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Natural Direction

By Pamela Weiniraub

Darwin was
wrong, say two emJneni

biologists.

They've shown that

bacteria can

mutate in response to

environmental

stresses, rattier than at

random.
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the Neanderttial

By Shari Rudavsky
Thanks to new dating

techniques,

paleontologists have begun
rethinking

Neanderthals' role in

man's history,
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By Robert Silverberg

Bored by the

relentless predictability

of the

twenty-third century

Mallory

takes a vacation in the

Ivlesozolc Era.
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Pictorial: Cast in Stone

By Sandy Fritz

Over long millennia, nature

sculpted its

image in stone, creating

postcards

from the past. We've

just begun
to unlock their secrets.

Life According to Gaia
By Jane Bosveld

A kinder, gentler theory

of evolution.

The Gaia hypothesis

proposes that

living things and their

environment

act as a single organism.
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The Omni Evolution

Game
By Rollie Tesh

and Tom Brauniich

Life's not one
big crapshoot. Instead it's

a board game that

lets each player be Gaia.
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interview

By Ed Regis

While most computer
scientists are

content to work on

creating an

artificial intelligence,

Chris Langton

wants to create artificial

life in

a computer. And he's

succeeded.
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By Scot Morris

Fueling lucky?

Take our quiz on the

number 13,

bane of triskaidekaphobics.
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Earth

By Curt Wohleber

An entire

lamily—the dinosaurs—has

vanished.

Whodunit? Or, more
precisely,

whatdunit? An asteroid

has emerged
as the chief suspect, and

the hunt

IS on for the smoking
crater.
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Last Word

By Dave Jaffe

Did you love

word problems when you

took math
in high school? Well,

try these

math teasers anyway.
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The Whoie Evoiution Almanac

Here's evolution in a nutshell. Our time line, compiled by

Delta Willis, summarizes its history, and Gurney

Williams III surveys some prominent scientists about its fu-

ture. Try your hand at mutation with Hemant
Chikarmane's tabletop kit And return to your primitive

roots with Keith Harary's devolution program.
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SKULL AND BONES:
In 200,000 years we'll be fossilized bits to poiider

By Jean M. Auel

What was the

origin of modern
humans? What

happened to the

Neanderthals?

The answers, says

Jean M. Auel,

may shed light on

our future.

Are we Homi sapierib sapiens

(wisp wise man''] thef~ulmination

of tlT- 5 niilhon years of human
evolution, or a step along the way
to someihing else, to Homo sapi-

ens futuristic Two hundred thou-

sand years ago, Neanderthals

—

technically Homo sapiens nean-
dertiiaiensis—were the domi-
nanl human life on Earth. What
kind of people will the earth see
200,000 years from now?

Fifteen years ago, when I first

started researching for 7/ie Clan
of tfie Cave Bear, the earliest

known appearance of modern hu-

mans was in Europe around
40,000 years ago, during the last

ice age. They were the ones re-

ferred to as Cro-Magnons, and
there was evidence that for a pe-
riod of time, they lived side by
side with Neanderthals.

The case for their coexistence

has now become much stronger.

The skeleton of a Neanderthal
was found in France that dates to

around 30,000 years ago, dem-
onstrating that western Europe
was home to both for perhaps
10,000 years, but even more as-

tonishing are discoveries from the

rest of the world. New techniques
have dated the bones of an ana-
tomically modern man discovered

in Israel as 90,000 years old.

Therp IS still some doubt about the

dating method, but if the date
holds It means that both modern

1 1 f Juanderthaloid types of hu-

i occupied that part of the

lid for 60,000 years!

Whan did these two subspe-
cies of Homo sapiens emerge?
Arcund a million and a half years

ago in Africa, an earlier form of

hominid Homo erectus. began mi-

grating and eventually populated
the re'^t of the Old Vtorld. Neander-
thal types that have been found

throughout Africa and Eurasia ap-
parently evolved directly from the

local H erectus. In France, for ex-

ample there are erectus sites

such ab Tautavel that date back-

400 000 years, and the recently

evcavated Grotte Vaufrey that

date Neanderthals at about
300,000 years.

At one time most archaeolo-
gists thought that modern hu-

mans, H. sap. sapiens, evolved
in Europe from H. sap. neander-
thalensis. but new evidence sug-

gested that we arrived later, bring-

ing with us a more developed
stone tool kit. It was then theo-

rized that at some unknown loca-

tion, east or south, modern hu-
mans evolved from an earlier

type, perhaps H. erectus. and mi-

grated to Europe.

Then, a few years ago, DNA
studies indicated that anatomical-

ly modern humans could be
traced back to an original moth-
er, dubbed Eve, though it may
have been a group of related wom-
en who evolved, again in Africa,

less than 200,000 years ago.

Those early modern iiumans are

thought to have migrated to all the

rest of the world, completely re-

placing the existing populations.

That theory has been disputed

by some paleoanthropologists

who have examined skulls of ear-

lier forms, such as H. erectus, par-

ticularly in Asia, and found indi-

cations of characteristics still

seen in Oriental people today.

How could the newcomers re-

place existing populations but
take on their physical traits?

Could there have been some in-

termixing? In central Europe and
the Mideast, a combination of Ne-
anderthal and modern human char-

acteristics is sometimes found in

a single skull, but scientists de-

bate whether it shows evolution or

crossbreeding.

Debates are the heart of the sci-

entific process, but looking at the

past can shed light on the future.

The evidence suggests that evo-

lution is still going on, but what
lies ahead? Drastic climatic chang-
es probably played a major role

in the adaptive strategies of an-

cestral hominids, but mutational

changes occur at different rates

and contemporary societies

have so much control of their phys-

ical environment, they can live in

any climate, including no climate

at all, in space. Will that lessen the

selective pressures to change
and cause the process of evolu-

tion to slow?

Or will the pollution, the chem-
ical fertilizers and pesticides, the

toxic and nuclear wastes, the
greenhouse effect, and the deple-

tion of the ozone layer accelerate

mutations? What about reactor

meltdowns? Nuclear winter? Nu-
clear war? Though most would be
harmful or fatal, might some muta-

tions actually be beneficial? Per-

haps selecting for immunity from
some of the effects? What about
genetic engineering?

There are no more Neander-
thals, but are there still a few
Neanderthal genes? Were they re-

placed or assimilated? Would we
share our world with another kind

of intelligent human being? One
that might make us the next Ne-
anderthals? The thought is fasci-

nating to consider. One could
even imagine stories . , . DO
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THE EVOLUTION OF AN ISSUE:

Our editor at large goes to summer school and

returns with our anniversary theme

Last year Omni editor at

large Pamela Weintraub

went to the Marine Biobg-

ical Laboratory in Woods Hole,

Massachusetts, on a science writ-

er's fellowship. Although she
spent a great deal of time learn-

ing the techniques of cell and ma-
rine biology in the lab, her main

focus was the field of molecular

evolution. While attending one lec-

ture, she came upon an unusual

idea that, if correct, will shake the

roots of evolutionary biology. Ac-
cording to the modern followers

of Charles Danwin and his theory

of evolution, organisms evolve

through random genetic muta-
tions. But Weintraub reports in

"Natural Direction" (page 34)

that mutations may net be ran-

dom at all. In fact, organisms may
actually orchestrate their own ev-

Right Rollie

Tesh left

Tom Braunlich

Top row
Delia Willis,

Jane Bosveld,

and Curney

Williams

olution. "I discussed the idea

with leading molecular biologists

at the workshops and was really

shocked that they didn't look

down on the possibility of direct-

ed mutation," Weintraub says.

Weintraub's participation in the

fellowship was the genesis of our

special anniversary issue on ev-

olution, which she developed and
coordinated. The result is vintage

Omni and includes an exclusive

game that illustrates planetary ev-

olution and the Gala hypothesis.

"Environmental activists may
have latched on to the Gala hy-

pothesis, but scientists have
been reluctant to embrace the

idea that a symbiotic relationship

exists between the physical

world and life itself," says Omni
contributing editor Jane Bosveld

("Life According to Gaia," page
66). Bosveld has written for

Mademoiselle and other publica-

tions and is the coauthor of Con-
trol Your Dreams (Harper & Row).

Originating the idea for our

game, Weintraub offered a truly

unique challenge to game design-

ers Tom Braunlich and Rollie

Tesh of Technical Game Services

in Bainbridge Island, Washington.

"All we had to do was simulate

the four-billion-year history of the

planet, using nothing but a few

pages in the magazine and
some common household ob-

jects," Braunlich says. The re-

sult: Planit: The Omni Evolution

Game (page 73), featured along

with this month's special section

The Whole Evolution Almanac"
87). Braunlich and
work with Milton Brad-

and other game
and toy manufac-
turers and also

represent inde-

pendent toy

and game in-

ventors.

Planit
gave Wein-

traub and her son Jason the rare

opportunity to contribute ideas in

the creation of a game. "We'd
play the game and then call the

designers with suggestions;

they'd send back an improved ver-

sion and we'd repeat the proc-

ess," she says.

Weintraub tool< her idea for the

almanac's "Do-lt-Yourself Muta-

tion Kit" to Hemant Chikarmane,

the molecular biologist with

whom she worked at Woods
Hole. He thought it was a great

idea and, in fact, says Chikarma-
ne, a specialist in DMA fingerprint-

ing, "depending on how well the

evolution kit does, I would like to

create similar educational proj-

ects for use in schools."

"The Whole Evolution Alma-
nac" also provides some visions

of future humans in "Evolu-

tion's Child" by former Omn/ edi-

tor Gurney Williams, who lectures

about the future when not writing

for such publications as Redbooii

and American i-!ea!th. And you
can achieve lower consciousness

in "The Devolution Program" by

Keith Harary, research director of

San Francisco's Institute for Ad-
vanced Psychology and coau-
thor, with Weintraub, of Right

Brain Learning in 30 Days and
Memory Enhancement in 30
Days (St. Martin's Press),

Delta Willis (Digs, page 22) is

the author of The l-iominid Gang:
Beliind the Scenes in the Search
for Human Origins (Penguin). Ed
Regis (Interview, page 98) is the

author of Great Mambo Chicken

and the Transhuman Condition

and Who Got Einstein's Office?

Eccentricity and Genius at the In-

stitute for Advanced Study both

published by Addison -Wesley.
Omni contributing editor Shari

Rudavsky ("The Secret Life of the

Neanderthal," page 42) is current-

ly a graduate student in the his-

tory of science at the University

of Pennsylvania. DO
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THE CHASM OF CREATIONISM:
You can bet that we haven't heard the last of the creationists

By Keith Ferrell

Creationistn has

evolution. It's an elegant

word, and not without ro-

mance. The word be-

speaks the stately transformation-

al march of life across centuries,

millennia, eons. Long accepted
as scientific fact, however much
debate still surrounds the details

of its workings, the process of evo-

lution underlies modern biology

and remains one of the key ac-

complishments of modern sci-

ence. We've devoted this special

issue of Omni io exploring some
of the fascinating aspects of evo-

lution and the scientists who ex-

plore it. Since this is Omni's thir-

teenth anniversary, evolution

seemed an appropriate inaugura-
,

tion for our "teenage" years.

But evolution also underlies an
ongoing controversy whose final

echoes have not yet been
heard. Despite debate, trials,

depositions. Supreme Court de-

cisions, ad infinitum, there re-

t this country a movement
that would put scientific

,
fact on the same ba-

I'm speaking of what its propo-

nents call scientific creationism,

the argument that the biblical ex-

planation of creation and the ori-

gin of life should be taught in sci-

ence classes. Despite defeat af-

ter defeat in courts and legisla-

tures, the movement has not yet

gone away, nor does it show any
sign of doing so.

While we can understand the

desires of creationists to have
their views given equal footing

with scientific fact—who doesn't

want his individual views granted

official credibility?—we must also

be alert to the very real dangers
of such decisions. History reso-

nates with misguided, often trag-

ic efforts to subordinate scientific

reality to religious or state ortho-

doxy In the Stalinist Soviet Union
there was an attempt to recast bi-

ology in Marxist terms, making sci-

ence serve, as it were, the pur-

poses of the state. Nazi Germa-
ny used pseudoscientific argu-

ments to justify abominations.

Tine creationist argument is dif-

ferent in degree, but only in de-

gree. We are asked to accept the

religious views of a minority of the

world's population as equal in ac-

ademic value to the shared knowl-

edge of the world's scientific

community. This is not only

wrongheaded, it's just wrong.
Faith is personal, science uni-

versal. Faith is subjective, sci-

ence objective. The great gift of

science is its methodology, the re-

lentless questioning of the uni-

prse in search of its workings. Sci-

ence asks why and liow and
(..ouches those questions in a rig-

or that insists the answers be
provable. Evolution, one of those

answers, has been proved repeat-

edly Creationism's followers ac-

cept their dogma without ques-
tion; such is the nature of faith.

There is a chasm between scien-

tific fact and religious faith. That

chasm can be spanned individ-

ually. As we saw in our August is-

sue, plenty of scientists are devout-

ly religious. Bridging that chasm
must not, however, take place in

our public schools. Those bridg-

es, for those who choose to

build them, must be constructed

in the home and the church.

Opposition to the incorporation

of creationism into our schools

must rest upon an honest under-

standing of the nature of evolu-

tionary thought, One of the argu-

ments raised against evolutionary

theory is the lack of scientific

consensus regarding the mechan-
ics of itie evolutionary process.

Yet that lack of consensus is it-

self a lovely indicator of the open-
ness of scientific inquiry. We
look this month, for example, at

a debate currently taking place

over the fundamental nature of

evolutionary change. Debate—
the careful marshaling of evi-

dence, analysis, and interpreta-

tion—gives science its vigor and
integrity. Such debate is rarely wel-

comed in strict creationist circles.

"Prove it" may be the most ba-

sic tenet of scientific inquiry. Evo-

lution has been proved so thor-

oughly that its validity can no long-

er be questioned in scientific

terms. Creationism, by its nature,

can never be proved.

The next time the creationist ar-

gument rears its head—and it

will; in some ways we're overdue
for another wasteful airing of a de-

bate that should long since have
been put to rest—perhaps the

open-minded among us should

adopt some of the creationists'

own tactics. Suppose we argued
that evolution, scientific evolution,

should be taught in church along-

side creationism. You can bet

that the response from the cre-

ationist side would drown out

even the loudest of objections

raised when creationists try to im-

pose their will on our schools and
our minds. DO
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READERS' WRITES:
Has your refrigerator had a checkup lately, and is space
funding hazardous to your health?

Warming Thoughts
Robert Silverberg's article "The Green-
tiouse Effect: Apocalypse Now or Chick-

en Little?" [July 1991] is a reasonably
balanced exposition of the fiercely op-

posed views. But he helps to perpetu-

ate the myth about "the sinister chlo-

rofluorocarbons (CFCs) emitted by re-

frigerators, air conditioners, aerosol de-

vices, and other products." But we in-

crease atmospheric CFC levels, in

fact, only when air conditioners and re-

frigerators are not functioning proper-

ly. And the United States banned
CFCs In aerosol spray cans more than

a decade ago. Let's not imply that

things are worse than they actually are.

R, H. Coddlngton
Richmond, VA

Thanks for providing such thought-pro-

voking reading. Omni Is a great source
of new Ideas and critical discussion of

current issues. In the July Issue,

Robert Silverberg quite rightly warns us

against jumping to conclusions about

global warming. We just don't have
enough evidence. But there are still com-
pelling reasons to address problems
like air pollution and the destruction of

the rain forests. Our health suffers

from the pollutants in our air, and count-

less species, including humans, rely on

the rain forest for their survival. Even with-

out global warming, we must change
our handling of the environment,

R. B. Blackburn

Pocatello, ID

Space for the Healthy

After reading "Spaceward Ho!" [July]

I am positive that the United States

must be able to compete in space if it

is to remain a leading world-class pow-
er. Yet following the government's de-

termining that we need to spend more
money on children's health care, one pol-

itician stated we could obtain the addi-

tional funds by scrapping the space sta-

tion. The future of our nation, however,

actually rests on both the health of our

children and our edge in space.

Vincent O. Hughes
Fayetteville, NC

A Recipe for Chile

It's great that people are taking active

steps to save what's left of the' pristine

natural world, like the Chilean rain for-

ests [Earth, July]. For my part, the rain

forests are a vital resource not to be
wasted. Butthe article did raise one dis-

turbing thought: Despite their good inten-

tions, should Americans and American
organizations buy up chunks of anoth-

er country's property? Americans have
often expressed concerns about major

foreign investors purchasing United

States companies and land. Is it really

any better for us to do the same thing

in Chile, even in an effort to save the

rain forests?

Katie Stevenson
East Haven, CT

Stigmatized

Three cheers for "Stigmata" [July] by
Robert Frazier. 1 enjoyed not only the

tale itself, but Its unusual page design

and its contrapuntal poetry Something
different, for once, proved to be some-
thing superior.

E. R. Stewart

Robbins AFB, GA

Ice on the Rocks
I'm not a scientist of any kind, but I'm

smart enough to see major problems
with harvesting water for Los Angeles
[Earth, August 1991]. For one, how will

the accumulated loss of so much ice

from Antarctica affect the weather 5, 10,

50 years from now? How would the year-

ly release of a trillion gallons of fresii wa-

ter into the oceans affect animal and
plant life? Surely Los Angeles would not

be the only one to want a piece of this

pie; Africa, Asia, Australia, and even the

eastern United States need fresh wa-
ter. The real problem is a reluctance to

get tough and face facts with this and
all other ills facing us now and in the

future. Only when we become serious

about global population control and re-

source management will we, and the

earth, have a realistic chance for long-

term survival.

David Sperry

Seattle DO
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space prog am crafted in fine bisque porcelain, hand-

painted and hand decorated. I understand tliat my im-

ported ep ca will Oe sent with a custom-designed

hardwood iMse and brass nameplate, provided at no addl-

tional ctiarce

I nead send no payment now. Prior lo shipment. t)ill

me for a depos t of S39.' and. after shipment, for the bal-

ance fou egua monthly Installments of S39.'
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POLITICAL SCIEfUCE
MIGHTY MOUSE:
Will the atomic genie get loose?

By Tom Dworetzky

Remember the classic Pe-

ter Sellers comedy The
Mouse That Roared? A

duchy-sized country, flat broke,

decides that its best bet is to go
for Marshall Plan-style aid by at-

Ifspost- tacking America and losing. But

diiente, and the plan backfires when it acciden-

START'3 tally takes prisoner one of cur

lookln' good, bomb builders and fiis football-

But in ihe sfiaped doomsday device. After

nuclear cellars

the bombs
have begun to

tick again.

Sellers has gotten all the t,uper

powers to make pea e with his ti

ny country and each other by
threatening to use the bomb, it

stops working. Sellers and the sci-

entist keep this a secret, maintain-

ing peace with a hollow threat of

annihilation. Then, alone in its dun-
geon keep, the bomb starts tick-

ing again.

Funnier than the mcvie is that

we now find ourselves in the

same situation, Fiight after de-
tente and with START talks look-

ing good, it seemed the existen-.

tial bummer of nuclear annihila-

tion might pass. Then boom, Sad-
dam's got the bomb, the genie's

out of the bottle, and we're scur-

rying for the shelters again.

Actually, the alleged Iraqi nu-

clear threat is the least of it. Pro-

liferation is slowly spreading ev-

erywhere. The real culprits are

Western industrial states where
folks like Saddam get their nucle-

ar toys, not the Third World
guys. "The Iraqi experience,"

says Paul Leventhal of the Nucle-

ar Control Institute, "is just anoth-

er page in a lesson book no one's

paying attention to." The heart of

the matter is the creation and use

of highly enriched uranium and
Plutonium in civilian reactors.

These substances are so-called

weapons grade; that is, you can
make an atom bomb from them.

The scope of the problem is

huge: Some experts such as

Leventhal estimate that by the

year 2000 there will be up to

2,000 tons of Plutonium in exist-

ence. Compare that with the com-
bined strategic stockpiles of the

U.S. and the USSR—200 metric

tons in about 25,000 warheads.
Faced with this forecast, you'd

think the administration, and
everyone else, would be at least

idly talking about a global ban on

atomic weapons-grade material.

They're not. Instead, here are

three highlights of their plans for

the upcoming plutonium season:
• In 1992 we'll finally get rolling

with the first shipments resulting

from the administration's 1988
agreement to let the Japanese re-

process up to 400 tons of pluto-

nium over the next 30 years. The
Japanese will ship the stuff by
sea to France and back, France
having one of the few reprocess-

ing plants in the world. Ironically,

the same Beltway contractor,

ERC, that did confidential studies

about certain aspects of this

deal for the Department of Ener-

gy has also been hired to help

the Japanese gel their plans ap-

proved. This irked some mei
bers of Congress so badly thai

they asked the General Account-

ing Office to investigate. Accord-
ing to government sources, the

conclusions of the study will be;

Having people who did confiden-

tial work for the government also

act as consultants might look a
bit unethical, but it was legal;

since no actual documents were
turned over to the Japanese, no

existing laws were broken.

•The DOE persists in its efforts

to reopen the radioactively pollut-

ed Rocky Flats weapons plant

near Denver. This half-billion-

doliar effort comes in spite of the

glut of thermonuclear warheads
spawned by the recent treaties

with the Soviets that reduce our

strategic stockpiles.

• The last administration budget
zeroed out the funding for the Ar-

gonne Lab's Reduced Enrich-

ment for Research and Test Re-

actors (RERTR) project. The proj-

ect's aim is to create a safe ci-

vilian bombproof reactor fuel. But

Congress insisted on funding at

least one of the project's key mis-

sions: helping other nations

adopt bombproof fuels.

For almost 50 years we've
lived with the MAD (mutual as-

sured destruction) scenaho. Now
we live with The Mouse That
Fbared scenario. The only real val-

ue of atomic weapons is in the cer-

tainty of the threat— not the use.

Unfortunately, the increasingly

haphazard spread of weapons-
grade material and the technol-

ogy needed to make atomic ex-

plosions has brought us to the ex-

istential brink with its very uncer-

tainly. We played out the mouse
scenario with Iraq and won;
They had the raw material but no
bombs. Next time, however, the

mouse, some otfier devilish nucle-

ar club wannabe, may have real

bombs—and roar. DO



THE CASE OF THE MISSING LINK:

Misfiled bones have led researchers to discover humanity's ancestor

By Delta Willis

^^ ^^ artin Pickford held two

III I "turtle" bones up to

I %^ I the light, glimpsing a
network of capillaries and veins.

These were no turtle bones, Pick-

ford realized; they resembled piec-

es of a primate skull. It was 1981

and Pickford, a researcher from

the Institute of Paleontology in Par-

is, learned that the expedition re-

sponsible for unearthing the "tur-

tle" bones had also yielded an in-

triguing—and incomplete—skull

from a chimp-sized primate

dubbed Proconsul.

His next mission: matching the

bones with the skull. Pickford

called upon Johns Hopkins pale-

ontologist and primate expert
Alan Walker, who hunted down,
the skull and, with great delica-

cy, nudged the fragments back
in place. The fit was perfect. Pro-

consul, the scientists discovered,

had been much brainier than orig-

inally thought. In fact, according

to a decade of new research con-

ducted by Pickford. Walker, and

Buried

beneath the

for millions of

years, the

link between
humans

and apes now
emerges

from the forest

of time.

others, the 18-million-year-old pri-

mate is probably the earliest

known missing link between the

apes and man. "Proconsul
makes a good model for a com-
mon ancestor," Walker says. "Its

features are generalized enough
to embody traits common to the

apes and us."

In 1 984, to establish Proconsul

as a legitimate missing link, Pick-

ford and Walker headed tor Ken-

ya, where the esteemed paleon-

tologist Mary Leakey had found
Proconsul on Lake Victoria's Rusin-

ga Island decades before.

The expedition provided the re-

searchers with enough fossils to

study Proconsul for years to

come. Piecing together the

bones in a process that continues

to this day, Pickford and Walker

have been able to establish the

life cycle of this prehistoric pri-

mate, "We have males and fe-

males, babies through adults,"

Walker says. Indeed, the tedious

process of preservation and recon-

struction has revealed details as

delicate as the ear's bones and
semicircular canals. The seventh
and eighth cranial nerves have
been reconstructed as well.

