght back o Life after
une, Florida, the frontier ourpost of Fort Mose search of Spanish dine Y.
gt be forgoren today except for one startling wments by histonan lane g;‘;-:_iuf_;:f:_!;-:-_-“-'
tact: It was the fiest ree black colonial rown 1o Landers, now ot Vander-  from mssm 10 182
what is now the Linmed *-.:.1[,.-. Its revdents, Bt Limversity, and twi FLORIDA :
Virecan slaves from British plantanions to the vears of excavations led
north, had found refuge by escaping to Spamsh by archacologisr Kathleen 300
held Florida—and converting to Catholichm Dearan (above) MEEEY
Her team, with assistunce
el W 4 trom black Flonda legislitors such an former Stace
- "I""j'{-' et . - R PICSENEATIVE Bill Clark,. at tar e T, Ureovertd
.E.' _,_-'ri L everviay iems used for cooking, clothime, shelter,

and defense. It also found a handerafred silver
medal (above, left) with an image of St. Cheis-
rophier on one Side and 2 suHors compass rose on
the othet. Many escaped slaves served as crewmen
o1 SpEthish ships.

Ata tume when both England and Span ¢laimed
mnofthern Flonda (map), “shaves i the Carolinas
knew of the possibilicy of freedom i Spamish Flor
||_‘|-l, A '-.'|:'.'-. | .'|EL'|: s |"| | KT I_'::'|.:_ "-..|_1_|r||-.J| SOHTmIEdd 2
freedmen's mielitia and moved one hundred black
meT, women, and children from S6 Adgustine 1o
bentld thee 6 3-foor-sguare Fore Mose, Two yvears lat-
er a Hritish amtack forced the residents to flee to St
Augusoine. Afrer 1732, Blacks retumed 19 0 new,
Larger Fort Mose nearby, shown in chis infrared
I ¥ umage (left). In 1763 Florida was ceded to Eng
Pryer— wyme cowrn, wissmwery and, and the Spamsh blacks moved ro Cuba




Now You Can

Afford 10 Be Choosy:

_ Merctmy Sanre WAcon

CHoost ErrHeErR A Roomy SEpAN OR
STYLISH WAGON FoRr THE SAME PrICE

pran if vou whnted more room: | hat s, until Met ' . * wiith |

. ...: up” Me rLl]r‘r ;g.r
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“You don't need four degrees
to understand how easy
it 1S to save with

the Ford Citibank Card’

- 1 i David Joyce
B.A,, M. Divinity,

M.S.. Ed.D

saved 51,040

David Jovee calls it the Phol). of
credit cards, Because every ime e uses
the Ford Citibank Card, he gets 5% back.
S0 can vou. And that can add up to a
huge monev-saving Ford Rebate® toward

the purchase or Red Carpet Lease /,,,

of anv new Ford, Lincoln, or L,
Mercury, S0 make vour hest deal
an even Detter one. its the s |
thing to do, Call 1-800-374-7777 "I"".'-“«-n.&., st |

lor the Ford Gitibank Cand

The No-Annual-Fee Ford Citibank Card.

[t's just too good to pass up.
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GEOGRAPHICA

Sea Tragedy Eggs On
Life Raft Inventor

o ARE LRESHSELF DY Oafiure o

protect what's imside, redsoned
Canadian myventor Vincent $he
rrawtt. [ hat’s why, atter 15 vears
of tinkering to design @ better
e ralt. he devised one thai

ke [the an epe [ below

“The shape has shock resrst-
iner, . b sava. [ a wave smacks
"|-._ T aEeainsr s |||_":|i|.5;. I|||_
mipaict 15 detlectied, clayms
| he rianlt

\ formeér sailor, Theérmauli
Degan s etfors alter an o
plattorm sank ot the New
torundland coast, killing 84
wiorkers, Zaore than 25 tehing
bioats around his home in Car

