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SEE "DIVE TO THE EDGE OF CREATION" MONDAY, JANUARY 7, ON PBS TV




NTIL RECENTLY, the very idea of

seeing an atom in motion seemed the

wildest of fantasies. But this spring
vou will see one, that tiniest bit of an ele-
ment, filmed by scientists at the University
of Chicago. Itis a part of an hour of wonders
called “The Invisible World™—third in the
new season of National Geographic Specials
to be shown over television stations of the
Public Broadcasting Service,

We are pleased to offer once again four
American-made programs of quality, taste,
and family interest, coproduced with Pitts-
burgh's PBS station WQED., And, for the
fifth vear, Gulf Oil Corporation support has
made this series possible.,

Our season opens on January 7 with
“Diive to the Edge of Creation,”™ an experi-
ence you will long remember. Geologist
Robert I, Ballard and biologist J. Frederick
Grassle of Woods Hole Oceanographic In-
stitution take us to the floor of the Pacific
Ocean where, a mile and a half down, two of
earth’s crustal plates are separating. In this
rift zone, molten Iava wells up and hot
springs nourish strange life forms,

On February 4, “Mysteries of the Mind"
examines the awesome capabilities of the
human brain. It features a special Plexiglas
model of a section of the brain in action. A
vogi in India consciously lowers his blood
pressure, a paralvzed woman in New York
raises hers, posing unanswered guestions
ahout the mind's control of matter.

In addition to the electron-microscope
pictures of the atom, “The Invisible World"
on March 3 features extraordinary slow-
motion, infrared, ultraviolet, and X-ray
photography use& to fathom such mvswﬂﬁ
as honevbee navigation, the basic structure
of matter, even the health problems that af-
flicted ancignt Egvptians,

The season concludes on April 7 with
“The Superliners: Twilight of an Era," a
fond memoir of the life and times of great
Atlantic ocean liners such as Mauretania
and Lusitania, Queen Mary, Normandie,
United States, and Queen Elizabeth 2. Only
the last 1s stall in service; with the passing of
the rest, an era of elegance also vanished.

We hope vour family will enjov and learn
from these programs. Other specials like
them have proved that television can be
both informative and popular.
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What Voyager Saw: Jupiter's
Dazzling Realm 2

Succeeding beyond scientists dreams, two
spacecraft discover a ring around the largest
planet and active voloanoes on its moon [o.
By Rick Grore; with photographs by NASA.

Long-eared Owls—
Masters of the Night 31

Photographer Art Wolfe takes a look into
the homelife of a winged, deadly predator,

Can the Tallgrass Prairie
Be Saved? ;-

Lush grassloands once mantled much of the
central United States; now confroversy starls
efforts to preserve a few remnarts. By Denriis
Farney and photographer Jim Brandenburg.

Hokkaido: Japan's Last
Frontier 62

Cin this northernmost and feast populiated

Japanese island, Douglas Lee and photographer

Michael §. Yamashita find wildlife and wild
country—and a hardy peaple with pioneer spirit.

Utah's Art Galleries in Stone o>

Former park ranger Gary Smith records camyon
figures and scenes feft by a people lost tn time.

Fair of the Berber Brides 119

In Morpcce’s Atlas Mountomns, Carla Hunt
ard Nik Wheeler visit a festival that brings
couples together for instant marrioge.

Life Arounda Lily Pad 131

From diatoms to snapping turtles, thousands of
creatures share a mini-world that subsists on
and about a single floating leaf. Photographs by
Bianca Lavies, with text by Charles R. Miller.

COVER: The solar system’s only known active
voleanoes beyond earth fling material high
above the sulfurous crust of Jupiter's moon o,
High-contrast image by Voyager 1, NASA.



What Voyager Saw: Jupiter’s

By RICK GORE




X Iwo small spacecraft find worlds so bizarne
nazznnu HEHI'“ and unexpected that at finst scientists
could only shout like seamen making
Phatographs by NASA landfall at an undreamed of anchipelago




HE EXCITEMENT was subsiding at

the Jet Propulsion Laboratory on Fri-

day, March 9, when Linda Morabito

made her discovery. Most members of
the Vovager imaging team, exhausted by
davs and nights of nonstop encounter with
Jupiter and its moons, were taking a long
weekend off. But Morabito, one of the un-
sung navigation engineers who had steered
Vovager | on its picture-taking flight past
Jupiter, was at work.

Jupiter's gravity field had already flung
Vovager 1 off toward Saturn for a late 1980

rendezvous. Now Morabito was doing &
low-priority, |:.~:.'=-:'11—:'Ij,"t-j-' check on the orbits
of Jupiter's moons.

Her team steers by the stars. She sat at a
computerized imagingmodule and called up
onto its screen a pictare that Vovager | had
taken looking back at Jupiter's odd moon 1o.
Near o she expected to find a star named
AGKI-10021. Itz exact location relative to o

Narional [f:'i{'-.fﬂh‘h’.h'lj e, Janwary 1980
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would help them calculate the moon's orbit
more précisely, AGK3-1002 1 1s a faint star, so
Morabito used her computer to exaggerate
its brightness on her screen. As she did, a
greal umbrella-shaped plume also emerged
on the edge of lo.

“T'd never seen anything like this before
and I suspected no one else had etther,” she
recalled.

Indeed, not since Galileo saw four moons
circling Jupiter in 1610 had anyone seen

Whar Vovager Saw: Jupiter's Dazzling Realm

against the black of space from the
limb of Io, Jupiter's imnermost large
moan (left, shown in false color)
Scientists had deduced that surfoce
pochs (bottom) were voicamc calderus,
some larger than amy on earth. Engineer
Linda Morabito (below), while doing rou-
tine navigation checks, spotted a plume
rising 280 kilometers (174 miles)—first

SULI.‘L'R{JL'S FOUNTAIN leaps up

evidence of active volcanism beyvond earth

such a remarkable sight in Jupiter’s realm
Vovager had found a volcano erupting, its
plume rising 250 kilometers (174 miles)
Morabito knew that an active volcano on
1o could be the preatest find of the planetarn
exploration program. It would mean that
some other world in our solar system is still
geolomeally alive. 5o she and her colleagues
checked and rechecked the picture before
taking her discovery to the imaging team
Bv Monday (Condimued on page 11)
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EATHER of the violent Jovian sort,
the immense high-pressure ared
called the Great Red Spot swirlsina

view emhanced in red and blue to emphi-
size detail. I'ts true color (right) may be

due to troces of phosphorus or arganic
maolecules being transported from below.
The spot has been seen by telescope for at
least a century and possibly three. And
although it has been shrinking the spot

wational Geographic, Janwary 1950




cowld hold two earths like peas in a pod

The L'.-i.",_:-,r ogval o the south 8 also
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trace chemicals and only forty years old,

Righ-pressure cell, but different

_|1I.|'Ir"I£L'F.'I visthle features remaoin inftact

far so long partly because, unlihe earth's
storms, they do not pass over varied ter-
ratn. Also, because the atmosphers (s
very cold gnd the stormas [arge, energy

tends to be logt slowly,

What Vovager Saw: Jupiter's Dazzling Realm
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(Continwed from page 5) morming the
stunned scientists had found not one. but at
least half a dozen erupting volcanoes. Frigid
on the outside, lo apparently throbs with
volcanlsm.

Io 15 caught in a tug of war between Jupi-
ter and iz sister sateflites, Europas and
Ganyvmede. These tugs create enormous,
pulsating tidal bulges in [o's shape. In =ome
places lo's surface hterally goes up and
down z hundred meters every dav and a
half. It probably is these endless tugs that
heat lo's crust, much as a paper clip grows
hot if it 1= repeatedly flexed

violeanoes

HE DISCOVERY of lo's

>

on March 9
topped off &
headv weel.
Vovager | had
been  launched
on Séptember 5,
1977. It began
taking its first
pictures of Jupiter in December 1978, In
mid-January at a planetary conference,
imaging-team leader Brad Smith had told
me calmly that a féw surprises were begin-
ning to show up in Vovager 1's first, distant
images of Jupiter. The planet's cloud cover
had changed considerably, he said, zince
two Pioneer spacecraft had flown by in 1973
and 1974 with less sophisticated cameras
Those Pioneer images had {ortifred the con
ventional 1dea that Jupiters atmosphers
was well ordered, with smooth, planet-
encircling bands of clouds that are easily
seen through telescopes on earth
The closer Vovager 1 gol, however, the
lessorder it saw. Countless swirlsand eddies
wove through tumultuous jet streams that
roar around the huge planet (pages 6-7)
Near the equator one stream raced as [ast a5
200 kilometers an hour, Onlv a few degrees
of latitude away another jet stream tore
around the planet going in the opposite di-
rection at 120 kilometers an hour, creating
spectacular shear features. The whaole atmo-
sphere seethed like a kettle of bubhling
hright paints that would not mix
When | saw Smith again, during the en-
counter at JPL, he had lost hiz earlier
aplomb. “All our theories on the Jovian at-
mosphere have been shot to hell,” he said at

Amafihps & cmall ip=sr wil s

What Vovager Saw: Jupiter's Dazcling Realm

a press conference. "We are like students
going into an exam thinking we know all the
answers and then going blank. We justdon't
know what tomake of it.™
Next came the encounters with Jupiter's
moons—In, Europa, Ganymede, (Callisto
These four moons that Galtles found im
1610 were, in fact, the first bodies 1n Lhe
solar svstem to be discovered by telescope,
They range insize from slightly smaller than
ouir moon to a little larger than the planet
Mercury. Astronomers knew Lhelr sizes,
densities, and overall colors. They could
look at the spectra of the light the moons re-
flected and speculate about the materials on
their surfaces. But thev could say almost
nothing aboul the geologic forces thal
shaped them. They were unknown warlds
Vovager also photographed the tiny
cloce-in maoon Amalthea, rarely seen from
carth. People had imagined that Amalthea
could be anvthing from an asteroid captured
bwv Jupiter's great gravity to an abandoned
spaceship. Vovager | proved Amalthes to be
a dark red. rocky, cigar-shaped body.
Meanwhile, Vovager's other data contin-
ued to pour in. By week's end the 815-
kilogram (1,79 7-pound ) spacecraft had also
 Found the Jovian atmosphere to be crack:
hnecontinually with lishtning. Many scien-
tists are now convinced that this lightning
must be triggering the formation of organi
molecules, the chemical foundations of life.
in the caldron ol Jupiter s clouds.
o [hiscovered grand-scale agroras arowund
Jupiter's poles.
o Seen charged particles that are much hot-
ter than the intenior of the sun.
* Found a thin ring around Juptter. Four
months later Vovager 2 took pictures of this
ring. backlighted by the sun and glowing
brilliantly, Analvzing the piclures, scien-
tists were excited to discover asmall, potato-
shapeds=atellite, Jupiter's 14th Knewn moon.
on the ring’s outer edge. These discoveries
make rings a major new realm of planetars
inguiry, Where do Ti.n;-_: particles come from#
In Jupiter's case thev could flow 1n from 10's
voleanoes. Perhaps they
are debris from comels or
the ejecta from meteonte
impacts on the inner
moons,  Jupiter's  new
moon actually may be




what defines the edge of the ring, sweeping
up the particles at the ring’s outer limits,
Astronomers used to ask why only Saturn
has rings, Recently Uranus was also found
to be ringed. Now suddenly the question is:
How many rings are there? And do thev all,
including Saturn’s, have little moons?

UPITER, the Roman myvthological
king of the heavens, is a fitting name
for the planet visited by Vovager.
When the solar system was born some

4.6 billion vears ago, Jupiter swept up more
than 70 percent of the material available to
the planets. It probably formed swiftiy from
a swirling disk of dust and gas millions of
kilometers wide. At its most dramatic
stage, this disk collapsed—possibly in just
three months—into a glowing red ball some
200,000 kilometers wide. It has now shrunk
to 143,000 kilometers. It orbits 778 million
kilometers from the sun.

Some 1,300 earths could fit within Jupi-
ter's volume. Jupiter has 318 times the mass
of earth, vet only one-fourth its densitv. You
might think of Jupiter as a great gashag. If
yvou could put it in water, it would almost
float. This balloon rotates so rapidly that ts
day takes only ten earth hours, but its vear,
because of Jupiter's longer path around the
sun, lasts 12 earth vears.

All anvone can see of Jupiter are its
clouds, which go down only a hundred kilo-
meters. Deep within, the planet probahly
has a molten core of stlicates and metals the
size of the earth. Otherwise its composition
iamuch like the sun's—massive quantities of
hvdrogen and helium. These gases mix and
probably form shells tens of thousands of
kilometers thick around the core.

When Jupiter originally collapsed, tre-
mendous heat was unleashed. Some of that
intense¢ heat of formation was trapped with-
in the planet and is still slowly leaking out,
Although temperatures at Jupiter's cloud
tops are colder than minus 120°C (minus
184°F), its center may reach 30,000°C
(34,0007F), or five timesthat at the sun's sur-
face. The pressure near the center equals a
hundred million earth atmospheres,

Under these conditions hvdrogen ligue-
fies and also becomes metallic, This metallic
form is an electrical conductor, and as the
great internal (Continned on page 18)
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To Jupitenand beyond

Europa March 5, 1978
734,000 km Trom Voyager |

Ganymede March 5, 1979
115,000 km from Voyager |

Voyagens encounten
Jupiters moons

lo March 5. 1979
20,000 km from Voyager |
|

| Jupiter March 5, 1978
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J Europa July 9. 1979
lo July 9, 1873 206 000 km from Vayager
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im ‘Jﬂjﬂgﬂﬂ ¢

ton each, but packed with sensitive instritments,

Vovagers 1 and 2 were latnched 16days apart in
1977. On a faster trajectory, Voyvager 1 leads the way.
Vovager 2 bachs it up and s targeted to further explore
findings of Vovager @ or imvestigate areas it could not,
Both will go on to Saturn, and, if all goes well,
Voyager 2 will fiv by Uiranus and Neptune before
sailing out among the stars

|F_J'E NTICAL CRAFT weighing less than a

Jupiter July 9. 1979
'.f:."_‘.!. 000 km from Voyager 2

Ganfmer.l& July 9, 1979
62,000 km from Voyager 2

Callisto July &8, 1978
215,000 km from Voyager 2
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GREAT SURPRISE

gent by Vovager 1 was

the faint image of o
ring extending 58,000 kilo-
meters (36,000 miles) from
Jupiter's cloud tops, per-
haps debris from [o's volea-
noes. Artist Ludek Pések
paints it as compased of
rocky material  (right),
Vovager 2 images (below)
sugpested that most of s
particles are too smali to be
seen with the naked eyve
They are visible only as o
mitss when sunlight strikes
them from befiind, much as
dust motes foating n a
roocm are seen in a shaft of
light. {Black dots are part
of the moging process.)
But later study showed a
tiny rocky satellite, Jupi-
rer's 14th rmown moon, ot
the edge of the ring

dan

National Geographic, January 1980
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heat stirs the liquid up, it creates a huge
magnetic field around Jupiter. The beld ex-
tenids out around the planet as far as seven
million kilometers, entrapping trillions
upon trillions of high-energy particies in
invisible radiation belts

This vast region, the magnetosphere, i3
much bigger than the sun (lower diagram,
page 10). It is four times as far away {rom us
as the sun, but were it visible, 1t would ap-
pear larger than our moon

sometimes the magnetic held releases
bursts of its trapped particles. These cosmic
ravs have been detected as far away as Mer-
cury, some 700 million kilometers. Until the
1G40s 1t was believed that most cosmic rays
came from outside the solar system. Today
we believe many are spun off from Jupiter,

All the Galilean satellites are embedded
within Jupiter's magnetosphere. They are
bombarded by high-energy electrons, pro-

tons, and other ions so0 lethal that man could

16

not hope to land on any Galilean moon, £x
cept perhaps Callisto, the farthest out. This
radiation is actually eroding lo's surface
atom by atom. These surface particles
along with those from lo's volcanoes, are
captured by Jupiter's magnetic field and cre-

ate a charged gas cloud, called a torus, that
lo moves through as it orbits

Furthermore, as jupiter s magnetic held
sweeps past Io, it generates an electric cur-
rent flowing between the planet and s
moon (upper diagram, page 10). Vovager |
measured the current at five million am
peres. Thistransiatesinto two trillion watts,
or the capacity of all earth s power plants
some sclentists speculate this power may

help heat Io to its hyperactive state

AST FEBRUARY 28, Vovager 1 hil the
| Jupiter’s greal magne
encounter was unce

1]l this leading edee the

leadine edze of
tasphere, The

way. Scientists
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bow' shock. It 5 indeed an area of great
shock, for it isthere that the forces of the sun
clash with those of Jupiter.

The sun's outer surface i= continuously
blowing awayv, sending out streams of hot
1onized gases called the solar wind, which 13
traveling at a million and a half kilometers
an hour when it collides with the bow shock
Then its speed suddenly slows to only
400,000 kilometers per hour—and most of
it= particles are deflected.

Prior to Vovager, It was thought that
some particies would leak through the tail
end of this shield and be carried right into
Jupiter's polar regions. There they would
strike atoms in the atmosphere, which in
turn would glow, creating auroral displays
tike those on earth. Vovager did indeed find
greal auroras, but their cause was a sur-
prise, Those aurorag, at least, are apparent-
v triggered not by solar-wind particles, but
by electrons streaming in from Io’s torus,

Whar Vovager Saw: Jupiter’'s Dazzling Redim

ULLEDAND TUGGED by the gravity

of Jupiter, Europa, and Ganymede, the

crust of [oseethes with tidal forces that
heat (ts upper laver, inducing volcarism.
Eriiptions spew a hundred kilometers or
more above the surfuce (Teft), unchecked
v atmosphere or strong gravity

Viwager 1 alsp recorded splotched ter-
rain (top), marked by block spots and cres-
cents. Six hours loter, bluish clouds
probably of sulfur dioxide (abowve), had
appeared over the crescent at right

Were o an earth satellite, it would
shing six tomes brighter than our moon
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Thnee views of enuptive lo

What couses Io's volecanism?
Based on Vovager obserniations,
scientists hove constructed
variots models to explain if.
Harold Masursky of the U. &
Creolagical Survey postulates o
mechamism in which sulfur-
eririched stlicate magmao erupls
through o stlicate crust rich in
stlfur—a process similar o
earthly valcanism but richer in
stilfur, Variafions (n the
chemistry of the magma
charmbers and tn thetr plhysics
account for different types of
gruptions and, therefore,
different features on [o. In this

“Whatever sulfur can come out
af Io's interior has come out,”
assorts imaging-team leader
Brodford A. Smith of the
University of Arizona. Fe cites
the billions of vears of tidal
heating, a much more
gnargetic and constant process
than the bredkdown of
radicactive isatopes that heated
garth's core. In his model
sulfur four kilometers deep has
been forced above the stlicote
subcrust, and when silicate
wolcomism occurs, (b (s under a
sulfurcus crust and a liguid
stlfur ocean, This, Smith

A different kind of eruption
Was seen maindy n the sowth
polar region where terrain
resembles parts of the American
West, with eroded cliffs and
isolated mesas

According to the U, 5.
Geological Survey's Laurence A,
Soderblom, gas-ice mixtures of
S50, blast away from the base of
the cliffs like ten thousand Old
Fatthiulzs.

Liguid S0, percolates up or
iz forced up from the aguifer by
artesian pressure. When it has
risen near the surface, the 50,
can no longer remain stable as

model, surface sulfur 13 shown
as i [ight coafing.

Masursky does not feel that
the Vovagers' “eve-blink™ view
of o can be projected across (LS
eritire history. “1The bodies
that we know best—earth, the
moon, and Moars—hove had
highly variable periods of
activity.” Why, he argues,
should Io be the lone exception?
Bur: “No geologist trained o
approach complex geologic phe-
nomena would propose one
model as solving the problem.”

thinks, has been going on for
four billion years and i= a self~
limirirg system: “If vou were to
dump more sulfur on the
surface of o, an equal gmournt
would seep back into the
molten silicate interior.” Violent
volcanism ocours in the crust
when liguid sulfur dioxide
(80, ) meets molten sulfur,
producing explosive
decompression of the S0,

A choice between the two
models—or others—may have
to watt upon Grallleo, a
spacecraft scheduled for the
rricd- 1 9805

a ligquid. It explodes into a gos
arnd ice cloud like a carbon
dinxide fire extinguisher going
indo QCtion.

Prassures are great enough to
erode the cliffs and to send the
50); spewing out as faras fifty
kilometers, where it falls as
snow, collecting in the fashion
af the Antarctic ice cap

“I suspect,” Soderblom says,
“that those cliffs are actually
stabs of solid SC."