Other researchers interested in

the life of our ancient ancestor

have begun studies of their own,
David Beynon of the University of

Newcastle upon Tyne In the

United Kingdom, for instance,

has been trying to determine the

life span of Proconsul by examin-

ing Its teeth. Beynon's unusual

technique, which Involves "read-

ing" teeth much as researchers

read the rings on a tree, should

tell the life spans of Proconsul
males and females.

Another researcher, Chris

Ruff of Johns Hopkins, is using

the principles of engineering to

calculate Proconsul's body
weight, According to Walker,

Ruff's analysis of limb bones
should reveal not only the types

of stress Proconsul had to bear,

but also the differences—If any

—

between males and females. In

the future. Ruff may also be able

io illuminate the lives of Procon-

sul individuals. Did a particular

male suffer from a broken arm or

a spinal disorder? Did a female
die from a head injury, or perhaps
in childbirth? Ruff's new tech-

niques may be able to answer
some of these questions.

But even when these details

and more are known, scientists

will still debate whether Procon-
sul was truly our ancestor,

"There are few ways to demon-
strate that something is a real an-

cestor," Walker says, "Of Procon-
sul, one can say, simply, that

here is an example of a popula-

tion from which our ancestors
most likely arose." He thinks a bit

and then amends his response.

"Genetically, we all go back to

the primordial slime, don't we?"
he adds, "Details of that are dif-

ficult to trace. "DO



FOR THE TWENTY-FIRST CENTURY:
Playing God, mimicking Darwin, coioring your.world, and Gaia

By Sandy Fritz

SIMEARTH—THE
LIVING PLANET

Maxis Software, Two Theatre

Square, Suite 230, Orinda, CA
94563. $69,95
PLUSES: Unspeakable power,

MINUSES: Unfathomable respon-

sibilities.

THE VERDICT: Addictive.

Prepare for a shock. Booting

up SimEarth makes the user a

God, And God has a /of of com-
plex responsibilities when it

comes to managing a planet. If

you don't regulate the amount of

toxins spewed into the air by mam-
malian civilizations, monitor ocean
salinity and temperature, and fos-

ter areas that reoxygenate the at-

mosphere, your planet will fail and
its life forms will perish.

This game, this simulation, this

problem makes George Bush's

job look like a Caribbean holiday.

GAIAN SCIENCE

For Geophysiology Researchers

and Teachers. Newsletter, Box
1115, Chadds Ford, PA 19317,

$35 for 12 issues.

PLUSES: Up-to-date.

MINUSES: Home-brewed taste.

THE VERDICT: Earnest

The earth, like any living thing,

has a physiology, according to

the fledgling Gaia theory And
like anything fledgling, the theory

is full of energy, is somewhat
naive, and occasionally has trou-

ble sustaining flight.

THE HUMAN
EVOLUTION
COLORING BOOK

Adrienne L Zihlman Harptr

and Rj^v 1932 $10.95

PLUSES FJary a stone left un-

turned

MINUSES. Texttuokish,

THE VERDICT: Sizable concen-

tration required.

Although this is a coloring

book; don't expect children to

be scrambling for their crayons.

The author admits in the preface

that he "had trouble getting

across certain technical con-

cepts" in his "Introduction to Hu-

man Evolution" class and that

The casual reader finds liny,

gemlike resources, such as sim-

plifications of complex papers, bib-

liographies arranged by topic,

book reviews, lesson plans, and

the whole nine yards.

A TRAVELER'S GUIDE
TO THE
GALAPAGOS ISLANDS

Bruce Boyce. Galapagos Travel,

1990. $14.25

PLUSES; No visa necessary
MINUSES; Sea legs required.

THE VERDICT; Whiners stay

home,
Darwin found several elegant

examples of natural selection fly-

ing, swimming, and crawlina

around the GalSpaj i
i

Today about 60,00' i- i

mans a year come 1 i ii -r

tho coloring book idtsa a^ose to

help fill the gap
f*nd it .lorks Seel !ng out thy

images i„oloring them in and
thbn reading about their rele

vance packages the matenal for

easy withdrawal from the me
ory bank. The approach works

especially well for the detailed

technical sections on DNA and

Mendelian genetics.

Lay people with a burning de-

sire to plumb the depths of the

evolution question wili find them-

selves in seventh heaven. Ordi-

nary Joes and Josephines
won't. But the book is still in

print after nine years, and that

speaks for itself.

And almost everybody sleeps

on boats. Some boats are big

(100 berths) and some are small

(six berths). Daytime is for explor-

ing; nighttime is spent tooling to

your next destination. Idyllic? Not

quite: Those unacquainted with

the Third World should heed
Boyce's travel tips. And those
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HEAVENLY MESSENGER:

Skywatchers await a glimpse of what the wise men saw. Plus, bad news

for head bangers, and checking Earth's vital signs

Was thG Star of Beth-

lehem a legend, a mir-

acle, or a natural

event? If it was mere-

ly a natural event,

wtiat kind?

After years of writ-

ing astronomy books
and a few decades
of observing the

stars, my ponderings

on the Star of Bethle-

hem crystallized into

a possible solution. If

that solution is cor-

rect, then this month
we're due for an al-

most precise replay

of what the Magi wit-

nessed when they

walked from Jeru-

salem to Bethlehem
an estimated 1,993

Of all the explana-

tions for the star,

most scientists favor the "conjunction" theory—a close pair-

ing of planets that gives the appearance of a single bright

star. Astronomers have zeroed in on the triple conjunction

of Jupiter and Saturn and the Venus-Jupiter conjunction,

both thought to have taken place at the time of Christ's

birth, as possible Star of Bethlehem candidates.

But there are crucial problems with these two candidates.

The three Jupiter-Saturn con|unctions never blended into

a single star, And although during the Venus-Jupiter con-

junction the planets did seem to merge, this was only a one-

night event, so how do we account for the star's reappear-

ance to the Magi in Jerusalem?

My solution: the rare series of Venus-Jupiter conjunctions

on August 12, 3 B.C.; June 17, August 20, and October 14

in 2 BC. On August 12 the two planets seemed almost to

merge as seen from Babylonia, the probable homeland of

the Magi. The following June the planets did merge, then

set together in the direction of Palestine as seen from Bab-

ylonia, inspiring the Magi to make their trip to Bethlehem.

(The August 20 conjunction, too near the sun to be visible,

would have been predicted by the Magi, since they were
avid and adept skywatchers.)

The fourth conjunction would be the climax. In the few

hours it took the Ma-
gi to travel the five

miles between Jerusa-

lem and Bethlehem,

they would note the

Venus-Jupiter pair

moving from the

east toward the

south {the direction

of Bethlehem) due to

the rotation of the

earth, thus "going

before" them. The an-

cientJerusalem-Beth-

lehem road would
lead the travelers

to Bethlehem from

roughly southeast

—

the planet pair would
appear to be "stand-

ing over" the town,

I took fhe liberty of

asking several ex-

perts about my theo-

ry Michigan State

and Abrams Planetar-

ium astronomer Robert Victor, who "knows" conjunctions,

says, "I'm excited about the theory." He's also as amazed
as I that the rare conjunction series is reappearing]

Carl Wenning of Illinois State University, while supportive,

feels that "a conjunction theory may be the best naftjral ex-

planation—but not the best explanation," Wenning referred

me to Purdue University's Sherman Kanagy, one of the best-

known researchers in the Star of Bethlehem debate. "It over-

comes many of the difficulties with previous proposals for

a naturalistic identity for the star described in Matthew 2,"

Kanagy said of my solution and followed up his compliment

by proposing a collaboration on a subsequent study.

Wherever you are, you'll be able to see mid-October's Ve-

nus-Jupiter conjunction by rising before dawn and look-

ing in the east, I'm confident that the sight you'll see is an

exact replay of the celestial events thought to have prophe-

sied the birth of Jesus Christ—FRFD SCHAFF

"Many researchers believe that one thousand nine hundred and
ninety-three years have passed since the birth of Christ, not

1,991 as previously assumed. The year of Christ's birth was
miscalcuiated in a.d 525. The Roman monl< and scholar

Dionysius Exiguus estabiished the date, but modern research

has shown that his caiculations were faulty.
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LESS SEWING FOR
SURGEONS

Surgeons spend long,

painstaking minutes during

operations suturing blood

vessels, prolonging the

amount of time the patient

spends under general

anesthesia and increasing

the risk of mortality. Now
a new invention developed at

Carnegie-Mellon University in

Pittsburgh could take the

stitches out of such surgery.

Electrical engineer Mi-

chael Reed and graduate
assistant Hongtao Han hope
to replace needle and thread

with a mechanical fastener

that sticks to tissue, joining

the two ends of a blood

vessel in a simple one-step

procedure. The ingenious

device consists essenti^ly of

a silicon wafer studded with

an array of microscopic

"barbs"—the secret to its

stickiness. The barbs, each

26 OMNI

about the size of a red blood

cell, are produced by
selectively etching away por-

tions of the silicon wafer

using the same lithographic

techniques used to manu-
faciure mcKt integrated cir-

cuits. A flared base at the

bottom of each barb ensures

that once it pierces tissue, it

will not retract out of place.

Reed envisions shaping

the silicon fastener into a
ring, which would be inserted

inside the two ends of the

blood vessels that the

surgeon wishes to connect.

"In theory" Reed says, "our

technique should provide a

highly efficient means of

binding tissues without

causing extensive cellular

damage."
—Kathleen McAuliffe

"AH the good ideas I ever

had came to me while I was
milking a cow.

"

—Grant Wood

S.O.S.P.: SAVE OUR
SPACE PROGRAM

The budget for the U.S.

space program ran into

some strong opposition in

Congress this year due
to increased competition for

funds with social programs.

In Iviay, Congressman Bob
Traxler (D-IVlich.) convinced

the VA, HUD, and the

Independent Agencies Sub-

committee of the House
Appropriations Committee to

vote for the termination

of the space station program
and the transfer of most of

the funds thus saved to

social programs. A massive

campaign by pro-space

forces followed, and as a

result, the House ultimately

voted to save the space
station. However, the rest of

the space program suffered:

l^w of the funds transferred

by Traxler were restored to

the space program budget,

in July, Senator Barbara

ivllkulski (D-Md.) ied a

Traxler and Mikulski. [vluch of

the ground gained in the

Senate could be lost.

Throughout this conflict,

Spacecause, a pro-space

lobbying organization, has

led a major grass roots

campaign, with help from

Omn/ and others, in support

of a strong, well-funded

space program, Spacecause
now asks for your partici-

pation at this most crucial

stage of the budgeting

process, Ple^e write to

Senator Mikulski (U.S. Sen-

ate, Washington, DC 20510}

to encourage her continued

support. Then call or

write— preferably call

—

Congressman Bob Traxler

(U.S, House of Representa-

tives, Washington, DC 20515;

[202] 225-2806) to politely

express your support for the

space program.

If the committee members
are aware of the public's

support, evidenced by letters

and phone calls, they

will be much more likely to

BOTHERED BY MOSQUITOES? THE

PROBLEM MAY BE YOUR CLOTHES. MOSQUITOES
ARE TWICE AS AHRACTED TO
THE COLOR BLUE AS TO ANY OTHER COLOR,

tenacious and eventually

successful fight to convince
the Senate to approve a

budget that would be
substantially more favorable

to the space program.

The differences between
the meager budget ap-

proved by the House and the

more generous one voted in

by the Senate will soon be

ironed out by the conference

committee cochaired by

grant the space program
the funds it so desperately

needs.

"If we had a keen vision and
feeling of ail ordinary

human life, it would be like

hearing the grass grow
and the squirrel's heart

beat and we sfiould die of

that roar which lies on

the other side of silence.
"

—George Eliot
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RING AROUND THE
EARTH

Anyone with even a small

telsscope has had the

chance to admire the serene

beauty of the rings of Saturn,

which have inspired every-

thing from wall calendars to

the hood ornaments on

vintage automobiles. But

could an amateur astrono-

mer on Saturn ever have

been treated to a similar sight

when he, she, or it trained a

telescope on planet Earth?

Danish planetary physicist

Kaare Rasmussen says the

answer just might be yes. In

fact, Rasmussen speculates,

the earth may have had rings

much fainter than Saturn's as

many as 16 separate times

during the last 2,800 years.

Rasmussen, a professor at

Denmark's University of

Odens, looked at historical

reports of meteor showers,

fireballs, and meteorite

landings that occurred be-

tween 800 B.C. and a.d. 1750.

He found at least 16 periods

of Intense meteor activity, all

of which exhibited a

DIVIDE YOUR WEIGHT
BY SIX TO GET THE

APPROXIMATE NUMBER
OF QUARTS OF
BLOOD IN YOUR BODY

ABOUT 40
SQUARE MILES OF lAND
ARE TRANSFORMED
INTO DESERT EACH DAY

characteristic pattern: an

initial burst of activity, lasting

a few months to a few years,

followed by a few decades of

lower activity and a subse-

quent rise.

This pattern might be

explained, he says, by the

earth "capturing" a passing

comet or asteroid, which then

broke up in orbit. Some of the

particles fell to Earth,

creating the first peak, while

the rest stayed in orbit to form

a ring. Eventually Ras-

mussen theorizes, gravity

pulled the ring particles into

the upper atmosphere,

where they either burned up

Try these rings on for size: A Danish physicist theorizes that the earth

may once havesported rings lilie Saturn's.
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The U. S. military hopes to identify ail future battle Gasuallias hy their

DNA, making the unknown soldier a reiic of the past.

DNA DOG TAGS

The Tomb of the

Unknown Soldier in Wash-
ington, DC, honors all the

soldiers who, for whatever

reason, could not be

identified after death, To

prevent any more who die

in the line of duty from

joining their ranks, the

Pentagon may soon create

DNA identification files on

all of the 1.5 million

active-duty personnel in the

armed services.

Currently, the govern-

ment keeps on file only

fingerprints and dental

charts. But with the advent

of high-tech weapons,

Army forensic specialists

need equally advanced
tools to Identify the

increasingly charred and
shattered remains of battle-

field casualties. According-

ly, all new recruits may soon

be required to provide DNA
in the form of a blood

sample or mouth swab (a

scraping of cells from

inside the cheek), to be

kept in a central repository.

Military doctors could then

remove some DNA from

bodily remains and match

the molecular sequence
with the appropriate sample

in the repository to idenUfy

the casualty

"Even if we recover only

some hair or a fragment of

dry bone, we should still be
able to extract enough
genetic material to make a

positive identification," re-

ports Major Victor Weedn,

chief of the Armed Forces

DNA Identification Laborato-

ry at the Armed Forces

Institute of Pathology in

Washington, DC.
—Kathleen McAuliffe

or fell to the ground, creating

the second peak of activity.

Rasmussen readily admits

that his idea is "only a

hypothesis," that the patterns

he observed could be the

result of periodic garden-

variety meteor showers. But,

he notes, if he's right, the

earth could conceivably

sprout another ring system

—

even within our lifetimes.

— Bill Lawren

"Go and wake up your luck.

"

—Persian proverb



comTimuunn

HEADS UP

Soccer appears to rank

among the safest of sports: It

doesn't Tnvolve tackles,

sticks, or sharp-bladed

skates, for example, None-
theless, several studies have

concluded that the game can
be hazardous to your head.

The American Journal of

Sports Medicine reported

this spring that heading a

soccer ball caused "measur-

able and irreversible cog-
nitive dysfunction," affecting

attention, concentration,

memory, and judgment in 81

percent of 37 former mem-
bers of the Norvi'egian

national team. The impair-

ments, like those seen
in boxers, resulted from

repeated blows over time

rather than a few severe

concussions.

Another study of soccer-
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related head injuries, this one
at the University of North

Carolina in 1989, found that

heading the ball incorrect-

ly—off the side or top of the

head, rather than the

forehead— also caused inju-

ries. The severity of injury

depended on such factors as

the ball's speed (which,

according to the study,

averages 51 miles per hour)

and construction (leather

balls become heavier on a

wet field, as do plastic balls

with worn covers).

Collisions with goal cages
also caused more than a

dozen fatalities over ten

years, says David Janda,

director of the Institute for

Preventive Sports Medicine

in Ann Arbor, Michigan.

—Jack Mason

UNTa WE MEET
AGAIN

An Plepharl nyver for

gets goes the ^phnr!=^m

Now modern science

debunks yei another fi.lk

myth Researcherb a

the Uni/ersiti f Noith

Carolina have uni,o\.erPd

what appears to be thf-

first evidencp of long term

memoiy in nLnhuman
animaiS not in he q^rnan
tuan p|ept ^nt but in a

diminutive bird I p nale

hooded warbler

^Vcrking in th" uni i-r=if

t ula'son Farm BioloQicjl
''

"r\.e do toial tudent

"pifpc GjJard and biology

protp sor R Hai/en Wil^i

lane reootoed the ^nalt

velloio, songbirds as the\

belted out the ino.viauai

tunes that mark their

boundaries. After the birds

returned -to the forest,

following their winter migra-

tion, the researchers re-

played the songs lo them
When Godard and Wiiey

broadcast songs outside

the areas where they had

jeen '^unq thp w^iblerc

became agitated sang

their own songs Tci ea ediy

arid even di jhq at the

sppakafb The i irds reL^L,

finn cemnn tr^stes the r

ab ity Id rem.-mi ic-r tc r at

least 'ievei I nicnths ihe

sungs of \ arbler*^ i/ing

nearov Thi^ is th-^ fii t

time ttiat sonieone

has betjn able; to =!ho thi

animal are capable of

keeping track of the

individuals the> intpract

A thoi/et oUch Icnq ppnuJs
rf time iWilPi says

The Aarbi^rs ability

&uugt=;is that memory ma/
e\il\e to su t sperific

purpose in different bpe
cid he sd ' In ih s

ca e mpmuii aciiitatp^

ma'ing diid rppro luctin
i

Those who lemembtji iheii

neighbors may be more
successful in reproduction

than those who have

strangers around them,"

Wiley says, "because those

birds must spend much of

their time settling bounda-
ries and defending themi."

—Beth Howard
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LOGICAL UNW
TOCELfBRAlE

25 YEARS OF

smmst

GETVOURFRSTUDEOCASSHIEFORJUST $i|05
«DeETA25ni«IHIVBISARV , ^ll""
COlLECniirSFMHIEEl £^ \ t^ a
Even a Vulcan could get emotional about STAR TREK's® 25th

Anniversary. And the best way for all life forms to remember the

series on this special occasion is to order57M TREK®: The

Collector^ Edition from Columbia House Video, uncut, unedited

and free from commercial interruption.

SAVE $1S on VOUR HRST UIDEOCASSEnE

Your charter voyage begins with two of STAR TREK's® most

memorable episodes— "The Menagerie - Parts 1 and 2".

Stardate 3012.4. Spock is accused of mutiny when he takes control of the Enteiprise

then defends himself with an astounding reenactment of the first journey of the Starship

Preview this double-adventure cassette for 10d^ risk-free. Keep it forever foi just $4.95

plus shipping and handling— $15 off the regular price.

Thereafter, you'll receive a new STAR TREK® videocassette about every four to six weeks.

Each Collector's Edition videocassette includes two complete episodes with Stardate and

original aitdate information for the true collector. Preview each for 10 days, risk-free.

Keep only the ones you want for just $19.95 plus sliipping and handling. There is no

minimum to buy and you may cancel at ai^ time.

FREE 25IHANniUERSARV PIN

Order right now and you'll also receive a special 25th Anniversary Collector's Pin

absolutely FREE. Featuring the STAB TREK® logo and the words "25 years" in gold tone

against the Federation insignia in red enamel, this handsome memento is yours FREE,

with your unforgettable introductory cassette.

So join us in celebrating STAR TREK's® Silver Anniversary with a Vulcan salute— and a

video tribute! Call or mail the coupon to order your first videocassette— and FREE
GoUeetor's Pin -today!

_
^^p^ j,„n

For fastest service, use your credit card and call toll-free, 1-800-538-7766.

D rat) Iran^purl

TltcMtTiwrw'
Parts I and 2 t inj

home and enter my
subscription to

STARTSEIC^TTw
Qito:torSfiWM»» under

left. Send my aSfh

\nniveibao' CollPdEir^ pin FREE, The yideooassette

IS mine to keep at iJie low introductory price ofjust

$4 95 plus 52 45 shipping and handling.

Check method ofp^ment:
D Check em lo^ed for S4,9B plus J2.45 s&h

(total S740) made payable tu

Columbia Hoiiae Video. S84

n Chmge my STAR TREK® purchases, begmnlng

with my first cassette to: Sffil

American Express D VISA

D MasterCard D DmersClub

Mail to; Columbia House «dea, P.O. Box 1112,
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FISH ANTIFREEZE

E^er wonder why fish that

li"e tn the i'"v ArLtic regions

I Ion t freeze to dedth ' They
pO'^bess i gene that

produt,eG a pioteiti in [hpir

liver^ thdt ii)i;<eri thp fteezing

nutnt ri ice rrystals 3n ttieir

^diitj-S C
rjLW biologist Tlicnid-.

CaoeLi of ^ itqinia Pnlytc:;h-

nic Institute ^nd State

Uiitver'5ity in Blacksbut j has
biOHnqiiiepfed the prutPin-

producing gene which he

peLuUtes miohi be intfo-

duc^d into fruit trte ^o help

them re"ist fla h frepzes or

used to develop deicing

compounds for airplane

wings and winter-slick high-

ways. The protein depresses

the freezing point but

strangely leaves the melting

temperature unchanged, a

phenomenon known as

thermal hysteresis, he says.

Caceci, an aquatic animal

specialist, worked with the

genes of the winter flounder,

whose antifreeze protein

binds with ihe oxygen
molecules in ice crystais,

preventing them from enlarg-

ing. He produced about a
half liter of the pure protein

by stimulating bacteria

containing the eriglneered

gene. "In other words, we
created an artificial gene to

produce an artificial protein,"

he says, "but it's extraordi-

narily expensive. Like every-

thing else in microbiology,

scaling up the production Is

the big problem.

"One day we hope to

make it in big vats, a
hundred to five hundred
liters at a time, but even if

you were measuring produc-

tion in grams instead of

micrograms, you stiil

wouldn't have enough to

spray on icy roads." he

says.—George (Mobbe

BUT IS IT

INTELLIGENT?

Stop the presses: Scien-

tists have determined that life

does indeed exist on Earth,

Last December the Galileo

spacecraft flew past Earth

on the first of two encounters

en route to its rendezvous

with Jupiter In 1995. To test

Its instruments' ability to

detect life on other worlds,

Galileo made various atmos-

pheric measurements as it

passed our planet,

"The idea was to view the

earth as another planet,

imagining that we didn't live

here," says Charles Hord,

head of Galileo's ultraviolet

spectroscopy team. "Living

creatures change the atmos-

phere, and we can detect

those changes before we
can observe the structures

that man has built, It's like

seeing smoke before seeing

the chimney."

Galileo measured atmos-

pheric concentrations of

carbon, hydrogen, nitrogen,
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and oxygen—the basic

building blocks of life.

"Whenever we go to a planet,

we look for signs of non-

equilibrium, things you

wouldn't expect from ordi-

nary chemistry," Hord says.

The unusually large amount
of oxygen In Earth's

atmosphere supplied deci-

sive proof of life because it

indicated that photosynthesis

was taking place.

The spacecraft will make
similar measurements of

Jupiter four years from now.

Researchers take immense
interest In the planet,

although they don't expect to

find life there. "We believe

that before life started, Earth

had an atmosphere similar to

Jupiter's," Hord says. "By

studying Jupiter, we're look-

ing back to an earlier time on

our own planet."

— Steve Nadis

"Authority lends to

assign jobs !o those least

able to do them. "—Richard C. Cornuelle

THE WORLD'S LARGEST RAW DIAMOND WAS
UNEARTHED IN PRETORIA, SOUTH AFRICA, IN 1905

WEIGHING MORE THAN ONE AND ONE-
QUARTER POUNDS, AN INCREDIBLE 3,106 CARATS.

Before trying to detect life on Jupiter, ttie Gal .

,

dry run on Earlti. Fortunately, we passed the test



Molecular evolu-
tionist Barry
Hall studies bac-

teria evolving
in the lab.