The Sudden Decline enpth, wis abundant off south rquet, MNew Bromswick, now

of the Spﬂﬂﬂd Handfish rast osrmanma. A I"”.-C: punnde t carm the ten-foot-long hire-
[asmunian bsbes colled o the resistant fiberplass bife ram,
y SLOW-AMOVTSG: shallow-ware andfish spocies most com which sears six, provides air
creature, T T Ll -.|.'|-.|| AR ||- CNeCrU e reid |"- ||".- = LOIFELEERN TV G .I!;'_ LTTITE, SIS 15
(above) rarely swims. [nstead Now, says marine brologst Bar-  dubbed Esperanto tor the aemif
hke other handfsh, it " walks v Bruce, it's rare: Recenr sur- cual mrernanonal languag
along the seafloor an s fins vievs aof its home waters (0 th
But this species may be walking Derwent estuary and adjoining
pivarel extnctiom It s the frs vivs turiied up only threee dozed
muzerine fish listed onder Awseral o o 18 sure what catsed
ta's Endangered Species A thie decline, Bul experts sigees
[ b enght species oF hiandih stltanon of the gstuary, rivn
take thelr mame trom armihik elivent, of predation by a new
side bins with exoremnes resem nerehbor the northern Pacrti
Briirtge humuan hands. In the early sy stan which probably arrived
| 980 the spotted handhsh, n the ballast of ships during
kY !"'!I.Il' bdfl Y 'III' I e TI '..I'II" LNl -:-'- I fal s

i'-i:l- -.| ] ' 15 "|..||- . |-||I e AUTORESY  YWAs |'|_:|r|'||:|_._!
o determine the cause of his dearh, Some '.'|l.i'|i-||l|
eNperts, notng thar ke was seen in robuste health
the night before, believe poachers mav have killed
hom as they have other bulls m henyva and [an
pand PO arHe, fuly 19951, Uthicials of th
Kenva Wildlife Service insist he died of natural
catises, savimg only three ¢lephants were poached
i 1996, s a death fnar will comfimue to comtuse
s, savs Chrste Feral of the Washmpgton-Dased
African Wildlite Fovindanion

III| I i'l |-|.I.: L1 ) | Ii|:L|| ":- DS |II | ||I'-|...

What Caused an Elephant's Death? Poole, who monitored his behavior for 14 vears

[ ] -
Lveryining plout bt was rowund, ™ she ¢ "i'I-l"l i

LIRS FiIS 45 YEARS OF LIVE, Beach Ball was a i the Nanonal Geographic EXPLORER film

abect of screntific study, a flm stan and 2 beloved ‘Comang of Age With Elephants.™ He alio was

mavmate of children s home, Benva's Am fearured moewo BRC films by Poole™s mentor,

bodel) Matonal Mark. Wheo s body was boond Ly rthny Moss

near park headaguarters m AdiEust, there was BOILIS WEINTRALM
i il LR/ i



IF YOU THINK YOU
HAVE TOENAIL FUNGUS,
ASK YOUR DOCTOR
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"SPORANOX

(itroconozole) Capsules

—[W. Kaoneas

e Toke SPORANDYX treotment orally for just 3 months, ond you may see a visible difference

@ Soon after you stop foking SPORANOX, you may nofice thet the new noil growing in oppeors
normal. Since noils need fime 1o grow, you should expedt it ta be several months before
healthy, new naiis grow in

@ So now you can join others who gave thick, vellowing, brittle noils the boot, and star!
growing fresh, new nails!

What you should know chout the safety of SPORANOX: SPORANOX has been well
In#eru!ed in patients. In dinical trials involving pafients with thick, hard, yellowish,
and,/or brittle nails (onychomycosis), the lnﬂuwing adverse effects led to either o
temporary or o permanent discontinuation of treatment: elevated liver enzymes (4%),
gustrointestinal disorders (4%), and rosh (3%). WARNING: SPORANOX must not be
h:ken with terfenadine (Seldane”), ostemizole (Hismanal®), dsapride (Propulsid”),
or oral triazolam (Haldon™). In rare instances, there were reports of deumd liver
enzymes and hepatitis. If you feel unusually tired or sick to your stomach, have fulike
swr:kmné“mmﬂmmdmm‘ﬁ ﬁrek;:::rhmi you m;mmupdennuh,
S SPORANOX immediately. re pregnant or con-
slgmgpegmmy, slmldnnlidm SPORANOX. mw#mmxmnwa
by your doctor, and rﬂmﬁmnuﬂxﬂh your doctor as soon as possible.

spurannx

traconazok) Lapsules

1-800-595-NAILS ex:.
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help m iHoins breathe o

AMERICAN
LUNG

ASSOCIATION

1-B00-LUNG-USA

918

Ameri
¢

Becanse it has historically moved in the oppo
site direction of stocks and bonds, gold is a vital
assel 0 hokd In conjunction with paper Investmenis
In order o reduce risk and volagiliny.

In the US., more investors choose the American
Eagle pold huJ.lln-n coin than any other bullion coin
in the world. American Eagles are the only bullion
coins backed by the IS Government fior welght
and content. Guaranteed.

Blanchard and Company 5 one of America’s
largest and most respecied precious metals dealers.
We sell American Eagles at just 1% above our ¢ost
Call 1-800-880-4653 10 order.