National Geographic, January |95
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Galilean moons
vany in makeup and size

BTERIGE WEDTLY PRSVIDED BY TESRENEE & aOwuElEN
JET PRDFGLEIE LIADRATDEY

lo. 3,640 km in diameter, circies Jupiter at

an average distance of 421,600 km. Probable
structure. sulfur and sulfur dioxide crust, molten
silicate interior. and possible solid core,

Euraopa, 3,130 km in dismeter, circles Jupiter at an
average distance of 670,900 km: Probable structure:

ice crust, silicate interior, and passible solid care.

&, 5.270 km in diameter, circles Jupier
at an average distance of 1,070,000 km. Probable
structure: ice crust, convecting water or soft ice
mantke surrounding silicste core.

L .

Callisto, 4.850 km in diameter, circles Jupiter

at an average distance of 1,880,000 km. Probable
structure. thick ice crust, convecting water or sofl
wce mantie surrounding sificate core.

Vovager also found charged particles of
sulfur from lo as far out as the bow shock.
Some of these particles had been heated,
perhaps by their interactions with the solar
wind, to more than 300 million™C, the high-
est temperature known in the solar system.
However, so few of these particles exist in
the magnetosphere's near vacuum that their
intense heat had no efifect on the spacecrafi.
Nor would they on 2 human being.

The bow shock is in constant motion. If
the solar wind is blowing hard, the bow
shock may be pushed in as close to Jupiter's
surface as four million kilometers, Vovager
1 met the bow shock five times as the magne-
tosphere pulsed back and forth in space.

But the bow shock is invisible, and for
drama it could not compete with the pictures
Vovager was sending back.

AsVovager closed In, itscameras could no
longer take in the whole globe. 1 think all of
us at JPL began to tingle, We almost felt we
were on board the spacecraft, doing a slow
and relentless zoom into a secrel corner of
the universe that was intricate and bizarre
bevond our fantasies. A picture would flash
onto the screen. “0Oh, no! Thiscan't be real.”
I would say to mvself. “Thisisover the rain-
bow. This is the approach to heaven—at
least as Van Giogh would have painted it "

Spon a more stunning image would ap-
pear, making the last one seem obsolete.

The Great Red Spot swirled before us,
For a time we seemed headed down into the
center of this mysterious vortex, which has
been observed for at least a century and is
easily big enough to swallow two earths.

We saw three whirling white ovals below
the red spot. Astronomers had puzzled over
these ovals in particular, because their birth
had gctually been observed forty years ago
out of a thin white cloud streaming around
the planet. In time-lapse films scientists
wiatched what looked like thunderstorms
raging in plumes that rose from the clouds
near the equator.

The moans, oo, rapidly grew larger. Un-
til now they had seemed to be more myth
than real other worlds.

All the Galilean satellites had been named
after objects of the mythological Jupiter's
wide-ranging fancies. Callisto, the most dis-
tant satellite, is the namesake of a beautiful
maiden who enticed Jupiter and thereby

National Geographic, January 1950



provoked the jealousy of his wife, Juno,
Juno destroved Callisto's allure by turning
her into a bear. A similar fate befell lo, the
inspiration for the closest Galilean moon.
After her romance with Jupiter, she ended
up as a heifer, pursued by Juno's gadfly.

The two middle moons inherited their
names from more fortunate friends of Jove.
To elude the watchful Juno, he approached
beautiful Europa as a bull. His noble gen-
tlenesz seduced Europa. She climbed upon
his back, and the two flew off to Crete,
where she became an object of worship.
Ganyvmede, a handsome youth, alzo caught
Jupiter's eve, and he whisked the bov away
to become the cupbearer to the gods.

HE FIRST ENCOUNMNTER was a dis-

tant, glancing look at Europa, as Voyvag-

er 1's trajectory sped it in for its swing

around Jupiter. Unfortunately, from
maore than a million kilometers out the craft
saw only enough of Europa to tantalize

“It looks like the earth in a deep ice age
with all its oceans frozen,” said imaging
team member Larrv Soderblom.

Enormous and mysierious stripes criss-
crossed Europa, raising gquestions only Voy-
ager 2's much closer {lyvby four months later
could clanfy

For the time being, everyone's attention
was casily distracted by lo. White patches
an its surface radiated brilliantly amid mot-
tied shades of red and orange. When he saw
one of the first close-ups, team leader Brad
Smith said that Io looked like a pizza,

A heart-shaped region a thousand kilome-
ters across, which in a few davs proved to be
the deposits laid down bvan active volcano,
dominated early Io images. Then, as the
spacecraft drew close, it found strange black
hot spots—Ilater speculated to be crusted-
over lakes of lavalike sulfur. Here and there
rosé mountains as high as ten kilometers—
perhaps remnants of an earlier crust.

Disturbingly, Voyager 1 did not see a sin-
gle meteorite crater on Io. On earth such
processes as weathering and volcanism have
erased most craters. But the surfaces of
every solid body we have studied in the solar
system—Lthe moon, Mercury, Mars and its
moons—are peppeéred with them. Crater
counting has become a cornerstone of plan-
etary sciences, the way that scientists date

Whar Vovager Saw: Jupiter's Dazzling Realm

features on other planets, Basicallv, the
more craters a surface has, the older it is.

“We were terribly upset to see no impact
craters on Io,” recalled Smith, “If our
theories were right, the absence of craters
meant that some processes had to have re-
worked lo's surface within the past mil-
lion vears. That's just a blink of an eve
geologicallyv,”

The team anxiously awaited close-ups of
the next moon, Ganvmede, If Ganyvmede
also lacked craters, then the idea that mete-
orites bombarded the entire solar system
would be suspect. Or perhaps Jupiter had
somehow protected its moons from the me-
teorites that struck the inner planets. In
either case a vital method of dating bodies in
the solar system would be lost.

The weary team sequestered themselves
in their conference room to greet the first
Ganvmede close-ups, It took only & few sec-

)

onds for Larry Soderblom to cry *Crater!
Hiz colleggues cheered with relief. They
quickly found several more, and cham-
pagne corks blew,

(Ganvmede had more than craters to dis-
play. Its crust appeared broken into frag-
ments, like the pieces of a mosaic. These
pieces seemed to be made of two distinet
tvpes of terrain. One had shoulder-to-
shoulder craters; the other looked heavily
grooved, as if someone had raked it

There was scarcely time to puzzle over
these features, however, before Callisto
close-ups began coming in. Mercury-size
Callisto was darker, but its surface was
pricked by innumerable bright craters.

Callisto apparently had been severely
battered during its vouth. One mant impact
region has concentric ridges that look like
frozen ripples and extend for 3,000 kilo-
meters. This was surely one of the most
cataclysmic meteorite strikes to ever occur
in the solar svstem. The crater counters
quickly realized that all of Callisto and
much of Ganymede are completely saturat-
ed with craters. That-means their surfaces
are extremely old. These moons, we can
zafelv say, have been
dead a long time, How-
ever, lo's surface, as the
discovery of wvolcanoes
would reveal, is being
reworked continuously.
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Cue ball of the satellites, Europa may prove to be the
smoothest body in the solar system. Streaks that paint
its surfoce were probably fissures in the surfoce ice

Europa

Y THE TIME Vovager 2 flew by In
July, the scientists had digested their
data better, but the excitement over lo
had scarcely diminished. Linda Mora-

bito had discovered her volcano, and the

surface of lo was confirmed to be the voun-
gest known in the solar system.

One of the first things the scientists no-
ticed in the new Io pictures wasthat the huge
heart-shaped volcanic region they saw ¢arli-
er hid changed into an oval. The volcano’s
debris pattern had inexplicably shifted, and
the volcano itself had shut off. However,
six other valcanoes were still erupting and
presumably had been doing so continuously
since March.

Callisto looked as dead as it had on the
first flvby, but Ganvmede's terrain, seen
closer up. appeared much more complicat-

d. There were a smooth and relatively

ol
e

voung basin, an adjacent mountmnous
region, and remnanis of a great ancient me-
teorite crater like the one on Callisto. Appar-
ently early 1n 1ts vouth (ranvmede had a
convulsive period that lasted long enough
perhaps several hundred million years—io
rework part of its surface.

Europa, however, was Vovager 2's star,
The scientists were predicting that water-
rich Europa could be heated by the same
kind of tidal tugging as lo—albeit much less
s “We were hoping to see Old Faithful go-
ing off,” said geologist Hal Masursky.

Vovager 2 zaw no gevsers—but its resolu-
tion was only good enough to detect mam-
moth ones. The great global stripes that
Vovager 1 had spotted proved spectacular
close up. They made Europa resembie a
criacked white billiard ball. Yet the “cracks”
had no relief. They looked almost painted

Vational Geographic, Janwary [950
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fesy impelcl craters mar the moon 'z Ruriace, rndieatin

on. All of Europa, in fact, turned out to be
remarkably {iat with few craters. So the
scientists concluded that buropa has a rela-
tively voung surface

An fo-like tidal heating may indeed be
keeping the crust of Europa plastic and the
ocean beneath its icy surface either liguid or
soft ice. But no one can do more than guess
at what mechanizms Europa uses to erase
its croters.

ESPITE many unanswered guestions,

we now Know enough about these four

new worids to rmamne visits to them. I

we landed on o first, 421,600 kilome-

ters from Jupiter, this is what we would
probably see

Mostof o would look like a paunted desert

with an intermingling of sulfurous colors

(page 16). Sulfur dominates the landscape

Wihat Vovapger Saw:! Jupiter’'s Dazzling Realm

that were filled by upwelling water or soft ice. Their patterns suggest that at one

ice crust was expanding and cracking on a grand scale. Only o

o R r|.'||..!f|'.'|.'i_'|.' VITLNE

!
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because all lighter materials, such as water
have been lost to s In fact, Brad Smith
nolds that sulfur 1s Io's water, and that the
surface of the moon has a four-kKilometer-
deep sulfur ocean (page 19), Only the upper
ilometer ar 50 of thas sulfur sea 1= [rozen
Below, the sea would be molten

Hal Masursky, on the other hand
that the sulfur on lo is basically a dusting
that covers up a silicate landscape similar to
volcanic regions found on ¢arth. In either
-ase, lo's volcanoes are blowing off a lot of
furous material. Most falls back on the
surface, but about & hundred kilograms a
second escape the moon

The sullur dioxide
blown off creates a ten-
ucus, foul-smelling at-
mosphere. 1lf we

walkineg across o, a
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Ganymede

Darhest is oldest: This rule applies to the icy sur
face of Cramymede, dirtied by debris tocumilated
garly in (s nistory and most visible tn a large cir-
cular area (below). Brightest s yvoungest: Fresh
white ice was ejectéd Oy the most recent meateor
Lte impacts (Left)

To geologists, the most intriguing features are
sinuous strips of alternating parallel grooves
arnd ridges {bottom) that indicate crustal move-
ment billions of years ago

pastel vellow, orange, and bluish white
snow might fall onus. If we visited the satel-
lite's poles, we would find deep banksof this
suliur dioxide snow,

These polar snowhbanks have big, puz-
zhing scarps, which on earth we would say
had been carved by wind or water

But Io hasz no wind and is utterly and
Most likely this erosion comes from within,
when high-pressure hiquid sulfur dioxide,
trapped beneath the surface like water in an
artesian well, manages to break through. As
it does the liguid explodes into the atmo-
sphere in a gas and ice cloud , and the ground
ahove 11s former reservolr collapses

Moving toward [o's equator, we would
wilk across large white patches of sulfur
dioxide frost, or come to the shore of one of
the crusted-over black lakes. These lakes
could be floods of black molten sultur flow-
ing out from fissures and freezing over. Or
thevy could be ereated when a surge of heat
from the intenor melts pieces of the surlace.

If we approached one of lo’s large volca-
noes, the moon's flatness would break sud-
denly. From the center ol the caldera, which
might be tens of kilometers wide and a kilo-
meter deep, we would see an erupting storm
throwing debriz skvward at nearly one kilo-
meter a second, comparable Lo the most vio-
lent eruption of Mount Etna. Like a rain of
bullets, blobs of sulfur would pour down on
us at the same speed

FWE COULD MOOXN HOP, we would
be eager to go 250,000 kilometers farther
out from Jupiter and descend on Europa,
a totally different world
We would probablv land on the ice ocean

that dominates the surface of Europa. It

would be like landing in the Arctic Ocean
and trudging across pack ice. We would find
the hoarizon relentlessly flat. If we walked
across one of the great stripes, we might
know itonly by the darkened color. It would
be like crossing translucent garden mud in
winter. We would surely pause to try to
determne what had caused these stnpes
The surface would feel
like crusty snow, and our
feet would occasionally
punch through. We
might pass vast regions
aof smooth ice ponding,
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Callisto

The ghost of a huge meteorite appears as a light-
colored circle surmoimded by concentric ridges
heaved up by its collision with Callisto (left)
The impact basin hos been filled in by ice, and,
though loter battered by smaller meteorites, (=
nearly level.

Unlike Ganymede, where crustal faulting and
monveement reworked the surface, Callisto shows
g more nearly complete record of impacts. Seen
tna different view (right), they stand showlder to
shoulder across the foce of the satellite.

From rturbulent, crateriess Io o moribund,
heavily pocked Callisto, Jupiter's satellites vary
hecause of differences in composition and inter-
nal heating, factors lorgely determined by dis-
rance from Jupiter. In other words, whit a
Jovian moon is like depends on where it 15

where water has welled up from the ocean
peneath, very possibly we would see numer-
ous big ice crystals rsing from the ground.

Eventually we would approach the shore
of one of Europa's frozen-over continents
Here the silicate base of the moon nears the
surface, the crust is more rigid, and the land
scape turns a mottled, muddy brown. This
more solid ground can still support the
ridges and rims of meteorite craters, Inother
places such craters have sagged into the
softer frozen sea. We might also have to
climb oversmooth moundsof vervclearicea
hundred meters gh, which run like rib-
bons through this muddier-looking terrain
These ribbons could be fault lines through
which clean ice from below the surface has
extruded,

If there are peysers on bEuropa, they
woulld be almost as unpleasant to walk pasi
as lo's volcanoes. Their ice-pellet fallout
would make a stinging sleet storm on earth
seem like a gentle rain,

ET'S CONTINUE our moon hop out 1o
big Ganvmede, which has considerably
more water than Europa. Ganvmede's
water apparently has frozen to & much
greater depth. Trekking across Ganymede
would be hike crossing a glacier. The surface
would crunch beneath our steps. Aeons of
micrometeorites have pulverized it into
crushed ice.

If we landed on one of the grooved, or

What Vovagper Saw: Jupiter's Dazzling Realm

raked, block= on Ganvmede's surface, our
walk would often be a climb, The grooves
may bethe vallevs in between ice extrusions,
or they could be the result of buckhng. In
any event the effect is chains of ndges a hun-
dred meters high and gbout ten kilometers
apart. After a while, however, this wash-
board pattern would end abruptly, and we
would find ourselves gazing across 4 vast,
ancient muddy brown ice pond covered with
the remnants of bygone craters. Even
though Ganvmede's crust i= frozen harder
than Europa’s, it still cannot support much
welght., Therelore the nideges and rims cre-
ated by metearites on this older terrain have
largelv sunk back into the suriace

Why does Ganyvmede have both old and
new terrains? Scientists do not know, But
clearly Ganymede was once active enough
to create tectonic blocks—Iicy versions of the
drifting continental plates on earth.

At some point its interior must have been
stirred enough to cause sections of the ongt-
nal surface to break ewayv and become plates
that were later reworked and grooved.

What could have stirred up Ganymede
507 The moon might fave begun with too
much inner heat to shed, However, there's
another idea, Since all the
Csalilean moons alwavs
keep the same face toward
Jupiter, the master plan-
et's gravity must have
“despun” these once fast-

e




rotating bodies long ago. As Ganymede was
despun, the energy in the spin could have
warmed the interior, stirring it up enough to
move the crust around.

To planetary scientists Ganymede is
therefore a grand find. “We may learn more
in the long run from Ganymede than from
earth about the way plates move,” says
Larry Soderblom. “Ganymede is a frozen
record of tectonism in its naked form."

ECTONISM, however, never surfaced

on Callisto, our last stop. Callisto’s dark

slurry crust probably froze as it formed,

and, except for the barrages of meteor-
ites, not much has happened there in the
past four and a half billion vears.

Crossing Callisto's endless rim-to-rim
craters would tax our legs and lungs, were
there air to breathe. Callisto’s 1ce mantle
froze faster and grew rigid earlier than
Ganvmede's. It has thus supported meteor-
ite craters and ridges for more vears. Conse-
quently its entire surface is rough.

We would head for Callisto’s great cata-
clvsmic impact basin, The vista there would
reward us for our labor. What an awesome
ohject it must have been that hurtled out of
the murk of the infant solar system and
made Callisto shudder so. That huge mete-
orite blasted a hole 200 kilometers across
and scores of kilometers deep, Steam must
have gushed out from the moon, and briefly
Callizto had an ocean, Like a massive, in-
stantly melted glacier, Callisto's ice crust
poured into the impact zone and refroze. To-
day we would find the basin flat but would
wander amid a wondrous jumble of icy
spikes and jagged protrusions—chunks of
the old crust afloat in a frozen morass.

“There’s no such thing as a boring Gali-
lean satellite,” savs Larrv Soderblom,

S THEIR ASTONISHMENT over
Vovager's encounters abated, the proj-
e¢ct’s scientists began making more
sense of Jupiter's perplexing atmao-
sphere. They concluded, for instance, that
the Great Red Spot, the white ovals, and
many still smaller spots are all the same type
of feature. They are similar to strong high-
pressure systems on earth, but larger and
much longer lived. They may be one way Ju-
piter gets heat out of its interior.

28

Why do Jupiter's cloud features last so
long—hundreds of years in some casesr Un
earth a big hurricane dissipates its energy in

a few weeks.

*Jupiter's storms have deep roots, with
much more mass. That makes them more
stable,” suggests Andrew Ingersoll of the
California Institute of Technology. “Also,
unlike earth, Jupiter has no topography to
break up its storms.”

“Jupiter is colder than earth, and cold
bodies don't lose energy as readily as warm
ones,” adds Reta Beebe of New Mexico
State University. “Moreover, the materials
in Jupiter's cloud cover do not radiate heat
as well as water clouds on earth.”™

Many questions remain about the me-
chanics of Jupiter's atmosphere. Some of
these may be answered inthe mid-1980s by a
still more sophisticated mission named Gali-
leo. (alileo will shoot a probe deep into Ju-
piter's atmosphere. The main spacecraft
will go into orbit around the planet, taking
extreme close-ups of the moons and watch-
ing the atmosphere change on a daily basis.

Even Galileo will probably not answer
the long-standing question of whether there
15 life on Jupiter. Vovager's discovery of
lightning makes it almost certain that
chemical precursors to the molecules of life
are being manufactured continually in Jupi-
ter’s clouds, The warmer regions of Jupiter’s
atmosphere are quite similar to that of early
earth. One could fantasize about great jelly-
fishlike creatures lurking in the Jovian
clouds. But most scientists believe the atmao-
sphere is too unstable for life. Simple organ-
ic chemicals could never have settled in one
place long enough to develop into complex
biological molecules.

As for the Voyager spacecraft, they will
fly past Saturn in November 1980 and Au-
gust 1981 respectively. I all goes well, Voy-
ager 2 will head on to Uranus for a 1986
encounter, reaching Neptune in 1989, Voy-
ager 1 will sail on out of the solar svstemn
without further planetary encounters. Both
bear a present from earth, should someone
someday in some other solar system find
them. They carry dozens of scenes from
earth, pictures of human beings, and record-
ings of terrestrial sounds. Someone some-
where might consider these even more
interesting than what Voyager saw. ]

National Geographic, January 1980









LONG-FARED OWIS
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ARTICLE AND PHOTOGRAPHS BY
ART WOLFE

ROIM dusk to dawn it
haunts the fields, & stlent-
winged wraith with claws
that kill, Eves that mock
darkness and ears that can hear
a mouse squeak from afar search
the night. At the =lightest rustle
from itsearthbound prey, the
nunter swerves in flight . . . and
the long-eared owl strikes with
UNCANNY ACCUracy.