His eerie obser-

vations of these
single-celled

creatures have
convinced
him that some

life forms, at

least, can orches-

trate their

own evolution

in response
to pressures
from the environ-

ment. If this

startling phe-
nomenon holds
true for more
complex organ-
isms like beluga
whales and
people, we'll

have to rethink
our notion
of how
life evolved.

hen molecular biologist

John Cairns arrived at

Princeton lor a debate in

the summer of 1990, Ihe mood was
tense. The arena, a lecture hall at the

university's esteemed Lewis Thomas
Laboratories, boasted a wall-length

chalkboard, overhead slide projec-

tors, and comfortable seats with

armrests for taking notes. But de-

spite these academic trappings.

Cairns could almost hear "the saloon

doors swinging, the train approach-

ing, and the wind rustling down the

plains." Some of the spectators await-

ing the debate had even dubbed it

"the shoot-out on Main Street."

On one side of the dusty scientif-

ic road stood Bruce Levin, a profes-

sor from the University of Massachu-
setts at Amherst. Levin, like almost

all biologists, believed that one ele-

gant mechanism could explain Ihe

diversity of life on Earth, According

to this prevailing view, all species

evolve through random mutation of

the genes. Populations with new
traits arise when mutations produce

organisms especially good at find-

ing food, avoiding predators, and pro-

ducing offspring. After generations,

these successful mutants may re-

place earlier organisms within the spe-

or even form whole new spe-
cies. The process is called natural

selection, since nature itself appar-

ently selects the individuals most like-

ly to survivG.

Convinced of this scenario, Levin

had come to Princeton, scientific six-

guns at the ready, to stand down the

heretics—Cairns and his colleague.

University of Rochester molecular
evolutionist Barry Hall. Not only had

NATURAL
DIRECTION
ARTICLE BY
PAMELA WEINTRAUB

Extraordinary new
findings suggest that life

forms may literally

direct their own evolution

PHOTOGRAPH BY
NEAL DAVIS
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these two renegades challenged the

prevailing orthodoxy, they had done so

in Nature and Genetics, a couple of the

most prestigious scientific journals In

the world.

Cairns and Hall were not creationists

who believed that people had been
placed on Earth fully formed by heav-

enly design. Instead, they had come to

Princeton with an alternative scenario

for how evolution works: The mutations

that drive evolution, the researchers

claimed, were not always random. In

experiment after experiment, they

said, microorganisms seemed to be
whipping up their own mutations—al-

most as if some inner molecular com-
poser were helping the cells react to en-

vironmental requirements and needs.

They even had a name for this shock-

ing and powerful phenomenon: direct-

ed mutation

At the Princeton conference. Levin ar-

gued against this radical view, "Mutants

arise at random," he said, "whether

they are favored by natural selection or

not." Only after the mutants arise ran-

domly, he added, does the environment

kick in, with natural selection acting as

the "editor of evolution," choosing the

life forms it likes best among those al-

ready around.

Levin pointed out the technical limi-

tations of the research, insisting that

Cairns and collaborators had merely as-

sumed directed mutation was occurring

without sufficiently ruling out other,

less radical explanations. To emphasize

what he saw as the work's major flaw,

he titled his talk "Refrigerator Lights and
the Limits of Inductive Inference." The

idea, he told the audience of professors

and graduate students, was that no mat-

ter how many mundane explanations

the researchers eventually disproved,

there would always be more. Their ap-

proach, he stated, was a bit like trying

to prove that a refrigerator light is off

when tfie door is closed. "Even if you
put a little kid in the refrigerator to tell

you what's going on," he said, "you

could never be sure the kid was telling

the truth." They would never validate

their theory, he concluded, Unless

they found the mechanism at its root.

But despite these objections. Cairns

and Hall were impossible to ignore. As
one seminar observer, Princeton grad-

uate student Karen Weiler, recalls, "A
lot of people there that night wanted to

dismiss Cairns and Hall, but they just

couldn't."

With good reason. The new research,

if correct, would alter one of the most
entrenched scientific theories of our

lime, in the process changing cur no-

tion of how life on Earth evolved. It

mjght also explain the huge gaps in the

fossil record— long epochs during

which paleontologists can find no evi-

dence of evolution at all. After all, if mu-
tations are literally "directed" by life

forms reacting to environmental

change, then rapid evolution would
occur primarily at highly "punctuated"

moments—during ice ages, say or me-
teor hits, when environmental stress is

especially great. In fact, if the new sce-

nario turns cut to be valid not just for

microorganisms, but also for more com-
plex living things such as rain forests,

animals, and humans, evolutionary bi-

ologists would have to rewrite much of

the work they have labored over for the

past hundred years.

Today's evolutionary biologists—of-

ten called "Neo-Darwinists"—base
much of their work on the ideas of the

master, Charles Darwin himselL While

exploring the flora and fauna of South

Amehca and the Galapagos Islands in

the 1830's, Darwin observed the im-

mense variety of life. Even in a given spe-

cies, there was large variation from one
individual to the next. Based on this, Dar-

win proposed a bhiliant theory for how
evolution works: Nature was always

generating variation, he declared, and

in the brutal struggle to survive, some
variants would just be more successful

than others. Those better at exploiting

the environment he said, would have

more offspring, and these individuals

would prevail.

But despite this central Insight, Dar-

win still didn't know why the variation oc-

curred. The reason: The world had net

yet heard ol-the tiny hereditary units

called genes.

In the century after Darwin proposed
his theory, however, biologists discov-

ered that genes, found in every cell, de-

termined the nature of living things. By
orchestrating the synthesis of organic

chemicals into the stuff of life, genes dic-

tated virtually every biological charac-

teristic from brain size to eye color and
body type.

The genes themselves were com-
posed of a helical molecule called de-

oxyribonucleic acid, or DNA. All DNA,
in turn, consisted of just four chemical

building blocks, called bases. These
bases, strung together over and over

like beads, could be arranged in literally

millions of combinations, creating the po-

tential for virtually infinite genetic diver-

sity on Earth.

'For a species to generate this diversi-

ty said the Neo-Darwinists, all that was
needed were some simple chance
events. In the random shuffle of life, a

few bases would accidentally be re-

placed by others. Over time, the accu-



mulation of such changes— called

"point" mutations because they oc-

curred one base at a time—would re-

sult in different types of creatures, even

whole new species.

The Neo- Darwinists who proposed
this grand synthesis of Danwinian evo-

lution and modern genetics said their

theories were rooted in scientific fact.

The first study to back them up was pub-

lished in the 1940's, after Salvador E.

Luria, then of Indiana University, began
wondering how he could prove that

mutations had occurred randomly and
not in response to environmental

stress. It occurred to Luria that he
could compare genetic mutation to an-

other rare event—hilling the jackpot at

a slot machine in Las Vegas. People

playing these slot machines usually

came up empty-handed, Luria knew,

but every so often, by chance, some-
one struck it rich.

Luria compared the slot machine to

a colony of bacterial cells. Each cell re-

produced by dividing in half. The two

resulting daughter bacteria, in turn, re-

produced by dividing in half again, and
so on and so forth until, within a cou-

ple of days, one cell had become a

swarming bacterial colony of 1 billion

cells or more. If a cell were to mutate

randomly early in the life cycle of a col-

ony, it would produce large numbers of

mutant descendants, resulting in a "jack-

pot" of rhutants

Using this concept as the basis for

experiments, Luria and his colleague,

Vanderbilt University physicist Max Del-

brtick, grew bacterial populations in

test tubes. Then, after the populations

had grown, the scientists introduced a

[ethal virus.

Ivlutants never seemed to emerge
directly in response to the virus. Every

so often, on the other hand, a given pop-

ulation just happened to contain huge
numbers of mutants resistant to the virus.

These mutanls were so numerous they

had obviously arisen early in the life of

the population, way before the virus had
been introduced, and represented jack-

pots of enormous proportion. The con-

clusion: Mutants resistant to the virus oc-

curred randomly without Input from the

environment, The environmental stress

—

in this case, exposure to a virus—came
into play only later, selecting out the mu-
tants that could survive.

If the Neo-Darwinists were happy to

see their theories boosted in this way,

they were even more overjoyed when,
in the 1950's, geneticist Joshua Leder-

berg drove the point home. Lederberg
started with a gel containing numerous
colonies of bacteria. Then he pressed

the gel onto a strip of velveteen as if he
were phnting on paper with a rubber

stamp. Finally he took the velveteen and
pressed it onto a second gel. When he
pulled the velveteen off, the pattern of

bacterial cells on the second gel mir-

rored that of the first. To do his experi-

ment, Lederberg exposed only the bac-

teria on the second gel to the virus. A
certain number of cells were immune to

the virus, and only they survived.

The question was, did the resistant

celts—mutants—develop in response to

the virus, or were they there before-

hand? To find out, Lederberg tested

plate number one, and voil&: He found
mutant cells resistant to the virus a! the

same exact site as on plate two. Ob-
viously, the mutant cells had been
there all along. Like Luria and Delbruck,

Lederberg had validated the ideas of

the Neo-Darwinists: Mutant organisms,

he showed, emerged spontaneously,

without any stimulation from the environ-

ment at all.

Satisfied with the evidence, the Neo-
Darwinists spent the next 30 years re-

fining their theories, coming up with all

sorts of situations under which popula-

tions might evolve. But while they

spent enormous time honing and pol-

ishing their theory, the overriding mech-
anisms—random mutation and natural

"Hold-iH I'm his attorney!"



selection— remained the same.
And there Ihe mailer stood until the

1980's, when it fell under the scrutiny

of British oncologist and molecular biolo-

gist John Cairns. A deeply thoughtful

man with the regal good looks and bear-

ing of actor Peter O'Toole, Cairns had
spent years as director of the presti-

gious laboratory at Cold Spring Harbor

in New York and was now in Boston at

Harvard's School of Public Health. In-

terested in the mutations that induce can-

cer, he thought he might gain some help-

ful insight by studying mutations in

bacterial cells.

Naturally, he began by going back

to the old studies conducted by Luria,

DelbrCick, and Lederberg decades be-

fore, Examining their work more careful-

ly he realized that though they had con-

clusively proved the existence of ran-

dom mutation, they hadn't ruled out oth-

er evolutionary mechanisms as well. Ii

deed, their crucial studies were
plagued by an overwhelming flaw: the

use of a lethal virus.

The virus presented a problem be-

cause, in bacterial populations, mutants

resistant to virus take several genera-

tions to express themselves. The rea-

son is that bacteria replicate by divid-

ing and then growing. A first-generation

mutant thus contains half of the cellu-

lar material from the nonmutant parent

cell; iri fact, new mutants carry so
much parental material that they often

seem to behave like the original strain.

Only after many generations, when the

original nonmutant gene products
have been diluted out, can the mutant's

new characteristics truly emerge.
Therefore, in the Luria and Delbruck

experiment, the very virus that might

have caused Ihe production of resistant

mutants would have killed those mu-
tants instantly. Mutants produced in di-

rect response to a lethal virus would nev-

er be observed.

To get around this problem, Cairns

decided to see if he could generate
mutants through a less instantly lethal

form of selection: He would deny his bac-

teria access to all nutrients except for

one that they lacked the ability to use.

Either they would learn to use the new
nutrient, or else they would eventually

starve lo death. "The question was,"

Cairns explains, "could some mutants

arise as a result of pressure from the

environment?"

He began his experiment with

populations of bacteria unable to digest

the sugar lactose. Then he placed
these bacteria in a medium that con-

tained only lactose for a food source.

Of course, the bacteria stopped multi-

plying because they had no usable
food. But after a few days, large num-
bers of the lactose-utilizing mutants be-

gan to appear. The mutants were so nu-

merous, in fact, that they could not be

accounted for by the theory of strictly

random mutation. The suggestion: The
bacteria were learning to generate
their own, useful mutations through a sur-

prising evolutionary process that

wasn't random at all.

Cairns published his study in Nature
in 1988. Near the end of the article, he

suggested some ways in which the en-

vironment could influence genetic ma-
terial, thus allowing directed mutation

to occur. Each of these suggested
processes, Cairns had the chutzpah to

write, "could, in effect, provide a mech-
anism for the inheritance of acquired

characteristics."

The statement inspired sentiments of

fear and bathing among evolutionary

biologists worldwide, The term acquired

characteristics, after all, smacked of the

discredited eighteenth-century biologist

Jean-Baptiste Lamarck, who proposed
that evolution proceeded as individuals

used various organs, muscles, and
limbs. For instance, Lamarck had de-
clared, if a creature under stress was
forced to exert extreme muscular
strength, offspring would inherit— or

"He's trying to determine why the same biologicat

process can produce both a Democrat or Republican.

"



acquire—larger muscles whether or not

they actually required the additional

strength. Cairns had used the phrase

"acquired characleristics" by way of

anaiogy only; he was taiking about

genes and proteins, not fingers and

toes. But that didn't stop his critics

from writing to Nature in droves. They

insisted thai Cairns tighten his labora-

tory controls and proposed ailernative

scenarios that would leave the Neo-

Darwinian interpretation intact.

But Cairns stood phiiosophicaliy

firm: "it's easy to imagine molecular

mechanisms that might 6me the proc-

ess of directed mutation," he explained.

"We've already proven feedback be-

tween organisms and the environment;

this occurs through messenger mole-

cules that help genes communicate
with the cell and the outside world." In

light of this, he added, "It seems almost

perverse to maintain, as a matter of prin-

ciple, that evolution is driven only by ran-

dom mutations, and that no other phe-

nomenon comes into play,"

One researcher wholeheartedly

agreed. Molecular evolutionist Barry

Hall had been on a similar track for

years. His involvement in the field be-

gan in 1970, while visiting his good
friend. University of Minnesota popula-

tion geneticist Dan Harll. HartI had

been studying the fruit fly Drosophila.

monitoring how large groups of these

creatures evolved from one generation

to the next. Hall, on the other hand, was
studying the general molecular and cel-

lular biology of the popular laboratory

bacteria E. coli. "We got to talking,"

Hall explains, "and kind of said, Gee,

wouldn't it be nice if you could watch

evolution as it happened, on the molec-

ular and cellular level, by experiment-

ing with bacteria?"

A couple of years later, Hall began
the work. He started with a strain of bac-

teha normal in all respects but one' The

individuals in his colonies lacked an en-

zyme necessary for digesting lactose.

He plated bacteria from this strain on a

dish containing a blood-red gel known
as a Macconkey medium. Dissolved in

the medium were two types of food

sources: a small amount of peptide and

a large amount of lactose. The gel was
an important indicator, since bacteria

that digested lactose would absorb
some of the dye, showing up as red;

those that digested the peptide would

not absorb the dye and would thus ap-

pear white.

The bacteria, unable to digest the lac-

tose, consumed all the peptides. As
they grew, they peppered the biood-

red expanse of Macconkey with white

colonies. When all the peptides were

gone, bacterial growth seemed to

stop. But out of curiosity, Hall let these

seemingly stymied colonies sit around

his lab for a week or two. In every

case, he found, pimples of red began
bursting through the islands of white.

These red bursts, called papillae,

were new colonies of bacteria, now able

to utilize the lactose. In short, they

were mutants.

For nearly a decade, through stints

at the University of Newfoundland and
the University of Connecticut, Hall

watched his bacteria give rise to mu-

tant offsphng capable of digesting lac-

tose. As he performed the experiments,

he began to realize the oddness of his

results. Time and again, his bacteria

were evolving the ability to eat the lac-

tose about a hundred million times

more frequently than would be expect-

ed if mutation had occurred purely by

chance. What made the results espe-

cially strange was the magnitude of the

genetic change involved. Sequencing

the bacterial genes, Hall discovered

that two genetic mutations, not just one,

were required for digestion of lactose

to occur.

Hall discovered the phenomenon in

other F, coli populations as well. He was
absolutely floored, for instance, when
CONTINUED ON PAGE l£S
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No. that's not a Neanderthal to the left.

Yet there was a lime when Homo
sapiens Neanderthalens was viewed as lit-

tle more than a shambling, apelike

beast. For a more recent view of our evolu-

tionary predecessors, turn the page.

ARTICLE BY SHARI RUDAVSKY

THE SECRET LIFE
OF THE
NEANDERTFiAL
PAINTING BY BRAD HOLLAND

The band of Neanderthals

stopped outside the

cave, and a lone male
peered in. Looking

around, he noticed that pre-

vious occupants,

a taller, more gracefui group, had left

some remnants: smoidering coals,

scattered garbage, and a smooth, shell-

shaped pendant, purpose unknown.

Finding no food, the Neanderthals

trel<l<ed on, traversing miles of rocky ter-

rain in less than a day. By iate after-

noon, they'd begun lo track a goat. One
of the males piunged on top of the

animal, wounding it with his crude but

heavy spear; the animal thrashed,

but the male hung on until the goat

died. Uttering a series of mean-
ingful grunts, the Neanderthal band set-

tled down for the night. One of the

females built a fire, while another

scraped the hide with a sharpened
stone. A gray-haired male propped his

arthritic leg above a grassy knoll.

Devouring the remains of dinner, this

Neanderthal family had no way of knovv-

ing their future: The rest of their stay on
Earth would be arduous and brief.



A time machine and camcorder top the

/% wish list of every scientist hoping
/ % to unravel the secret life of the Ne-

/ % andertliais— fong viewed as a
/ % bumbling people wiio evolved rap-

-jft- m» idly (and thankfully) into our
direct ancestors. But though today's paleoanthro-

pologists lack the knack cf time travel, they

have recently acquired access to the next best

thing: remarkable new dating technology
that is slowly bringing the life and times of early

hominids into bold relief. Based on state-of-

the-art dating techniques such as thermolumi-

nescence and electron spin resonance, research-

ers have come up with an increasingly detailed

picture of the Neanderthals and how they lived.

No longer viewed as an evolutionary lout,

the Neanderthal depicted today is a kinder, gen-
tler, more successful individual with a range
of unique cultural characteristics including sophis-

ticated hunting practices and an intimate

and elaborate social life.

In addition, paieoanthropologists now believe

that Neanderthals coexisted with our direct

ancestors, early modern humans, for a longer

time span than ever before suspected. This

revelation has thrown a monkey wrench into the

story of hominid evolution, for if Neander-
thals were not our direct ancestors, then who
were they?

Scientists have been puzzling over this ques-
tion since 1856, when quarry workers in

the Neander Valley near DOsseldorf, Germany,
found pieces of skull in the rook. Considering

the way quarry workers go at limestone v^ith

picks and shovels (not at all like modern archae-
ologists, who tiptoe about with scalpels and
toothbrushes), it's a wonder that any fossils re-

mained. As University of Chicago anthro-

pologist Richard G. Klein tells the story, the quar-

ry owner thought the bones came from a
bear, but he turned them over to Carl Fuhlrott,

a local schoolteacher, who pronounced them
human, albeit unusual.

Further discoveries over the next 120 years
ensured Neanderthals a place right next to mod-
ern humans on the evolutionary continuum
According to early paieoanthropologists, homi-
nid evolution occurred incrementally, with

the Neanderthal just one of many forms that led

to humans today
As more Neanderthal remains were unearthed,

anthropologists also pieced together startling

aspects of Neanderthal life. By the 1950's,

researchers could cite definitive fossil evidence
of tool use, fire use, and hunting and gathering

techniques. And in perhaps the most extraor-

dinary find of that decade, archaeologist Ralph

Solecki unearthed a Neanderthal skeleton cov-

ered with pollen at the Shanidar site in Iraq. The
so-called flower burial sparked a debate still

unsettled today The hard-liners argued that Ne-
anderthals buried their dead only to discourage
scavengers and eliminate odor. The flower

spores, they held, had drifted into the graves pure-

ly by chance. But a new group of researchers,

increasingly convinced of Neanderthals' basic

humanity, cited the pollen as evidence of

a ritual Neanderthal burial in which survivors

draped flowers over the deceased.
Evidence for the new and improved Neander-

thal, one that inhabited the earth for at

least 100,000 years and lived side by side with

early modern man, has been accumulating

since 1980, when archaeologist Eitan Tchernov
of Hebrew University in Jerusalem started

dating the hominid remains found in three Israe-

li caves. Since Tchernov could find no dat-

ing techniques approphate to the task at hand,

he devised a method of his own. By approxi-

mating the dates of rodent bones found in the

same layer as human bones, he created a

biostratigraphy, an evolutionary time chart

based on fossils. Using biostratigraphy, Tchernov
and Ofer Bar-Yosef, now a professor of

anthropology at Harvard University set the

ages of the Homo sapiens found in the Qafzeh
and Skhu! caves at 80,000 to- 100,000 years old,

about twice as old as anyone suspected.
They dated the Neanderthal-like remains found
in the third cave, Kebara, at 50,000 years.

According to these figures, Neanderthals were
not ancestral to us at all.

Anthropologists immediately protested the ac-

curacy of these dates, saying the biostra-

tigraphy did not provide reliable information. How-
ever, in the past few years, two new techniques
have confirmed the Israeli results.

One technique, called thermoluminescence
(TL), is particularly valuable for dating non-

organic artifacts such as burnt rocks and tools.

The TL technique works because objects

accumulate electrons over time, yet release elec-

trons whenever they are burned. An accumu-
lation of electrons may be measured by the in-

tensity of light an object emits when it is

burned. By heating a previously burnt object

—

for instance, a flint fired in a Neanderthal
hearth a hundred thousand years ago—and
then measuring the energy emitted, researchers

can estimate the time that has passed since

the object was burnt the first time around.

Experienced with TL, French physicist

Helens Valladas of the French National Center
for Scientific Research decided to help the Is-
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wenty minutes into the voyage noth-

ing more startling than a dragonfly the size

f of a hawl< has come into view, fluttering for an

eye-blink moment in front of the timemobile window

''f
and darting away and Mallory decides it's time to ex-

ercise Option Two: Abandon the secure cozy comforts

the timemobile capsule, take his chances on foot out

there in the steamy mists, a futuristic pygmy roaming virtu-

ally unprotected among the dinosaurs of this fragrant Late Creta-

ceous forest. That has been his plan all along—to offer himself up to the avail-

able dangers of this place, to experience the thrill of the hunt without ever quite

being sure whether he was the hunter or the hunted.

Option One is to sit tight inside the timemobile capsule for the full duration

of the trip—he has signed up for twelve hours—and watch the passing show,

if any through the invulnerable window. Very safe, yes. But self-defeating, al-

so, if you have come here for the sake of tasting a little excitement for once in

your life. Option Three, the one nobody ever talks about except in whispers

and which perhaps despite all rumors to the contrary no one has actually ever

elected, is self-defeating in a different way: Simply walk off into the forest and

never look back. After a prearranged period, usually twelve hours, never more

than twenty-four, the capsule will return to its starting point in the twenty-third
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But where are they? Twenty-five min-

utes gone already and he still hasn't

seen a single dinosaur, and tie's ready

for some.
"All right," Mallory calls out. "Where

are you, you big dopes?"
As though on cue the forest hurls a

symphony of sounds back at him: stri-

dent honks and rumbling snorts and a

myriad blatting snuffling wheezing skree-

ing noises. It's like a chorus of croco-

diles getting warmed up for Handel's

Messiah.

IVlallory laughs. "Yes, I hear you, I

hear ycu!"

He cocks his laser rifle. Steps for-

ward, looking eagerly to right and left.

This period is supposed to be the gold-

en age of dinosaurs, the grand tu-

multuous climactic epoch just before

the end, when bizarre new species

popped out constantly with glorious evo-

lutionary profligacy, and all manner of

grotesque Goliaths roamed the earth.

The thinko has shown him pictures of

them, spectacularly decadent in size

and appearance, long-snouted duck-

billed monsters as big as a house and

huge lumbering ceratopsians with frilly

baroque bony crests and toothy things

with knobby horns on their elongated

skulls and others with rows of bristling

spikes along their high-ridged backs.

He aches to see them. He wants them

to scare him practically to death. Let

them loom; let them glower; let their

great jaws yawn Through all his untroub-

led days in the orderly and carefully reg-

ulated world of the twenty-third centu-

ry, Mallory has never shivered with

fear as much as once, never known a

moment of terror oreven real uneasi-

ness, is not even sure he understands

the concept; and he has paid a small

fortune for the privilege of experiencing

it now.

Forward. Fonward.

Come on, you oversized bastards,

get your asses out of the swamp and

show yourselvesi

There. Oh, yes, yes, there^

He sees the little spheroid of a head
first, rising above the treetops like a

grinning football attached to a long

thick hose. Behind it is an enormous
humped back, unthinkably high. He
hears the pile driver sound of the be-

hemoth's footfall and the crackle of

huge tree trunks breaking as it smash-

es its way serenely toward him.