1-800-880-4653

Please Ask For Extension 94

BLANCHARD

100 YEARS of E"&CELLF\CF

W incerarten thiouan |jl

Calvert School

Dept. M27, 105 Tuscany Road
Baltimore, Maryland 21210
(410)243-6030 fax [4701366-0674
nitp:/'www.calvertschool.org




IN PRIMITIVE TIMES,
IT WOULD'VE BEEN A GOD.

[t has the gualities man has revered and respected for thousands of years. The power to tame the forces

of nature. The prowess to navigate almost any terrain. The Toyota Land Cruiser. In its 40-year reign in
the United States 1t has become the paradigm of off-road authenticty, offening full-ttme 4WD, dual ax

bags, ABS and an interior g0 roomy, it can inspire awe in up to seven adults at once. Land Cruiser. For

us mortals, 1its the ulbimate,

& TOYOTA LAND CRUISER

L HOVE Wilkal oAl 40 | -
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Ever notice how you lind this on the back of the ones you want 1o keep?



Some people wouldn’t have any




thing to do with a Volkswagen.

/a¥a Volkswagen,
:hﬁ ‘#j.l The name you can
\YY./ !

Y rely on




Cruise Down The

Rendezvous Of

Prosperous
Merchants And
Warriors Of Old

19,




Lasers can restore eyesight.

Trust them to do wonders for your color
copies, 100.

If it's possible to trust vour eves to a laser beam, trusting vour color
copies to one is a given. The CF900 digital color copier’s new Screen
LIMOS system uses a highly precise laser to imbue your color coples
with high definition and vivid color. It adjusts for every one-quarter
pixel, giving you 400dpi resolution and 256 color gradations. And it

opens the door to your imagination with numerous, el
simple creative functions, such as the Color -L_c— * =

Display Editor. Similar o a draw software
program, it allows you to design pages as |
well as change existing colors with ease. For
= — unparalleled digital color copying, the CFO00

| doubtedly is tl -
undaou y is the copier
i you can, in a word, trust CF 900 f—r
MINOU}Q\ Minata Co, Lid, 3-13, 2-Chamie Asudh-Moch|, Chuc-Hu, Osaka 341 Japian 3




At 65. Taiwan Innovalue™ put the Reverend Harrold

hack in the saddle again,

Linti] eecentlyv. the Tevervod Harold Toved eveling, He woold predsl males 1o visi bas ook, B
ther liills gt steeeq Loved bk Lveeai by prisl shporier,

hen, mracilously, e chsooseren] Hhe ew Poclivon, 0 sarpslsle
grsislanoe hevels Inom Meoda o Daorwan, s nny sensor deled

w byerry mEires P Y IH TheT b il el Arkgoeers o || cUre eElian Toe | II.'

Eloas e bl -1 Sotocind T oewean (e
) i =ty Tw Sy of EvcelEnde
In Vaiwan, we call thes kind of inpeeouity “Inpovaloe™: that s, b i b it
1 . " ¥ LGRS oy D sl procuncts s datis
pepbov iy an desien amd moonolacturiag that gives aodelood vl m oty ad Frmahe
-ll._l: o FEH i||.|.|||_|| = I'||| | |_||I_I_II| Lo R N | II i isgia ||I'|.| II'-.ll II j = Rirshs

TAIWAN.
Your Source
withoul wirelines, tha) was Innovaluw “:”- Jl"l:f'l':I"u.-l'EFLt-E“

1 voni v interresies] in bBovw Tonovaloes can improve vour area ol

alfordable TOML ) Wirdless Aocess telephone svatem for prople
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This card can stop a bullet.

its only 8 plece of paper, but
that little carad up there carmes

ot of weight. Keeping millions

(8 )

of kids off drugs, out of gangs
and inschool, To leam how you
can help the Boys & Girls Clups,

call: 1-800-854-Club.

The PES”I Ve Place For Kids
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Our major competitor in the Andes.

Audi Ad




Finally, s car with standurds as high as the Andes
Ihe A4 L8 Turbo. The first car in the world with

5 valve technology. Fifih generation ABS. Four Link
suspension with Formula | technology, Intelligent air
condittoning. And s exclusive gquatiro [our-wheel
drive, which maintains orque and perfect stability even
in the most imperfect conditions. The Audi A4 ‘with
quattro four-wheel drive. It will bring comforiabie
stability 1o your hile, especinlly in the curves

with quattro four-wheel drive.

Vorsprung durch Tochrilk TSe—te e



On the weekend, Maggie works with kids. On week




she works for you. -
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ALL THINGS BEING EQUAL,
YOU COULD PLAN YOUR RETIREMENT
WITHOUT HELP.