Long-eared? Well, not really
In fact, the hornlike tufts thal give
the bird ils name have nothing to
do with hearing. Instesd they act
as little semaphores, mirroring
alertness or well-being and
helping in a favorite disguise.
Up thev go as the bird squints its
SaUCel eYCSs and COIMPIresses 185
teathers, stretching its bodv until,
at first glance, it looks like nothing
mare than a stubby branch

In reality, this raptor has few
known enemies besides man:
oniy its own largest relatives, such
as great hormed owls. Encounters
with man are uncommon—
camouflage and nocturnal habits
make long-eared owls elusive.
Thev can be found in woods near
open fields over most of North
America and Eurasia and in
parts of Africa. A pale subspecies,
the western long-eared owl (lefi),
ranges from northwestern Canada
to Mexico
You'll most likely see them at

twilight, when they begin the
night's hunt, Listen and vou mas
hear a repertoire of calls that
could make a mockinghird
jealous, from hisses to hoots to
catlike mews of alarm.

I heard the whole gamut on
the mid-April day when, 35 feet
up mn a pine tree, 1 stood eve to
eve with a newly hatched owlet
As a wildlife photographer with
a longtime interest in owls, 1 was
not alarmed by the frantic
parents stooping and Dapping
around me, suddenly one
dropped like a feather duster to
the ground, fluttering with what
looked like a broken wing.

I went along with the ruse
When 1 stepped down, the bird
lured me farther away, then took
to the air, satisfied it had saved
1ts voung

After camping for several davs
at the foot of their pine, I could
photograph the family without
causing a stir. Several owl
families lived in the grove | had
chosen in the heart of
Washington, my native state.

Do long-eared owls display
territorial possessiveness? 1 hose
I observed didn't seem to. This

vear, at least, they had no need

for it. Miles of open fields, the
birds’ preferred hunting habitat,
furnished an ample supply of
rodents, their staple diet,
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brood wailts for sthlings
that will hatch within
two ot three days of

each other (above). Remains of a

previous meal, left, will be fed

to the owlet later. Breeding pairs
lay from three to eight eggs
annually, each slightlyv smaller
than a hen's egg; usually in nests
built and shandoned by other
species of birds

Well supplied by both pdrents’
hunting, the owlets sprout to

half size by their third week (left).

soon they begin “branching, ™
climbing up and down nearby
limbs and sometimes limng up
on & branch outside thelr nest
(right). duch gyvmnastics
probably help them learn to gnp
and balance.

National Geagraphic, Januan
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‘1F][ 15T [.""-rr loward 1ts
first k L S-week-old
I ywiet homes in on its
prev (top), then swoops
for the strike u:tbm'u Moments
later it perches with a small rat
it will swallow whole (right). By
eight weeks the voung sport
mature plumage (left). The
adult-size irds stand a foot hieh,
with a wingspan three imes
that, but weigh hittle more than
half a pound. The wetght-to
wing-arei ratio, combined with

extremely soft feathers, produces
the zoundless flight that makes
the lone-eared owl's strike a

sudden—and fatal—sarprise.  []
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Ihe Tallgrass Prairie:
Can It Be Saved ?

By DENNIS FARNEY
Photographs by JIM BRANDENBURG

HERE IS HARDLY any prairie left in
Illinois, the Prairie State. And when [
finally found the prairie there, it was
caped in like a prisoner
A praine 15 not, as you may think, anv
old piece of flatland in the Midwest. No., a
prairie is wine-colored grass, dancing in the
wind. A prairie is a sun-splashed hillside,
bright with wild flowers. A prairie is a fleet-
ing cloud shadow, the song of a meadow-
lark. It is wild land that has never felt the
slash of the plow
| drove out one October afternoon,
through the spreading suburbs west of Chi-
cago, searching for these things. I found toll-
booths. Bulldozers, gouging out baséments.
Billboards. And evervwhere, the subdivi-
sions the billboards advertised
Then 1 saw it, a remnant of the landscape
that once covered much of Illinois,
The prairie was there, in a pioneer ceme-
tery surrounded by a chain hink fence
And outside the fence was the most en-
couraging sight I'd seen all day. A voung
man was walking, head down, collecting
wild-flower seeds in an old bakery sack.
“You look like a prairie restorationist,” T
hailed him. Ken Klick looked up, then
grinned his confirmation. “My ‘prairie’s’

enly fifteen fect by five—my backvard,"” he
said. “But these wild flowers are so rare |
want to dowhatever I can to save them. I'm
taking these few seeds home to plant.™

We wriggled under the ugly fence. Inside,
like a scene from Edgar Lee Masters' Spoon
River Anthelopy, tombstones stood amid
the swaving grass. Beneath them were sod-
busters of the 1840s and 1830s. Kinley
Charles, 1821-1861. Mary His Wife, 1831-
1879. Joseph Thomp=on., Jacob Brook
With others, thev had tamed this land-
scape—tamed it all but the wild remnant
that now engulfed their headstones.

The autumn wind meoaned in the chain
lmk fence and rustled devly in o clump of
coarse leaves at our feet. *That'’s the com-
pass plant,” Ken said, pointing out that the
vertical leaves face east and west to best
catch the sun

“There's the rattlesnake master,” he con-
tinued. It was reputedly uzed as folk medi-
cine to cure snakebite. "Over there is the
shooting star.” Come Mayv, its pale pink,
swept-back petals suggesting falling stars
would blanket the slope.

Ken stooped to pick up a beer can and
paused among the headstones. A milkweed
seed drifted by on its puffy parachute. A

Native of a vanishing land, Indian grass swayvs beneath the sun ona remnant of
rallgross prairie. The white man's plow all but destroved the originol Midwest
grassland. Now a modern-day feud smolders over a proposed national park in the
Flint Hills of Kansas, o plan fiercely resisted by ranchers as a lond grab
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wedge of geese honked across the sky, head-

ing south.

“This prairiec makes me sad,” Ken said
softly. Ifelt it too. That tiny caged-in prairie
symbolized a loss so vast as to be almost in-
comprehensible to modern Americans. It
symbolized a lost landscape—the landscape

of the tallgrass prairie,
Once that landscape stretched from Ohio
to eastern Kansas and the Dakotas, and
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from Texas into Canada, a great triangle
beneath an empty sky (map, page 43). Once
it was wild land; try to imagine it as it must
have heen,

There were wild flowers, hundreds of
kinds of wild flowers, blooming in their
place and season. There were elk and shag-
gy bison, and prairie chickens booming out
their mating call on brisk April mornings.
(reat trees hugged the stream channels and

National Geographic, Januarv 1980
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floated like islands on distant hornzons. And
there was grass in abundance, dozens of
kinds of grass. Eight feet tall on favored
sites, belt high in most places, it was green
and bronze and wine and gold, rippling and
shining in the sunlight.

It's almost gone now, that shining, swirl-
ing landscape. Other prairie survives,
characterized by shorter grasses, on the dry,
thinly populated (Great Plains to the west.

Can the Tallgrass Praivie Be Saved?

Among the galaxy of wild flowers that
spangle the pratrie, blazring stars shoot
up from Cayler Prairie in Iowa. Such
preserves dot the Midwest, but most are
small. Park proponents seek 320,000
acres tn the Flint Hills of Kaonsas amnd
Oktlahomia, a size needed o revive the
native ecosystem and evohke the Vostness
of the virgin prairie




Her firm stand (= made clear by bumper
stickers (righit) on the farmhotse

of Mrs. Lowell Thierer near Alma, Kansas.
The Thierers are antipark but not
antipiblic. They hold molasses-mahking
festivals and run two old-time museums
on thelr land, part of the proposed

park site.

Real horsepower, less hormiful than
wheels, serves Paul Bultsma fbelow), who
manages South Dakota’s Samuel H
Ordway, Jr.. Memorial Prairie.

But the tallgrass prairie, the king of prairies,
became the corn belt. Became Chicago,
became Des Moines, became home for 25
million people. As the homesteaders’ steel
plows sliced through its matted roots, it all
but vanished in a ringing, tearing sound.
That didn’t happen in the Flint Hills of
eastern Kansag, a fiftv-mile-wide swath that
runs north-south across the state. There the
plow ran into a thin and stony soil, and so
today the Flint Hills remain cloaked in prai-
rie and in a kind of turn-of-the-century
peacefulness as well. The hills are dotted
with quiet little towns like Cottonwood
Falis, with its splendid French Renaissance
courthouse and a main street straight out of
Thomton Wilder's Qur fouwn. The low
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stone walls hint of far-off New England.
It remains a country of catile, boots, and
branding irons, and of stone barns and
houses that seem as rooted to the land as the
rrass itself.

Almost all these flat-toppeéd hills are
wrapped around limestone, deposited by an
ancient sea more than 200 milion years ago.
Embedded in the limestone are nodules of
flint. which give the region its name. Here
environmentalists are pressing for a Tall-
griss Prairie National Park. A proposal to
be presented to the UL 5. Houvse of Represen-
fatives seeks a park of 320,000 acres, split
into three parcels. It would fill a gap in the
National Park System, which contains no
significant reserve of tallgrass prairie.

Navional Geagraphic, Janwary 1980
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Vehemently opposed to the park are the

int Hills ranchers. EEEP THE GRASSLANDS

I
FREE read bumper stickers on their cattle
trucks. The ranchers fear government con
demnation of thelir land gand the changes an
intlux of tourists might bring to their thinly
populated region. They argue that they're
already preserving the prairie—in the form
Ol ranches

Lhe praine arouses strong emotions
When | survey the world from a prairie hill-
top, as shadows edge out into wooded val
levs and the meadowlark sings its lilting
sone. what I fee] i= pure exhilaration. 1 be-
lieve my grandfather Dennis Farney must
have felt it oo, althaugh mingled with fear
and loneliness; g Kansas =odbuster in the

Can i Tallerass Prairere Be Saved?
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the wide and open country of my vouth.

My journev took me to Ordway Memorial
Prairie in South Dakota, a jumble of hills
and wetlands deposited by glaciers. As1lay
helly down in the grass at dusk, dark shapes
suddenly loomed against the sky, rocking
and pounding. Bison! Heads lowered, pow-
erful shoulders working, they thundered by
me into the darkening landscape.

I talked with John Humke, midwestern
vice president of the Nature Conservancy,
which preserved that prairie as a refuge for
both plants and wildlife. Saving ecologically
valuable land is the conservancy's sole func-
tion; it preserves plants, animals, and sam-
ples of ecosystems that might otherwise be
obliterated—1.5 million acres nationally to
date. In that total are 39,000 acres of prai-
rie—74 projects in 11 states,

“T used to dream of a million dollars for
buving prairie," Humke told me. “In the
past decade we've spent ten million.”

And T met the prairie restorationists—
hundreds of them now, rescuing wild flow-
ers and attempting the almost impossible:
reconstructing the prairie on ground that
was once plowed.

You can grow a prairie facsimile in five or
ten years. But some scientists think it could
take 200 vears to reconstruct the intricate
prairie ecosvstem. Others think 500, Still
others, never. No matter. The praire-
restoration movement conltinues to grow,
part of the impulse that moves some people
to restore old homes and trace genealogmes.

“It's roots,” restorationist Robert Betz
told me. “That's why vou've got this whole
movement of trying to recapture the past.
The pratrie represents the past, [t represents
something vou can grab onto, something
that endures.”

Seeking an Elusive Milkweed

Bob Betz, a 35-year-old biology professor
at MNortheastern Illinois University, radiates
enthusiasm. In the field he wears a red base-
ball cap and seems to talk in italics, In the
mid-1960s he spent two vears searching for
Mead's milkweed, a flower so rare that few
living botanists had ever seenit, He tracked
it down in a virgin prairie along a Missouri
railroad track.

“Study a wild flower long enough and vou
form a kind of rapport with it,"” he told me
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with a grin. *People ask me what I want to
be reincarnated as. A Mead'smilkweed ona
Nature Conservancy prairie!”

An improbable thought, but no more so
than the Nature Conservancy prairie where
1 met Bob Betz, Picture a virgin prairie—
two blocks from the golden arches of a
McDonald's restaurant, Twenty miles
south of Chicago’s Loop, the Gensburg-
Markham Prairie isawash insuburhia. Kids
explore it while eating McDonald's French
fries. Cars whoosh by it on the Tri-State
Tollway. And wvet its 93 acres are like an
impressionist painting, splashed with color
by scores of wild flowers.

“Thiz iz the most complicated project
we ' veeverdone,” Nell Gaston said. Gaston,
executive director of the conservancy’s [lli-
nois chapter, explained that the site had
been subdivided but not developed. The
conservancy was given sixty acres and has
bought the rest—one lot at a time.

That preserved prairie did myv heart good.
YetIcouldn't help feeling that something es-
sential was missing there. What was missing
was space—unlimited space. Rancher Jack
Ferrell has that, He picked me up in the
Flint Hills town of Beaumont, in southeast-
ern Kansas, and we were on our way out to
visit his spread.

Ferrell at 72 is windburned and tough.
Beneath hiz turned-up Stetson his face is
ruddy; white stubble iz poking through. He
talks of riding herd in a chill factor of minus
50 cegrees; frost formed beneath his sweat-
band in two minutes {lat. He talksof aday in
1936 when the temperature hit 118°F and
his saddle was “as hot as an iron stove.”
Squared off and stocky, he walks with a
limp. “Picked on the wrong horse once.”

We thumped across a cattle guard and
onto the Ferrell ranch: 7,000 acres sur-
rounding a native-stone ranch house. Lear-
box whining, our jeep labored up a hillside
and finally stopped on a high ridge.

“Now there,” Ferrell announced, “are the
hills.” There seemed-to be only hills, grass,
and skv. I could pick out a windmill and
Herefords standing belly deep in big blue-
stemn, the hallmark grass of tallgrass prairie.

“You're looking at Elk County, Green-
wood County, and Chautauqua County,”
Ferrell said as | took in the landscape that
billowed away to the blue-grav horizon.

National Geographic. January 1981



Gulf of Mexico

P MANITORA » _
IS 4 f{“"nnmﬂg
oS (N Remnants of the oncevast
Aosares = 1z e TALLGRASS PRAIRIE
N MINNESOTA -
Shaded area represents presettlement extent of
bt Siirl!!#i‘d'.’::;:ﬁ tallgrass prairie ecosystem. Brown dots indicate
Bismarck 4 b Mﬂ%nﬂﬂu preserved remnanty: . less than 20 acres, « 20
\ K hadad te 200 acres. « more than 200 acres. Dashed
NGRTH BAKD I: ,‘ A - ek line marks a rone of transitional vegetation from
TA \ tallgrass o mived grass.
SOUTHDA KOTA s L H 4 t]\ %i B li. m
"o ceowar e, , * 2% WISCONSIN
i . ., %5 ﬂ
FqErr.:.* l:-.:| "' & 31 Ll ' I|: "'
NATIONAL WALDLFE f Efﬂ""”l‘.\ PO o | "E"l
= o o B MINN, iames  Lansing
e—mdnin ] § ey o WA v AOSBEOTH % Detoif g
b ' ' %@7 . CAVLER , PRESERVE 5 o O
Nebraska's Sand Hills, FRAIRIE A s ! e (AR
als, - miie ) TE" L?TII:!: = H!'ﬂH 'ﬁ?
e oo DesMoines o +Chicago—TA, /)7
" ®areas of tallgrass prairie © Forest vegetation intrudes | | mm.m_'j "
o oty far into the prairie =1 A AR H A j ! Co mll:.
Mg Lincoln % afong streams and """’3{ g - PRAIRIE
- - | ; :IJ_ L Jrnd-mpu:m n }
P '"ﬁfﬂmﬁ'h ~—a® s Cg2 s *Ep*'fﬂsﬂmd [T
l .~ SAS "4 N0 5 Db
RONZA PRARIE (2 f Wahaunsee s*:} ik St el &,\Il #ﬁ"" g
g s * .Hun! !":" “I.Il :'-:Il: -\-.- -
The Flint Hills region e Topeka i i";jﬁ? e PR ] \ :r? * Frankfort
Includes extensive areas m:at'r.nnwunu:l Fi!lz?“.‘s‘: City ¢ ® o }' Qhfe - £
of privately owned prairie, | - i f\;j’
Brown squares show | . T T P
mﬁdmmmm _ri %l't:ﬁl:bunt r‘.{:‘.i F i'-: .i'%' '. e “_'E.mu'[.ﬂ‘f
KANSAS Eﬁrﬂﬁ d Efl‘ g P 0 Ny . xai TENNESSEE
OKLAHOM A (1 AUR| ©o o\ ™)
0 | i o # Nashville
: | ARHANSAS
Oklahama || /o A sea of tallgrass covered
Amarillo City =Y ¥ Wi 00,000 square miles before farm.,
T A p town, and road:took nearly all of
o Little Rock® .\ it. While culrivation destroys
Nia ot D 1:\ { prairie, prudent grazing does not,
?E_HE T = "F'f":;r' 3 the reason for the survival of the
AT E \ largely unplowed Flint Hills. The
Ky [ ¥ v = ARKANSAS proposed park bill would allow
| L . J / A -+ LOUISIANA owners to transfer property
[f [ Ball -, within the immediate family
2 : 1 : ‘ﬁ' indefinttely. Bur the government
‘ guﬂ! mrﬂﬂﬁﬁ “’F - wotild have first option to buy on
/ of the steel plow (1837) and the apén market
; fencing that confined livestock Bat
| and intensified grazing. *Ftnu;r::
_RioGrande  Austing oNew Orleans
F ¢ | 7 Houston
1. /

I} H-.U'!-l‘uEli 300

':' iTlr-..ITE!I..J
Wi# @CmP'CE rTTH & & FolellF
NLTE LWL i N, TAETEEN
FEECANI &SN F7T PO
METTTNE BT MRS

[ = =] ]
Il BV






Prairies show up in unlikelyv
ploces—spme saved, some
restored. A fumiliar sign of
suburban America shines
through the jpross on the James
Woodworth Prairie Preserve
{left), whose rusty fall colors
e surrounded by suburban
Chicago fabowve). The preserve
lefs cityviolk see what once
covered the bulk of the state.
Most of the 5.3-acre plot had
never baen plowed or even
grazed when bought &y the
University of Illinois in 1968,
Biologists study the ecosyvstem
and explore ways to tmprove
prairie mantenance. Visitors
muay view exhibits in the
interpretation center, then take
a look at the prailrig’s more
than 200 plant species

The measure of a man falls

short on a prairie being restored

at the Fermi National
Accelerator Laboratory west of

Chicago (below). Stunding 5
feet 11, biologist Robert Betz
uses two meter sticks end to
end to gauge Indian gross, a
dominant plant in the
tallgrass pratrie. The lab's
atom-smashing ring, 1.25
miles in diameter, encircles 700
goeres of former formland. So
far, 125 acres have been
reclaimed. For authenticity
the prairie 15 planted with
tndigenous seeds from other
rnorthern [llinois prairies,
painstakingly gleaned by
virllinteers,
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brown. [ looked at the shrubbery and saw
some splendid avtumn scenery. Hulbert
saw fuel for a long-overdue peairie fire

“What flames we'd have herel’
cheerfully

“Leave a prairic unburned, and eventu-
allv vou get a forest on 1it,” he explained. In-
dians set fires to stampede game, and e
stroved invading trees and shrubs 1n the
process, Lightning also ignited range fires
But the number of prairie fires declined
charply with the white man's arrival. Asa
result, Hulbert continued, "“Woody plants
now cover many areas that were never for-
ested in presettlement mes. ™

Fire Is a Valuable Tool

he sad

To redress the balance, Hulbert has re-
turned to the ancient tool of fire. The con-
trolled fires he sets 1n spring devasiate
shrubs, trees, and early greening invaders
like Kentucky bluegrass, The prairie grasses
and wild flowers, generally deep rooted and
still dormant, never feel them

Hulbert and I topped the ridge and
stopped in a stand of big bluestem. Its seed
heads, wine coloréd and heavy, swived In
the wind as Hulbert stepped cut, steel tape
in hand

“Seventv-two and one-half inches, that
one, he reported

Later, in a wet lowland, we found cora
grass ninety-seven inches high

Alwavs experimenting, Hulbert burns
some plote every spring, some as seldom as
once in ten vears, He hopes to reintroduce
elk. bison, and "_|r||:|'._’]'.|_|r'|'.. as well as cattle.
then compare the various grazing effects

“Wewon't fertilize though," he said. "' The
objective is to get the Konza back as close to
its presettlement condition as we can.” The
idea is to use the preserve as a benchmark
against those changes in grazing and crop-
land that can be measured.

Ranchers concede there may be value in
Hulbért's search for better management
techniques. But their tolerance vanishes at
the first thought of the federal povernment
commandeering their land for tourists

"“You know, by golly, what woulld happen
then? demanded Orville Burtis, an 87
vear-old rancher. “Then thev'll have to run
blacktop roads throughit. Have to have rest
stations, Have to have a place to buy pop
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Blazring the path for better growth,

_r!r'r—-v.'l".._'r'h'_'r sef 'r.h_ﬁ.' man or nature—Iis

an old prairme ally, Deliberate spring

Natienal Gerographic, January 1930
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antl beer. And pretty soon the realistic part
of it—the back-to-nature-just-exactly-like-
God-Almighty-made-it part—is gone. Why
can't they let it alone?”