He doesn't need the murmured
prompting of his thinko to know that

this is a giant sauropod making its ma-

jestic passage through the forest—

"One of the titanosaurs or perhaps an

ultrasaur," the quiet voice says, admit-

ting with just a hint of chagrin in its

tone that it can't identify the particular

species—but Ivlallory isn't really con-

cerned with detail on that level. He is

after the thrill of size. And he's get-

ting size, all right The thing is implau-

sibly colossal. It emerges into the clear-

ing where he stands and he is given the

full view, and gasps. He can't even
guess how big it is. Twenty meters

high? Thirty? Its ponderous corrugat-

ed legs are thick as sequoias. Giraffes

on tiptoe could go skittering between

them without grazing the underside of

Its massive belly. Elephants would
look like house cats beside it. Its tail,

held out stiffly to the rear, decapitates

sturdy trees with its slow steady lash-

ing A hundred million years of saurian

evolution have produced this thing,

Darwinism gone crazy, excess building

remorselessly on excess, irrepressible

chromosomes gleefully reprogram-

ming themselves through the millennia

to engender thicker bones, longer

legs, ever bulkier bodies, and the end

result is this walking mountain, this

absurdly overstated monument to rep-

tilian hyperbole

"Hey!" Mallory cries, "Look here! Can
you see this far down? There's a human
down here. Homo sapiens. I'm a mam-
mal. Do you know what a mammal is?

Do you know what my ancestors are go-

ing to do to your descendants?" He is

practically alongside it, no more than a
hundred meters away Its musky stink

makes him choke and cough. Its an-

cient leathery brown hide, as rigid as

cast iron, is pocked with parasitic

growths, scarlet and yellow and ultra-

marine, and crisscrossed with the gul-

lies and ravines of century-old wounds
deep enough for him to hide in. With

each step it takes, Ivlallory feels an earth-

quake. He is nothing next to it, a flea,

a gnat. It could crush him with a casu-

al stride and never even know.

And yet he feels no fear. The sauro-

pod is so big he can't make sense out

of it, let alone be threatened by It.

Can you fear the Amazon River? The

planet Jupiter? The pyramid of Cheops?
No, what he feels is anger, not ter-

ror. The sheer preposterous bulk of the

monster infuriates him. The pointless

superabundance of it inspires him with

wrath.

"My name is Mallory," he yells, "I've

come from the twenty-third century to

bhng you your doom, you great stupid

mass of meat, I'm personally going to

make you extinct, do you hear me?"
He raises the laser rifle and centers

its sight on the distant tiny head. The
rifle hums its computations and modifi-

cations and the rainbow beam jumps

skyward. For an instant the sauropod's



head is engulfed in a dazziing fiuores-

cent nimbus. Then the light dies away,

and the animai moves on as though noth-

ing has happened.
No brain up there? Mallory wonders.

Too dumb to die?

He moves up closer and fires again,

carving a bright track aiong one hypertro-

phied haunch. Again, no effect. The sau-

ropod moves along untroubled, munch-
ing on treetops as it goes. A third shot,

too hasty, goes astray and cuts off the

crown cf a tree in the forest canopy, A
fourth zings into the sauropod's gut but

the dinosaur doesn't seem to care, Mai-

iory is furious now at the unkiilability of

the thing. His thinko quietiy reminds him

thai these giants supposedly had had
their main nerve centers at the base of

their spines. Mallory runs around behind

the creature and stares up at the ga-

lactic expanse of lis rump, wondering
where best to place his shot. Just then

the great tail swings upward and to the

left and a torrent of immense steaming

green turds as big as boulders comes
cascading down, striking the ground all

around Mallory with thunderous impact.

He leaps out of the way barely in lime

to keep from being entombed, and
goes scrambling frantically away to

avoid the choking fetor that rises from

the sauropod's vast mound of excreta.

In his haste he stumbles over a vine, los-

es his footing in the slippery mud, falls

io hands and knees. Something that

looks like a small blue dog with a scaly

skin and a ring of sharp spines around

its neck jumps up out of the muck,
bouncing up and down and hissing and
screeching and snapping at him. Its

teeth are dead Ij^looking yellow fangs.

There isn't room to fire the laser rifle. Mal-

lory desperately rolls to one side and
bashes the thing with the butt instead,

hard, and it runs away growling. When
he has a chance frnally to catch his

breath and look up again, he sees the

great sauropod vanishing in the dis-

tance.

He gets up and takes a few limping

steps further away from the reeking

pile of ordure.

He has learned at last what it's like

to have a brush with death. Two brush-

es, in fact, within the span of ten sec-

onds But Where's the vaunted thrill o1

danger narrowly averted, the hot safis-

faciion of the frissorR He feels no pleas-

ure, none of the hoped-for rush

keen endocrine delight.

Of course not. A pile of falling turds,

a yapping little lizard with big teeth:

what humiliating perilsl During the fran-

tic moments when he was defending
himself against them he was too busy
to notice what he was feeling, and now,

muddy all over, his knee aching, his dig-

52 OMNI

nity dented, he is left merely with a res-

idue of annoyance, frustration, and per-

haps a little ironic self-deprecation,

when wliat he had wanted was the

white ecstasy of genuine terror followed

by the postorgasmic delight of success-
ful escape recollected in tranquillity

Well, he still has plenty of time. He
goes onward, deeper into the forest.

Now he is no longer'abie to see the

timemobile capsule. That feels good,
that sudden new sense of being cut off

from the one zone of safety he has in

this fierce environment. He tries to di-

vert himself with fantasies of jeopardy

It isn't easy. His minddoesn't work that

way; nobody's does, really in the nice,

tidy, menace-free society he lives in.

But he works at it. Suppose, he thinks,

I lose my way in the forest and can't get

back to—no, no hope of that, the cap-

sule sends out constant directional puls-

es that his thinko picks up by micro-

4A thing

that looks like a

small

blue dog with a

scaly

skin jumps up out of

the muck,

screeching at him,

9

wave transmission. What if the thinko

breaks down, then? But they never do.

If I take it off and toss it into a swamp?
That's Option Three, though, self-dam-

aging behavior designed to maroon him

here. He doesn't do such things. He
can barely even fantasize them.

Well, then, the sauropod comes
back and steps on the capsule, crush-

ing it beyond use.,.

Impossible, The capsule is strong

enough to withstand submersion to thir-

ti^atmosphere pressures.

The sauropod pushes it into quick-

sand, and it sinks out of sight?

Mallory is pleased with himself for

coming up with that one. It's good for

a moment or two of interesting uneasi-

ness. He imagines himself standing at

the edge of some swamp, staring

down forlornly as the final minutes lick

away and the timemobile, functional as

ever even though it's fifty fathoms
down in gunk, sets out for home with-

out him. But no, no good: The capsule

moves just as effectively through
space as through time, and it would sim-

ply activate its powerful engine and
climb up onto terra firma again in plen-

ty of time for his return tnp.

What if, he thinks, a band of malev-

olent intelligent dinosaurs appears on
the scene and forcibly prevents me
from getting back into the capsule?

That's more like it. A little shiver that

time, GoodI Cut off, stranded in the Me-
sozoic! Living by his wits, eating God
knows what, exposing himself to extinct

bactena. Getting sick, blazing with fe-

ver, groaning in unfamiliar pain. Yes!

Yes! He piles it on. It becomes easier

as he gets into the swing of it. He will

lead a life of constant menace. He imag-

ines himself taking out his own appen-
dix. Setting a broken leg. And ttie un-

ending hazards, day and night. Toothy

enemies lurking behind every bush. Bale-

ful eyes glowing in the darkness. A life

spent forever on the run, never a mo-
ment's ease. Cowering under fern

fronds as the giant carnivores go lallop-

ing by Scorpions, snakes, gigantic ven-

omous toads. Insects that sting. Every-

thing that has been eliminated from life

in the civilized world pursuing him
here: and he flitting from one transitory

hiding place to another, haggard, un-

shaven, bloodshot, brow shining with

sweat, struggling unceasingly to sur-

vive, living a gallant life of desperate her-

oism in this nightmare world,..

"Hello," he says suddenly "Who the

hell are you?"

In the midst of his imaginings a gen-
uine horror has presented itself, emerg-
ing suddenly out of a grove of tree

ferns. It is a towering bipedal creature

with the powerful thighs and small dan-

gling forearms of the familiar tyranno-

saurus, but this one has an enormous
bony crest like a warrior's helmet hsing

from its skull, with five diabolical horns

radiating outward behind it and two hor-

rendous incisors as long as tusks jut-

ting from its cavernous mouth, and its

huge lashing tail is equipped with a set

of great spikes at the tip. Its mottled and
furrowed skin is a bilious yellow and the

huge crest on its head is fiery scarlet.

It is everybody's bad dream of the rep-

tilian killer-monster of the primeval

dawn, the ghastly overspecialized end
product of the long saurian reign, shout-

ing its own lethality from every bony ex-

crescence, every razor-keen weapon
on its long body
The thinko scans it and tells him that

it is a representative of an unknown spe-

cies belonging to the saurischian order

and it is almost certainly predatory,

"Thank you very much," Mallory

replies.

He is astonished to discover that

even now, facing this embodiment of

death, he is not at all afraid. Fascinat-
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raelis out. Dating prehistoric flints from

the three caves with the help of this pre-

cise technique, Valladas's findings

were clear: Rints used by prehistoric Ho-

mo sapiens at Qafzeh were about

92,000 years old, while fiints used by

Neanderthals at Kebara were much
younger—50,000 to 60,000 years old,

at most.

The dates were aiso confirmed for or-

ganic materials such as tooth enamel,

bone, or fossilized pieces of grain,

thanks to another high-tech method
known as electron spin resonance, or

ESR. In ESR dating, paleoanthropolo-

gists send a sliver of material to the lab-

oratory, where physicists grind it up and

expose it to a strong magnetic field. The

magnetic field reacts in direct propor-

tion to the number of trapped electrons

that a sample contains. The older the

fossil, the more upset the magnetic

field becomes.
To Tchernov and Bar-Yosefs delight,

ESR dating provided further support for

their dates. Their conclusion: Neander-

thals did not lead to early modern hu-

mans but, rather, were their counter-

parts, "fvlodern-looking hominids were

contemporary with the Neanderthals,"

says Bar-Yosef, "in the same way we
are contemporary with people in Paris."

Because Neanderthals and humans
are not -directly related, it makes sense

that their fossils seem distinct, even to

the untrained eye. According to Lewis

Binford, professor of anthropology at

Southern fvlethodist University, the Ne-

anderthal skeleton looks as though some-

one took a human skeleton and com-
pacted it into a shorter, broader frame.

A skull with a jutting brow topped this

stocky body, obviously built to maxi-

mize endurance and resist bone dam-
age. "Our anatomy is that of a walker;

the Neanderthals' was that of a gym-
nast," says Binford. "Their whole way
of coping with the world was action, not

tools." Adds Robert Franclscus, a doc-

toral student in anthropology at the Uni-

versity of New Ivlexico, "Neanderthals

were really using their bodies. Com-
pared to them, modern humans are ba-

sically wimps,"

But new theories and research tech-

niques now go beyond the merely ob-

vious, helping researchers flesh out

some of the Neanderthals' best-kept

physical secrets as well. According to

Franclscus, for instance, the robust Ne-

anderthal body may have served as a

blanket of warmth against the cold, ob-

viating any need for fitted clothing. In-

stead, Neanderthals probably relied on

animal hides and their truncated limbs

and broad noses to protect them from

the frigid weather of the Ice Age.

In fact, Franclscus has shown in a re-

cent study, Neanderthals living in cold-

er climates had abbreviated limbs. To

reach this conclusion, he measured the

brachial indices of their arms—the rel-

ative length of the forearm to the rest

of the limb—and found that as warmth

increased, limb length increased, inter-

estingly enough, notes Franclscus,

legs did not show as much regional dis-

parity as arms, "Perhaps with their

legs, the Neanderthals were respond-

ing less to climatic stresses than bi-

omechanical ones," Franclscus says.

The Neanderthals' diminutive bodies

suggest that they may have suffered

not just from climatic stress, but also

from nutritional stress, according to

Mary Ursula Brennan, an anthropologist

at New York University. Originally

trained as a nurse, Brennan drew on

modern nutritional knowledge to re-

create the health of early hominids

from their dental remains.

If people do not receive sufficient nu-

tnents in the first seven years of their

lives, Brennan explains, their teeth do

not develop fully a condition known as



hypoplasia. Aware that this health prab-

lem might show up in our prehistoric

predecessors, Brennan wound up totT

ing an X-ray machine the size of a

bread box throughout France. Her mis-

sion: X-raying hominid dentai remains
in museum storage areas to checl< tor

hypoplasia. Of the more than 300 Ne-
anderthals she has tested, 40 percent
suffered from hypoplasia, a good indi-

cation that resources were scarce. The
early moderns showed a hypoplasia
rate of only about 30 percent. Further

evidence came from a small sample of

Neanderthals she studied who were on
average about four inches shorter than

their successors,

"Neanderthals' short stature may
have been an adaptation to low nutri-

ent availability," Brennan concludes. "If

they were living in areas where there

was not enough food, people who need-
ed fewer calories would survive be-
cause they were receiving sufficient nu-

trition. People born with genes for tall-

ness would require more calories and
die. So within a few generations,

everyone's shorter."

While resources may have been
scarce, bones found near Neanderthal

remains indicate that these individuals

did manage to find some sustenance.
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Based on the diets of modern hunter-

gatherer societies, paleoanlhropologists

believe the Neanderthals would have

subsisted on plant foods suppiement-

ed with meat. Some anthropologists

speculate that Neanderthals were "hunt-

er-blunderers" who scavenged the land-

scape. But according to the latest re-

search, Neanderthals were persistent

hunters who downed their prey by
brute force. This conclusion comes
from University of Michigan anthropol-

ogist Loring Brace, who has done a de-

tailed study of skeletal and muscular
stress in both Neanderthals and Homo
sapiens to see which areas would be
most likely to break in an encounter He
discovered the Neanderthal skeleton is

adapted to resist such injuries as bro-

ken bones or dislocated shoulders,

which would help them triumph in a bat-

tle of strength. Brace concluded that

Neanderthals wrestled their prey to

death. "The Neanderthals were put to-

gether on a heroic scale," Brace says.

"For that to have been maintained,

there have to have been hunting stress-

es. They must have literally come to

grips with the family dinner,"

Other recent studies have attempted

to trace the life cycle of Neanderthals,

following individuals from birth to

death. Erik Trinkaus, professor of anthro-

pology at the University of New Mexi-

co, for instance, has analyzed about 20

complete Neanderthal skeletons as

well as fragments from other skeletons.

Using a technique known as histomor-

phic metric analysis, Trinkaus ground

up thin slices of Neanderthal bone and

placed the resulting powder on slides

under a microscope. Trinkaus checked
the bone powder for signs of maturity.

By comparing the maturity of the Ne-
anderthal bones with that of mammals
alive today, Trinkaus estimated the age
of each skeleton upon death A defini-

tive pattern emerged: Neanderthals rare-

ly lived more than 40 years, with both

sexes dying at the end of the female's

reproductive cycle.

"What you have, then, is no post-

menopausal survival," Franciscus

says. "Most of all, there would have
been no grandparenting." In modern
hunter-gatherer societies, grandparents

lend a much-needed hand with child

rearing. Without grandparents to help

care for them. Neanderthal children

might have been more precocious
than their early modern counterparts,

Franciscus suggests,

Tfie absence of grandparents, say oth-

er researchers, would have ramifica-

tions for the society as a whole. In mod-
ern hunter-gatherer societies the elder-

ly are responsible for passing on knowl-

edge of the environment and religious
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lore, says anthropologist Randall

White of New York University, "The idea

that you have a Neanderthal group com-
posed of people only to age forty

means you have a group of a radically

different social fabric. You're missing an

entire generation,"

But the overriding question when it

comes to Neanderthal relationships for

many people remains where they

should hang on our family tree. Two
years ago a group of Berkeley scientists

thought they had shown we still had Ne-

anderthal genes. Today anthropologists

are not sure. Did the Neanderthals in-

terbreed with the early modern humans
who shared their land for at least 10,000

years? Or did Neanderthals have no in-

teraction with modern humans until, ul-

timately the humans wiped them out?

Physical distinctions would have
been a sufficient obstacle to interbreed-

ing between humans and Neander-

6 Did

Neanderthal genes
flow

into tlie evolutionary

mainstream,

or did early man just

wipe

Neanderthals out?9

Ihals, says NYU's White. Modern ba-

boon species—which never inter-

breed—show fewer skeletal differenc-

es than Neanderthals and Homo sapi-

ens, he points out. This comparison sup-

ports the hypothesis that Neanderthals

did not become integrated into our

gene pool.

Adds Tchernov, "Fterhaps early mod-
ern humans and Neanderthals were sep-

arated by such profound cultural differ-

ences they did not interbreed at all."

Even if there was no genetic cross-

over, no interbreeding, adds Bar-

Yosef, we still don't need bloody sce-

narios to account for the Neanderthals'

demise, "Simple inability to compete
with modern humans in terms of find-

ing food and shelter and reproducing

could have finished Neanderthals off

once and for all,"

Yet because no clear-cut answers ex-

ist, researchers in the field may allow

their biases to color their perception.

Bar-Yosef charges that some of his col-

leagues are "Wfesterncentrio," prevent-

ing them from accepting that Neander-

thals and our ancestors belonged to the

same species. "Our image of early Ho-
mo sapiens, based on the concept of

a man painting in a cave, is too limited,"

he says. "It's only particular to certain

parts of Europe. What was happening
in the rest of the worW"

Bar-Yosef contends that Western an-

thropologists may be all too quick to as-

sume that Neanderthals contributed noth-

ing to our gene pool, mostly because
they do not want to admit a relationship

with somewhat unsavory hominids.

Milford H. Wolpoff of tiie University of

Michigan at Ann Arbor takes an even

harder line, vehemently insisting that Ne-

anderthal genes did flow into the evo-

lutionary mainstream. Part of the proof,

he says, is as plain as the noses on the

faces of Charles de Gaulle, Jimmy Du-
rante, or any number of British knights.

"These large noses are Neanderthal fea-

tures," Wolpoff asserts, "If all modern
humans descended from a group of Af-

ricans who began migrating northward

between one hundred and two hundred
thousand years ago, as some anthro-

pologists claim, I am hard-pressed to

explain the origin of these noses. No Af-

rican, ancient or modern, has a nose
like that."

Perhaps it is the subtle familiarity of

the Neanderthal face that continues to

enthrall us today Scientists are not the

only ones to let emotions dictate their

view of Neanderthals. Erik Trinkaus,

who once wrote what he refers to as a
"pedestrian" dissertation on the struc-

ture of Neanderthal feet, says the gen-
eral public also reads the evolutionary

record selectively

"People really seem to want to claim

the Neanderthals as relatives," Trinkaus

says, "Their fossils have been known for

almost one hundred fifty years, but our

picture of them changes with the

times; In the 1930's very few people
thought the Neanderthals were canni-

bals, though there was some evidence

for that belief. Then, in the 1940's, in the

wake of World War II, without any new
fossil evidence. Neanderthals were
turned into cannibals to explain the nas-

tiness of the Nuremberg trials. Holly-

wood in the 1950's perpetuated a brut-

ish caricature of Neanderthals. And dur-

ing the 1960's and 1970's. Neander-
thals became flower children after the

Shanidar Cave discovery."

But no matter who the Neanderthals

were and where they went, one thing

is for sure: Their impact on the environ-

ment was minimal. Says White, "They
were never milking the environment for

more than it would give them. In some
ways you can argue they were more suc-

cessful than their successors in the Up-
per Paleolithic or ourselves," DO
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Dedicated to the memory of

Dr. L. Beverly Holstead,
geologist, paleontologist,

scholar, and explorer
June 13, 1933-April 30, 1991

By Sandy Fritz
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ARTICLE BY JANE BOSVELD

CC»PERATIOri, MOTCOMPETITIOM, MAY DRIVE
EVOLUTIOMARY DIVERSITY OM EARTH

PAINTING BY FRIEDRICH HECHELMANN

UFE ACCOPDIMGTO GAIA
in the beginning there were bac-

teria, simple one-celled crea-

tures that formed from tfie

young earth's gas and mineral

seas. These primilive organisms

quickly began devouring the

chemical Garden of Eden that

surrounded them. They were
fruitful and multiplied, expand-
ing throughout the oceans and
onto the rocky shores. When
the garden began to grow
sparse, the bacteria adapted,
mutating into altered versions of

themselves. These creatures

thrived as well.

And then something remark-

able happened. Bacteria began
to merge with one another in

cooperative unions. What one
bacterium could not do by itself,

it achieved with the aid of anoth-

er. They divided up the labors of

life, each partner specializing in

different tasks. Over time, the

bacteria that had entered into

mutual alliances, or symbiotic

partnerships, losltheir ability to

survive on their own. Eventual-

ly, these cohabiting bacteria

evolved into a dramatically new
type of two-part being— the

eukaryote, an advanced cell

that carries within itself a pow-
erhouse of an organ called a
nucleus, a specialized vessel

for genes. The emergence of

eukaryotes was a leap in evo-

lutionary complexity far greater

than any that has occurred
since. All the plants and animals

we know today, everything

from the daffodil to the dolphin,

developed from these early sym-

biotic unions.

Once life on Earth was om-
nipresent its power over the

environment escalated. Liv-

ing things consumed huge
amounts of some atmospheric

gases and exhaled massive
amounts of others. Their pres-

ence in the oceans altered the

water's acid and base content.

In short, living things were no
longer passive passengers
that merely adapted to physical

events like volcanic eruptions

and asteroid impacts. They
were energetic participants in

the regulation of their world.

Organisms that kept the enviror>

ment hospitable for their prog-

eny survived; those that didn't

became extinct. Living things

and the planet Earth were con-

stantly interacting and the

world had forever changed.
If this scenario sounds unfamil-

iar, it shouldn't be surprising. It

is part of a daring theory of na-

ture known as the Gaia hypoth-

esis. Proposed by British sci-

entist James Lovelock some 20
years ago, the Gaia hypothesis

proposes that all living things

and the chemical and physical

environment in which they live

work together like the parts of

one vast organism. Ultimately,

Lovelock says, this "composite

organism" manipulates the air,

the land, and the sea to gener-

ate the conditions most suited

to supporting lite.

"Life and its environment,"

Lovelock explains, "constitute a
single entHy, which regulates

physical conditions in order to

keep the environment at a com-
fortable state for the organisms

themselves."

In other words, teamwork
between the physical world and
the life it bears is responsible

for the richly diverse living

earth. It is Gaia that has kept

global temperatures from rising

high enough or dropping low

enough to destroy all life. It

is Gaia itself that has sustained

the atmosphere and the oceans
so that they are suitable for liv-

ing



JAMES LCVELOCK'S
LAB IS SET Ih

THE THOMAS HARDY
COUMTRYSIDE
OE SOUTHWESTERri
EMGLAMD. BUT
IM A LARGER SEMSE,

HIS WORK
STRETCHES BEYOMD
TO SPAM
THE LIVIMG EARTH.

Lovelock's vision of a oooperative

world is bolstered by the work of Amer-
ican microbiologist Lynn Margulis, a pro-,

fessor at the University of Massachusetts.

For Margulis, cooperation among organ-

isms, especially in ttie form of symbiotic

unions, is the driving force behind evo-

lution. The bonding of simple bacteria

into a symbiotic union, she argues, was
essential to the evolution of more sophis-

ticated organisms. And, according to

Margulis, Gala is the largest manifes-

tation of the symbiotic process. Like

Lovelock, she believes that the earth's

organisms have joined with physical

processes to form one massive self-

regulating organism. Gala itself.

To say the Gala hypothesis is con-

troversial is putting it mildly When Love-

lock first proposed Gala (named after

the Greek goddess of the earth), the

most positive response came from New
Age types and "ecofreaks" who
grabbed on to the idea with religious fer-

vor. Here at last, some thought, was a

scientific theory that implied a purpose-

ful order, even consciousness, in na-

ture. Some scientists who study the

earth's physical and chemical cycles

—

they're called Earth systems scientists

—

were also intrigued by Gala, primarily

because of its focus on global feed-

back loops, the intricate cycles that

keep oxygen levels, say, or global tem-

peratures from fluctuating wildly.