OF COURSE,
ALL THINGS AREN'T EQUAL.

RULE

YOUR

KINGDOM™




The most
important
job of
your life
just might
be your
first.

1-800-832-1230

hitpfiwww, leachioramerica .org

* TEACHFORAMERICA

O
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FLASHBACK

W FROM THE GEOGRAPHIC ARUHIVES

Weehawken, Here We Come

Taking the rewest route to New Jersey, cannon-carrying
Army trucks rumbled though the Lincoln Tunnel in mideown
Manhattan durmg opeming ceremonies 1 December 1937, In
the tunnel’s first vear of operation, 1,794,647 motorists paid
50) cenits each way to take the 8,000-foor shorreut under the
Hudsem River. Today some 20 million vehicles make the trip
each year, the wll has quadropled—and all cannon are ex-
pressly forbidden. The most explosive things in the tunnel
now are trathicignited tempers, *We'd prefer people leave
those at home.™ said one Port Authonty official.

This photograph was never published in the maganne.

FERRIARY JRWT
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AND VIDEDDINCS

Tools for Teachers

LTICAL

A RCH T OF LIGHTxING Can =i
erate 200,000 amps of el
IMCIHY andd be five [umes gs
ot as the surface of the sun
right], Yot students mayv be
ihocked to discover that
many of those serack by
lightng sorvive 1o tell ther
cales, When igltming Strikes
18 ane of 51 videos recently
retoascd specibically for s
in the elvisroaom, The tull B
ot Natonal Geographic
videns—over 400 mlcs—is
temtured in the 1997 Educa
romal Yideos and Videodiscs
Catalog, avadalble by calling

B EXPLORER, FEN 16,7 I
Under the Spreading
Dipteryx Tree

WEN i i il B mad froy
red g T '|"| i IToE
I TEEFIT] Filia 1 i k 143
Fil ||l||l| ETRELET 7o LD
TR LRl 1l tected

|
il | LEs-ITn {1 Eifkl |
11k = [ A

[+BEN-368-27T2K.

t—hl' nER TS % & !I:.-:'.r'l TR g
':'II||.|'.||. = |_|.r|||||:II|_ | .'..._I'-L;,
winning fllmmaking wirh
comitent famed tor accuracy
and balande. Correlated 1o
school carrcnla anad the
natwngl geopraphy stan-
dards. each video comes

with a teacher’s gunde,

EAPLA

RER s =Panama Wild"

LEODOGRAPHI]

AN PGS

A new' tine called GeoKits
wis inspired by reachers” sug-
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WILDLIFE AS CANON SEES IT

A manaiee hinds its winter refuge 1n the waterways: In Flondi, many manatees be
wirmith of Flonda's freshwater springs. In come victims of motarboat propellecs. Habi
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Freshwater Marshes Treat
Sewage With a Natural Flush

TARNESS FRAGILE WETLANDS, 50 vidlnerable o
pollution, o e sewage? It seems a con-
tradiction, but singe 1988 Arcara, Califor-
nii, has been using Feshwater marshes,
home of this American bitern and orher
wildlite, ay part of the mnnln".'i,}"lnlu SEWILEE sis-
tem. Betote then, partially treated wasee had
somerimes Howed nwo Humboldr Bav,
First the city had to restore the marshes,

which had been smochered by a landfill, by
planting bulrushes and other plants. Now as
the effluent is pumped through as many as
six marshes, “nutments in the wastewarer
tertilize the planes,™ says Baramy professoe |1
Robert Rasmussen of Humbolde State L
versity. “As the marsh matuies, there &e
more plants to pull more nugriepts our of
the water, After full rreatment the waste-
water that poes into Humboldr Bay is al-
imost clean enough to drink,™ he savs. The
privject has inspired several others nearby.




I |I| |-| - i .I;_:|;. -.I.-||..|'.|..;'-._-I.' - | .I-. | ':|:.|..- ETE - Bl T 820 | E I ?LE-lnlll TI:nH




FARTH ALMANAC(

Crafty Spider Mimics Moths' Scent

NAMED FOR the South American bola snare,
bolas spiders excel at capturing moths.
Females spin a silken thread with a sticky
droplet at the end. When a moth appears,
the spider swings the thread until it sticks.
Then the huntress cocoons her prey—here a
bristly cutworm moth—to ear later. Bur the
weapon is short-ranged. To bring moths
closer, the spider uses deception. She pro-
duces chemicals similar to pheromones used
by females of several moth species to attract
mares. When male moths show up, they find
only a tatal arrracrion.

This “Tree” |Is Wired for Bugging Horns to Track
Positive Feedback a Few Surviving Rhinos
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