“To be right honest with vou,” Jim Hess
told me, “ranchers aren't much interested in
having the government interfere with them
Ranchers are an independent bunch, What
bothers us most 15 the use of eminent do-
main, We feel it's wrong for one group of
people to take land from another.”

0. James Hess, 34, 1s the chairman of
the Kansas Grassroots Association, Inc.,
formed to fight the proposed Tallgrass Prai-
rie National Park. I found him on the open
range, working as cold rain pattered in the
grass. With whistles, shoutsof “hi-yah!" and
a cattle prod, he helped hisdad and brother
crowd the wild-eved animals into a truck.

We returned to ranch headguarters,
framed by flat-topped hills and a wooded
valley, and came to 4 modern frame house—
Jim's house, built in 1975, A hundred yards
more brought a second house. Brother
Alan's house, built in 1915 by grandfather
0. W. Heszs. Another twenty vards: a third
house, made of creamy limestone, Jim's par-
ents live there: great-grandfather Otta John
Hess built it tn 1892,

We walked another hundred vards, to a
stone wall surrounding a graveyvard. (Great-
great-grandparents  John and Gertrude
Hess e there. They settled the land in 1856

Five generations, each adding to the
ranch. To lose 8,000 acres of it—the amount

S0

“What vanishing prairie? ™ asks
Jim Hess (left), a fifth-generation
Flint Hills rancher. Chaoirman of
the antipark Konsgs Grassroots
Association, Hess saya ampile
prairie preserves already exist.
Ranchers have well protected the
rest, he claims, and will continue
to. Not necessarily, counters park
proporeent Larry Wagner, wha,
crippled with polio, tours the
Flint Hills with his father (right),
Wagner, a founder of Save the
Tallgrass Prairie, says a park
gnsures that the land will never
be plowed or developed.

included in one site currently considered for
the park—would be to lose part of oneself.

“We feel that preserving the history, heri-
tage, and culture of the Flint Hills 1s just as
important as preserving the grass,” Jim told
me. “The Flint Hills are a classic case of peo-
ple living in harmony with their environ-
ment. We feel a park would destroy more
than it would create.

“0Oh, there are other arguments too,” Jim
continued. Loss of beef production, for ex-
ample. But the tone of his voice told me that
such arpuments are secondary to him. The
wind raced past us as Jim Hess looked out
over his country.

“It's just kind of nice,” he said softly, “not
having anvbody else out here.”

When Jim Hess argues against the park,
he argues in terms of freedom. When Law-
réence Wagner, a co-founder of Save the
Tallgrass Prairie, Inc., argues for the park,
it also iz in terms of freedom. “Consider vast-
ness,” Larry Wagner has written. “The sea,
the desert, the prairie, the polar ice caps.
Where else the clear, uncluttered wview?
Where else the windswept freshnesss

Wagner is 56 now, a lewver in Shawnee
AMizsion, Kansas. Some of hisearliest memao-
ries are of camping in the Flint Hills with
his parents. He grew up an outdoorsman, a
lover of open country. He fiv-fished for bass
in Flint Hills streams that slid, clear and
cool, over gravel banks. He was a World
War 11 pilot

Then polio struck him down. At 30 his

Nuational Geographic, Janwary 19810



arms were gseless: he could barely move his
legs. Hespentsix monthsinaniron lung. He
travels with a respirator now. It's not essen-
tinl, just handy, but still he says, “1 have to
think every time I take a breath.”

His chauffeur is his 8l-vear-old father.
Ray, who looks 65 and drives like 18, We
raced off down country roads in a cloud of
dust and gravel to inspect the “park.”

Larry Wagner calls it the park, as though
park status were already an accomplished
fact, As our van pulled up on a high ridge
overlooking a greal sweep of country, he
pulled air from the respirator’s hissing tube
and gared down.

“A feeling of vastness—I get it more here
than anvwhere else.” he said

Cloud shadows drifted before us, ghiding
across rounded hills. Over a landscape en-
compassing pérhaps 200 square miles; the
griss was waving, waving in the wind.

Here Buffalo Could Roam Again

On this ridge, Ray Wagner thinks, the
American explorer Zebulon M. Pike reined
in one September davin 1806, Pike wrote in
his journal, "In ope view below me [1] saw
buffalo, elk, deer, cabrie [pronghorn] and
panthers [cougars].”

(Of these, deer remain in the proposed
park area and pronghomn have been reintro-
duced, All day long, az we drove through the
high empty country, Latry Wagner was
mentally repopulating it with bizon and elk,
Franklin's ground squirrels, even nver otter

Can the Tallerasy Prairie Be Saved?

All these, and maore,

and big-eved chub
could flourish there

We bounced across a stream in a shower
of water. T hese wooded vallevs would real-
v be usetul to elk in wainter,” Wapner said
Elk roamed the prairie once, foraging pn-
marily on grass but using trees and shrubs as
well for cover and for food in winter

Thevd hind what they need in the pro-
poserd park: three units totahng 320,00
acres. Environmentalists recently upped
the ante: a decade ago thev sought only
60,000 acres. But thev've offered ranchers a
major concession: no land-acquired by con-
demnation unless development or plowing
threatens 18 value as parkland

Instead, the government would simply
designate where 1t intends to establish a
piark. Within these boundgrnes existing
ranchers could continue ranching indefi-
nitely, passing their land on to descendants
Bul wheneveraranch inside the boundaries
was placed on the open market, the govern-
ment would have first option to buy 1t. Ac-
guiring the parkland thi= way would take a
cenlurv or more.

Land within the three parcels that alrepdy
produces oil and natural gas would be classi-
fied as national preserves, so that exploita-
tion could continue

heeping intact a sense of openness, “a
[eeling that the prairie goes on forever,”
would be one prime objective ol the park, as
Wagner sees it. Another, equally important,
woulld be maintaiming an ecosvstem, “Our
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opponents talk about preserving pastures,
we talk about preserving an ecosystem.”

The distinction is central to Wagner's ar-
gument. A range pastureis preserved praire
in the sense that it has never been plowed.
Butit's threadbare prairie, Wagner and oth-
ers argue. Many kinds of wild flowers and
some kinds of wildlife simply aren't there;
they haven't been able to coexist with ranch-
ing. A park might bring them back.

Wagner concedes that a park inevitably
would intrude somewhat on the region’s
way of life, but thinks the changes wrought
by a park would be minor compared to the
changes: that economic forces and random
development are bringing right now.

Stemmiing the Change of Time

A slow but pervasive shift in the ranching
economy—away from summer fattening of
put-of-state steers bound for autumn mar-
ket, toward vear-round breeding and fatten-
ing operations—is intensifying pressure on
the land. Wagner and I saw threadbare prai-
ries that day, severely overgrazed.

Some ranchers control brush with herbi-
cides—devastating to broadleaf plants, in-
cluding the wild flowers that are as integral
to a prairie as grass itself. One otlman-
rancher has seeded his land with fescue, a
nonnative grass that greens up earlier in the
spring, Wagner fears others may follow his
example, replacing the original vegetation
with alien species,

Three more reservoirs may join the six
major ones already in the Flint Hills, ohblit-
grating more prairie. Heavy industry is
moving in. A new coal-fired encrgy complex
on the edge of the region is visible thirty
miles away. Its chimneys are 600 feet tall.
The sprawling complex will eventually con-
sume 12,000 acres. It radiates transmission
lines. A planned nuclear plant east of the
Flint Hills will send out more of them.

There will always be some praine in the
Flint Hills, no doubt. But how much longer
will there be that vast all-of-a-piece land-
scape we saw that day?

The afternoon was ebbing now. The diz-
tant hills were shaded in purple and gray.
The sunlight was liquid gold, pouring across
a landscape of bronze and green. A chill
wind sighed in the grass as our van stopped
on a south-facing ridge

ad

Ray Wagner gently lifted his son into his
wheelchair, I asked Larry what he felt in
such a setting. “Freedom,” he replied,
“afreedom from known bounds. When 1 see
the horizon fading off in the distance;, I'm
liberated, unfettered. Serenity? Yes, 1 expe-
rience serenity here too. But I can find that
in other places, Only here can I get this feel-
ing of liberation."

Prairie restorationist Bob Betz, who lives
outside Chicago, also knows of such a prai-
rie. But he visits it only in his imagination.
For Betz's prairie, the lllinois prairie, virtu-
ally disappeared a century ago.

And so Betz has a dream. >omeday,
somehow, he'd like to re-create the Illinois
prairie on a site large enough—say 5,000
acres—ito (Continued on page 59)

Beecher Bible and Rifle Church
(right) was built on the prairie af
Wabaunsee, Kansas, in [ 860 by
antislovery settlers, Abolitionist Henry
Ward Beecher supplied Bibles and
guns to ward off Missouri raiders who
wanted Kansas a slave state, The
small, integrated congregation (ncludes
Curtis Gardenhire, 77 fabove), whose
father was born a slave: Visitors Dwayne
and Bryan Wohler play outside.

National Geographic, January 950
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Down=-to-earth protrie restdents,
muary birds build homes on the
ground, Beside pasgueflowers
harbingers of spring, a newbom
horned lark, one of the first
feathered spécies to hatch, Waits
agape for food (above). With
such a vulnerable nest, the horned
lark matner cleverly protects ner
_1,'|l'_.."|_,; oy -i.-:ll'i"l_.'. grtentuon 1o
heraelf. “She flutters away,” os
Auduborn noted, "feigning lomeress
s0 cunningly” that few "can
refrain from pursuing her,”

Ancther kind of show {5 put on
by the greater profrig chicken
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(facing page!. The cock takes on
his rivals in combat—part real,
part ritucl—or a piece of twrf
wiiere Qe dances and displays
to attract @ mate. His
chargcteristic booming call is
ampitfied by inflatable neck socs
From the sidelines the watching
hens approach, favoring
dominant males

Other birds are drop-in
visttors. The Swainson's howhk
(right), pausing during his
migration, stretches
while huntine for small rodents

ard grasshoppers
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Escapees from plow and pavement, prairie plants survive in ditches across



the Midwest. A strip of cordgrass grows between road and field.






(Continued from page 52) capture the
original’s sweep and spaciousness. | joined
him one November morming as< he prepared
to take another step toward that goal.

“Looks good, ¢h?” he asked exuberantly.
“*That's an incipient prairie in there!”

We stood beside a grass dnll, a tractor-
drawnimplement used for planting, looking
into a seed box crammed with prairie seeds,
There were seeds of little bluestem (big
bluestem’s shorter cousin), fluffy as a
mouse’s nest. Indian grass, dart shaped and
sharp. Prairie cinquefoill, mere specks of
dust. Culver's root, lookmyg strangely like
coffee grounds. Two dozen species mingled
together—360 pounds of seed.

Had it been purchased in small quantities
from commercial dealers. that seed would
have cost thousands of dollars, For seed of

some prairie flowers can cost as much as
twenty dollars an ounce, But the seed was
free, handpicked by volunteers on remnants
of prairie within fiftv miles of Chicago, This
method guaranteed seed precisely adapted
to the area. Now it was ready for planting in
a most curious setting.

Imagine a glant doughnut. The doughnut
is four miles in circumference, made of con-
crete and bunied in the earth 35 miles west of
Chicago. This is the housing for one of the
world’s most powerful atom smashers, at
the Fermi National Accelerator Laborato-
ry. There, sclentists accelerate protons (o
nearly the speed of light, then smash them
to study the basic structure of matter.

Now imagzne the hole in thatl doughnut.
It is & mile and a quarter across, 700 acres
in aren; In that hole, surrounded by 20th-
century technology, Bob Betz, colleague
Tony Donaldson—a Fermi electrical engi-
neer—and a lot of other enthusiastic volun-
teer helpers are re-creating the 19th-century
Nlinois prairie, piece by piece

“1 like wildness,”" Betz told volunteer
Pollev Cosgrove that day. *1 like the idea of
wildness. I'd like to see us restore areas as

reserves for our grandchildren. The reserves
would be kind of like Noah's ark. Then, if

our grandchildren ever wanted to expand
the areas of wildness, they'd have these
nuclei. That'swhat we reallvaretryving to do
now—save the nuclei. ™

It isn't easy. Some of the rarest, most
beautiful lowers—the white-fringed prairie
orchid and prairie gentian—are exasperat-
inglv finicky. The orchid needs particular
sbil microbes, and those microbes vanished
when the virgin prairie was plowed. These
species are perhaps best planted vears, even
decades, after earlier waves of pioneer spe-
cies have reclaimed the soil.

But pioneers hike big bluestem and blaz-
ing star present their own problems: Little in
their evolutionary history has equipped
them for taking hold rapidly on cultivated
soil. In contrast, their nonnative competi-
tors are superbly equipped. For many of our
common weeds evolved on the ancient cults-
valed fields of Eurasia, then hitchhiked to
America with the settlers. They're genetical-
Iv programmed to hit the ground running.

Stamina Wins the Race

Finally, prairie plant seedlings spend
more energy growing down than up. A year-
oid big bluestem may have a hundle of
strong roots but only a wispy top. The seed-
lingis shaded by fast-growing weeds, which
need an occasional mowing to keep them in
check. If the prairie natives can hang on, the
odds tilt in their favor.

“Weeds are sprinters. Prairie plants are
long-distance runners,” Betz told me.
“Thev're tough babies. Compared to them
a dandelion™—he shrugged in utter con-
tempt—"is nothing!”

I saw this for mvself when Betz and 1
inspected two earlier planting= at the Fermi
lab. The initial planting of 1975 was flour-
izhing, head high, glinting bronze in the
November sun. But its boundarv with the
15976 planting hit us like a stop sign. On the
%75 side, grass; on the 1976 side, thistles.

There appeared to be nothing else. Even
Betz, that most ebwdlient of men, looked
downcast. We waded on, picking thistle

Home on the range again, a bull elk turns against backbiting

flies on Nebruska's Fort Niobrara Nattonal Wildlife Refuge. Excapt
for such preserves, the mountains have offered the etk thetr main
havens following their extermination on the tallgrass prairie

Can the Tallgruss Prairie Be Saved”



Buffale roam in a low black mass against a South Dakota sunset on Ordway

Memorial Prairie, réstocked (n 1977 nearly a century after the lost of the area’s

barbs out of our thighs. Then something
caught his eve, and he gave a little shout
(3rass!” Betz was crashing through the
thistles now, Another tiny clump appeared,
then .1|'|I|f|'||_',". Hljf1l_:'.|'51|]. we could [."ll'Li them
out all around us. “See it? See it?" Betz
demanded. “See the reddish tint? My God
we've got grass in here!™
Although the grass was almost mvisible,
Betz knew that its fragile appearance was
deceptive. The strength of the seedlings was
underground, in the deep roots they d sent
down during their first critical vear of life
Soon they would turn to shooting up and
puzhing out—-choking out the competing
thistles just as surely as the once tiny 1975

-=l.|_'|::1L[11:1-.- had done. The wild flowers, in

G0

hiding now, would eventually tollow, if the
past was any guide
“Oh, wait until 1 tell Tony!" Belz contin-

ued jubilantly. *We've got--1 can tell you
right now-—nine more acres of prairie!”

Nearby a tractor pulling a seeder was
roaring down a row. Another planting was
in high gear, an expeniment with autumn
planting that could greatly accelerate the
pace of restoration

The previous plantings had
epring, just after a final cultivaton to sup-
press weeds, But most prairie seeds won't
germinate until their dormancy has been
broken by the cold and dampness of winter,
S0 Betz and his volunteers had to mimac
thoze conditions by moistening their seeds

beesn 1o

Narional Geographic, January 1950




preservationists seek a similar revival for the beasts” original homa

and refrigerating them in plastic comainers

Autumn planting does away with this
cumbe¢rsome procedure. Of course, it also
makes cultivation the following spring
impossible—the prairie seedlings would be
destroved-—and so the weeds sprint ofi to an
even faster start. HBut, to Betz, the nsk is
worth taking. “If we're ever going to build
prairies on a large scale, thisis the way todo
it,"” he said that day

we fagged down the tractor and clam-
bered aboeard the drill. Amid a gréat squeak-
ing of gears, rotating metal fingérs of the
drill reached up, snatched, then thrust the
fluffv seeds down into tubes that led to the
ground. The falling seeds glinted one last
time in the chill November sun. Theén they

Can the Tallprass Prairie Be Saved.,

native herd died out: Just as the bison were regenerated after nearly disappearing,

the profris

fell into the moist black earth and were gone

1The sun was an orange ball now, almaost
goneitself, Betzand | retreated to the edge of
the field and watched the tractor weave its
nattern like a shuttleonaloom. Above usbig
iets descended slowly toward O'Hare Inter-
national Airport. A flock of blackbirds
wheeled, settled in upon the newly planted
prairie—and started eating praire seeds.

“Hev!" Betz shouted. “(Get out of there!
o bother somebody else's prairie!™ He
walked out into the field, waving his arms
and making fierce noises

“You know," a watching Polley Cosgrove
tald me, “that man is worth his weight in
prairie seeds.”

And that's worth a lot. []
(2
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Although bowed by the

weight of her 87 yvears,

Tomewo Oba of little Tokorp

still braves February's snows

and winds out of Siberia. TLIRLP
Hokkaido's bitter winters (ETOROFL

and its distance from the ancient VI T L
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long conspired to keep most of -

the ialand in the hands of the Ainu, / t“éwﬁ i

the island’s aboriginal people.

Modernization began in the late
19th century, and now few
traces of the Ainu's
culture endure, But
stretches of the
wilderness thot once
sheltered it survive in
snowbound mountain
stronghelds and an
pxtensive system of
national parks (map).

This lenges
(22 3 miles) Is schaduled for
complethsn n 13835,

Instead, after graduating from high
school in 1964, Saito-san left the parade.

“We have a saving,” he continued, “ "Ten
birds go together ' All my friends were going
off to school with no idea of what they want-
ed to do. I didn't know what I would do ei-
ther, but I wanted independence. Then I
saw a pamphlet for the College of Dairving
in Hokkaido, and 1 thought to myself, ‘1
have a chance there.""

Saito-san's 19 acres would cover 78
average-size Japanese farms. He owns a
dairv herd of 1053 cattle, five times the usual
number. He cannot see his nearest neigh-
bor's house, for his fields lie on the very edge
of the Tokachi Plain's arable land, sloping
up: Tsuruglt Yama, Sword Mountain,
toward a forest of spruce and fir and a peak
with a crown like broken glass. Wind-
driven snow spumed over its crest as we
walked across crusted drifts to his house,

“The local farmers thought I was ¢razy
when 1 started here in 1971," he said. We
sipped tea by a hot stove in his living room,
together with my interpreter, Kunio Kado-
waki. A lamb nibbled at the sleeves of

Hokkaido, Japan's Last Frontier
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Hokkaido

LILOMETEER
[ I8

L

b 4y 1
i s
TEATLIE MiILEY

1-year-old Aya-chan while our host’s wife,
Emiko, washed vegetables.

“They told me 1 should buy land near
the city. But my dream was to farm in the
American stvle—raise my own grain, be
self-sufficient. Here on the mountain I've
had room to expand. 1 let mv cows roam in
the fields instead of shutting them in stalls all
day as most farmers do.”

He laughed—a spare, open-faced man
who smiles more often than he doesn't—"1
came to Hokkaido for freedom. Mavbe my
animals like freedom too. ™

Wilderness Only a Century Ago

Again and again, in weeks aof travel, 1
would meet the likes of Saito-san: men and
women who have turnmed from the main-
stream of old Japan, from its ancient beau-
ties and modern computerized order, to seek
in Hokkaido what seems impossible else-
where in their island nation.

They find & refreshing absence of indus-
trial sprawl. .. only 5 percent of Japan's
dense population spread over more than a
fifth of the nation's land . . . a national park

63

“Tour |alands'" — Kurnashir, Murug,

Shikotan, and the Habomaix— still are
it cocupation
by the U557, sincs the B4t Yalta

agresmant betwren the Allisd powers.






larger than Grand Teton people whao like
to call themselves the Americans of Japan.