But most of the scientific community
dismissed the idea as being, at best,

untestable and, at worst, poetic non-

sense. Gala's most outspoken critics

were and continue to be Neo-Darwin-

ists, evolutionary biologists who have
blended Darwin's theory with studies of

modern genetics, Neo-Danwinists see
the world not as a sphere of coopera-

tion, but rather as a jungle of organisms

battling against one another in a fight

for survival. Organisms evolve, say Neo-

Darwinists, when a genetic mutation

makes the organism a better competi-

tor and thus better at passing along its

genes to the next generation.

What led Lovelock and Margulis to

part company with such established sci-

entific thought? For Lovelock, it all be-

gan with Mars. In the early Sixties

NASA asked Lovelock to participate in

the search for life on the red planet. Love-

lock viewed the space agency's ap-
proach— literally searching the plane-

tary surface for critters^as artjitrary,

something akin to looking for a needle

in a haystack. "I was sure there was a

better way" Lovelock recalls, and, work-

ing with NASA philosopher Dian Hitch-

cock, he came up with an idea. Instead

of searching the surface of Mars, he sug-

gested, why not analyze its atmosphere
for the metabolic products of life? If life

existed, the gases produced by pho-

tosynthesis and other biological proc-

esses would be everywhere.

Though NASA did not do it his way
(later research would show the agency
should have), the idea set Lovelock to

thinking about the difference between
dead planets like Mars and living or

like the earth.

Back home in England, he began
searching scientific literature for a "com-

prehensive definition of life as a phys-

ical process" and was shocked at how
little had been written about it, He formu-

lated his own theory. Gala, which he pre-

sented at a scientific conference on the

origins of life in 1969. Perhaps, Love-

lock muses, his paper on Gala had
been poorly presented, because vir-

tually no one was interested, no one,

that is, but Lynn Margulis. Her own
work on symbiosis had rocked some bi-

ological hard hats a few years earlier,

and she found Lovelock's hypothesis a
promising model with which to under-

stand nature and evolution.

Since their, first meeting in the late Six-

ties, Lovelock and Margulis have will-

ingly suffered the slings and arrows of

outraged colleagues for the sake of

Gala. They are rebels with a cause who
refuse to give in to accepted theory,

believing that as scientists begin exam-
ining nature more carefully, the Gaian
worldview will prevail.

indeed, a "spate of current studies

have reinforced their position. Most of

the studies have come from Earth sys-

tems scientists, who are discovering

strong links between the activity of 11'

ing things and the physical enviro[

ment. One body of research, for exam-
ple, indicates that without life, global

temperatures would be as much as

45'C (SOT) higher than they are to-

day New York University researcher Ty-

ler Volk and his colleague David
Schwartzman, who spearheaded the re-

search, examined single-celled ocean
organisms that make calcium carbon-

ate shells and deposit them at the bot-

tom of the sea. The shells absorb car-

bon, effectively removing it from the at-

mosphere and burying it in the ocean.

Removing carbon from the atmosphere
cools the earth, creating conditions favor-

able to life.

Other research by Volk examines mi-

croorganisms that create soil by eating

away at rock; without all the soil to ab-

sorb carbon from the atmosphere, the

earth might conceivably be SOT warm-
er than it is today. "Under those circum-

stances," says Volk, the planet might be
"uninhabitable for all but the most prim-

itive microbes,"

Similarly new research has shown in

more detail than ever how symbiotic



unions can create new organisms. The
most startling study reaiiy began by ac-

cident. Whiile conducting a series of ex-

periments on amoebas, singie-ceiled

microorganisms, University of Tennes-

see scientist Kwang Jeon noticed that

one batcti of the creatures were sicl<.

He studied the ill amoebas under a mi-

croscope and found that each one was
infected with bacteria. Jeon nursed a

number of the sick organisms back to

health and found that the recovering

amoebas began to reproduce even
though they were stiil infected with bacte-

ria, A new symbiotic organism had
evoived—bacterized amoebas.

Jeon tool< his study one step further

and exchanged nuciei, the cell organs

that contain the genes, between
amoebas that harbored bacteria and
those that did not. Curiously the nuclei

of noninfected amoebas survived the

switch, but the nuclei from amoebas
that had adapted to their bacterial com-
panions began to die. When Jeon in-

jected the ailing amoebas with bacte-

ha, they recovered. The symbiosis was
complete: The amoebas that had once
been infected with bacteria were now
unable to survive without them, Jeon's

discovery of evolution in progress oc-

curred over a mere 18 months, and it

was the result of a symbiotic union.

Such studies challenge the Neo-Dar-

winian view that evolution occurs primar-

ily when individual organisms mutate

and then pass on those mutations to off-

spring when and only when they con-

fer a competitive advantage, instead,

In the symbiotic world the only individ-

uals are primitive bacteria; all other

forms of life, even the most compl&x
creatures, are communities of bacteria.

"Living systems become embedded in

living systems," explains Gail Fleischak-

er, a Mellon fellow at MIT and a former

philosopher of science at Boston Uni-

versity, "and what survives as a sym-
biotic relationship is of necessity a coop-
eration rather than a competition."

Lovelock and Marguiis- are con-

vinced that as studies supporting Gala

grow in number the competitive ^Jeo-

DanA^inian paradigm will begin to crum-

ble. In its place will be a more holistic

view of nature in which competition is

supplanted by cooperation. The living

earth will be seen as an integrated sys-

tem in which organisms and the envi-

ronment coevolve.

How do Neo-Danwinists and other sci-

entists respond to Gaia and the coop-

erative paradigm? Ford Doolittle, a mo-
lecular biologist at Dalhousie Universi-

ty in Nova Scotia, may sum up the ma-
jority opinion when he says, "It pisses

me off. I get irritated at what 1 think is

fuzzy thinking." There's certainly no mal-

ice in Doolittle's judgment. He consid-

ers Marguiis a good friend and a first-

rate biologist. But he disagrees with her

assertions about Gaia and symbiosis.

Like most biologists, Doolittle ques-

tions the role of cooperation in evolu-

tion. The evolutionary process, he
says, could not accommodate the kind

of global cooperation necessary in

Gaia. "Natural selection," he says, "on-

ly favors an organism that has a mu-
tation that allows It to make more of It-

self, It does not favor organisms that be-

have themselves in a global sense."

Moreover, Doolittle argues, organisms
that unite in a symbiotic union do so be-

cause they gain some advantage from

it. "It Is really just selfishness," he

says. "Cooperative efforts can evolve

out of symbiosis, but the driving force

is not cooperation."

Other scientists question what they

see as Gala's basic premise—that life

manipulates the oceans and atmos-
phere to benefit itself. "Any change in

the atmosphere and the oceans might

be positive for some species and neg-

ative for others," says Harvard geochem-
ist Heinrich Holland. "Who is Gaia op-

timizing the planet for? The theory

sounds something like a post-Christian

view of reality, in which the hand of

God, renamed Gaia, controls the fate

of the earth."

If mainstream scientific opinion is ev-

er to embrace Gaia, Lovelock and Mar-

guiis will have to produce more rigor-

ous evidence of its existence, in the

meantime, they will continue to strug-

gle in the competitive world of science.

It Js doubtful they will give in. Marguiis

is accustomed to fighting for what she
believes, and she has successfully

changed scientific thinking in the past.

And Lovelock is quite at ease with his

role as "freelance scientist." With no po-

sition in academe, he says, he has the

freedom to think and do science in his

own way. His laboratory, for instance,

is in his home, Coombe Mill, a small

mud-and-straw cottage set in the Thom-
as Hardy countryside of southwestern

England. But in a larger sense his lab

is not contained within the walls of his

small house or even in his 30 acres of

meadowland and woods, which he
helped to plant. It stretches beyond the

moors, the mysterious circle of Stone-

henge, and the stony coasts of

Cornwall. It spans the Atlantic Ocean,
the deserts of Africa, the towering An-
des, the Great Barrier Reef. Lovelock's

laboratory is the living earth in ail its

multifarious incarnations. It is Gaia and
he will not allow her to be dismissed with-

out a fight. DO
70 ot*i





Ami 7^
THE OMNI EVOLUTION

BOARD GAME

Is the earth a living organism with a

survival mechanism of its own? Yes,

according to one of the most radical

theories to hit the planet in years. Ac-

cording to the Gala (gu^uh) hypoth-

esis, put forth by British scientist

James Lovelock, all living things

(rom microscopic bacteria to hu-

mans work together like the parts of

one vast organism. Ultimately, Love-

lock explains, this "composite organ-

ism" manipulates tiie air, the land,

and the sea to generate the condi-

tions most suited to itself.

Inspired by this theory, veteran

game makers Rollie Tesh and Tom
Braunlich have designed Planit: The

Omni Evolution Game. Planit allows

each player to race through the ag-

es of Gaia on his or her own planet,

directing evolution from the first tiny

microorganisms through humans.

Players advance when they maintain

their world In the steady-state con-

dition conducive, to life. That means
Keeping temperature "Just Right." It

also means sustaining the feedback

loop between animals (which con-

sume oxygen, O^, and expel carbon

dioxide, COg) and plants (which con-

sume COj and expel Og).

Note: Although the goal is to be

the first player to develop "Evolution-

ary Humans." remember that we tiu-

mans are not necessarily the end
goal of the real Gaia, which will be

functioning long after we are gone.

The game Is for two to four pla>^

ers, ages ten to adult.

MATERIALS; The foldcut Planit

board game and two pages of cut-

out cards, found on pages 83 and

85. A six-sided die and two pennies

for each player must be supplied by

you. To utilize the materials within the

magazine, take out the poster-sized

game board. Cut out the square pla^^

ing cards along the dotted lines. Mix

them and place them facedown on

the game board to form the card

deck. Cut out the "Carbon Cycle

Life" tokens (Animals and Plants),

fold them over, and tape to form dou-

ble-sided tokens. Finally, cut out the

"Higher Animal" tokens and set

them aside for later,

HOW TO WIM: The winner is the

first to complete both phases of the

game. In the first phase, players

must fill the atmosphere up with oxy-

gen. In the second phase, they

must evolve higher animals in se-

quence, The first to evolve "Evolu-

tionary Humans" wins.

THE GAME'S RATIONALE: So
that you may understand the theory

behind the action, we present a

brief summary of planetary evolution,

as depicted in the game, below:

The early earth had no oxygen in,

the atmosphere because the ocean

acted as a "sink" to eat up oxygen

(Oj) molecules. The first phase of the

game involves producing enough ox-

ygen to fill up the Oj sink and then

fill up the atmosphere to its present

Og level—21 percent.

After you -have raised oxygen
enough to fill the 0^ sink, a major ice

age occurs. This was a crisis time for

Gaia because oxygen filled the at-

mosphere, poisoning the original,

primitive carbon cycle animals that

produced COj, thus dangerously low-

ering carbon dioxide— and temper-

ature, which fluctuates up and
down with COj levels. The penny
placed on your COj/temperature
marker must be moved down to ice

AGE at this point in the game.
Pushing atmospheric oxygen up

to 21 percent is necessary before pro-

ceeding on to the next state of evolu-

tion, notable for higher animals. Us-

ing ari Animal or Gala card, you may
direct the evolution of these animals

in sequence from reptiles through

birds and mammals, and then on to

humans— first the devolutlonary or

destructive, sort and then the evo-

lutionary variety. Each time you

evolve a higher life form, place the

token representing that life form on

your planet,

STARTING OUT: Name your plan-

et and write the name beside it on

the game board. Place one carbon

cycle animal token and one carbon

cycle plant token on your planet,

healthy side up, (These tokens rep-

resent lower plant and animal life

forms such as primitive bacteria and

algae, which maintained the carbon

cycle throughout most of Gala's his-

tory) Each player must also put one

penny on the "Just Right" space on

the COj /temperature gauge and the

other penny on the bottom of the Oj

scale. Any player may go first.

HOW TO PLAY: To start, players

Players race through the ages of
Gaia, directing evolution

from the first tiny microorganisms through
the appearance of numans.

Players advance through the Planit game
only when they learn to

maintain their world in a balanced
and healthy steady state.



The game includes hazard
cards,which may be hurled down an your

opponent's planet to inflict a
disaster. Meteor cards smash into the

planet, stirring up a dark
cloud of dust. Mutant cards create

unpredictable life forms.
And Radiation cards could be lethal.

draw three cards and lay Ihem
faceup in front of tfiem. On each
turn, the player draws a fourth card
and plays any one of the four cards,

maintaining a hand of three at all

times. (Players may use their turn sim-

ply to discard, mandatory for anyone
stuck with no possible move.) When
the deck has run out, remix the dis-

card pile and reuse.

THE PLAYING CARDS
• Plant cards may be used either to

lower temperature (as COj is con-

sumed, global temperature goes
down) or to raise oxygen (plants

breathe out oxygen). The player plaj^

ing the card decides which function

to use, with this caveat: The plant
card may be used to raise oxygen
only If the temperature is already set

at "Just Right. " The Plant card may
be used only if the player has a
healthy plant token on his planet. To
play the card, announce how you
will use il, then roll the die. Refer to

the "Plants" chart to see how to

move. For instance, if you announce
that you want to lower your temper-
ature, a roll of six would push your
temperature down two spaces! A dot

(•) means no effect. Plant cards
may he played only on your own plan-

et and are most useful early in the

game because of their ability to

rafeeOj.

•Animal cards may be used either

to raise temperature (since animals
breathe out CO^) or to evolve high-

er animals, including reptiles, birds,

mammals, and devolutionary and ev-

olutionary humans. The Animal card
may be used only if the player has
a healthy animal token on his plan-

et. This card can be used to evolve
higher animals only if the O2 level

has reached 21 percent, and if the

temperature is "Just Right" (If the

temperature Is not "Just Right,"

then you must adjust it before you
can use this card to evolve higher an-

imals though you may still use it to

raise temperature 1 Animal cards are

most useful late in the game be-
cause of their ability to evolve high-

er animals.

" Gaia cards are powerful wild

cards thai may be used as either a
Plant card or an Animal card. The
Gaia card may also be used to heal

damaged plant and animal tokens,

representing the lower life forms on
your planet. (These tokens are dam-
aged by hazard cards that succeed
in mounting a lethal attack, as ex-

plained below,) To heal, discard the

Gaia card, roll the die, and then re-

fer to the "Heal" chart on the game
board. If you're successful, turn the

damaged token back to healthy
The game includes hazard

cards, which may be hurled down on
your own planet or your opponent's
planet to adjust conditions or inflict

a disaster. To play a hazard card,

state your intention, roll the die, and
consult the chart (or sometimes the

card itself). Here's the rundown:
• Volcano cards belch 00^, raising

planetary temperature (see chart).

• Meteor cards smash into the plan-

et, stirring up a cloud of dust that

blocks sunlight, lowering tempera-
ture {see chart).

• UV Radiation cards can cause mu-
tations or be lethal. They can't be
used against a planet protected by
an ozone card, A roll of one creates
a mutant—move to the mutant chart

and roll again.

• Mutant cards might create an un-
predictable new life form that could
raise or lower planetary temperature,

increase planetary Og, or even
evolve a higher animal (see chart).

•Acid Rain cards may harm life, A
roll of six is lethal. (If you roll a six,

see "lethal attacks" section, below.)
• Methane cards signal release of

methane, a greenhouse gas pro-

duced by bacteria. Roll the die for

instructions.

• Plague cards signal a viral infec-

tion, A roll of five or six is lethal.

• Fire cards pump thick amoke into

the ^ir bloi..kin3 sunlight dnd lower

ing temperature. Redraw if one of

first three cards.

• Increased Solar Output cards
push up everyor)e's temperature. Re-
draw if one of first three cards.
• Salt Cycle cards cause you to lose

your turn as the planet adjusts for

this toxic accumulation. Redraw if

one of first three cards.
• Rain Forest cards symbolize the

vitality of the rain forest, enabling you
to make the temperature on your plan-

et "Just Right."

Ozone Layer cards protect your
planet from UV radiation. (Only one
allowed per planet.) The cards must
be removed during the "Devolution-

ary Human" phase.
• CFC cards destroy an opponent s

ozone layer. (Discard both.)

Special note on lethal attacks: if

your hazard card succeeds in inflict-

ing a lethal a'ttack, you decide
which life form to destroy. Usually it's

advisable to damage one of the op-
ponent's carbon cycle plant or ani-

mal tokens to prevent him from play-

ing his Plant or Animal cards. When
one of these life forms is damaged,
it is turned over on the opponent's
planet until a Gaia card can be
used for healing. In the final phase,
the attacker may also damage a high-

er animal, which means extinction for

that type of creature. The poor
beast is removed from the planet
and waits to reevolve.

WINNIMG THE GAME: The final

Step is to create humans that can
live in harmony with Gaia. The
destructiveness of "Devolutionary Hu-
mans" makes them more vulnerable.

They destroy their ozone layer, so re-

move your ozone layer upon evolv-

ing "Devolutionary i-iumans." The
step on to "Evolutionary Humans" is

especially risky To evolve "Evolution-

ary Humans" and win, play an An-
imal card (or a Gaia card) as normal.

But after rolling the die, use the spe-
cial Winning chart to see the result.

Therb might bt a setbackl DO

I



PLAYING CARDS

IpUNIS

IF TEMP jUST RIGHT

i
2) RAISE OXYGEN

PIAMTS f^ PUNTS

IFTEMP'JUST RIGHT

2) RAISE OXYGEN

IFTEMP'JUST RIGHT'

2) RAISE OXYGEN

PUNTS r:^

IFTEMP'JUST RIGHT

2) RAISE OXYGEN

PUNTS

IF TEMR 'JUST RIGHT'

2] RAISE OXYGEN

PUNTS

IF TEMR 'JUST RIGHT

I ?) RAISE OXYGEN

IF TEMP 'JUST RIGHT

2) RAISE OXYGEN

IFTEMP'JUST RIGHT

2) RAISE OXYGEN

IF TEMP 'JUST RIGHT

2) EVOLVE HIGHER ANIMAL

"iC^
1] RAISE TEMP

OR
IF TEMP 'JUST RIGHT

2) EVOLVE HIGHER ANIMAL

ANIMAIS/

1)RAISETEMR
OR

IFTEMP'JUST RIGHT

2) EVOLVE HIGHER ANIMAL

IF TEMR 'JUST RIGHT

2) EVOLVE HIGHER ANIMAL

IF TEMP 'JUST RIGHT'

3) EVOLVE HIGHER ANIMAL

METEOR

CHART

(LOWERS TEMR)

VOLCANO

SEE^-Or-T.^

(RAISES TEMR)

VOLCANO

SEE W,J C^

WICANO

(RAISES TEMR)

OUTPIff ^

INCREASt^

EVERYONE RAISES
TEMP -1

L^ I



MORE PLAYING CARDS

UmtA-VIOICT
RADIATION

UNLESS OPPONEI-n"

HAS OZONE ON
PLANET (SEE CHART)

UmtA-VIOLET
RADIATION

UNLESS OPPONENT
HAS OZONE ON

PLANET [SEE CHART)

ULTRA-VIOin
RADIATION

UNLESS OPPONENT
HAS OZONE ON

PLANET (SEE CHART]

UmtA-VIOLET
RADIATION

UNLESS OPPONENT
HAS OZONE ON

PLANET (SEE CHART)

PLAY IMMEDIATELY ON
YOURSELF

SAIT CYCLE
TOO MUCH SALT INTHEOCEANi

LOSES TWIS TURN
WHILE GAIA RE-REGULATES I

OZONE lAVER
CFCs

[DESTROYS OZONE)

CK's

(DESTROYS OZONE)
METHANE

(A GREEN HOUSE GAS]

ROLL
1,2,3 = TEMR-r1
4,5,6"TEMR + 3

MVTANT AaORAIH
PLAY IMMEDIATELY

ON YOURSELF

nRE

^

RAIN FOREST
USE TO MAKE TEMP 'JUST

RIGHT'

HEAVY SMOKE
COOLS PLANET

TEMR-1

;r ANIMAL TOKENS

Qi

(?! Q\

i
ICaiii

l@||

ISm

a)is

EVOLUTIONARY

HUMANS

D
WINNER

I aass
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EVOLUTION'S CHILD:

LOOK FOR THE DESCENDANTS OF HOMO SAPIENS

IN THIS GALLERY OF FUTURE FORMS ^

THE WHOLE
EVOLUTION ALMANAC

When the book of evolulion Is

written, what will it say about

the descendants of man?
Will the heirs to tlie human
throne be tiny green crea-

tures that feed off the sun, ex-

pansive clouds of cosmic
dust, or robots with virtually

no organic components al

all? When challenged by the

creative force of evolution,

our far-flung progeny might

take some innovative forms.

Whatever the outcome, sev-

eral of the scientists we con-

tacted In search of evolution-

ary scenarios said that,

thanks to extraordinary ad-

vances In genetic engineer-

ing and robotic science, we
will have the power to control

our species' fate. Partly be-

cause we have begun to

take command of our desti-

ny, itwould be wise not to dis-

count any of the fanciful life

forms that follow. As the nine-

teenth-century British biolo-

gist Thomas Henry Huxley

once said during a debate on

evolution, "I am too much of

a skeptic to deny the possibili-

ty of anything." So today,

meet with an open mind
some of the potential mem-
bers of the family of future

m^n.

HIGHER TOUCH

Each finger of the robot

creature will have fingers.

These fingers, in turn, will

have smaller fingers in a re-

pealing pattern. The metal-

and-plastic creature, a future

version of you, will pull in its

branches to walk through a

door, then, once in the

room, spread out to its full six-

foot diameter.

According to Hans Mo-
ravec of Carnegie-Mellon's Ro-

botics Institute and author of

Mind Children (Harvard Uni-

versify Press), the fingers of

this treelike creature wil'

have a powerful sense of

touch. Gliding over a photo-

graph, these tiny tactile or-

gans will sense height varia-

tions in the developed silver

on the paper. And if the crea-

ture needs an eye, it will

form Itby crisscrossing ils fjn-

gers tightly enough to diffract

light Ilka a lens.

But the most extraordinary

aspect of this immortal crea-

ture will be its ability to simu-

late human thoughts and cap-

ture human memories so pre-

cisely that in many ways

could pass for—Indeed, re-

place—one of us. In the sce-

nario put forth by Moravec, hu-

mans will create this intelli-

gent robot replacement one

step at a time. The creatures

dumb great-grandfather, cre-

ated between 2000 and
2010, will have the brainpow-

er of a lizard built for grunt

work—and no personality at

all. The second-generation ro-

bot will learn from experi-

ence. The third-generation

robot will run almost Instant

simulations of every task you

assign it. executing intricate

instructions with ease.

By the turn of the next cen-

tury, Moravec adds, the

fourth-generation robot—the

high-touch "fingerbot"—will

be smart enough to build rep-

licas of itself and to fashion a

spacecraft to the stars.

These highly intelligent ro-

bots, capable of lhinl<ing

much like us, will begin a

trek across the cosmos, leav-

ing the Earth as a human pre-

serve.

At this juncture, says Mo-
ravec, organic, mortal hu-

mans will want to transfer

their thoughts and feelings—

indeed, their very essence

—

into Ihe vessel of the immor-

tal machine. As time goes on,

Moravec adds, humans will

meld with their lab creations

so that they never die.

Human and machine, pre-

dicts Moravec, will merge in-

to one with the help of a

skilled robot surgeon. The sur-

geon's job: transferring

brain function layer by layer

into a machine and then ex-

cising the now-useless biolog-

ical tissue from your body.

These human-robot hybrids,

Moravec adds, won't all

have to look like a bush with

a Irillion fingers. Instead,

you'll pick your own body
style, gearing it to the environ-

ment and your personal aes-

thetic taste.

Moravec has found that

hisic i, and v^

ders why. "What is it about
this body of yours that's so in-

credibly important?" the se

nior roboticist says. "If i

were WJJedand an exactrobot-

ic substitute put in its place,

your friends wouldn't miss

you. Your family wouldn't

miss you; none of your proj-

ects would miss you. So noth-

ing would miss you. You'd be
dead, so you wouldn't miss

you. So who cares?"