All these they find because Hokkaido 15
the last open country Japan still holds—an
island that onlv a hundred vears ago, when
Tokvo was ane of the largest cities on earth,
remained a virtual wilderness

Trace an outline of Japan on a map of the
world and traverse it along the lines of lati
tude until it rests on eastern North America
Hokkaido's 30,313 square miles, a territon
just smaller than Maine; lie in the heart of
~ew England, and the two regions share
much in climate, evenin appearance, (ool
weather forests of pine, birch, beech, oak,
larch, and a dozen other species blanket 70
percent of the island, often draping along its
contours in the orderlv rows of scientific
management. Fast waters In streams and
swift riversdrain outl of sharp-ribbed moun-
tains that top out at Mount Asahi, 7,513 feet
high, where snow lingers into summer

The Pacific coast 15 Thoroughbred coun-
try, & white-fenced Kentucky of Japan.
(Horse racing i5 the nation’s most popular
betting sport.) Elsewhere cattle and broad-
shouldered draft horses graze in high-walled
vallevs. Percherons, Bretons, Clvdesdales
first cleared the land and then pulled the
plows that tamed it, bul today they are bred
for bamba, arace in which thev drag sledpes
carrying drniver anad ballast welghing as
much as a ton (page 72)

A tendrnl of the Kuroshio, the Pacific
Ocean’s counterpart of the Gull Stream,
curls into the Sea of Japan to thaw Hokkai.
do’s west coast. In the east the Owvaszhio
washes south past the long, Soviet-annexed
Kuril Islands chain from the Bering Sea—

A wealth of land enables Hokhaido to
rival the notion’s moest fertile regions in
rice production anid surpass them in datiry-
g, pototoes, and sugar beets, Large pad-
dies tnvite mechanized planting (left),
three fimes faster than, traditional hand-
planting rechnigues (top)

Home and haven for a tiny fishing village
overleafl), Kojima, or Littie [sland, ridex
the sea (ike q factory ship. Aelp, @ prime
summeéer take, driegs on ks gravel beach
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ahove molded concrete wave breahers.












Where beef is a treat, fish 15 a staple that
Reeps much of Hokhaide's huge flegt brsy
vear round, Fauls by small family-owned

bots from the Sea of Jopan include roch-
fish and Atka mockerel (above). Else-
where salmon rmanks among the most
prized ciatohes, fetching $4 a pound at Ha-
Rodate's wholesale market (Teft). A wide
spread artificial-hatchery system helps
ensure future stocks, Jhe fishery's longest
arm réaches out to rich continental shelves

ot the northern Sea of Cithotsk and off

NOTT Amertca—where strict quoelas by
the United States and the Soviet U'nion
limit catches within 200-mile boundaries

Hokkaldo, Japan's Last Frontier

cold, rich with nutrients, a nver of food {or
one ol the world's best hishing gprounds,

Pack 1ce nudges south tn the Sea of
Ckhotsk. bringing harbor seals to winter
atong the shore. Sea lions, oo, inhabit the
coastal waters, although not in the numbers
found m earbier days when this island fast-
ness was the last domain of a people very dif-
ferent from those we know as the Japanese

They called themszelves the Ainu, and oc-
cupied Japan's northern regions forat leasta
millennium. * To the Japanese thev were the
Ezo, "alien people who live in the north."
The same name was gmiven to this istand

For many centuries Ezo remained terra
incognita, a wild haven for smugglers and
outcasts from the turbulent history playved
out on the islands to the south. Except for
Japanese settlement on the Oshima Penin-
cula, nearest Honshu, the bulk of the rug-
gid zland was left to the Ainu to hunt and
fish as thevy had alwavs done. Then, in
the latter half of the 19th century, Japan
changed forever.

A hiberal revolution under the new Men
emperor turned the country away from cen-
turies of feudal rule toward the model of the
inclustrial West, The decision was made to
tap the northern treasure-house of tmber,
coal, fizh, and that one resource more pre-
cious than any other: land. Ezo, the barbar-
tan isle, became Hokkaido—North Sea
Route—and the demise of the Ainu as a peo-
I:]l_‘ Wils ;|-|":'-|.||_'I'j

“As immigration to Hokkaido began, the
Alnu were forced to assimilate,” said Mineo
hatho of the Histoncal Museum of Hok-
kaido. “Even mn earher penods the Ainu
were economically under Japanese control
through trade, but the Meiji government
stressed adoption of Japanese dress, cus-
toms, and language.’

From the museum steps we could see Sap
poro, the capital and queen city of Hok-
kaido. home to ane i four of it 5%, million
people. Acity with its back to the mountains
and its face to the island’s most fertile plain,
sapporo stepped into internationn] promi
nence when the Winter Olympic Games
were held herein 1972

l_"'|_|l'1-.:|'| Oy 3 rEseEari y EFENT ITTm LERE SRR L
graphic Society, ethnologist Sister Mary Iner Hilger
stydhed the Amu and wrete of them o the Febroary
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Beside the museum standsa tower erected
in 1970 to celebrate the centennial of Hok-
kaido's pioneers. It has been a focal point for
minor tremors of protest in the last few
vears. 1o Japanese, the tower’s hundred
meters symbolize a century of progress. To
many Ainu, they represent a hundred vears
of domination.

Perhaps 20,000 people can claim some
Ainu heritage, Estimates of full-blooded
individuals range from a few hundred to
none, Some scholars have theorized a Cau-
casoid strain in these hirsute, light-skinned
peaple, while others argue that they are of
Mongoloid stock.

Discrimination is= a real problem for
many, In marriage, Japanese families some-
times go 5o far as to hire a detective to check
on the background of a potential spouse; ni-
nority ancestry usually ends the match. In
jobs, lack of opportunities in other fields
sometimes leaves few alternatives to wood-
cutting or carving wooden souvenirs in
tourist-trap kotan, small Ainu villages of
dubious authenticity.

An Ainu Clings to His Roots

A different sort of Kotan stands beside
Shigeru kavano's house at Biratori. It is the
creation of 2 man struggling almost single-
handedly to shield the flickering flame of his
Ainu heritage,

On a few occasions his kotan's straw huts
have been the scene for Alnu rituals, even
marriage ceremonies, picced together as
authentically as possible from Kayvano-san's
research among the elders who still remem-
ber. Hope mingles with bitterness as he
speaks of the lack of official support for his
efforts to preserve a language that only he
and a handful of others still understand.

“Little ones learn quickly. I wanttostarta
kindergarten where both Japanese and Ainuy
children would learn our tongue. An hour a
day would be enough. We Ainu have no
written language, so once the spoken word 1s
pone, there's nothing left.

“Once in Alaska I saw Eskimos studying

Ezkimo, In Chinal saw street signs in Kore-
an and other minority languages. S0 it ey
possible to have separate identities within
onecountry. Japanesedon’t like to admit the
existence of others here. Some support,
some money from the government for my
school, for job training, for housing, that
would beakind of nengn, acompensation for
the land they got from us. That's not muchto
ask in payvment for a whole country.™

Stll a Ploneer ot 85

Railroads had snaked out to open much of
the interior of Hokkaido by the time Jinkichi
Meguro arrived in 1916, but the land where
hesettled, near present-day Obihiro, still lay
under virgin forest. That was fine with him;
he was 21, and handy with an ax.

“Thereweretalitreesthen. Wecutthemin
winter, level with the snow. In spring the
stumps stood three feet high. " His gold teeth
gleamed in the wintersunlight that streamed
into the parlor of the family’s modern wood-
en home. His son Hiroichi and grandson
Yutaka sat near him on the floor while Yuta-
ka's bride served tea and mochi-gashi, gluti-
nous cakes of pounded rice stuffed with
swieel bean paste.

“We didn't eat mochi when we were first
here," said the grandfather as we chewed.
“We ate what we raised—millet, barley,
wheat. Ah, we were very happy when we
could eat mochi!”

In 1940 Meguro-san was able to buy the
Iand he had been renting, and today the fam-
ily raises beans, wheat, and sugar beets, a
crop introduced by American advisers in
Hokkaido's infancy, on 33 prime acres.

“This is a very good world we live in now.
The houses were made of straw when I first
came here. Nobody imagined the kind of
progress we have today.”

Twenty-six-vear-old Yutaka Meguro sat
beside his wife, Naoko. She had moved to
Hokkaido less than a yvear before. After
working part-time jpbs on neighboring
farms, she was introduced to Yutaka by a
go-between, a friend of the grandfather.

Plodding race pits massive draft horses pulling sledges, each ballasted to the
horse’s own body weight, in the 1sland passion called bamba. Over 200-meter
courses, [ike this one at Obihiro, the animals cross two humps. The [imits of
endurance dictate a tense pause before the final surge over the second hump.

Hokkaido, Japan's Last Frontier



Like manv elders. he makes

rranging thi
account for more than half the marriages in
Japan. The Meguros are his
A lot of mv friends can’t fiind wives,” saul
Yutaka. “ivNot many rls to
ona farm.” The problem 1s
country recently escaped from 1is rural
roots, with many memoriesof h
times &till fresh

S CTILICA

1 hobbyv of
formal matches that still

| 1th success.

1&Y want o hve

COIMITIeeEn ifp d

15 the shortage of [armwives on
Hokkaido that lecal and prefectural orgam
zations send troops of fifty voung farmers at
L time to meet like numberz of marriage-
minded girls in Tokvo and Osaka. Hok-
kaido wants to keep its farmets happy—and
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bulldazed trees I[.',:l.||l s lareest current land
project is transforming 37,500 acres of mar-
rinal land into a thriving dairy center. For
“colonistzs” who tiake over the large new

farms, debts are enormous and the commait-
ments of labor daunting, but project plan-
ners have found no shortage of takers

In the nearby Abashiri area Dr. Minoru
[akedat=u, a fast-talking veterinarian with
little time for formalities, understands the
reasons,

“Veterinarians and matlmen are about
the only people moving around here from
November to April, and 1 hear all the farm-
ers stones. Theyv're gamblers—thev care
more about how much they can borrow than
about how soon they can pav it back. In

Hokkaido, Japan's Last Frontier

et STV LI

Three-year wigil drogs on for Mrs.
Mitsufto lizagws, far left, whose hsband
(= imprisoned in the Sovier Union for ille-
gal fishing—~Hhils sixtn such incarceration.
leftsuzo Nagasakl, right, has fwice been
priprisoned, as have thousands of otfe
lapanese since Soviet occupation of for-
mer Japanese ferritories at the end of
World Wor [l pushed nautical boundaries
o within Mwo gtlometers of Hpkhaldo’s
shore. Japan holds that i righully owns
four of the occupied islands, shown on a
billboard (above) procloiming Kelurm the

Nvortlier derritories

Evushu, where I erew L, it's r|'||"l'|l;.'l-'-i||' o

A\ fascination with Hokkaido's wild coun-
try first drew the veterinarnan to Abashiri,
and heisa leading expert on the Eio red fox
Like much of Hokkardo's wildlife, this foxis
not found on Honshu. A natural demarca-
tion zone, named the Blakiston Line after
the scientist who hrst delined 1t, runs
through the Tsugaru Strait separating the
two islands. The line rélates many of Hok-
kaido's animals to subarctic Sakhalin, the
kuril Islands, and Siberia

Five red foxes; an arctic fox, and a Japa-

&

nese raccoon dog vammered excitedly in
nens behind his house as Takedatsu-san’s
daughters fed them pieces of chicken., Kids
and kits had grown up together, and the




children play with the foxes like friends.
“Mot pets,” Takedatsu-san cautioned
"“With foxes vou must be equals.
“Unfortunately, the more I've written
about foxes, the less mystery they have
Farmers once considered them magic ani-
mals. If they Killed one, they would be pun-
ished by the gods. Now thev hunt them on
snowmobiles. It's mv great regret.’

Human Pressure Menaces Animals

Hunting of foxes stems in part from gov-
ernment bounties prompted by local out-
breaks of echinococcosis, a disease some-
times transmitted to humans, and in part
from the value of their pelts. Bounties and a
thick pelt also make the Ezo brown hear
a target, as does its gallbladder, prized as a
folk remedy. One bear may fetch 52,000

This close cousin of the Alaska brown
bear raids hivestock and sometimes kills a
mushroom picker or fisherman in the moun-
tains. Conflict is inescapable where civiliza-
tion and the last wild refuges exist so close
together: Hokkaido University zoologists
tell of sightings just outside Sapporo, and
extimate a population of three thousand
Animal writer and filmmaker Masanon
Hata disagrees (page 54)

“Twenty yvears ago vou could go into the
Hidaka Mountains and choose which set of
prints to follow, Now it takes days to find a
single bear. The bounty is unfair. We are en-
tering their territory, not the opposite.”

Hata-san has raised two cubs in his Ani-
mal Kingdom near Hamanaka. We talked
for a long afternocon about remarkable crea-
tures: the ite, a freshwater relative of the
salmon that grows large enough to eat rats;
the Steller's seq eagle; Blakiston's fish owl,
the black marten

Some are success stories. A popular sym-
hol of the island came back from presumed
extinction here in the 19205, In 1924 about
twentv tancho cranes were discovered in the
Kushiro-Nemuro marshes. The area was
promptly designated a national monument,
and the birds increased steadily, Now there
are 757 of these red-crowned beauties.

Citizens' response to conservation pro-
gramsis enthusiastic, as [ withessed one day
in an extraordinary celebration in the heart
of Sapporo

Children sang the "Baby Salmon Song,”

e
"

Snow worshipers search Mount Asahi,
the islond’s highest peak (above), for

sirips of unmelted snow in fune—eaaming

the title ski-Kichigal (skl crazy). Most of
the (sland’s young people are just that, and
mary Have moved here from Japan's
southern islands for the freedom of wide-
ppent spaces found nowhere else in the
nation. Hikers on another part of the
mountain treat themselves to a warmer
reward. Dammikg thermdal streams with
a makeshift rock wall, they enjoy what
arounts to a birthright for every Japa-
nese: a hot bath, whenever and wherever
nossible (right)

National Geographic, Jamuary [950)
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composed especially for this occasion, the
release of fryv into the Tovohira River, from
which pollution had driven the fish vears
before. Politicians gave speeches and a band
plaved. A tank truck rolled down to the riv-
erside amid a swarm of photographers and
television cameras, and children and par-
ents carried 200,000 fry in buckets from
truck to river (page 90).

The greatest hazard to the young saimon
mayv have been the crowd itself, surging
right into the icy water. As the frv formed
into silvery banners and waved off down the
current, I read a translation of a letter writ-
ten to the fish by one of the voungsters. a boy
in the second grade

“Salmon baby, vou will meet many
friends. But when vou go down the nver,
don't hit the rocks. Don't be eaten by seals.
Salmon baby: Fight! Fight!"

i

B4TLNLED
(8" ME'R

FE T T et =]
ol l“l j'_ | Y=, S

" o . |
bl LA 1] .
!
11 | ..ll.l i
] B e
AN NHLLEL |
i | | =

Parks cover nearly 10 percent of Hok-
kaido, and there's a whiff of sulfur at the
heart of almost every one, Two volcanic
chains dominate the island, and thermally
heated water bubblimg out of the mountains
prumbling guts rivals skiing as the parks’
greatest attraction; bathing is as much a rite
as a simple act of cleanliness for Japanese,
whao plunge into scalding water as regularly
as Americans brush their teeth

“Our parents’ generation never heard of
camping, said park ranger letsuro hapn
“They vacation at the bath resorts. Climb-
ing is popular, and more and more students
are going into the outdoors, But vutdoor rec-
reation is fairlv new in Japan.™

| glimpsed what those outdoors have o
offer one spowy afternoon near the tree Line
in' Daisetsuzan, Japan's largest national
park and the roof of Hokkaido. [ stood on

Yaltona! Creographic, Janwary 1950



cross-country skis and fished for rainbow
trout, an imported species, in thermal
streams unfrozen in the alpine cold

That night I saw the park's more tradi-
tional attractions atter [ blew into the resort
town of Sounkyo with a blizzard on my tail.
I'd had my fill of storms. One that caught
photographer Mike Yamashita and me
traveling through mountain passes at night
gave us an hours-long nightmare of near-
zero visibility on a road all but erased by
drifting=now—the most frightening drive of
our lives. During another on the island of
Rishiri, I stood in a room suddenly plunged
into darkness and watched tin roofe peel
awayv ke cardboard against the skvline.

But this night I forgot about the storm and
followed the time-honored prescription for
guesis at a Japanese inn: a mind-numbing
hot bath, then a meal of many courses,

Hokkaidoe, Japan 5 Last Frontier

Push-button affluence came last to
Hokkaido of Jopan's four main islands.
But it has arrived, as these dispensers indi-
cate. More important, a high-powered gov-
ernment development agency has thrust
Japan s most up-to-date road system to the
far cormers of the island.

served in the room by the inn's floor matron
Finally, gratefully, 1 crawled into my fu-
tonn—the comfortahle Japanese sleeping
pallet—and savored its warmth while snow
gusied past the streetlamps below

As 1 slept, five students from Hokkaido
University were fighting the blizzard for
their lives, and losing.

About a hundred miles to the cast on a
peninsula named Shiretako, derived from
the Ainu for “land's end,” they struggled all
that night and all the next day to keep their
tent freeof wet, driving snow. It collapsed in
the afternoon with all their food inside it
The group's leader died of exposure; one stu-
dent set off down the mountain for help
When rescuers swarmed up the next morn-
ing, onlv one other still lived.

“They made the decision to get out too
late,” said Kenji Shiga, who, as assistant
mavor of Rausu, the nearest town, had di-
rected rescue aperations. “They had experi-
ence, but thev were from the southern
islands. Local people know how severe it is
here in the mountains by the sea, Sometimes
vou can't even walk on the streets in town.™

Siren Song Draws Love-struck

The bitter ends of Hokkaido hold a ro-
mantic [ascination for manv Japanese.
While deep. clear caldera lakes and famous
spas draw the lion’s share of Japanese visi-
tors to Shikotsu-Tova and Akan National
Parks, more and more find their wavtoeven
maore remote hinterlands

A national park encompassing Rishirn
and Rebun Islands and a stretch of marshy
coastline is famous fofits spring flowers, but
much of its lure lies in its proximity to Sova,
the northern cape of Japan. Shiretoko Na-
tional Park became a favorite of single wom-
en after a love song set there swept Japan in
1970, Feelingly it told of the long northern
summer [wilight—"the white nights of
Kunashiri™ (Continued on page 56
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Day in darkness ends for mine workers  {ts relionce on Hokkaido's coal. Many a

emerging fromia shift (left) inthe fshikar former bogmiiown now consists matni

coalfield, Hokbkaido's largest. [n company  rotting rows of empty company housing

Oatns - miners soap and rinse, ds japanese Fufture energy needs in a country that

etiguette demands, before spaking in hot mports almost ali tts fuel may revive the

water pools (above) 1es. And development-agency projects
Cool was a prize that helped spur Hok- are planned to oeate new jobs |
kaido’s development. Exploration has Ishikar field. Present heavy tndustry—

since indicated reserves equal to half the pulp mills and iron- and steelworks—is

total. Yet high domestic mining : 1 the south of Sapporo, the

LE
cnzts led tndustry inthe 1950% to decrease {signd”® ._:;'-Lr.;!_-Ji'ld WIrgest city
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Thoroughbreds paw a frozen paddock in Hidaka, Japan's biggest breeding region
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Horses race on the southern islands, to the gain (or loss) of ten million fans






Body language expresses affection
between Jock, a stag, and animal

writer Masanori Hata (left), who
raised the Ezo deer at his Animal
Kingdom menagerie (Ezo is the ar-
chaic name for Hokkaido), Other
residents—all native to the island
and dwindling in population—in-
clude Ezo red foxes, an Ezo brown
bear, and hardy little ponies (top).

Hata-san sayvs of the many admir-
ers who seel his guidance, “Young

Hokkaido, Japan's Lasi Frontier

people come Lo me, AsRing how [ get
jobs protecting wildlife, but there
are few opportunities in that fleld
in Japan. Often they hove to go
abroad. . ., It's very sad ™

While his work with indigenous
island species continues at the iso-
lated Animal Kingdom, Hata-san
lives in a newly built log house
fabove) in less remote Naka Shi-
betsu: "My political center,” he
says. "I can do nothing alone.”




Best part of the school week is three hours of instruction — by classroom teachers —

(Continued from page 7¢) that seem
to drift over from across the strait—and of a
day of parting, and of tears beneath wheel-
ing white sea gulls. Most visitors to this
“land’s end” nide sightseeing boats around
the peninsula or visit the Five Lakes near the
park’s boundary, then leave, But the un-
trammeled wildernessisthere. Itisa miracle
of sorts, in this crowded country.

The Great Provider, the Sea

Some nations have their plains and
steppes, flat immensities of fertile cropland.
Japan has the sea. Even in Hokkaido's inte-
rior it is a presence never farther removed
than bevond the next mountain range.
Racks of drying fish hang under the eaves of
farmhouses and fishing huts, and the smell

36

of seaweed drifts far inland on the breeze.

Hokkaido's indomitable fishermen go out
on their harsh northern seas in every sort
of vessel, and what can be taken from the
ocean, they take—in all, 20 percent of Ja-
pan's total catch.

Canoe-size boats creep among ficlds of
floats just offshore, tending cultivated scal-
lops and seaweed, including a kelp prized
throughout Japan. S¢a urchins, oysters, and
other shellfish are gathered, and farther out
cod, pollack, mackerel, octopus, squid,
hairy crabs, and king crabs are taken by
ships as large as a hundred tons.

Once, along the Sea of Japan, fleets setout
in spring for herring, but no longer. As hap-
pened in the North Sea about the same time,
the seasonally swarming hosts that drew

Narional Geographic, January 1980



lishermenas longago asthe seventh centurn
A.D. all but disappeared in the 1950=,

Totday in areas like Shiretoko it issaid, "If
it'snot asalmon, it's not a fish,” There lucra-
tive catches have made some salmon fisher-
men sarigtn—turned to zald. (T he term also
describes a pawn In Japanese chess that
crosses the board 1o become a queen. )

Four out of bive of Hokkaido's long-range
boats operate within the Soviet Union's 200)-
nautical-mile boundary, adopted in 1977,
and restriclions have cut the hgh-seas catch
to halt of the 1.5 milhion tons tnken in 1976
Iromically, a reduction of oifshore nettings
has benefited some inshore fishermen by in-
creasing prices lor salmon—red, chum,
King, humpback, and silver.

The roots of Russo-Japanese disputes

Hokkaidoe, Japan' s Last Frontier

on one of the many dozen ski slopes that make Hokkaido a carnival of winter sports.

aver northern borders godeep. Since the So-
viet Union occupied Japanese territories to
the north of Hokkaido and expelled all Tapa-
nese at the end of World War II, almost
13,000 Japanese fishermen have been arrest-
ed for fishing in waters thev consider their
A recent Soviet military buildup in
theseterritories hasexacerbated the dispute

For the Japanese Grovernment, Soviet oc-
cupation of the “four i1slands"—Kunashir.
Iturup, Shikeotan, and the Habomais—re-
mains one of the principal stumbling blocks
to the sigming of a Russo-Japanese peace
treatv. For the hshermen of Nemuro and
Rausu, all but hemmed in by Soviet-claimed
wiaters just offshore, it is a daily problem
and sometimes a tragedy.

From the flving bridge of the Maritime

OWn




Safetv Agencv's patrol boat Aitdagumo
(Northern Cloud). Kunashir was a white
monument on the horizon of a sparkling
blue sea. Growlers, little icebergs, shid past
our bow. The Soviet Union began some-
where a few hundred vards to starboard,
and bevond the boundary stretched the long
tan bluffs of the Habomai Islands.

The men of Rausu and Nemuro pursue a
precarious business. Manv stay within Jap-
ancse waters despite the wealth of fish just
across the boundarv. Others bribe guardson
Soviet patrol boats with luxury items, or
even with mformation. A picture of vou en-
tering our offices could be used by such a
person,  asafetv-agency official told me, not
guite 1n jest

There are many, though, who simply bra-
zen it out, nipping over when no Soviet ves-
sels are in sight and getting out while the
getting's gnod—sometimes.

“They used to imprison many of those
thev caught, but now the Soviels usually
just fine them,” I ' was told. “Only two men
arein prison right now, a captainand a fish-
Ing master.”

Despite official coolness, emergencies at
sed transcend all politics, The same patrol
boats that Japanese fishermen usually
dodge have plucked them off foundering
vessels or towed them tosafety on occasion,

Fisherman Fights lor Islands Beturn

Hiroshi Sawnrami wants more thian peo-
ple rescued; he wants to save the islands
themselves—Tfor Japan. To that end, he
heads the local Committee for the Keversion
of the Narthern Territones. Perhaps more
than for most, his stake 15 hitterly personal
He was born on Kunashir, but has seen it
anly three times in the last three decades,
each time en route Lo Soviet prison camps,
once on Sakhalin, twice in Khabarovsk on
the mainland. All told, he has lived five
vears of his life in Soviet detention

A heater beneath the tahle was warming
Sawagami-san's knees when we met at his
home that night. He sat drooping from [a-
tigue after a fishing trip that had begun at 3
a.m. Fortified with tea, he spoke slowly
about his captures and imprsonment.

“Thev were fogey days [ couldn’t tell
how far from shore L was, The Soviet inspec-
tors used a handbook; they duidn't speak

-
o
=1

Anchor link between Hokkaido and the
rest of Japan, the port of Hakodate
fabowve) hondles g constant stream of fer-
ries to and from Honshu. Storms often
close the ferry route, but a tunnel now un
der construction will provide more reltable
train service. 1o many Japanese, Hok
kaido (s not guite Japan, and in foct istand
styles like noentradittonal chimneved
houses (right) reflect adapiation o s
harsher climate—and a flexibility that
gives those who choose Hokkaido a repu-
tation for betng mavericks

Natienal Geographic, Januwary 1980






Japanese. They couldnt understand my
explanations.

"There was an interpreter when they ex-
amined me on Shikotan, but I couldn’t tell
what they wrote down. They just told me to
csign, and said my sentence would be longer
if I refused

*Each time | got the same sentence! Iwo
vears for violating territorial waters, two
vears for illegal fiching, but each time I was
released early. On Sakhalin I worked in a
quarrv. Near Khabarovsk we sewed Soviet
military uniforms. That was a httle easier.”

Insurance taken out specifically against
capture provided his wife and four children
with half his usual income during those
times, and helped, along with back pay from
his fishing cooperative, to replace his boats,
which were confiscated

Sawagami-san s comnuttes plans o con-
tinue lobbying its case in the United Na-
tions. “International opinion may be the
only way to get the islands back. The youn-
ger gencration here is enthusiastic, but else-
where thev're tired of hearing about it. The
Japanese Government is concerned, but
nothing thev've done has worked

“They are traditional Japanese lands. We
pionecred them and cleared them with our
own hands, and we will only accept the re-
turn of all four islands."

And what about his personal feelings
toward the Soviets? He watched his ciga-
rette die in the ashirav, sipped his tea, then
turned to my interpreter. “Tell him, I want
to see the four 1slands returned. ™

Sapporo. the Tokve of Hokkaido

Uneasy awareness of the Russian bear
was a major impetis to the settlement of
Hokkaido. To deal with the new land, gov-
ernment plannets sought Amernican agricul-
tural expertise. One adviser, the prominent
¢ducator Dr. William S. Clark of Amherst,
Massachusetts, who established the Sap
poro Agricultural College in 1876, left s
students with this advice: “Bovs, be ambi-
tious in the service of the Lord."” The first
three words stuck, and have guided Hokkai-
da's leaders ever since

From a raw {rontier outpost, the island’s
capital citv, Sapporo, has grown into a
thriving communications and transporta-
tion center. Company men on two- or

Yo

“Come back when I'm bigeer! ™ A youngster
starts salmon fry on thetr way o the seq
(top) in Sapporo’s Salmon Baby Festival,
an event that reintroduced the fish to a
once poliuted river (n the city's center.

NVariornal Geographic, Jannary 1980



three-vear stints there often leave their fam-
ilies in Tokvo or Osaka, where more presti-
gious schooling is available for their
children—a vital consideration in a nation
whose leaders spring almost wholly from a
handful of highly competitive universities.

The businessmen join the ranks of “Sap-

poro bachelors,” and the city’s pleasure
quarter feeds off them. The Susukino, it is
called, and no frost can chill the action of its
nightly business day,

But the gemstone of the planners’ visions
lies at the southernmost tip of the island: a
hole in the rock beneath the ocean from
Hokkaido to Honshu. Scheduled for com-
pletion in 1983, it will be, quite simply, the
longest tunnel in the world—32.3 miles.

Train tracks ran gleaming off around a
curve in the silent gallerv. An engineer
pointed at the concrete vault above us. “The
ocean begins here, "

A whistle shrieked asz a vellow service
train barreled out of a side tunnel. We
hopped aboard and headed in, 120 meters
beneath the surface of the Tsugaru Strait,
and going deeper.

The strait i1s & boisterous stretch of water,
too hazardous for ferries an average of
eighty times a year, when Hokkaido is cut
off from all but air traffic. A tvphoonin 1954
took down a ferrv, drowning 1,218 passen-
gers; surveving for the tunnel began in ear-
nest soon after. Perhaps its greatest benefit
will be a symbolic end to the isolation that
characterizes Hokkaido in the minds of Jap-
anese on other islands,

We made our way toward a noise like di-
nosaurs in a cave. Two front-end loaders
backed awayv from their attack on the tunnel
face. The black rock was cool, veined with
little faults that sometimes spouted seawater
from above. Water dripped onto myv hand
from the ceiling’s huge supporting beams; it
tasted of salt.

Somewhere ahead of us, on the far side of
several miles of solid rock, men and ma-
chines were working In the same strange
half-light in another tunnel, slowly chewing
their way out from Honshu toward a midsea
rendezvous with us. The engines revved be-
hind me, impatient to continue gnawing at
the foundations of the ocean floor. I pocket-
ed a little lump of the underworld and
turned back toward daviight,

Hokkaldo, Jupan's Last Frontier

Down the mountain road southwest of
Sapporo is a lake as blue as the sea, stopped
atits farend by a peak with a plume of steam
whirling off its top. Rounding the lake, vou
notice the trees: dead and splintered, their
branches stripped by =ome unbearable
weight. A town tucks into the folds at the
mountain’s foot. Entering, you see fresh
scars of raw mud, and an occasional build-
ing wrenched and cracked by movement of
the earth. This 15 Tovako Onsen, a hot-
spring spa whose volecanic patron, Mount
Usu, turned on it on August 7, 1977, and
covered it with ash and falling rock.

Many times over the next 15 months ash
rained from an mkv sky. Heavy rains in
October 1978 brought mud flows down the
mountain, taking three lives in Tovako On-
sen, the eruption’s only human fatalities.
But the town is still a casualty: Although the
last ashfall occurred that same month, tour-
ism 1= down 40 percent. What the smolder-
ing mountain gave, it took away.

Volcanie Usu Grows in Its Sleep

Viewed from its lip, the crater looked like
hell after the fire department had left. Pro-
fessor Yoshio Katsui pointed across its bowl
at & cliff of naked red earth and rock. “That
is Naka-Usu, a new peak. It's still growing
three centimeters g day. At the height of the
eruptions it was rising two meters & day, but
it's slowing down. Some volcanoes have cv-
cles, and according to this one's history, it
will probably be quiet for another thirty or
forty vears."

Probably?

We wandered through the ravaged basin.
Steam rose from countless holes and cracks.
Hot mud burbled down from a side valley.
Professor Katsui picked up a piece of twisted
wire that fenced the woods when trees still
lived there.

Suddenly a hissing and clattering came
from the heights around us. Crows called
and took to the air as boulders slid and
bounded down. The mountain bucked be-
neath us as though a giant hand had ever =0
gently lifted its edge and dropped it without
warning. A rumble, unutterably deep,
sounded from below and about us. Professor
Katsui laughed.

“That was only Mount Usu saving, ‘Hel-
lo, Mr. Lee!" ™

91



Aftershocks rippled for a time, then came
another blow. " That's quite characteristic,”
he commented, "several shocks occurring in
a series. These local volcanic tremors are
usually not strong.

I could not be sure if the earth still flut-
tered, or if I felt only the pounding of my
heart, “When we feel the stronger shocks, is
the mountain. . . "] pointed at the cliff. He
nodded. “At the moment yvou feel it, the
mountain is growing.

The Challenge Remains

Weeks later, when I had returned from
this island to my home where the earth does
not move, my heart would still race at the
roar of a4 jet or the rumble of a passing truck.
But it is the quiet moments that rest in the
mind and triumph in the memory . . . the si-
lence of frozen Loke Akan at dusk, or a
dawn at the Zenkoii Temple when, amid
greening pathwayvs, a drumbeat sounds as
the priest lights candles and chants before
gilded altars

And 1 recall an afternoon when the first
buds of spring showed amid the headstones
of the foreigners’ cemetery in Hakodate.
The oldest port in Hokkaido, it was one of
the first three in all Japan opened for trade in
the middle of the last century. A hard wind
kicked whitecaps across the harbor as I read
stories etched on the gravestones. Captains
and captains’ wives, diplomats and engi-
neers from Britain, Denmark, Germany,
America, these vovagers watched the har-
bor where their journeyvs had ended. In
those times Japan was a book opened to the
first page, and this port was the key.

For the Japanese, too, Hakodate was an
entrance then, a toehold of civilization on
the edege of an unknown opportunity and
challenge. When the pioneers stepped
ashore in Hokkaido, it was a land not vet
sorted and [abeled, a fresh start, a New
World in miniature

For Japan, it still is ]

Steam and silence wreathe fishermen (n
Daisetsuzan, Jopan’s lorgest naltionod
park, where thermal streams flow put of
the mountoins flery heart and through the
pristine high country that is the essence of
Hokhaido's lure.
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lllal_l's Rock Ant
Wilderness Louvre

A PICTURE ESsAY BY GARY SMITH

witH MICHAEL E. LONG

AL (ECORAFHIE sP%E0ON ETAF]

UCKED IN CANYONS.
carved on boulders. the
rock art of Utah has led
me on an odvssey through
time —brom o 19th-century
Ute Indian's rendition of

the passing of the pipe near
Ouray {above) to sandstone
masterpieces that may bhe
thousands of vears old.

As a former backcountry
ranger i Canvonlands
National Park, 1 had not
forgotten those gems in a
wilderness Louvre. Two
viears ago | returned to
phutuﬁl'-'lpli them and to trv to
[athom their meaning,

In Cottonwood Canvan, |
viewed a hunting scene
(foldout, left) carved about

A, LOOD and eredited to an
artist of the Fremont culture
—named for artitacts found
along the Fremont River, His
bowmen still confront their
quarry of bighorns, but

why are the sheep linked to
a mysterious hormed fgure?

Consulting rock art experts.
I found myself entering a
world of hvpothesis and
speculation, an unkamiliar
universe aof primitive peoples
guided by shamans who
possessed remarkable
magico-mystical powers.

The mysterious figure in
the hunting scene, I learned,
could represent a shaman
with the ability to ensure the
hunt's success.

West of Green River 1
photographed a snake and a
tantastic beast in the company
ol an anthropomorph
( following pages), The figure’s
haunting, bulbous eves are
characteristic of a rock art
stvle detined by art historian
Pollv Schaafsma as Barrier
Canvon., where a treasure trove
of such figures is found.

Recent archaeological
discoveries sugpest that
Barrier Canyon artists may
have put brush to rock more
than 6,000 years ago.
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LOWLY FADING brom
a sandstone wall, a
group of Barrier

Canvon paintings (opposite)
still vields intriguing
detail. A visitor points to
what appears to be a rain
cloud near a man holding
a snake. Today the Hopi
Indians of Anzona grasp
live snakes while dancing
to bring rain,

These paintings are in
Barrier Cunvon itself,
now officially known
as Horseshoe Canvon,

Moy sites are near
rivers {map). Others are
close to springs, paths, and
harvest areas used by the
ancient artists,

I got to know these
people by my feet. 1 found
their camps, granaries, and
potsherds. One time their
footholds in a sheer
canvon wall saved me from
being stranded through a
cold and sleepless night.

| also discovered that their
art is threatened., The
acidic efMuent from power
plants is beginning to
pollute the pure dry desert
air that preserved the
treasures. Vandals flout an
antiquities preservation
law, desecrating them
with chalk, paint, even
rifle bullets.

You can see what
happened to a Barrier
Canvon-style painting (left)
near the San Rafael River.
I wonder if those folks
would write their names
across the “Mona Lisa.”
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HOSTLY FIGURES lend
an ethereal air to the
spectacular Great Gallery

in Horseshoe Canvon,

The group at far left,
popularly known as the "Holy

Ghost and His Famaily,”
appears in three dimensions,
unusual in rock art. A spatter
technigque emphasizes the
aotherworldly appearance ot
the life-size main fgure,



“"These are nol paintings

of men, Polly Schaafsma
concludes. “Exaggerated,
staring eves, unusual
headdresses and torso

decorations SUggest the

supernatural. I'm sure this
was g sacred place,”

I agree. 1 ve spent many a
maoonlit night here. The
wraithlike ligures seem Lo

dance right off the walls.,






NCIENT figurines
from a dig in southern
Utah bear Barrier

Canvon dot patterns and

torso decorations (far left ).
The dot patterns on the
fragmented fgurine are
akin to those on Great
Callery paintings (left),
thus raising a tantalizing
guestion: Can the paintings,
previously believed to be
no older than 3N B.C,
(diagram, bhelow ), be as old
as the Hgurines?
University of Utah
archaeologists date the
fragment between 463530
and 4350 B.C. The intact
ligurine was found neara
sandal dated at G925 B.C.,
but Jesse Jennings,
professor of anthropologey
and the dean of Utah
archaeologists, regards the
association as possibly
misleading. “The hgurine
may hoave heen introduced
from a more recent laver ol
the site. he explained.
Comparing the fgurines
with the paintings, Polly
Schaafsma said, “The
similarities are exciting
indeed. 1f the paintings
prove to be as old as the
figurines. they would he
the oldest dated rock
paintings anywhere in
“orth Ameriea,”
Canvonlands’ formidable
Maze ( following pages)
proved no puzzle for the
forgotten artists. Scores of
paintings and petroglyphs
reveal their passages
through its labyninths.
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incredible beasts share At top center a hgure seems

a boulder with to asvend a rope, a familiar
anthropomorphic Bgures at syimbaol in primitive cultures
Rochester Creek near the used to portray the journey ol

Sk—“ii“}'{-" for elbowroom, small town of Ferron.




a soul to the spirit world religion, " Demons and

after death. monsters seeking to devour
“This crossing is difficult,” the soul must be faced.”

writes Mircea Eliade, Arms raised, the higure

n scholar of primitive appears to be doing just that.







FELLOW ITINEERANT

serenaded me from the

rocks with his flute just
about everywhere 1 went.
Nothing could stem his
song, not even erosion on o
rock near Jensen ( far lejit).
sometimes | took out my
guitar and serennded him
right hack.

Along the San Juan
River he sprouted antennae
and exaggerated genitals
(top). Near the remains of a
granary in the Grand
Gulch Primitive Area he
leaned forward (center) to
play to a bighorn sheep
elsewhere on the rock.
Muany times he appeared as
a humpback, a symbol of
the supematural.

Yet this versatile
charmer swaggered a bit as
he led a chorus line of
dancers northwest of
Maonticello (bottom),

Todav he also resides in
the Hopi Indian pantheon
where, as a kachina—
spirit ligure — named
Kokopelli, he serves as an
intermediary between
men and the gods.

Indian friends tell me
the ancient Kokopelli
carried seeds and plaved
his Hute to provide warmth
for their germination, He
is thus a myvthological
cousin of other tertility
igures such as Pan and
Orpheus, also musicians.

Play on, Kokopelli.




transfix onlookers with

regal stares from their
perch more than 100 feet
above the ground on a ranch
near Vernal.

These classic Fremont
figures were carved, then
painted; some of the
original hematite pigment
remains, The fgure at the
right is done in rare bas-
relief,

For 47 vears the ranch’s
owner, Sadie McConkie,
has watched over this and
other panels like a mother
hawk, guarding them from
vandals, In 1975 Utah
recognized her efforts by
making her property a
historic site.

Figurines a few inches
tall found by Clarence
Pilling on a ranch near
Price in 1850 {far right)
have the elaborate
necklaces and belt sashes
tvpical of Fremont art.

Anusazi Basket Maker
figures (right) reflect a
culture that preceded the
Fremont by about 500
vears. The figure at the
left was outlined not long
ago with white paint
daubed on by a passerby,

“You might as well trv to
touch up Michelangelo,”
savs Polly Schaafsma,

“THE THREE KINGS”










ED, WHITE, and blue,
the “All American
Man' still stands ramrod

straight on a cave wall
near Salt Creek.

In 1975 the suthenticity
of the pictograph became
an issue in a court case
surrounding the
absorption of the Salt
Creek property into
Canvonlands Park.

During the trial a U, §.
attorney insinuated that the
painting had actually been
done recently —a hoax.
When an archaeologist
testified to its probable
authenticity, the
government, which had
heen seeking to lower the
land's valuation, dropped
that part of its case.