WHOLE EVOLUTION ALMANAC

HEIRS TO THE HUMAN
THRONE AAAY ASSUME A VARIETY OF
INNOVATIVE FORMS

COSMIC CLOUD

He will be the size of a

planet, ihough the human of

today could waik right

- through the grain-sized iron

particles thai make up his

Brobdingnagian frame. This

giant creature, inhabiting the

empty reaches of space,

would greet friends with a

blast ol solar energy and
blow hydrogen gas to whisk

cosmic debris away.

More than a decade ago,

phy^sicist Freeman Dyson,

building on an idea from

astronomer Fred Hoyle,

suggested that the evolution-

ary last stand of the human
might be in the form of a

giant, intelligent black cloud.

"What I envisage as the

structural unit of such a
creature is simply dust

grains," Dyson said, "proba-

bly made of [ron or some
convenient stuff, charged
and working on each other

with electric and magnetic

forces. Such creatures could

be just as complex, if not

more complex, than the

creatures we see around

us now,"

In a recent interview, the

physicist at the Institute for

Advanced Study in Princeton

said that the creature's

. sensory organs would be
collections of solid particles

tuned to respond to radio

waves, visible light, and X
rays^a fuller spectrum than

humans can perceive. It

would live on sunlight or

perhaps interstellar gas and
radiate long-wave energy

—

infrared or radio waves—to

aid in the excretion of wastes,

"It might get rid of things it

considers junk," Dyson says,

like hydrogen by-products,

88 OMNI

for instance, in an occasional

volcanic belch.

Will the cosmic cloud have

feelings? Will it suffer pain,

laugh and love; or pray?

"There's no reason why it

shouldn't do all of the above,

or none," Dyson says. "They

may not share any of our

concepts, or on the contrary,

they may share a great deal."

The cloud could evolve

much more rapidly than we
did, Dyson speculates, and
might prove even more
damaging to the earth's

environment than we are. In

its wanton wanderings, the

dust cloud might sometimes
park between the earth and
the sun, casting a cold

shadow over the remnants of

anachronistic humans, still in

solid organic form.

ANTIGRAVITY
GRUNT

She will have to be thick-

skinned about wisecracks

concerning her weight:

almost nothing, because

she'll live in a zero-g envi-

ronment. She'll be thick-

skinned about everything

else as well, because genetic

engineers will build her

that way, with several inches

of tough hide surrounding

her human bones, an organic

space suit that will enable her

to live forever in orbit.

British science writer

Dougal Dixon, author of Man
After Man (St, Martin's Press),

imagines that the antigrav-

ity grunt will be launched with

genes from human parents

on pollution-plagued Earth in

20D years. Then she'll enter

permanent service to work

on a slarship under construc-

tion in orbit. There will be
no smog in her workplace.

But Dixon says she will worry

about solar wind—streams of

fourth lung will come in

handy if she loses her grip on
the starship's struts and
floats free in space. Then
she'll be able to blow off

some waste gas to push
herself back to the safety of

the spaceship.

Far above the earth, the

weightless creature will also

find time for play "She'll

shoot pool in three dimen-

sions," Dixon suggests, the

balls ricocheting off the

inside walls of a sphere, With

rudimentary understanding

of human society, she'll be
able to laugh at visitors' jokes

about how llghthearted she

is. But sealed inside her skin,

she'll [lever hear the jokes

well or speak with a human
voice. Instead she'll commu-
nicate through a set of

HER GRAY, OVOID BODY WILL BE ABOUT
FOUR FEET LONG. HER THICK OUTER HIDE WILL PROTECT

HER FROM THE ONSLAUGHT OF LIFE

IN ZERO G. THOUGH SHE CARRIES HUMAN GENES,

SHE WILL NEVER REPRODUCE,

ionized particles hurled past

the earth from the sun. When
the solar wind is high, her

alligatorlike skin will close

over two sealed lenses

covering her eyes, the most
vulnerable part of her

anatomy Her gray ovoid

body about four feet long,

will Include a balloonlike

base, two arms and two legs,

and long fingers and toes.

Her tough skin will house a
compressed human skeleton

and organs, including a few
spare lungs, one containing

high-pressure breathing gas-

es and another for use in

venting carbon dioxide. The

quivering antennas, like a
bee, Starship workers will

carry electronic translators to

convert their speech
into vibrations transmitted by
direct touch from plastic

antennas to her artificial

sensory organs.

She will learn through this

touch-talk how "unique"

she is, says Dixon, a euphe-
mistic way of telling her

that she wasn't built to breed.

She'll never reproduce.

If there is a need for more
vacuumorphs, as Dixon

calls them, engineers will pull

out the blueprints and
build more.



HO-HUM HOMINID PLANT PEOPLE

We have seen the future,

and it is us. According to

many evolutionary biologists,

it seems humans are no

longer evolving at all.

"Indeed, when one looks at

the evolution of brain size

and longevity." says gerontol-

ogist Richard Cutler of the

National institute on Aging, "it

appears that evolution for

humans stopped fifty to a
hundred thousand years

ago." In fact. Cutler says,

technology has rewritten

survival-of-the-fittest laws.

Men with defective eyesight,

who would have been
devoured by tigers in the

primeval jungle, wear contact

lenses today and pass on

their biological blueprints for

myopic men of the future

"Not only are we not

improving," says Cutler,

"we're getting worse."

One evolutionary biolog st

who believes that human
evolution has slowed to a hdl

is Harvard's Stephen Jay

Gould. "Review the incred

ibie things we've done, ho

all of civilization has been
built in twenty-five thousand
.years from Cro-Magnon ti.

this, with no change in

morphology," he says, "so

why should we predict

anything else?"

Gouid made his case t

Omn/ writer Delta Willis, whc
interviewed paleontologist

Richard Leakey as well.

Further evolution, notes

Leakey, would require majc

life-style changes—living a

space colony for examplt
But Leakey says that

humanity is not likely to enl st

in quests requiring isolation

for extended times.

In the future, those who eat

spinach may not have to eat

much else. Tomorrow's

vegetarian will learn to

incorporate plant cells into

the human body without

digesting them. So, like the

plants they eat, humans will

draw their energy from the

sun through photosynthesis^

the process by which plants

combine sunlight, water, and

oxygen into carbohydrates,

the basic foodstuffs of life.

For these photosynthetic

people of tomorrow, the

alteration will bring a side

benefit: They won't have to

worry about suntanning

because they'll be green

Fat ma L nda Jackson an
anthropolog st at the Un ver

sity of Maryland, is already at

work researching how we
might make better use of the

components of plants for

good health. The ultimate

goal: protecting the plants

we eat from digestion so they

can continue to live inside

our bodies.

,
One animal has already

solved the problem—the

lowly sea slug, a green blob

less than an inch long that

lives at the base of grass in

saltwater marshes. Sidney K.

Pierce, Ph.D., professor and
associate chair in the

department of zoology at the

University of Maryland, has

discovered that the slug

sucks nutrients out of certain

hairlike kinds of algae and
supports the plant mate al

ns de ts body Under I ght

the material produces oxy-

gen and fats that feed the

slug. Pierce says he's kept a

colony of slugs alive with

nothing more than ordinary

fluorescent light for months.

Even before we learn the

slug's secret, we could load

the cargo bays of spacecraft

with batches of the animals to

supply oxygen. But Pierce

says there's a limit to the

blob's beneficence. Colonies

die out after about a year.

Keeping them cool—close to

freezing—adds about six

weeks to their lives, roughly

12 percent, suggesting that

future green men might want

to take a cue from today's

florist-shop roses and remain

refrigerated when they're not

out feed ng n the sun
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WHOLE EVOLUTION ALMANAC

THE DEVOLUTION PROGRAM: A FIVE-DAY ^

PLAN FOR ACHIEVING LOWER CONSCIOUSNESS

BY KEITH HARARY

Becoming a fully evolved

human being is a high-

pressure preoccupation. In

addition lo serving such

basic animal needs as eat-

ing, sleeping, and having

sex, we must also serve as

guardians of our species and
the earth. Threats to hu-

man evolution, in fact, come
from every quarter: nuclear,

chemical, and biological

weapons, medical waste.

AIDS, the depletion of the

ozone layer, the destruction

of the rain forests, and the

impoverishment of the Third

Wcrld, to name a few. In the

end, we must control all

these elements if we want to

survive. The more we evolve

as a species, it seems, the

more complicated our ev-

eryday existence becomes.
Jonas Salk, these days a

student of evolutionary biolo-

gy, explains our new place in

the cosmos this way: "The

human mind may be seen as

a form of matter that has

become conscious of itself,

conscious of evolution,

and conscious of its capacity

to participate in evolution.

V\fe are a product of evolu-

tion, and the embodiment of

the process as well." As
for the individual best suited

to carry out evolutionary

goals, he or she must,

of course, be cooperative as

opposed lo competitive,

generous as opposed to

greedy, constructive

as opposed to destructive,

sensitive as opposed to

caiious, and insightful as

opposed to obtuse. Embrac-
ing such evolutionary traits is

crucial because, as Salk

points out, a lot hangs in the

balance: "If we destroy

ihe ecosystem," he notes

quite rightly, "then we
destroy ourselves."

With all this pressure to be

so evolved, we need to let

off a little steam now and
then, to devolve, as it were,

and return to our roots. In an

effort to help you fulfill this

need in a harmless fashion

—

without actually contributing

to the devolution of the

planet, of course—we pre-

sent our five-day devolution

program, below:

DAY ONE:
THE HUMAN ZOO

Danjvin theorized that

human beings evolved from

the apes. You may have '

noticed, however, that some
people appear to have
evolved much further than

others. Day one of our

devolution program offers an

opportunity for you to actively

explore this phenomenon.
Begin by going to your

local zoo and spending

some Ume observing the

monkeys and gorillas. As you

observe these distant rela-

tives of the human species,

notice how much of their

behavior reminds you of .

people you know. Notice,

also, your own evolutionary

connection with these hu-

manlike creatures. Are the

chimpanzees doing anything

you would like lo be doing

yourself? Can you imagine

yourself swinging through the

trees or sitting on lop of the

jungle canopy looking out

across the horizon? Sit in a
comfortable spot and ob-

serve the apes for half an

hour. As you do so, imagine

yourself mentally trading

places with these noble

primates, actually experienc-

ing reality from their point of

view. How would your life's

priorities be different if you

were an ape? How would you
communicate with others of

your species? It you are

visiting the zoo with afriend,

spend some time trying to

communicate with one anoth-

er as the apes do. Then go
home and notice all the

apelike features of your

relatives and friends. You

may be surprised to realize

how much we still have in

common with our evolution-

ary antecedents.

DAY TWO: NAKED
LUNCH

Human beings are the only

animals that use utensils,

which tend to distance us

from the animal side of our

nature. On day two, begin by

letting go of such evolution-

ary pretensions. Order take-

out spareribs or other basic

"finger foods" such as

Sashimi or Dungeness crab

for lurch. Also assemble an

assortment of fruit, from red

Delicious apples to succulent

nectarines and plums. Then
get naked and sit on the floor

with the foods you have

chosen spread out before

you. Eat like an animal, using

no implements or napkins.

Before beginning the

second part of today's

exercise, which should be

carried out just prior to

dinner, consider that modern
processed food is a long way
from the kind of diet humanity

enjoyed at an earlier point in

our evolution. Much of the

food we consume, from Froot

Loops to Chicken McNug-
gets, is no longer remotely

recognizable as anything

that was ever alive.

Day two, therefore, offers a

chance for you to get back in

touch with the original form of

some of the foods you've

been eating. (To avoid

senseless waste, you should

carry out this exercise only

with foods you eventually

intend to consume.)
Begin by ordering a giant



bucket of fried chicken from

a local stand or one of the

fast-food chains. Spread all

the chicken parts out on a

table and try tc reassemble
the pieces into a complete
chicken. Use a needle and
thread, a staple gun, or

masking tape to hold

everything together. If you
are a vegetarian, you may
carry out this exercise with a
large order of French fries,

which you can reassemble
into potatoes. (You might

also take a cue from the

writers of Lata Night With

David Letierman, as recently

reported in The New Yorlt

Times. The team suggested
rummaging through meat
plant Dumpsters and pulling

out enough different parts to

assemble your own cow.)

necessities. On day three of

the devolulion program, pay
homage to this tradition for

an afternoon. Your goal: to

gather and enjoy as much
free stuff as possible.

Begin by dousing yourself

with five or six different

fragrance samples from the

nearest perfume or cologne
counter. Ask the salespeople

to give you a pocketful of

additional samples. Next,

stop by your doctor's office

and try to get some free

samples of any prescription

drugs you may be using.

Then seek out a crowded hot

dog stand where you can
graze unnoticed from the

open sauerkraut, relish, and
pickle bins for a tasty lunch.

Use plenty of ketchup and
mustard and take some extra

ORDER A BUCKET OF FRIED CHICKEN
FROM A LOCAL FAST-FOOD PLACE AND TRY TO REAS-

SEMBLE THE PIECES INTO A COMPLETE
ANIMAL. VEGETARIANS MAY ORDER FRENCH FRIES AND
REASSEMBLE THEM BACK INTO POTATOES.

By the way, for the ultimate

in primitive eating, you might

try dining out at some of the

finer vending machines in

your area. Suggested fare

includes canned sodas,

candy bars, and onion and
sour cream chips. Some of

the more elaborate, Automat-
type machines also offer

petrified hamburgers, prehis-

toric egg salad, and FYecam-
brian tuna on white bread.

DAY THREE: THE
HUNTER-GATHERER

Early man depended on
nature to provide the basic

packets of these condiments
with you. If you can't find

a convenient hot dog stand,

seek out a bar that serves

free hors d'oeuvres and
eat your fill. Stuff your re-

maining pockets with as

much free food as possible,

along with any loose bags of

sugar or low-calorie sweeten-
er that you can easily lay

hands on. Keep alert for any
free books of matches.

Finally, head to the nearest

bakery and make a dessert

cut of any pastry samples
that may have been placed
in little dishes on the counter
On the way home, pick

through other people's

garbage for anything you
can use.

DAY FOUR:
PRIMITIVE
CONSCIOUSNESS

In an effort to be more
evolved, many people try to

relate to others in a purely

rational way Yet there Is still

something of the primitive"

in all of us, an Inner sense
that responds to people and
events on an emotional.

Instinctive level.

On day four of our

devolulion program, allow

yourself to get- more
consciously in touch with this

aspect of your awareness.
Whenever any stressful

circumstances arise during

the course of your day
ask yourself, "What would
Austraiopithecus afarensis

do In this situation?" Allow

your responses to emerge
from a deep gut level to

whatever extent possible. If

you pass a pretty flower on
the street, for example, take

time to savor its organic

aroma. If you get In an argu-

ment .with your mate, don't

just deal with the situation

from an Intellectual distance.

Stay in touch with your

deepest feelings throughout
the discussion. If you feel

stressed out in the course of

your day go off to a place

where you can be alone and
wildly pound your fists Into

pillows or sofa cushions while

allowing yourself the luxury

of a primal scream. Rnally, at

some point today, spend
time in a natural setting like a
woodland or park and let

go of the intellectual priorities

of the civilized world.

DAY FIVE: THE
COMPETITIVE SEIF

The more we evolve, the

more we must learn to live In

harmony with each other.

On the final day of our devo-

lution program, however,

you will loosen some of the

shackles of socially evolved

behavior and allow your

innermost competitive self to

come to the fore. Your focus

should be on allowing

yourself to be as competitive

as possible, without becom-
ing really obnoxious or mean.

If you work as a secretary,

for example, you might

organize a speed-typing

competition In your office,

along with events in pencil

sharpening, envelope

stuffing, and stamp licking.

Try to shoot a rubber band
across the office farther than

anyone else. Or create

miniature Olympic events
less specific to your occupa-
tion, including such feats as
watermelon eating, necktie

knotting, and speed shaving.

If you can't find people to

compete with, compete with

yourself: Get a book of

bralnteasers and see how
many you can answer
correctly. See how many
Barry Manllow tunes you can
listen to, or how many times

you can play Paul Anka
singing "Havin' My Baby"
without throwing up. If you
normally tell yourself not to

be rankled by the political

machinations of that manipu-
lative colleague of yours, now
is the time to let feelings of

intense annoyance to creep
In—and to act on them.

Complete the exercise by

playing Risk or'lvlonopoly

—

and playing to win. DO



WHOLE EVOLUTION ALMANAC

DO-IT-YOURSELF MUTATION KIT:

ORCHESTRATING EVOLUTION AT YOUR KITCHEN TABLE

BYHEAMNTCHIKARMANE

The idea of orchestrating

evolution yourself seems like

heady stui^ indeed. But

with our Do-lt-Yourself Muta-

tion Kit, described in the

pages thai follow, you should

be able to observe the

process at your kitchen table.

We'd like to start you off

with some basic biology:

Individual organisms and
entire species change as a
result of mutations in genes.

You might think of a genetic

mutation as a spelling mis-

take within the subunits that

compose the gene. Since

most mutant organisms have

trouble adjusting to the

environment, it's a good thing

that mutations are rare. Of

INSTRUCTIOIslS

After you have received your

kit, open it up and make
sure all the materials are

there. You should find five pe-

tri dishes labeled as follows:

ADENINE NEGATIVE A and ADE-

NINE NEGATIVE B (these two

plates lack adenine, an essen-

tial nutrient); copper a and
COPPER B (these two plates

contain copper salt, which

can kill the yeast); and
WASTER, a master plate that

contains a cocktail of nutri-

ents on which all forms of

YOU DON'T NEED TO BE A MOLECULAR BIOLOGIST TO
SEE EVOLUTION IN ACTION. EXPLORE THE

MUTATIONS THAT DRIVE NATURE'S DIVERSITY WITH A
HOME LAB, AND LET SACCHAROMYCES
CEREVISIAE. A COMMON YEAST, BE YOUR GUIDE.

course, every so often a

mutant is better suited to a

given habitat than its

ancestors. When that hap-

pens, the mutant organism
will have more offspring than

its nonmutant siblings. As
evolution takes its course, the

mutants will thrive.

Tc see the process in

action, all you've got to do is

follow the instructions below.

Your guide for this journey of

e>!ploration will be Saccha-
romyces cerevisiae, a com-
mon yeast, Since the yeast

grows rapidly, you will be
able to observe the results of

each experiment in two to

three days.

To order the kit, send a

$20 check or money order to

93 OMNI

yeast can grow. You should

also find a tube of yeas!

culture, four sterile spread-

ers, four stehle pipettes, and
40 sterile toothpicks. Keep
the kit in the refrigerator until

you decide to use it. For

each experiment, take out on-

ly those items that you actu-

ally need,

Tc help you with your exper-

iments, get hold of a marker,

as well as paper and pencil

to keep track of your results.

We also suggest that you go
to the drugstore and buy
some antibacterial soap, an-

tiseptic, and ordinary

bleach (ask the pharmacist

to suggest appropriate

brands). A small container for

waste would help, too.

Before you begin, read the

instructions once through

and keep these basic labora-

tory principles in mind:

Cleanliness and sterility.

Make sure you work at a
clean table with as little draft

as possible. Wipe the table

clean with an antiseptic

such as Lysol before and af-

ter you work. Since the air

contains bacteria and fungi

that can contaminate your

experiment, be careful not to

open your peirl dishes unless

you are working with them.

Since your fingers also have
all sorts of bacteria on them,

do not touch the sterile

surface of the plate with

your fingers. Transfer of organ-

isms should be done only

with the sterile pipettes or ster-

ile toothpicks. After each
experiment, wash up with anti-

bacterial soap.

Spreading culture on the

plate. To isolate mutants

that have evolved, you must
spread yeast from the culture

uniformly on the petri dish. To

do so. place the petri dish on

the table and lift the cover
with your left hand, placing it

beside the dish. Pick up the

culture tube of yeast with

your left hand and shake it (fig-

ure 1 ). Then unscrew the top

and place that on the table,

too. Pick up a sterile pipette,

squeeze the top, and dip the

tip into the yeast culture

tube (figure 2). Slowly release

the bulb to draw yeast culture

Into the pipette. Hold the tip

of the pipette about a quarter

inch above the center of the

open plate. Gently squeeze
the pipette bulb so that two to

three drops fall on the sur-

face (figure 3). Discard the

pipette into a waste contain-

er filled with bleach. Cap the

short arm gently touches the

surface of the peth dLsh.

Spread the liquid evenly over

the surface (as shown
In figure 4) and carefully ro-

tate the plate.

Growing yeast. After you
have spread the culture on

your plate, leave it alone at

room temperature (70-75° F

or 22-25' C) for one to three

days. (Keeping the petri

plate at 85° F or 30° C will pro-

mote faster growth.)

Through the course of these

instructions, this will be re-

ferred tc as Incubation.

Yeast will first appear as pin-

head-sized dots and may
ultimately assume a diameter

of an eighth of an inch.

Transferring yeast from

plate to plate. Open a
petri dish and, using a stehle

toothpick, remove a yeast

sample about the size of a pin-

head (figure 5). Open the

second petri dish and touch

the tip of the toothpick to

the surface. Slide the tooth-

pick gently, making a streak

about half an inch in length.

Discard the toothpick and do
not reuse.

THE EXPERIMENTS

1. Selecting for mutants that

regain a lost function. Normal

yeast cells have the ability to

make their own adenine, an

essential component of DNA.
The yeast strain in your

tube, however, has a muta-

tion in the gene called ade1
(for adenine). As a result of

the mutation, an important en-

zyme is no longer active and
the yeast cannot make ade-

nine. Without adenine, yeast

cannot replicate (unless you

supply the adenine yourself).



However, if you place these

mutants on your petrj dish,

they will still produce the cas-

cade of chemicals leading

up to (but not including) the

crucial enzyme. The chemi-
cal thai accumulates when
the enzyme cannot be pro-

duced is red; therefore, the

colony that you will plate out

and incubate in your petri

dish will appear red. In this ex-

periment, yoj will start with

red yeast and mutate some or-

ganisms back to the original

form ^white yeast with the

ability to produce adenine.

Experimental procedure:

Shake up your tube of yeast

and put three drops of yeast

culture on the petri dish

marked adenine negative a.

Spread the drops carefully

and uniformly with the spread-

er. Then Incubate the plate

for two to four days, until

white colonies—the new mu-
tants—^start to grow. The mu-
tants arose spontaneously
and, according to current ev-

olutionary thought, have
been "selected" by the envi-

ronment to survive. Refriger-

ate this plate and save it for

experiments.
2 Selecting for mutants

that develop resistance to a

poison. In this experiment

you will isolate mutants that

can resist the lethal power of

copper salt. Compounds of

metals like copper, lead, and
mercury are toxic to cells be-

cause they block the action

of proteins and enzymes.
Some cells randomly devel-

op mutations that lead to re-

sistance to metal salts. In the

case of yeast, these muta-

tions work by overproducing

a protein that binds tightly to

the metal, preventing dam-
age to the cell. Experimental

procedure: Spread three

drops of yeast from your cul-

ture lube onto the piate

marked copper a and incu-

bate for two to five days. You
should see small colonies of

copper-resistant yeast form-

ing. Wait until the colonies

grow to about an eighth of an
inch in diameter. Then refrig-

erate the plate and save It for

expehmenta,
'

3. Proving that all the mu-
tations are transmitted to

offspring whetfier or not tfiey

are advantageous to the

organism. In this experiment
you will grow your mutant
yeast cells on the master
dish, which will enable
all your cells to grow equally

well. Experimental proce-

dure; Gather the two petri

dishes you used in experi-

ments 1 and 2 and place

them beside you on the "ta-

ble. Take your marker and,

turning ever the master

dish, draw a line down its cen-

ter so that you divide it in

half. Mark one area adenine

and mark the other area cop-

per. Now take the plate la-

beled adenine negative a-

and choose a colony at ran-

dom. Pick up that colony on
the tip of a sterilized tooth-

pick and transfer it, in the

form of an individual streak,

to the area marked adenine

on the MASTER dish. Create
four more adenine streaks on
this area, then store the ad-

enine NEGATIVE A plate in the

refrigerator. Now streak the

copper-resistant mutants

from the copper plate onto

the area marked copper in a
similar fashion. Incubate the

plate forone to two days, and
note that the streaks will

grow up into elongated- col-

onies. These colonies grow
even though the mutants no
longer have any particular

survival advantage.