Now mvystery swirls
around the painting.
Though the shield stamps it
as Fremont in stvle, the
painting is in an ared south
of the Colorado River
associated with the Anasazi
Fucblo. another prehistoric
agricultural people. One of
their ruins juts from the
wall, Whao, then, was
the artist?

I teel it was a Pueblo who
borrowed Fremont motifs,
I've walked the paths
between Fremont and
Pueblo sites many times:

FPueblo potsherds litter
the routes.

And vet, the “All
American Man" smiles an

enigmatic smile.




ODARING across a rock
near Vernal, a railroad
train carved by a Ute

Indian has the Havor of

a child's cartoon { below).
Nearby, another petroglvph
recounts the sloughter of
the buffalo (bottom, left),
Viewing other railroads

and other riflemen. |
realized what a shock it
must have been for
primitive people to be
suddenly conlfronted
with the technological
baggage brought westward
by the white man.

Their art shows that to a




great extent they abandoned That's getting too literal

their metaphysical tor me, Fortunately, many
intuitions and became examples of Barrier Canvon
observers of implements and mysticism and Fremont

events. One of this century's  magnificence remain in other
supreme achievements was corridors of this desert museum,
even recorded in words on rockbound masterpieces

i rock near Tuba City, ta be added to the gallery
Arizona (bottom, right). of the human spirit.

r
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E WAS no ordinary traveler, this Berber,
perched atop a saddle of rugs and
tent poles, riding along a dush
mountain track in Morocco (right).
His carefully wound white turban
with a square of cloth hangming behind
marked him as a bachelor eager to wed. The
sititcase he clutched was filled with other
wedding clothes.

The prospective groom prodded his don-
key with special urgency as he neared the
Imilchil plateau where his people were gath-
ering for the annual festival, or mouszsem
Hereinthe Atlas Mountains I have attended
many country moussermns—uhose wonderful
Berber fairs that combine a local saint’s dav
with a rerional trade market. But onlv at the
september moussem of Imilchil have 1 seen
such a pageant of public courtship, instant
engagement, and mmmediate exchange of
marriage vows. 1 hus it has become known
as the bridal fair of Imilchil.

Marriageable voung women of the re-
gion's dominant tribe, the Ait Hadddou,
are the object of the bridegroom’s haste
Thev conceal their reputed beauty under
heavy capes and spangled headdresszes
(left). The vetl places a bride-to-be at a dis-
tinct advantage in discreetly surveving the
prospects during the three-day festival.

The fair 1s an integral part of the marital
customs of the Berbers. Ordinarily, families
arrange marnages back in the village in the
best interests of the community and with
the consent of the betrothed. When theze

matches do not work out, divorce 15 com-
monplace. Infact, Ait Hadiddou women are
free to divorce as often a= they wizsh and to
remarry whom thev hke. Thus at the Imil
chil moussem, divorced and widowed wom-
en are in the majority, a status easily
identified by the pointed headdress they
wear { pages 122-3)

The independent farmer-herdsmen of the
Alt Hadiddou strike me as the most Berber
of all Berbers. They have occupied the rug-
ged mountains since before the Mushm
Arabs swept in from the east in the fighth
century. The Berbers adopted Islam as they
had previously taken to Christianity, but it
Wwas not a total embrace: T hetr religmion com:
bines Islamic and older tribal beliefs. Even
the word Berber i= foreign; they call them-
selves Imazighen—men of the land

bey-bey-

By CARLA HUNT
Photographs by NIK WHEELER
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wool, meat, grain, and vegetables to sell or
barter. Tradesmen group their white tents
by product: pottery, pots, rugs, locks, tools,
and books; butchers keep a distance. Larger
duark tents house officials,

Dievotional and social activities center on
the beehive tomb, or marabout, of holy man
stdi Mohammed el Merheni, center, The Ait
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Hadiddou do not recall precisely when this
remarkable man guided human affairs; they
know only that the marriages he blessed
were happy ones, and believe his spirit lives
on in the shrine—dispensing grace. I
watched a groom enter the holy enclosure to
pray; later a bride tucked a handful of tomb
dust—a portable blessing—into her robes.

121




HE COURTING GAME involves the
family, [ learned when [ accepted an

invitation to drink mint tea in the goat-
hair tent of Moulay Mouha, His oldest
daughter, Yatto, prepares her divorced 18-
vear-old sister Aicha with traditional beaut
aids. As Lheir mother watches, she rubs
saffron-colored powder into Aicha's eye-
brows (upper left); kohl outlines the eves,
and carmine rouges the cheeks.

A
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A wool cape stnped in tribal colors will  vows will be formalized during the mous-
cover the white dress. Then the pointed sem. He has provided her wedding clothes
headdress 1= assembled over a stiffened cone  “worth at least 200 dirhams [35¢ her fa-
held by loops of tasseled and spangled wool, ther tells me, proudly, Westerners mistak-
A well-to-do Iriend wears a necklace of sil-  enly think men purchase wives at the fair
ver, glass, and amber (lower left). [ gave Ai-  but actually marringe depends on mutoal
cha the thinsilver chain I was wearing, since  consent and familv approval
silver brings good luck, Berbers believe Here come the brides (below), now in full

Lnlike many bridés, Aicha has already  regalia; thev will sit

possiping near Lhe
sefected her husband-to-be. Their marmage shrine, waiting to choose and be chosen







HE LANGUAGE of gesture i5 as
clear as the spoken word to these
Berbers. Their own tongue, Ta-

mazight, is totally unlike Arabic, the
official langoage of Morocco, The pro-
spective grooms—EKinsmen who may
meet anly onece a vear—have much to
discuss (left). They greet each other
with smiles and open arms

A groom (above) gains courage by
having a confidant help him choose

perhaps from no more than a silhou-
ette, two darg eves, 4 volce—which
bride will be the most desirable wife

All dav, two bv two, men weave in
and oul of the clusters of brides. Then
welcomed by a glance or a nod of re-
served azsent, a man will stop to speak
to a woman, encouraged by a friend’s
reassuring hand (upper right)

A groom holds his prospect's hand as
an expression of intention, promise,
and then—with the holy man's bless-
ing—of final accord (lower right)

Herter Bridey” Fei
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4P OMANCE i5 a =ometimes rocky road
With both hands, an eager groom
excitedly grasps a bride whose male
relatives accompany her, lending adwvice,
making judgments (above). His enthusiasm
15 not well received; rejection 15 signaled by
the broken handclasp (right). It's time to
look elsewhere
When a bride does consent, she speaks
the magic phrase, “You have captured my

Vational Geographic, fonuary %50



hver.” A healthy hiver aids digestion and
promaotes well-being, so it and not the heart
s considered the location of true love
*Marriage by mutual consent and divorce
when there 18 disharmony are central to the
social syvstem evolved by the At Hadiddou,™
a Moroccan ethnologist told me:. *Despite
their reputation for being fierce and warlike,
Lthey bave evoived parx cher eux, peace af
wme. Often snowhbound behind village
Berber Brides

|I-::J,'I"

families must live

walls six months a YUEAr,
In harmony,

Perimaps the romantic courtship of the
moussem serves to temper the harsh realib
of daily life. During the half vear when men
mave with their flocks o upland pastures,
women run the villages, plant crops, weave
rugs, and guarc It would be
nard to dispute the proverb: “A woman is
the ridgepole of the tent

the oranaries






W HENTHECOURTING isover,
the hours of wailting begin. The

betrothed line up (above) to enter the wed
ging téent alter answering to the official
scribe who writes the marriage application
in Arabic (left)

With it, the couple goes inside to be pre-
sénted to the gady, a representative of the
Ministry of Justice in Rabat. This judge,
though informal and good humored, does
not automatically endorse evervunion. Cer-
tain standards must be met by both families
He quickly disapproves, for example, the
marriage ol a child of 8 or 9, posing as 18.

When the marriage contract 1s approved,

Berber Brides' Fair
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the groom pavs the state twenty dirhams ($5)
and @ves his bride fifty dirhams. First-time
brides leave the moussem with their fathers
Lo e welcomed by the grooms’ families at a
teast later in the vear. Newlvwed divorcées
and widows go directly to live in the village
of their new husband

By uniting couples under civil law, the
Moroccan Government seeks to integrate
the i=olated Berbers into the national soci-
ety. Eventually, this may happen, Inshal-
[ah—a wills. But for now, Little
matters to the Ait Hadiddou bevond the
tribe, with its council of elders, local saint,
and ancient rituals. []
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Photographs by BIANCA LAVIES

Text by CHARLES R. MILLER
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LIFE

AROUND
A LY PAD

SPRING DAY inapondisa
lively affair, especially
for a pair of red-spotted
newi= with eves onlv for
each other during their courtship rit-
ual (left). Except for such diver
siong, pond creatures spend their
time in an eéndless search for food

Ahove the pond, dragonflies hav-
¢r and dart about, intercepting
smaller insects in midflight. On the
nottom, half a teaspoon of mud may
contain a militon bacteria. The wa-
ter itself teems with thousands of or
ganisms, from diatoms to tadpoles to

snapping turtles

Like different cities, no two ponds
are alike, but many contam the wa-
ter lilv (abowve)l, Moored to a thick
rootstalk by a sturdy stem, lily pads
are custom bt for floating, wath a
water-repellent surface. The broad
leaves spread flat on the water to
soak up maximum sunshine

or some creatures a lily pad 5
just a stopover between Hights. For
others it mayv be a dinner table or
evendinner itself. For still others itis
a nursery. When the female of those
loving newts, for example, lavs her
eges; she may choose the lily pad for
their bassinet
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OUCHED ON A PAD, a
tadpole keeps a watchiul
eve for predators (above

right). Equipped with gills

and a tail fin, it resembles a fish. As
the tadpole grows, however, hor-
maones (rigger secretions from the

Navional Geographic, Januwary %50




thvroid, causing radical changes in
body structure. Buds of hind legs

appear. (radually the intestine
shortens to adjust to a carnivorous
diet, and lungs replace gmlls, The
¢ves begin to bulge, front legs
emerge, the tail graduallv vanishes,

Life Around a Lilv Fad

and the creaturé becomes a frog

Newlv hatched tadpoles (above
left) hang with specialized suckers
from the underside of a pad for pro-
tection. But ['.ll'!:-!:li.'il'!'.i'l':- are every-
where: Sunfish cruise among the
weeds below,
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T FULL TILT, a barnstorming
dragontly (fucing page) vecrs
over & pad. For two to elght
weeks, draconflies take to the air

to mate. Thev die after eges are faid.

Before fhght, drapontlies spend & vear
underwater as nyvmphs tabowve) that breathe
through gills and capture prey with an ex-
tendable lower lip tipped with teeth, To

change form, a nvmph climbs above the
water (below left), splits down the back,
and emerges as a new,. winged creature
leaving behind a ghostly shell (below right
A nyvmph 15 a quick meal for a shapping
turtle prowling amid bits of plants and algae
( pages 136-7). Snappers sit comfortably on
top of the food chain. When mature, the
have no danzerous enemies in the pond
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RIDESCENT colors shine

from the winegs and antennae

of an adult midge (left)

Hatching from eges laid in
ribbons within  egelatinous
masses, midee larvae are cru-
ciil to the diet of Nish, frogs, and
predatory insects.

In oxvgen-poor water, some
midge larvae are colored blood-
red by hemoglobin, a pigment
that speeds the diffusion of oxy-
ren iand enables the larvae to
CUTrvVive

A young water strider clasps
a flvy in a death embrace
(ebowve), drainmg its victim of
body fluids

alriders detect prey by sens-
Ing ight reflected off water
when it ripples. Aided by tiny
waterproof hairs on their spin-
dly legs, thev skate on the wa-
ter's surface film to the source of
the disturbance—often caused
by a dead or dying insect
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URVEYING her handiwork, a
Donacia beetle (right) pauses
over the hole she has  just
chewed in a lilv pad

=he then lowers her abdomen
through the opening, gluing hereggsin
concentric arcs to the underside of the
pad {(right center)

After about ten davs the larvae
hatch and make their way under-
ground, where they latch onto plant
slems and roots and hack them open
with sharp spines. he larvae breathe
the air in the stems, using them as gianl
'-'-I'II'.I'.J-'.E?'-' ’J.-lll.-' L.llll[l.-'_:r L|I-|:-.'r |l[.-l_'|':|_'l| I
stem to reveal one such larva encased
within (right bottom).

When full grown, the larva will spin
a cocoon stocked with air from the
stem. When the adult beetle emerges,
silken hairs on its body trap enough air
to breathe as it crawls to the suriace

The infamous leech sucks the hlood of
man and beast alike. This turtie leech
(abowe), its voung still attached to its

underside, leeds mainly on snappers

Life Arovind a Lty Fad
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Lite Arownd a Lity Pad

IFT-OFF from a floating launchpad sends a
pickerel frog high over a dragonfly ( facing
pagei. Pickerel frogs exude a posonous
chemical from their skins, protecting them

from predators. Insects are a staple for maost frows,
like this young bullirog (abowve) munching on a
freshly snageed dragonflv. Bullfrog diets later ex-
pand to include fish, baby turtles, and even new-
born ducks, Mature froge may grow eight inches
long and live six vears

Body and toes tensed, a green tree frog lashes jis

tongue at a damselfly (left). Since the (rog's eves
retract when Its tongue shoots out, 1t must judee
the distance to its dinner with absolute precision,
The sticky tongue niabs the preyv and snaps it back
to the frog's mouth, where taste buds quickly de-
termine edibility




CRIBING A CIRCLE of lilv pad, a with silk. During its occupancy, the cater-
water-lily leaf-cutter caterpillar (top)  pillar will feed on lily pads and other agquatic
prepares its home. After cutting a plants it encounters, Eventually it wall at-
piece of pad, the caterpillardragsitto  tach itself to a plant and spin a cocoon. An

the edge and floats away (above| adult moth will emerge to lay eges, complet-
Soon it will cut another leaf and sandwich  ingthe insect'scyvele—anotherepisode inthe
itself in between, sewing the edges together  ever renewing seasons of the pond []
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We made it right for the '80s.

HIGHEST EPA
GAS MILEAGE ESTIMAIES
EVER IN A FULL-SIZE

CHEVROLET.

Chevrolet introduces its most advanced Caprice Mew standard Vo Do

and Impala ever— Lhe Sew Chevrolet for 14980 Imoressive new technoloevy ha
With new standard Vo engine, new asrodvnamc Fhe New Chevrol
siying gnd new ure icchnology or the highest EPA  make 1t right for the W=, nght f""r‘

Nimales ever in i f -.:l '-_E_.'l_' IO e ] Ferr vt [!:-I_. 4 the operating E
=ffictency and driving response o

s Vo engine for 19580, New Easyv-Raoll

fires nelp carry you [arther on each

tank of gas. And on coupes and sedans, the hood 15
lower, the rear deck higher, the sides reshaped lor
less wind resistance. improved {uel £conomy

Remember: Compare

LPLIN
the “estimated MPG™ 1o the
“estimated MPG™ of other cars

Test drive its Improvements.

CAperience 18 simoolh nde, 1S accommoiniing

N (FPassenger foom and comiort, (s even lurger (runk
Youu may pet different maleag: AT Ty I'}' 1 find
-t rit > think vou nd that better g
and range, depending on how {ast vou dnive, weather e T i .
7 e . i . - i |-_|||'_|| i} r:l_”._'r :-ll !--'|| .-_r .I'I il _. ] i ':|" 5 [TL
conditions, and trip length. City mileage and range ke’ . o
b b : = " § I . CREVTONED CADTICES and LmDald 1or o), SO YWOuT
will be less in heavy City traffic. Actual highway Chavy desier mbotit Baiine o ek rooc]
i i i S LUt LML rul A iRl ArEis PR LGRS
mileape and range will probabty be less than the ; >
estimated highway fuel economy, Range fgures THE NEW CHEVROLE
obtammed by multiplying the 25-vallon fuel tank
rapacity by the EFA mileape estimates of our new — —
standard Vb engine. The New Chevrolet s equipped sl N e—
z ! II ¥ .—F.JII—H—H-'PI [t llﬂﬁl ...‘ I'
with GM-built engines produced by various f | = TINEL
+ 1 - £ i i i A il
divigions, See yvour dealer for detmls e T =l

980 Caprice Classic Coupe




There's success
written all over
thus dramatically

cars. Your mile-
age and range

will vary by

redesigned
full-size Pontioc.
A sleek new
cerodynamic hood. Sweeping,
elegant new contours. New formal
rootline. Rich notchback seats.

18) 24 (450) 60

Plus the kind of tar-reaching
mileage and range that's destined
to be a full-size hit.

Remember: Compare
the circled eshmated
MPG with those of other

' T EYD RANTE

|
TOTHE

N

ONTIACL

EXCITEMENT
ALLON

speed, distance

and weather.

Actual highway
mileage and range will probably be
less than the highway estimates. Mile-
age and range lower in Calitornia,
Bonneville's range estimates obtained
by multiplying EPA mileaoge eshmates
by 25 gallon fuel tank. Bonnewille 1s
equipped with GM-built engines pro-
duced by various divisions. See your

dealer for details.
Buy or lease the new

Bonneville soon. And

you'll go far, too,
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The GEOGRAPHIC: background for the news

O'L.-‘E-:'! THE YEARS tha
NATIONAL (GEOGRAPHIC
nas coversd the Republic
ol Korea in considerable
depth, and significan
Bvents Nave oflen coIncraec
with the publication of our
articlas. In g 1850, a
reporl on Korea was in
mMembars homes even as
some 20,000 North Korean
roops crossed tha 38th
parailal. Two months after

e
it i P}

uant articla on
pearad mn May
the armistice was
igned al Panmunjom
Anothar crtical evan]
pargly precaded our
publication last manth of
"Seoul: Karearn Showcase
Asg the December Issua was
Deing Dound, ward came gl
the assassination of South
rorean President Park

Chung Hee (above, standing

at right in the lead cat)

N a world of fast-breaking
ncidaents, NATIONAL
GEOGRAPHIC articles
provide ra ars ‘witn
nvaluable background fo!
greater understanding ol
e nations in the news

Share this knowledge
with your friends by
nominating them fof
anciaty membearship on the
form below

=i
-

NATIONAL GEOGRAPHIC SOCIETY MEMBERSHIP

$9 5 CALEMDAR YEAR 1380 MEMBERSHIP DUES INCLUDE Mzil 1a The Ssorstery CHECHK
; SUBSCRIPTION TO THE NATIDNAL GEQOGRAPHIC Matiomal Geodarsshies Ses ity ONE
Pt Ciffico Box PBOS
ARMILIAL [SLIES ne Unilpd Saten and houg i b wesirled s Washington, O T 203
'E.f'". i l:I bl i byl 1 ornp s awidilional nogs-
aives @l Mandling S0 mailing magasne outside tha WS A snd | WISH TO JOIN ths MNaficosial  GEOGRARHIL
' sy angad, ploase el lor Camada, §$14 88 Cansdan ar SOCIETY and enclosa my duss § ]_|
$12 03l IJFCEn: K @ {HifE niries. §14 10 foeirt IR WeT, TR
i f By L 3 Dans oranl or rEomationg] morniey anear, TEhty par- "
R e U, S g IGIFT MEMBERSHIPY | nominate ang encloss
it Pl M BRSO eltF A0S JERLEn IE50E E o fies ol the feraon namE g5l e —
I F MEMEAE :-’_.- = jwE | k| TR R ] I___]__._ i Cara oifi card sugned
b et P L S A DIng B2 QUllyIng Sr=aa] 18 B - 5, Tunda o
i i Cariada, $425 Cangdian funda (3380 L. 8§ apcent | NLERIMATE Jor coCety, memDership the- Dermon [_1
a b r a3l fier coruihiies. B4 of sae LS =y e rarne] ol W (UseE sepaiale sheet | Jatnd L ff= g L
Danes Crafl of nismalonsl monsy Snia (peini gVl gl
MEW pep— MY
M[MHFH i T Jj&kil K i ey ey LT § L it HnHE PARFE =HIiRT kB D i
s
: ¥ RIFCH The, DOCH — T STRIENTONINGL SO WoATAL CODE |
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Beautiful Heirloom
Editions of the Great
Classic Books That

Belong in Every Home

As a member of The Heritage Club,
vou can be truly proud of your H-
brary. You will own beautiful books
like those pictured here. At the rate of
one book per month, vou will graduo-
ally accumulate a lbrary that will be
a source of deep pride, and the envy
of everyvone who sees it.

Great Classics

[hese are books that are as important
as they are braudiful. They represent
nothing less than the greatest books of
all ime — such books as The Canler-
bury Tales, Robinmsorn Crusce, Moby
Dhck, Whthering Heights, The Brothers
Karamazov, Pride ond Prepudice, Of
Mice and Men, ude the Obscure, The
Hiad and The Chlyssey, The Adoventures
of Tom Sawyer, and Brave New Worid.