4- Showing that mutations

affecting one trait arise inde-

pendently of mutations affect-

ing another Experimental

procedure: Remove from the

refrigerator the plates labeled

ADENINE NEGATIVE B (this

plate contains no adenine)

and COPPER B (this plate

contains copper salt). Take
your marker, turn the plates

over, and draw a line down
the center of each dish, as

you did with the master

piate in experiments. As you
did in experiment 3, label

one half of each plate ade-

nine and label the other half

copper Now place the mas-

ter dish in front of you. Using

sterile toothpicks, transfer

matehal from the copper sec-

tion of the MASTER dish to

each of the two areas labeled

COPPER on the two new
plates. Transfer material

from the adenine section of

the MASTER dish to each
of the two areas labeled ade-

nine. Incubate these two
dishes. Note that the mutant
colonies isolated from the ad-

enine segment of the MASTER
dish will grow on the second
ADENINE NEGATIVE plate but

not on the copper plate. The
mutant colonies isolated

from the copper segment of

the MASTER dish will grow
on the second copper plate

but not on the adenine

NEGATIVE plate. Consider the

history of these yeast colo-

nies and you will reach one
conclusion: The yeast cells

have retained their mutant
traits throughout each
and every transfer. These col-

onies should grow quickly,

since the mutants adapted to

these two plates have al-

ready evolved during expeh-
ments 1 and 2, OO



A BRIEF HISTORY
OF HUMAN TIME
SCIENTISTS EXPLORING

HUMAN ORIGINS PICK A FEW BONES
BY DELTA WILLIS

The study of human evolution

has been plagLjed by

personal conflicls and idiosyn-

crasies ever since Charles

Darwin began his study of

lile aboard Ihe HMS Beagle.

Discussing Ihe search for hu-

man origins, Mark Twain
noted that "scientists have al-

ready cast much darkness

on this subject, and it their

investigations continue, we
shall soon know nothing

at all."Of course, researchers

now know a great deal

about human ancestors. But

the arguments and coun-

terarguments between them
go on. In tact, judging

from newspaper reports, it

seems that the fields of evolu-

tionary biology and paleo-

anthropology have been host

to professional battles and
personal wrangles in spades.

To illustrate the monkey
business that has often accom-
panied the search for miss-

ing links, we have created a
couple of time lines: a Discov-

ery Line, to depict important

scientific discoveries about
human origins, and an Inside

Line, to illustrate the be-

hind-the-scenes footnotes to

those discoveries. To help

you put it all in context, we al-

so present a life line that illus-

trates a reasonable timetable

for how hominid species actu-

ally evolved. (When reading

the life line, you'll note some
incongrLjities, but our num-
bers merely reflect the data of

a science still in the process
of being unearthed.)

As you read through our

charts, yoLi'll probably realize

that bigheadedness afflicts

the human species in more

ways than one. After all, sci-

entists don't deserve ail

the heat. They belong to the

same species as the rest

of us, and their behavior

tends to reflect the apish and
terjitorial—though thorough-

ly conventional—view
that success lies in displacing

the competition.

Proconsul.

Apelike creature

thought to be

an early ancestor

of humans.

MHJ.IOH TIARS *00

^_ Australopithecus

atarensis.

The oldest

hominid spe-

cies yet found,

thought by many
to be ancestral to humans.
Lucy is a prime example of

A. afarensis.

Australopithecus

africanus.

This hominid resem-

bled A. atarensis

but had a rounder,

more humanlike head and

was found mostly in Africa.

(The Taung child was one.)

Ausiralo-

pithecus ro-

_'buslus.

"a robust, rug-

gedly built

hominid found in two South

African caves. Thought

to be an evolutionary dead
end.

Australopithecus

boisei. Found
in East Africa.

this hominid

resembled robus-

tus but was notably larger.

Homo iiabilis.

The first species

in the genus
Homo, H. habilis.

., Of handy man,
remains have been

found in East Africa.

Habilis appears to have lived

around the same time

as the appearance of the

first simple stone tools.

Homo erectus.

- .^ A more evolved,

^jBt bigger-brained

ite^' version of habi-

lis, erectus lived

1 Earth for 1.6 mil-

lion years. Erectus created

advanced tools and also mas-
tered fire. (Examples of H.

erectus Include the Java man
and the Peking man.)

Homo sapiens (archaic).

These ancient human forms,

which seem to have

evolved from erectus. t

appearing in the fossil

record around 500,000
years ago.

line above depicls Kpecies on Ihe evolutionary journey leading up to Homo sapiens sapiens.

1830

IS titsi vc leof

Principles ot Geolo-

gy, which proves

more ihan 6.000

years old. This,

along with ihe fossil

record, suggesls

1857

a lew pieces ol

(he shelaton, includ-

ing a siiullcap

covered in Gei-

Vaiiey.

1860 1871 1877 1013
Darwin gets every-

one excjled In

his boolt The Origin

ol Species when
he suggests natural

(Damin proposes

that individuals iiary

randomly in nature.

best adapted to [he

In The Descent ol

Man. Damvin

suggests that Africa

is the placets lool<

lingllrlis.

There. n: The CO

merly inhabited by

extinct apes cbsely

allied to the gorilla

and chimpanzee,"

Auerylaigehuman-
lihe skull and a
small apish jaw are

discovered at Pill-

I England. Re-

Includlng

paieonioiogist A.

suggest thai Ih

192211
Henry Fairfield

OstKjrn ol Ihe

ol Natural History

proclaims a single

loolh lound in the

SnaKe Creek tossil

bedsolNebrasiiai!

evidence ol 'ihe

hrsl anthropoid ape

ol America."

1925

Pratesaor Raymond
Dart studies a
small apisli skull

called the Taung
chfid, Itom the

quarry In South
Africa. Dart

cies Auslmlopilh-

1947
Scottish paieontoio

gist Robert Broom
proves Raymond
Dart rigtit in his asser-

South Alrica.

1948

tor, on Rusinga

Island in Kenya's

LaKe Viciona,

1953 1959a

Mary Leakey discov-

ers a 1 .7S-mill!on-

year-old australopHh-

1972

Koobi-ForainnorlL

ern Kenya by a

research team led

by the Leakeys' so

Richard. Named
1470 (after its muse

dating holds, the

skull iMllconlrrm Lou-

is Leakey's theory

1974

fossils more than 3

million years oti

nearHadarinEthio-

August Franz Ivlayer

suggests the

bones belonged to

Cossacis

ough Pm!

laliing along Lyell's

work. Danwin is

not the official natu-

chosen as a compan-

ion for the Cc^lair,

Robert Fitzroy. His

ticliei IS his al:iiity to

after ^

furrow his fore-

head, explaining the

Mid brow ridges:

tors pretBrlolooii for

missing links any-

where bul Africa:

England, France.

Gemiany
,
S^aJn, Chi -

na, and even North

America.

sessmeni, Dubois

(or lurthet study, hid-

ing the fossils

beneath his dining

British anatomisl

challenges Vitood-

ward's reconstruc-

tion. Keiths good
friend Elliot Smith

sides with the

other man, ending

the Keith-Smith

Irierdship.

m
MosI paieontoio

gists Including

Arthur Keilh and Lou

odd ape. Dart

and the Taung <

to search tor lo

called "^XA& as

The person wf
planted the ho

The discovery

brings Louis and

Mary Leakey

support from the

National Geograph-
ic Society enables

in two years at Oldu-

done in the preced-

ing thirty." Even
though Mary mai<es

the discovery, Louis

lakes the spotlight.

writing "Finding Ihs

World's Earliest

Geographic.

Richard Leakey.

who have not gotten

along for several

years. (As a teen-

ager, l=!ichard

thing but follow in his

parents' toalsiepa.)

A few days after

Sjbsequently, a
fierce controversy

Ihe skull piissden-

River expedition, led

by F Clark Howell,

against Leakey's

team from Koobi-Fo-

ra. Richard Leakey

coolness" toward

Leakey, when she is

skeptical of the



A BRIEF HISTORY
OF HUMAN TIME
PALEOANTHROPOLOGISTS
CAN BE APiSH AND TERRITORIAL, JUST

LIKE THE REST OF US

Homo sapiens

j
(Neanderthal). Ne-

anderthal peo-

pie constituted a
' particularly rug-

ged group living in

Europe and the Middle

East during the Ice Age. As
temperatures warmed, they

disappeared.

i^l* Homo sapiens
"" ** sapiens (modern

'humans). Ana-

tomically modern
humans with skel-

etons like ours

the fossil re-

cord about 60,000 years ago.

iheoi

upright garl, liie La-

eloli footpnnts,

preserved Oy'a layer

ol volcanic ash. The

tootprinls are

saidlDl)e3.7milliori

.years oU.

J«ML

Everyone agree;

Ihe skull forces i

new drawing d •

family tree

-IgiML
The ttieory of Eve

pioposed by

Allan Wilson sug

gests a single

point of origin tor all

baseO this finding

on a study utilizing

rralochondnal DNA

JlggQ .1»?1_

[r fossil hunting,

heads upthe Kenya
Wildlife Seroice.

He IS rerownsd

saving Kenya's

elephants from i'

poachers.

Richard Leakey and

f footprints during

the eioavatiorr,

creating aihlrd homl-

inaU.S.teleulslon

debate hosted

by Walter Cronkite,

In front of a national

audience, Leakey

draws a big X

the tree that jilss

Leakey so much as

Cronidts'sprologue:

ery of Lucy made
Donald Johanson a

celebrity, the

king of the mountain

m paleoanthro-

pology was RIchaid

suggest there may

species 3t Hadar, paleontology at th

Kenya National

Museum, where st

Richard Leakey sug

gests that the

skull proves there

were actually two

australopitheoine

species at Hadar

in Ethiopia. Johan-



"We've got things in the computer

capable of evolving, reproducing, metabolizing,

things having complex patterns

in space and in time. Are they not alive?" For

a pioneer in the emerging scientific

field of artificial life, that is the big question

irUTERVIElAJ

His first encounter with

an artificial life

form tool< place while

he was at Massachusetts
General Hospital. His job in-

volved wheeling dead bod-
ies between the morgue and
autopsy room. One night

about three a.m.—this was af-

ter he'd seen Night of the

Living Dead—he and a co-work-

er were ferrying the latest

corpse through a dank under-

ground hallway lit by a

single bulb. The body was cov-

ered with a sheet, all very

Frankenslein-\\V.e. when sud-

denly the corpse started mov-
ing. It started to risel The
body. . .sat up! "And it made
this roar!" says Chris Lang-

ton. "I turned to the guy next

to me and he was gone.
The double doors at the end
of the hallway were going

flap, flap, flap. . .
." No expla-

nation ever did turn up. "Peo-

ple in the morgue liked to

play jokes," he says. "You'd

go to wheel a body, open
up a drawer, and the body'd

sit up. This one could have
been planted, too."

Langton's second encoun-

PHOTOGRAPHS BY DAVID MICHAEL KENNEDY



NAME:

AGE:

PLACES OF WORK:

Division, Los Afamos
National Laboratory; Santa Fe Institute

LANGUAGES FLUENT IN:
C, LISP, BASIC, Pascal.

FORTRAN, 6502 assembly language,

PDP-7 assembly language, etc.

FAVORITE ARTIFICIAL LIFE
FORM I:

Ed McMahon

FAVORITE ARTIFICIAL LIFE
FORMS II:

Langlon's ceil simulation on the Con-
nection Machine; Rod Brool^s's

insects al the MIT Artificial Insect lab

RECENTLY READ:
Mary Shelley's Frankenstein (for the

third time): "I want to

understand Frankenstein, to under-

stand life from the

perspective of the so-called monster."

ter was a little less spooky. Working in

Mass General's Psychiatric Research
[ab as a systems programmer, he was
trying to make one computer simulate

the operational structure and functions

of a second computer. These simula-

tions, he realized, involved reducing a

given machine's operations to a finite

set of rules and instructions, a bunch
of abstract logical relationships. Was
there anything, he wondered, whose
worl<ings you couldn't simulate in this

fashion? What was life itself, after all, but

a lot of essentially dead materials orga-

nized so that, somehow, living proc-

esses emerged? If you correctly simu-

lated the underlying pattern or structure

of a living thing, Langton thought,

wouldn't that simulation itself in some
sense be alive?

His third encounter with artificial life

also took place in a hospital, only this

time he was a patient. In 1975, before

entering the University of Arizona, he
crashed his hang glider, breaking 35
bones, including both legs. As he re-

gained consciousness, information pat-

terns marched through his head, explod-

ing like fireworks across his visual

field. "It was as if they were self-exist-

ing entities completely taking over the

hardware of my brain," he recalls. He
spent the next five months recuperat-

ing and thinking about what he'd seen

Years later Chns Langton established

the field of artificial life as a distinct sci-

entific discipline. In 1987. while a re-

search fellow at the Los Alamos Nation-

al Laboratory, he organized the first con-

ference on artificial life. More than 100

scientists brought an entire menagerie
of artificial animals. In addition to a smat-

tering of robots, there were computer-
based genes, ferns, flowers, worms,
and bugs; there were schooling fish,

flocking birds, and buzzing biolnfor-

matic bumblebees; there was a warren

of artificial foxes and rabbits in their own
artificial ecology. The workshop was
capped with an artificial life 4-H show:
prizewinning entry, the ferns.

Two years later, even before receiv-

ing his doctorate, Langton helped or-

ganize a second workshop Today ar-

tificial life embraces the study of com-
plex adaptive systems in al! their myri-

ad forms: from prebiotic chemical evo-

lution, to biological evolution, evolution

of languages and cultural systems, to

evolution of global economies. While

some researchers try to get synthetic

life going in chemical media, Langton
prefers to work with computers. His lat-

est project, which he's collaborating on
with Kristian.Lindgren (NORITA, Copen-
hagen) and others, attempts to comput-

er-simulate a complete biological cell.

You can be as skeptical as you
want about artificial life until you see
that simulation. There In living color is

a pulsing, undulating cell membrane, ex-

actly what you might see watching cell

division through a microscope: The
cell wall puckers, pinches down on it-

self, and a second cell splits off. This

is not a movie. The wriggling, dividing

structure is a pattern generated by a pro-

gram much the way DNA codons gen-
erate biological organisms. Somewhere
in the bowels of the Connection Ma-
chine, a massively parallel supercom-
puter that sits a few doors away from

Langton's Los Alamos office, exists the

electronic analog of a living cell.

Says Langton: "We're going to try to

capture a cell's behavior while it incor-

porates stuff from the outside—taking

in metabolites and turning them into

cell constituents—turns genetic code in-

to entities that move around inside the

cell and make it do things like divide,

produce offspring with variants, and
die."—Ed Regis

Omni: Can you define "artificial life"?

Langton: My first sense of it came
around 1979 when

I
was trying to de-

scribe what I wanted to do for my Ph.D.

It was then a way to study biological phe-

CONTINUED ON PAGE 12,2



BAflflES
A triskaidekaphobic may fear

the number 13, but we have reason to celebrate

By Scot Morris

How many pennies do you need to make a stack as tall or

taller than a penny set on its edge? Most people will say

nine or ten, but you must actually use 13 pennies.

We started thinking about the number 13 last Febru-

ary when we got a letter from Monte Zerger, a mathemati-

cian at Adams State College in Alamosa, Colorado, "The

thirteenth anniversary of Omn/ in 1991 will be particularly

auspicious because ninety-one is the sum of the num-
bers one Uirough thir-

teen," wrote Zerger,

who along with Dan
Shine of Cincinalti

served as our numer-

ological consullant

this month. Zerger al-

so pointed out that

the alphabet's mid-

dle letters

—

M (the

thirteenth letter from

the beginning of the

alphabet) and N
(the thirteenth letter

from the end of the

alphabet)—are also

the middle letters in

the name Omni—en-

closed by the mid-

dle vowels. Omni's logo even contains a hidden portent;

Rearrange the four shapes to read no. 13.

Mathematically, 13 is a fascinating number. The first

'teen" number, it is both a prime number (the sixth, after

2, 3, 5, 7, and 11) and a Fibonacci number, in which

each number of the series is the sum of the previous two.

(13 is the seventh, after 1 , 1,2,3,5, and 8.) The number
13 is also the first "emirp," a prime number that turns in-

to a different prime number when reversed (31).

Elsewhere in mathematics, Euclid's Elements are con-

tained in 13 books. There are 13 Archimedean polyhe-

drons. And a cube has 13 axes of symmetry: Three go
through opposite faces, four through diagonally opposite

vertices, and six through opposite edges.

Other 13-related facts include 13 cards in a suit (hearts,

diamonds, spades, and clubs) in every standard deck of

playing cards. In music, an octave consists of 13 notes.

But while the recipient of a baker's dozen is certainly

fortunate, is it wise to celebrate when you're 13 years old?

We're not superstitious, but just to be safe consider this an-

niversary issue of Omni the start of our fourteenth year.

The number 13, some people believe, seems to have

If Ihe country's Founding
Fathers had been triskai-

dekaphobics, would there

almost supernatural powers. And those who suffer from
triskaidekaphobia, the fear of the number 13, won't re-

serve a seat in the thirteenth row of an airplane, eat at a

table seating 13 people, or rent a room on the thirteenth

floor (although few, if any, hotels and office buildings of-

ficially have a thirteenth floor).

The superstition about 13 people at a dinner table sup-

posedly harks back to the Last Supper, as told in the Gos-
pel according to

Saint John. Jesus
"Christ and his 12

apostles gathered for

the last lime before

he was arrested and
eventually executed.

When Judas, the

apostle who be-

trayed Christ, left, the

thirteenth chair re-

mained empty
While the number

13 has been associat-

ed with Judas and
the Last Supper, if al-

so makes an un-

lucky appearance in

other cultures. In

Norse mythology, for example, 12 gods were invited to a

dinner party. The god of mischief, Loki, crashed the par-

ty, and during the affair one of the guests was killed.

There's certainly no doubt that the number 13 has its

dark side. There are traditionally 13 witches in a coven,

13 steps on a gallows, and 13 coils of rope in a hang-
man's noose. And the thirteenth card of the tarot deck
represents death, reminiscent of the Black Death, the

plague that swept across Europe in the 13O0's.

Superstition also can affect history During the late Fif-

ties, Ihe Colombiana, a group of Italian experts on the

life of Christopher Columbus, reviewed all the documents
related to ihe explorer's historic arrival in the Americas.
They concluded that Columbus actually landed in the New
World on October 13, 1492. The man entrusted with Chris-

topher Columbus's log and papers may have deliberately

changed the date to October 12 to avoid the evil omen
of the number 13.

But 13 has not always been considered evil or unlucky.

The ancient Egyptians considered death, the thirteenth

stage of earthly life, as the transition to eternal life. For

them, death was a transformation, not an ending. And un-

be only 12 original colonies

commemorated on the U.S.

flag and a one-doiiar bill?
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If you attend a dinner party

for 13, will it be your last meal or a reason to rejoice?

Would you dare to find out?

like the Last Supper, the

thirteenth chair at King

Arthur's Round Table was a

seat of honor, reserved for

the knight who would tind

the Holy Grail.

The number is also signif-

icant in American history.

The 13 original colonies are

represented everywhere,

from the 13 red and white

sthpes on the flag to the 13

steps on the pyramid in the

Great Seal, vyhich appears
on the back of a dollar bill.

THIRTEEN QUIZ

The following questions

relate to the number 13.

1. In addition to the steps of

the pyramid, the number 13

is represented in many ways
on a dollar bill, some of them
intentional, others not. How
many can you find?

2. What 13-sided polygon

occurs in the natural world?

3. What is the most
abundant metallic element

in the earth's crust?

4. What 13-member group

exports petroleum?

5. What is the difference

between the Julian and the

Gregorian calendars?

6. What heroine was proud

of her 13-inch waist?

7. In what fictional tale do 13

dwarfs take a collective

journey?

8. Why is it ironic that Friday

the thirteenth is considered

unlucky?

9. The first permanent

English settlement in the

New World was established

on May 13, 1607. What
significant event occurred
13^ years later? And 13^

years after that?

10. What novel begins, "It

was a bright cold day in

April and the clocks were
sinking thirteen"?

1 1

.

What unlucky moon
mission exploded in 1970?

12. What is significant about
132 and 31 2?

13. What composer, born in

1813, composed 13 operas
and has 13 letters in his

name?

ANSWERS

1, There are 13 letters in

the motto annuit coeptis

above the pyramid; 13 stars

above the eagle's head;

13 stripes on its shield; and
13 letters in the motto E

PLURiBus UNUM, on the rib-

bon in its beak. The eagle

also holds 13 war arrows on

one side and a peace
branch with 13 olives and 13

leaves on the other side.

There are 13 beads in the

decorative "rattlesnake

tail" chains on the outer

sides of the Great Seal, And
the date, in Roman
numerals, 1776. is printed

directly opposite 1789, the

only other date on every

doltar bill—in the green

Treasury seal next to

Washington's portrait. The
difference between the two

dales is 13 years,

2. Viewed from outside the

solar system. Earth's moon
travels around the sun,

tracing a path that resem-

bles a 13-sided polygon

with rounded corners.

3. The thirteenth element,

aluminum.

4. 13 member nations make
up OPEC, the Organization

of Petroleum Exporting

Countries.

5. The Julian calendar

njai<
currently lags 13 days
behind the Gregorian calen-

dar and will remain so

until the year 2100. Then the

difference will become
14 days.

6. Scarlett O'Hara in Gone
With the Wind.

7. In The Hobbit, by J.R.R.

Tolkien, 13 dwarfs escort

Bilbo Baggins from the Shire

to the Lonely Mountains,

8. The thirteenth of the

month is more likely to fall on

a Fhday than on any other

day of the week. Our calen-

dar repeats itself, exactly,

every 400 years. Duhng
each 400-year period, the

thirteenth of the month
occurs on Friday 688 times.

9. 1607 + 169 ^ 1776. the

year of the American
Revolution, 1776 + 169 =

1945, the year World War II

ended, the year the first

atomic bomb was dropped,

and the year Franklin

Delano Roosevelt died, 13

years after he was first

elected FTesident of the

United States.

10. George Orwell's 1984.

11. Apoilo 13.

12. 132 = 169;312 = 961, the

reverse of 169.

13. Richard Wagner. CX3
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he used his technique to create £". coli

mutants that could thrive on the carbon
source citrate. "This was weird," he
says, "because one of the definitions of

E. coli. one of the things that's used to

distinguish it from all other closely relat-

ed organisms, is that it cannot use ci-

trate." Mapping the genes of his citrate

mutants, Hall found "the improbable
stacl^ed on top of the highly unlil<ely"

when it turned out that the citrate-con-

suming £ coli had two [arge-scale ge-
netic mutations, not just a single altered

base. The finding was so completely
out of line with results predicted by ac-
cepted evolutionary theory that Hall

didn't know what to think, "At that

point," he recalls, "all I could do
throw up my hands." Yet by 1988,
when Cairns described the phenome-
non of directed mutation in Nature.
Hall realized that he had been study-

ing this phenomenon as well, By then
at the University of Rochester, he had
witnessed directed mutation in thou-

sands of bacterial colonies and had
charted lis course in many specific E.

coll genes. He was also beginning to

study the phenomenon in yeast.

Discussing the research today from

his immaculate Rochester office, his

spanking new lab overflowing with proj-

ectsnext door. Hall expresses awe at

the mysteries he has seen. "For almost
fifteen years," he says, "I have been
slapped in the face with the highly
improbable. When that happens, you
either gel religion and say 'God is fa-

voring me,' or you conclude that per-

haps your understanding of the proc-

ess— in this case, the process of evo-
lution's incomplete,"

Hall did the latter. Paying attention to

his organisms, the lowly bactena he
has been able to reach just one con
elusion: "While some mutations may be
random, many others are generated by
the organism to cope with environmen
tal stress," Because these mutations are
literally selected by the organism while

it is under stress. Hall calls th'^m se
lection induced."

To date. Hall has generated selection-

induced mutations for half a dozen E.

coli genes and a couple of yeast
genes as well. Most of the time, he
worked with bactena unable to utilize

nutrients such as lactose. He has also

worked with bacteria unable to replicate

because they lack the ability to manu-
facture critical amino acids, the build-

ing blocks of protein. When he first plac-

es these bacterial strains on a plate or

in a liquid medium, the cells seem to

stop growing. But after a few weeks,

Hall finds large numbers of mutants
that can utilize the nutrients or manu-
facture the needed amino acids.