They include the works of Thomas
Mann, Dickens, Whitman, Jovcoe
Maugham, Tolstoey, O'Neill, Long-
fellow, Henry Jlames, Plato, Burns,
Camus, and many others — poetry,
fiction, biography, drama; history
humaor, and philosophy

Editions of Unsurpassed Quality
Heritage Club volumes are sturdier
and handsomer in eévery way than
the average book, and are set in types
chosen for easy readability. The
bindings come in a variety of colors
and materials, and often bear a bold
imprint or design on the front; the
spines are [ashioned so that they
enhance the books' appearance on
your shelves. Like the bindings, the
slipcases are wvaricolored, and put
each book in a distinctive setting.

Beautifully llustrated

The Heritage library i noted lor is
peautifial  llustrations, some  In
black-and-white but manv n Hll
color, It has been our practice to
commission the world & leading ar-
tists, artists such as Picasso, Norman
Rockwell Thomas Hart Benton, and
Grant Wood. As a result, Heritage
pooks are richly and individually il-
tustrated in full harmony with the
author's work.

Uniguely Different Volumes
No two Heritage books are alike.
Chapter headings, the look of the
typeface, the material and color of
the exquisite bindings, the protective
-|'|rl-.'.'-|'-'.|?'1 — EVEry detail 1s custom-
credted to reflect the mood and
meaning of each literary master-
piece. Even the size of the pages and



IO ontinded from previool page)

THIS COULD BE
YOUR BOOKSHELF

the tone and finish of the paper vary
from bpok to book.

Thus, when you display Heritage
books on vour shelves, they will
never give the uniform impression ol
ready-made sets. Each B3 an imdi-
idual work of arl. Yet together they
form a beautiful and harmonious
collection of the world s greatest
literature

An Heirloom Collection
Heritage editions will be treasures in
yvour home — books vou will be
proud to own and exhibit to your
triends: They represent the Hnest
literary works in volumes of lasting
beauty. By acquiring them yoo will
not only ennch your own hbrary but
will also create 3 valuable heirloom
What finer gift could you give to
your children and grandchildren
than a beautiful collection ot the
greatest books of all time?

Reasonably Priced

The cost of owning an heirloom -
brary like this 15 surprisingly low
S5ince the books are issued directly to
members, there 15 a say g of ."'F'*r'.'l.'.ln.'ll
advertising costs, of salesmen s com-
missions, of bookshop mark-ups.
[hus, for all their beauty. Hentage
books cost little more — and some
times even less — than the passing
best-sellers that will spon be forgot-
ten. Moreover, Heritage Club mem-
bérs are entitied Lo purchase books at
a constant price for each volume —a
price which we will maintain
throughout at least vour hHrst two
vears of membership despite today's
imtlationary pressures

Free Book for Examination
If vou act now, The Heritage Club
will send you tree of charge a superb
edition from the Heritage hibrary for
vour &xamination. This is the best
way we know to demonsirate the
beauty of the books being received by
the Club members. For only by ac-
tually holding & Heritage edibion in
your hands can you fully appreciate
the kind of elegant and unusual vol-

ume we create for our members
Assuming vyou share our en-
thusiasm for this free Heritage
volume, vou may then receive other



Heritage books at the rate of one per
manth for just $10.50 each. If for any
reason you are not satistied with
your free Heritage volume, simply
returmn it and tell us not to make anv
turther shipments. Your member-
ship will be automatically cancelled,
and you will owe us nothing.

As a member, moreover, you may
return any book within thirtv davs
for a full refund. and vou are at Liber-
ty to cancel vour membership at any
time

A Note of Urgency

o accept this offer, you rieed Oy
complete the Trial Membership Ap-
plication and return it promptly to
L%, oINCE We must F"|.|:1.]"- ORTr F"!'E'I'It]rlj:.'.!'l
in advance, vou must act now if you
are to take advantage of our free
book offer and 1‘-rf-g_:|:'| acquiring your
own fine library of distinctly beau-
biful Books;

Irial Membership Application
THE HERITALGE CLLIB

' Bachards Avenoe Mo payment reguiresd

i
Morwalk, Conn 08857 Simpiy mall this application

YES! | warnt 10 jin The Hertage Club and begne building my own personal library of the
beautiful heirloom editions of the grestest beoks of all time

Send me my FREE first volume i the Heritage Hbrary. Adsuming  this book. ks
wabisfactory. | will then serd $10 50 (plus 3 small shipping and handling charge! $o pay for
the next volume in my Hentage library. | wall continue b fecers one vl e Pt Tt
izt thie mannet for as long as | contnue my membecihip

| iy Cande| mhy oemibersiing 80 any lime . Moregeer, | midy refErm any Do within X3
dvs b @ b cvd iR of fdfand |§ 1thir dizet wliame dows nol meel widh my APy 2l | il

pefiarn 18 and o wou nothing. and my membership will be automahcally cance]led

S gnaITe

.'Ir-l




If vou have ever aken a lux-

ury sports car through a tight

turn, you know the feeling.

It's the sense of supreme pre

cision with which this trim

COMmMpaci camera i_'l:'l'fllzh.'!lil'l'li

its Nikon heritage. A feeling

that Is borne oul by the pro-

[essional guality pictures

the Mikon FE delivers with

ALUTOIMatic ease, Arl one | el gl
that, unlike other fine things ,

In life, is readily affordable. r

with the Mikon FE, you can i
simply focus and shoot.
and rely on its Nikon elec
tronics to give you sharp,
magnificently exposed
pholographs, automatically
Or, switch Lo manual opera-
tian and CIaYy ¢ r:-rT1r,'1I|=‘.r-
creative contral over CVCLY
exposure, more easily than
you ever thought possible

Alouve ali, this Is a camera
that makes no compromise
In ils supreme Nikon quality,
Siroke the advance lever
and feel the smoathness of - :
precision gearing machined

o microscopic tolerances,

Fress the exposure button

and hear the shulter respond Ry
with hushed precision. Look = x
through the bright, sliver-
conated viewlinder, and see
your picture snap into sharp
focus with a fingertip touch,

Anoue, (oo, that the world's
greatest photographic sys-
lem stands behind vouln
Nikon FE. Add the dynami
firepower of motor drive. al
up o 3,5 shols a second
Banlish darkness with the in-
genious automatic thyriston
flash. Explore new perspec-
tives through more than 60
Mikkor lenses, the same
superb optics chosen by
maost professionals for thel

Experience
meleen @ Sense of perfection.

Tzt CXPOSLUTE contral, the

Mikon FM offers the reliable o
guidance of one-step elec I he leon FI
tronlc metering. It's as com &

pact and precisely responsive
as the FE and costs even less
Al vour Nikon dealer,

nERom besd., Claiden Ty, Mew Yoidk 1155

g TkeEn ind. 1B Te



CUSTOMER INFORMATION FROM GENERAL MOTORS

HOWAND WHY TO
BUY THE RIGHT ENGINE OIL

FOR BETTER PERFORMANCE, USE OIL OF THE RIGHT QUALITY AND VISCOSITY.

wWithout encugh oil mn
an engne, parts such as the
|Ii'—||'['_'- aned lllr_':lr.jl'l_n.;:- Cdnl ]ll.-
erially melt from the heat
caused by fnchion. Using the
wrong kind of oil can
have a destructive eftect
Either way, the engme can I
seriously damaged

A simple check of the
oil level can prevent engine
damage. If vou're down one
Oor more quarts, the engimne
will probably keep running
for a while. But the shortage
puts an extra burden on the
oil thats left; w'll get dirty
aster, reducing engine perfor
mance and MCreasing wear

1o0ull get the most accu
rate results if yvou check the
ol lewel after vou've driven
the car a fair distance. But
WALl =1 |'-‘F|f‘.‘| A few minutes to
allow the oil to drain back
into the pan

How often vou need to
add ot vares according to
the age of your car, as well

.|:||;I-|!'I

as how and where vou drive,
For example, new cars (those
that have been driven less
than 4,000 miles) may con-
sume a little more oil until
parts are broken m. Driving
al mgh speeds, particularly m
very hot weather, can also con
sume more o, To be on the
safe side, check the ail level
every other time you get gag

When you need oil, be
sure to buy oil marked with
the letters “SE."” SE = il
meets quality standards re-
quires] by a GM engme: 1t has
just the right mixture of base
ol and additives

Its generally all right
w mix brands and to shop
around for the lowest price as
Iong as vou stick with "SE”
quality o1l

The viscosity of the oil
can make a big difference in
engine performance, ()l
thats too thick won't  flow
properly, making it difficult
to start the engine in cold
weather, Oil thats too thin
worn't do the job night, either.
Temperature affects viscos:
ity: ail thickens my winter and
thins 1n suminer.

Inn most climates, it's best
to use 10W30 or 10W40 SAE
viscosity o1l that yvou can

lemve m VOUT Car ]-".'Ell'-1"'ILI[l".1.

Change the oil and the
oil filter at the intervals
recommended m vour GM
Maintenance Schedule. En- |
gine oil contains detergents
that pick up particles of dirt
and sludge. If the ol 1=n't
changed periodically, exten-
sive damage can occur. Re
member, f youre pulling a
tratler or driving in abnor
mally dusty conditions,
change the ol more often.

We re destgning engines
that require less routine main-
tenance. But some things are
still up to vou. A wellmain-
tatned engine will be more
reliable, Jast longer, and prob.
ably make vour car worth
mare when vou decide Lo
trade it in or sell it. |
1nis adverfisement 15 barl of
onr conlimung effort o F10e rus-
fonmners wsefred mufrmation abond
therr cars and brucks and the
coriiBeany Bhal Duids e,

General Motors

Feonle bmldng transportation
0 SeTve people
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There is music in all of us.
But while everybody isa
music expert, not everybody
i= a stereo expert. At Sony,
we feal that the music you
hear in your home should All you have to do is set
sound as special as the them up. Plug them in. And
music you hear m your head. listen. You'll get exactly the
So we've taken some fine kind of sound you had in
stereo components, matched mind.
them perfectly to each

them into a new uncompli- THE ONE AND ONLY
cated system. They're called







On the Pacific Ocean floor 210 miles off
the Calaﬁigns Islands,-scientisis found life that

thrives on chemicals from the Earth’s crust.
Special cameras show the find in

extraordinary detail.

Dive to the Edge of Crreation, a new
National Geographic Special, takes you to that

warm, life-giving crack in a cold, dark ocean.
It's breakthrough television for

the entire family

And it's typical of the kind of television

Gulf made a commitment to five years ago.
That's when Gulf joined with
the National Geographic Society and the Public
Broadcasting Service to present quality,

American-made Public Television.

Together, we've set Public

£ ’ Television viewing records.
nr In fact, the documentaries are
" consistently the highest-rated specials

- on PBS.

- For an hour of discovery television,
. remember the first Monday of January, February,
Marchgand April.
™ Join us and enjn{' eat television
thatexplores passing worlds, small worlds,
the world inside your head, and a new world

o &

T
-

Ve® /T LA the bottomof the Pacific.
: Nt VN GULF OIL CORPORATION
.."F ) A\ H]B].K: GN

8

ﬂ‘ Partners in Discovery
} A Y : A’ : l..‘..".h :
" "Watch Dive to the Edge of Creation’ . @

ues.. ]a:m.mr}f 8 at8 pm. 7 Central on PBS. )

Check your local histings

Coull Oil Corporagion
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Behind this symbol
iIs someone

you cant find
anywhere else

I i
el
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You work hard for your money. Anc Mﬂuﬂﬁm?ﬂn&d by spime

you want 1o do the rfight things with it 8ur  other, Bnanclal advisaor, your banker can
when you consiclar all of the opbons thal stgest whitre yol can be helped

oxist In today's complex money waorkd S0 when you keep your savings and
you re bound 1o have some questions checking accounts ata FULLSERVICE BANK,
That's wity you fieed a FLILE SERVICE v v estabdished o redationshin with all
BANMKER. A highly trained professional the Bank yvou ! ever need. Because ondy A
whio Can answer yvour confusing money & FULL SERVICE BANK can you find
craestions. And even ¢ your gueshion America s FLILL SERVICE BANMRKERS

We've got the answers

AMERICA'S FULL SERVICE BANKERS
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Its gonna be a great day
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N THE DOTTED LINE

TEAR OUT ALONG DOTTED LINE AND TAKE WITH YOU 1O YOUR DEALER BEFORE YOU SIGN

When you buy your new GM car or truck...

LOOK

The General Motors Continuous Protection Plan offers comprehensive
protection against major repair bills. But look carefully for our name.There
are other repair plans avallable which may not offer the same protection.

COMPARE

Check out any other plan you may see. Compare it point-by-point

to the GM Plan using the checklist below.

TEAR OUT

Take this page to your dealer to be absclutely sure you get the comprehensive repalr
protection of the genuine GM Continuous Protection Plan.

|'-._ﬂ_-:'-

~

3 vaears or 26 000 m

o whlChavar WIOTFCINTY Tor 16

"

k=L HTRE S

(e of am

LTRSS

LCOVENaO

first, the Genaml Mobors antinuaus Frotaechion by the Pian And there are gther Imooariant

Plon pays major repgir bills for 78 componeants featuras. Compoafe || with other plans ang we'te
M nine mgojor assemblies. And GM provides a ure you'll choose @M peace of mind. Take any
gf fantal aliowagnod |1 YyOur ¢€or beacoamaes siher plan you may ba considering. read |
NOOa N e feaIU .I-g :-_I.l-:__.l.”:.__.“.! f=mimb |' f:.a.l ) snc il i s ".”"'ul"'T-'r'::'l_]"': f tho Blagnks on
conailt Sovaraed undar the =snaral Motors the chacklisi baldow. We don™ think vou'll fing
gw vahicle limited waomanty = ond ofter the  another mpair plan thot even comes close

\ COMPARE THE GM CONTINUOUS PROTECTION PLAN WITH ANY OTH

ER REPAIR PLAN

:

e it

Use ™

[ any oiher |epals plar

oy ChaCk he o

=M Confinucus
e s T |'-' |

MBS

fo may ba considering Coverage

Lfmer Ploms
Coveiage
(Enter YES of N0

YES
YES
YES

YES
YES
YES
YES
YES
YES

YES
i 11 S 'f‘-s

A iere B YES
YES

Don't settle for less
Continuous

Protection
Plan

Takes care of you as well as yvour car. light duty truck or van




CHEVY'S MID-SIZE MALIBU WAGON.
Mileage better than many compact cars
is just one of its hidden surprises.

The efficiency and power of
a contemporary Vo engine
N for 1980: an eflicient bl
Trisky 228 Cu. In. V& helps glve
Malibu responsive perlormance
altg with highly respeciabile EPA
eslimates
20! EPA estimaled MPG, |20 265
26 hiighway estlmate
with standapd 3.8 Liter Vi, In
California. (19 EPA estimated
MEPG, 26 highway estlimale
Remember: L.ompare estimated
MPG (circled) to that of other cars
Tour mileage may vary depending on
speed, trip length and weat her. You

met sl highwayn

be less than the highway estimate,
L4 K |.|"I L s eqpulpped with GM-bullt
engdines prodiuced by varkous

|||'..I oS, See v F deader o7 detalls

Z side compartments plus
one under the floor
Malib gives you roon 1o st2sh

sl valualles
Avaliable security package puts

IeEs on all three, covers on the side

COMpETrtInrils
The comvenience of a
2-wary hatchgate

Window swings up for easy

leage will probably

||:|.':-.II:||E'I'|| LLgN parking piacds, Cate
draps down for loading bulky cargo

With the rear seal down. you have
aboul six fect of floor for cargo plus
an opening over lour leet wide Tof
casy loading

Aboul T2 cibie feet of load space.

A trim and micl-size

WAON room hor G

(18 & now-siee wagdan, trim and
timely for today, Yet on the inside
51X people can ride In comfort,

Talk to your Chevy dealer aboan

buying or leasing America’s [avorile
I|I'|l:| HIPE WAL
Chevy Malibu, for 1880,

A FRESH NEW SLICE OF APPLE PIE.
980 CHEVY MALIBU. - chewoket




Prestons New 112 Page Fullv 1ustrated Catalog of

Ship Models

and Decorative Nautical
Ideas for the Home.

You eorald ahe i fof mond ha
ind pever fnd the hundreds
if decorative naurical idens
Hastrated (o Preston’s mew
cotalesg 112 pagcs fediming
ol 1E||'- mindel s, maring paine-
Ags, navical Yamps aid Clocks,
s pd whecly, Agurehends and scorem
i other nauiscal idein for the Home.
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World!
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Long distance calls. Face to face.

In todlay s business chimate, success
very aiten comes from makmg a personal call
while others are m .l|-.11[r.| nhe m-u,nl

Lonsidering the inflated cost of business
travel, thal success doesn't come cheap

But if you're committed

and charged wiath econoimy, Beecheraft has

a1y -.Jlr.l'-’:-l[l-r. that can @mve voul I;--Ir .
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We can show Vi in black and whate.
|1 w a Bews '|1 Talt Cotm || 1y plane can cost youl
less than you're spending now on a company
car, long distance air fare, and u nproductive
long distance phone l'il“!"-.
_ I...IF I'II THY 15 ||'It secretl, Fuel ethiciency,
iime efficiency, and mve st nt efficiency.

We can show vou I1 w other companies,
companies of all sizes, have tumed that
efficiency into r: 1 expansion or moreased
Tt fitabihity, or b .r_]|

It's a simple matter of economics. The
coonomics of getting there first, And gething
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It the shortcomings of long dista Are
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that can take your company off hold,
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Send for your free 'rlanagemem Guide

to Euamﬁa Aviation in the 80 and put
the business back in business trawRu

Wnite us on your company letterhead,

and we'll send you r"".'-."l_'.‘|'I’I1'J you need

to decide whether your company can

Il','“f'“ bly use a Beecheraft. And which

Deechieralt suits you best. ".\.-m bo:
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THE LOGICAL CHOICE OF LUXURY CARS.
WE'VE HAD A 98 REGENCY BUILT FOR YOU.

You could buy this car on looks alone, But don't overlook price, room, mileage,
range and total value. The beauty of 98 REE.EIIIEJ.I is more than skin dee;r
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o look any further than a 98 Regency ower in Califomio
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WE'VE HAD ONE BUILT FOR YOU.




Une worries about 'paving t
world. ' Another sees roads fuliill-
ing the promise of fresh, varie

1 g -
lower-cost food. Who's righit?
T

Highways do take land out of
production. 10 acres of right-ol
wWay lor each Z-lane mile. 2o orTes
lor an Interstate mile, Interchonge
ight-of-way con take 50 to 100

geres, AR oocre oan ','1-.'-'::' I 500

8 bushels of com, wheat for 1,600

..-I L—-H.;q T I
. (caves ol bread. [n g world of
T‘..—- -'-I“-I-

.- A —— MR population growth, s - . a—

competition for lood and livel|- - : - o —
R — M hood, understandably some S .

-~ L people might ask "Can we afford
e  ihe luxury of thess super roads?” -
Others ialk of roads as a produc : _ - -

tive tool increasing farm yields. : e B

Bringing larmers fuel, leriilizer,

insecticides, sseds and machinery,

Trangporting crops and livestock

e market. Hushing perishable ' ; “ S -
iruits, vegetaobles, agge. 1o proces- '
5015 ond consumers. Moving
grain s storage o shipping

'[':ﬁ?-::';r.s. Lowering oo prices oy . _— :
lowering tronspariation cosls. Im- -

proving variety
grocery slores. Farmers say. S H
“Good roads help keep production : —
up and the transportation cosls
dowr. ,

Highwaoys and streets, oty and

couniry, toke less than

and quaiity in ' "

A QL Our
lolal lond area. Hood miles hove
inoreased only 18% since 1930.
Mostly in-suburbs. Trafic, mean-
while, increased 50% the pos! de-
code, 70% for trucks| Result: heavy
rI::.-Ilrl:li flll'.']-::i'j WrelITIiTIHT TWiIoEe OB :::]::[
1re being replaoced—a
colen accelerated by construc-
ion costs doubling every decade.
Roads bring us cur fnod. And most - A
othar things tIn our lives. That's
why we need PIograms 1o mcin-

ioin and improve our highway

C1REE,
Caterpiliar equipment 1s used to
pulld and maintain roods and

power frucks. We belleve Amerd

1 1n i .
B 'a".-"—_"l- DD TI0ES OnN our roaas

There are

no simple solutions.
Only intelligent
choices.
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