In dozens of control studies, more-
over. Hall has shown that the mutants
are specific to tfie environment. The
starving cells do not just start churning
out mutants at random, If lactose is the

only nutrient available, for Instance, the

mutants will develop the ability to digest

only lactose, not some other, unrelated

sugar. If the medium is missing the ami-
no acid tryptophane, then the cells will

evolve the ability to produce that ami-
no acid only.

These days Hall and Cairns regularly

correspond. One of their most pressing
concerns: Figuring out how bacteria
and yeast can possibly "know" what mu-

tations to make. As Hall himself says,
"It's implausible that a single cell has
an array of machinery complex enough
to measure the environment and then,

in effect, say 'Oh, this is how I haveto
mutate,' and then just go out and do it.

Yet that is what seems to occur."

No viable theory has yet emerged,
though Cairns and other researchers
have speculated on the existence of

something like a spontaneous mutation
generator, "Imagine," says Cairns,
"that these guys [the bacteria] are out

there struggling, and they're not multi-

plying because of the stress. Mutations
are spun out and then gotten rid of, un-
til finally one is good. The lights go on,

the dynamo starts humming, and the

cell can grow. At that point the muta-
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tion generator comes to a halt,"

No matter what the mechanism, how-

ever, one question dominates: Even if

this eerie phenomenon plays a large

role in the evolution of microorganisms,

does il have a similar impaci on the hu-

man species? Evolution, Cairns be-

lieves, worlds the same way for the sim-

plest, one-celled organisms and the

most complex. No matter what the life

form, he says, "the process is the

same," Adds Hall, "As organisms
evolve, they affect the environment. The

environment, in turn, has an impact on

life. If directed mutation turns out to be

a powerful evolutionary force, we may
have to reanalyze the feedback loops

between the biosphere and the earth,"

But Levin of Amherst insists that, de-

spite the elegance of some of the

work, it is not strong enough to stake a

claim, "Until Cairns. Hall, and others

show the mechanism by which direct-

ed mutation takes place, I
will be skep-

tical," he states. "They certainly haven't

shown that organisms perceive the en-

vironment and then understand what

they need, nor have they demonstrated

that organisms have ^e cellular machin-

ery for this perception,"

Some of the strongest criticism to

date has been offered by evolutionary

biologist l=fichard Lenski of the Univer-

sity of California at Irvine, Working with

graduate student John f\1ittler, Lenski

has recehtly published a paper in Na-

ture himself. According to Lenski, cells

may simply generate large numbers of

certain types of mutations when they

are starved, as Cairns and Hall's cells

are. He also suggests that some bac-

terial populations may increase In num;
ber by literally consuming bacterial

waste products; with more cells in the

population, one might expecHo find a

larger number of mutants.

Hall, for his part, counters that he con-

tinues to test all possible explanations

for directed mutation in his lab; as crit-

ics suggest additional control possibil-

ities, he says, he will test those as well,

"no matter how foolish they seem,"

None of the explanations posed so far,

he adds, come close to explaining the

effect, at least according to his pains-

taking control studies in the lab. To bol-

ster his argument, he takes out a stack

of papers currently in press and reams

of data from his shelves. Drawing fu-

riously on his chalkboard, he seems to

demolish the notion that cell starvation

or an undetected increase in colony

size can account for the numbers and

types of mutations he has seen.

Cairns, soon to retire to his native Big-

land, says that the critics "see them-

selves as crusaders defending some re-

ligion, and by hook or by crook, defend

it they will. But the world will pass them
by." The reason. Cairns notes, is the

power of science itself. "Our studies are

ever more detailed," he says, "and sys-

tem after system seems- to be dem-
onstrating this effect. The data will

speak for itself."

If that data holds, evolutionary bi-

ologists will have to go back to the draw-

ing board and rewrite their theories of

how earthly life evolved. If directed ev-

olution turns out to affect not just micro-

organisms, but also more complex liv-

ing things, then we may have to reana-

lyze the fossil record and revamp the

history of Homo sapiens as well. Says

Hall, "It would require a paradigm shift

in the way we view the world."

Whichever way the evidence finally

points, however, it will be business as

usual for lab hound Barry Hall. "The
Neo-Darwinists claim that evolution

works too slowly, and on such large

populations, it's simply impossible to

study the process," he concludes. "But

for people working with bacteria it is pos-

sible to study evolution as it happens.

Biology is an experimental science, not

a theoretical one. The business we're

involved in is asking—not telling—the

universe how it works." OQ
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EARTH
FATAL IMPACT:

Hunt for the crater that killed the dinosaurs

By Curt Wohleber

New evidence

of meteor

strikes from

space puts

The one thing about dino-

saurs scientists agree on

is that they are all dead,

victims of an extinction that

swept three quarters of the

world's species into the evolution-

ary dustbin. How did It happen?
The most talked-about theory in

recent years biames a comet or

asteroid that slammed into Earth

65 million years ago, wreaking hav-

oc. But if the death blow came
from space It shculd hive left a

large hole In the ground

a dent in long-

lield theories

f the dina-

Geologists are busy looking for

that hole. The hunt began in 1980

when Walter and Luis Alvarez dis-

covered a global layer of 65-mil-

lion-year-old rock rich in iridium—
a common ingredient of aster-

oids, The Alvarezes believed

that this "fireball layer" was actual-

ly fallout from a huge explosion

set off by the catastrophic impact

of a meteor Now scientists are de-

termined to find the point of Im-

pact itself. Last year geologists

found an abundance of large

quartz grains In Haiti, but that na-

tion is just one of many vying for

notoriety as tine spot where the fire-

ball hit. Here's a look at other

possible hot spots:

Manson, Named after the near-

by town of Manson, Iowa, not the

murdering psycho cult leader, the

Ivlanson Crater is a favorite of

Glen Izett of the U.S. Geological

Survey Evidence: The crater ap-

pears to consist of the same min-

erals found in the fireball layer.

Manson is 65 million years old,

placing it at the scene of the

crime. Alibi: With a diameter of on-

ly 22 miles, Manson is considered

too wimpy bv most geologists to

ha\e done the dped.

[celand In 19a0 astronomer

F1--I Whipplp proposed that a ten-

I ilometer metaor struck the

I^lorth Atlantic, puncturing

thp yarth s crust. Swallow-

II
I
a meteor that large

ight on an epic-

-i c of geological indi-'

ii-^stion, triggering

I jssive volcanic
i-ijptions that creat-

mJ the Island of Ice-

land Evidence: Ice-

land contains no

,1
rncks older than 65 mi!-

' Imn years Alibi; Studies

"i^ of the fireball layer have con-

vinced most geologists that the

meteor came down on or near a

major landmass. For them, Whip-

ple's Icelandic saga of an ocean

impact won't hold water.

The Deccan Traps, (vlichael

Rampino of New York University

targets India's Deccan Traps, a

million-cubic-kiiometer formation

of volcanic rock. The meteor, he

suggests, caused the volcano to

erupt, and the lava flow covered

up the hole. Evidence: The great

spewing of lava that created the

Deccan Traps coincides with the

dinosaurs' demise. Alibi: Most ge-

ologists are reluctant to blame
enormous lava flows on giant

rocks from space.

Kara and Ust-Kara. The Sovi-

ets entered the crater race with

this pair In the chilly northern

reaches of the Soviet Union, tout-

ed by Ivl. A Nazarov and D. D.

Badjakov ol Moscow's Vernadsky

Institute of Geochemistry. Evi-

dence: They're big enough, Ka-

ra is 75 kilometers across, and
Ust-Kara measures 125 kilome-

ters. Alibi; Like awkward party

guests, they shewed up too ear-

ly. Potassium-argon readings

dale them at about 10 million

years before the mass extinction.

Cuba. Bruce Bohor of the U.S.

Geological Survey suspects that

formations on the southwestern

edge of Cuba could be the result

of impact cratering. Evidence;

Rocks and crystals in the area ap-

pear to have been battered by

some titanic force. But Bohor

hasn't visited the site for a closer

look because access has been

limited since the Bay of Pigs. Ali-

bi: John [vlcHone of Arizona

State University did manage to vis-

it Cuba and says that the geo-

logical anomalies "can be ex-

plained in a nonimpact manner."

Colombia Basin and Chicxulub.

"We think we have found the smok-

ing gun," said University of Arizo-

na geologist William Boynton at

last year's American Geophysical

Union meeting. Boynton and his

colleagues collared two addition-

al suspects last year: a 300-ki-

lometer undersea depression

north of Colombia, and Chic-

xulub, a 150-kilometer crater bur-

ied beneath Mexico's YucatSn
peninsula. Evidence; Chicxulub

contains shocked minerals and
melted rocks, common products

of impact cratering. Alibi: It may
be a case of mistaken identity.

Even if Boynton's group does
manage to turn up hard Informa-

tion, they won't get the last word

while others want to take credit

for finding the killer crater. New
suspects will no doubt surface in

years to come.
As Canadian geologist Rich-

ard Grieve says, "Killing dino-

saurs Is an In thing. "DO
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ed, yes, by the sheer deadliness of the

creature, by its excessive horrificality.

Amused, almost, by its grotesqueries of

form. And coolly aware that in three

bounds and a swipe of its little dangling

paw it could end his life, depriving him
of the sure century of minimum expect-

ancy that remains to him, Despite that

threat he remains calm. If he dies, he
dies; but he can't actually bhng himself

to believe that he will. He is beginning
to see that the capacity for fear, for any
sort of significant psychological dis-

tress, has been bred out of him. He is

simply too stable. It is an unexpected
drawback cf the perfection of human
society.

The saurischian predator cf unknown
species slavers and roars and glares.

Its narrow yellow eyes are like beacons.
Mallory unslings his laser hfle and gets

into firing position. Perhaps this one
will be easier to kill than the colossal

sauropod.

Then a woman walks out of the jun-

gle behind it and says, "You aren't go-
ing to try to shoot it, are you?"

Mallory stares at her. She is young,
only fifty or so unless she's on her sec-
ond or third retread, attractive, smiling,.

Long sleek legs, a fluffy burst of gold-

en hair. She wears a stylish hunting out-

fit of black sprayon and carries no rifle,

only a tiny laser pistol. A space of no
more than a dozen meters separates
her from the dinosaur's spiked tail, but

that doesn't seem to trouble her.

He gestures with the rifle. "Step out

of the way, will you?"

She doesn't move. "Shooting it isn't

a smart idea."

"We're here to do a little hunting,

aren't we?"
"Be sensible," she says, "This one's

a real son cf a bitch. You'll only annoy
it if you try anything, and then we'll

both be in a mess." She walks casual-

ly around the monster, which is stand-

ing quite still, studying them both in an
odd perplexed way as though it actu-

ally wonders what they might be. Mal-

lory has aimed the rifle now at the

thing's left eye, but the woman coolly

puts her hand to the barrel and push-
es it aside.

"Let it be," she says, "It's just had its

meal and now it's sleepy. I watched it

gobble up something the size of a hip-

popotamus and then eat half of anoth-

er one for dessert. You start sticking it

with your little laser and you'll wake it

up, and then it'll get nasty again. Mean-
looking bastard, isn't it?" she says ad-
miringly

"Who are you?" Mallory asks in won-
der. "What are you doing here?"

"Same thing as you, I figure. Creta-

ceous Tours?"

"Yes. They said I wouldn't run into

any other
—

"

"They told me that, too, Well, it some-
times happens, Jayne Hyland. New Chi-

cago, 228.1."

"Tom Mallory. New Chicago also.

And also 2281."

"Small geological epoch, isn't it?

What month did you leave from?"

"August."

"I'm September."

"Imagine that."

The dinosaur, far above them, utters

a soft snorting sound and begins to

drift away,

"We're boring it," she says,

"And it's bohng us, too. Isn't that the
truth? These enormous terrifying mon-
sters crashing through the forest all

iHis
throat is dry, his

fingers

are tingling, He has

never

felt anything iike

this

before in his life.^

around us and we're as blas6 as if we're

home watching the whole thing on the

polyvid." Mallory raises his rifle again.

The scarlet-frilled killer is almost out of

sight, "I'm tempted to take a shot at it

just to get some excitement going."

"Don't," she says. "Unless you're feel-

ing suicidal. Are you?"
"Not at all."

"Then don't annoy it, okay? I know
where there's a bunch of ankylosaurs

wallowing around. That's one really

weird critter, believe me. Are you inter-

ested in having a peek?"
"Sure," says Mallory.

He finds himself very much taken by
her brisk no-nonsense manner, her con-
fident air. When we get back to New Chi-

cago, he thinks, maybe I'll look her up.

The September tour, she said. So he'll

have to wait a while after his own re-

turn, I'll give her a call around the end
of the month, he tells himself.

She leads the way unhesitatingly,

through the tree-fern grove and around
a stand of giant horsetails and across
a swampy meadow of small plastic-

looking plants with ugly little mud-col-
ored daisyish flowers. On the far side

they zig around a great pile of blood-

ied bones and zag around a treacher-

ous bog with a sinisterly quivering sur-

face, A couple of giant dragonfiies
whiz by droning like airborne missiles,

A crimson frog as big as a rabbit grins

at them from a pond. They have been
walking for close to an hour now and
Mallory no longer has any idea where
he is in relation to his timemobile cap-
sule. But the thinko will find the way
back for him eventually he assumes.

"The ankylosaurs are only about a
hundred meters further on," she says,

as if reading his mind. She looks back
and gives him a bright smile. "I saw a

pack of trocdons the day before yes-

terday out this way. You know what
they are? Little agile guys, no bigger
than you or me, smart as whips. Teeth

like saw blades, funny knobs on their

heads, I thought for a minute they
were going to attack, but I stood my
ground and finally they backed off. You
want to shoot something, shoot one of

those,"

"The day before yesterday?" Mallo-

ry asks, after a moment. "How long
have you been here?"

"About a week. Maybe two. I've lost

count, really. Look, there are those
ankylosaurs I was telling you about."

He ignores her pointing hand. "Wail

a second The longest available time
tour lasts only

—

"

"I'm Option Three," she says.

He gapes at her as though she has
just sprouted a scarlet bony crust with

five spikes behind it.

"Are you sehous?" he asks.

"As serious as anybody you ever met
in the middle of the Cretaceous forest,

I'm here for keeps, friend.
I
stood right

next to my capsule when the twelve

hours were up and watched it go sail-

ing off into the ineffable future. And I've

been having the time of my life ever
since,"

A tingle of awe spreads through him.

It is the strongest emotion he has ever
fell, he realizes.

She is actually living that gallant life

of desperate heroism that he had fan-

tasized. Avoiding the myriad menaces
of this incomprehensible place for a
whole week or possibly even two, man-
aging to slay fed and healthy in fact

looking as trim and elegant as it she
had just stepped out of her capsule a
couple of hours ago. And never to go
back lo the nice safe orderly world of

2281. Never, Never, She will remain
here until she dies— a month from now,

a year, five years, whenever. Must re-

main. Must, By her own choice. An in-

credible adventure.
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Her face is very close to his. Her
breath is sweet and warm. Her eyes are

bright, penetrating, ferocious. "I was
sick of it all," sl^e tells iiim. "Weren't

you? Tfie perfection of everytl^ing. The
absolute predictability. You can't even
stub your toe because there's some clev-

er sensor watching out for you, The bio-

monitors. The automedics. The guides
and proctors.

I hated it,"

"Yes, Of course."

Her intensity is frightening. For one
foolish moment Mallory realizes, he was
actually thinking of offering to rescue
her from the consequences of her rash-

ness. Inviting her to come back with him
in his own capsule when his twelve
hours are up. They could probably
both fit inside, if they stand very close

to each other. A reprieve from Option
Three, a new lease on life for her. But

that isn't really possible, he knows. The
mass has to balance in both directions

of the trip within a very narrow toler-

ance; they are warned not to bring

back even a twig, even a pebble, noth-

ing aboard the capsule that wasn't
aboard it before. And in any case be-

ing rescued is surely the last thing she
wants. She'll simply laugh at him. Noth-

ing could make her go back. She
loves it here. She feels truly alive for the

first time in her life. In a universe of se-

curity-craving dullards she's a woman
running wild. And her wlldness is con-

tagious, Mallory trembles with sudden
new excitement at the sheer proximity

of her.

She sees it, too. Her glowing eyes
flash with invitation.

"Stay here with mel" she says, "Let

your capsule go home without you, the

way I did."

"But the dangers
—

" he hears himself

blurting inanely,

"Don't worry about them. I'm doing
all right so far, aren't I? \Ne can man-
age. We'll build a cabin. Plant fruits and
vegetables. Catch lizards in traps.

Hunt the dinos. They're so dumb they

just stand there and let you shoot
Ihem, The laser charges won't ever run

out. You and me, me and you, all alone

In the Mesozoic! Like Adam and Eve,

we'll be. The Adam and Eve of the

Late Cretaceous, And they can all go
to hell back there in 2281."

His fingers are tingling. His throat is

dry His cheeks blaze with savage ad-

renal fires. His breath is coming in

ragged gasps. He has never felt any-

thing like this before in his life.

He moistens his lips.

"Well—"
She smiles gently The pressure eas-

es, "It's a big decision, I know. Think

about it," she says. Her voice Is soft

now. The wild zeal of a moment before
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is gone from it. "How soon before your
capsule leaves?"

He glances at fiis wrist. "Eight, nine

more hours."

"Plenty of time to make up your
mind."

"Yes, Yes."

Relief washes over him. She has diz-

zied him with the overpowering force of

her revelation and the passionate fren-

zy of her invitation to join her in her es-

cape from Ihe world they have left be-

hind. He isn't used lo such things, He
needs time now, time to absorb, to di-

gest, to ponder. To decide. That he
wouid even consider such a thing as-

tonishes him. He has known her how
long—an hour, an hour and a half?

—

and here he is thinking of giving up ev-

erything for her Unbelievable. Unbeliev-

able.

Shakily he turns away from her and
stares at the ankylosaurs wallowing in

the mud hole just in front of them.
Strange, strange, strange. Gigantic

low-slung tubby things, squat as
tanks, covered everywhere by armor.

Vaguely triangular, expanding vastly to-

ward the rear, terminating in armored
tails with massive bony excrescences
atOietips, like deadly clubs. Slowly snuf-

fling forward in the muck, tiny heads
down, busily grubbing away at soft

green weeds. Jayne jumps down
among them and dances across their

armored backs, .leaping from one to an-

other They don't even seem to notice.

She laughs and calls to him, "Come
on," she says, prancing like a she-
devil

They dance among the ankylosaurs

until the game grows stale. Then she
takes him by the hand and they run on-

ward, through a field of scarlet moss-
es, down to a small clear lake fed by a
swift-fiowing stream. They strip and
plunge in, heedless of risk. Afterward

they embrace on the grassy bank.
Some vast creature passes by, momen-
tarily darkening the sky. Mallory

doesn't bother even to look up.

Then It Is on, on to spy on something
with a long neck and a comic knobby
head, and then to watch a pair of an-

gry ceratopsians butting heads in slow
motion, and then to applaud the elegant

migration of a herd of towering duck-
bills across the horizon There are di-

nosaurs everywhere, everywhere, every-

where, an astounding zoo of them. And
the time ticks away

:'s fantastic beyond all comprehen-
sion. But even so

—

Give up everything for this? he won-
ders.

The chalet in Gstaad, the weekend
retreat aboard the L-5 satellite, the hunt-

ing lodge in the veld? The island home



in the Seychelles, the plantation in New
Caledonia, the pied-a-terre in the shad-

ow of the Eiffel Tower?

For this? For a forest full of nightmare

monsters, and a life of daily peril?

Yes. Yes, Yes. Yes.

He glances toward her. She knows

what's on his mind, and she gives him

a sizzling look. Come live with me and
be my love, and we wili ail the pleas-

ures prove. Yes, Yes. Yes. Yes.

A beeper goes off on his wrist and

his thinko says, "It is time to return to

the capsule. Shall I
guide you?"

And suddenly it all collapses into a

pile of ashes, the whole shimmering fan-

tasy perishing in an instant.

"Where are you going?" she calls.

"Back," he says. He whispers the

word hoarsely—croaks it, in fact,

"Tom I"

"Please. Please."

He can't bear to look at her. His de-

feat is total; his shame is cosmic. But

he isn't going to slay here. He isn't. He
isn't. He simply isn't. He slinks away, feel-

ing her burning contemptuous glare drill-

ing holes in his shoulder blades. The qui-

et voice of the thinko steadily instructs

him, leading him around pitfalls and ob-

stacles. After a time he looks back and

can no longer see her.

On the way back to the capsule he

1 pair of sauropods mating, a

tyrannosaur in full slather, another

thing with talons like scythes, and half

a dozen others. The thinko obligingly pro-

vides him with their names, but Maliory

doesn't even give them a glance. The

brutal fact of his own inescapable cow-

ardice is the only thing that occupies

his mind St^e has had-the courage to

turn her back on the stagnant overper-

fect world where they live, regardless

of all danger, whereas he— he

—

"There is the capsule, sir," the

thinko says triumphantly.

Last chance, Maliory

Mo. No. No. He can't do it.

He climbs in. Waits.

Something ghastly appears outside,

all teeth and claws, and peers baleful-

ly at him through the window. Maliory

peers back at it, nose to nose, hardly

caring what happens to him now. The
creature takes an experimental nibble

at the capsule. The impervious metal re-

sists. The dinosaur shrugs and waddles

away.

A chime goes off. The Late Creta-

ceous turns blurry and disappears.

In mid-October, seven weeks after his

return, he is telling the somewhat edit-

ed version of his adventure at a party

for the fifteenth lime that month when a

woman to his left says, "There's some-
one in the other room who's just come
back from the dinosaur tour, too."

"Really," says Maliory, without enthu-

siasm,

"You and she would love to compare
notes, I'll bet. Wait and I'll ^et her. Ja^^

nel Jayne, come in here for a moment!"
Maliory gasps. Color floods his

face. His mind swirls in bewilderment

and chagrin. Her eyes are as sparkling

and alert as ever, her hair is a golden

cloud.

"But you told me—

"

"Yes," she says. "1 did, didn't I?"

"Your capsule—you said it had
gone back

—

"

"It was just on the far side of the

ankylosaurs, behind the horsetails. I got

to the Cretaceous about eight hours be-

fore you did. I had signed up for a twen-

ty-four-hour tour."

"And you let me believe
—

"

"Yes. So I did." She grins at him and

says softly, "it was a lovely fantasy.

don't you think?"

He comes close to her and gives her

a cold, hard stare. "What would you

have done if 1 had let my capsule go

back and stranded myself there for the

sake of your lovely fantasy?"

"I don't know," she tells him. "1 just

don't know." And she laughs. DO

_/ BlLUS Time "released stress]
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nomena by building computer models
of Iliem, rather than by studying the re-

al biological organisms themselves. It

attempted to re-create in some other me-
dium the processes important to life,

and to study those processes in other

mediums or in the abstract. Today I de-

fine artificial life as the study of artificial-

ly constructed systems that exhibit be-

haviors typically thought to be charac-

teristic of real life,

Omni: Your focus is not the materials

of life, but its basic structure^

Langton: The hardware of life is not re-

ally what life Is all afcjout. Biological

things are wet and squishy, so we've

come to associate life with wet and
squishy stuff. But that's because we've

seen lite only in those materials. In

fact, you can often separate the male-

rial from the behavior it exhibits and en-

vision other matehals that could exhib-

it that same behavior. What's important

are the functional relationships between
parts. I see no reason why you can't lift

those relationships from the natural

world and emulate them on a comput-
er. You'd then have a realization of life

in another kind of hardware.

Omni: What's the advantage of study-

ing living processes in media such as

computers?
Langton: Biologists would love to be
able somehow to rewind the evolution-

Since the Dawn of

Civilization...

Man has confided in tliose unique;

individuais embodied witii true

psycliic powers

you desire on your career, money

maners, relationships and much
more. You wiii speai( with a

ihfe psychic who will reveal

the answers to the ^
most Important

mysteries m

Live Consultatioii -Hall liM .

$2.95 per minute - 1 8 years Or older. ^:J^
- * > --'"•-, #*s

North B9ncltCoiiiiiiuiiicatigiis-U.,CA 1 . ' -J -"^ :

ary tape back to certain initial condi-

tions and run it again. You can do
some of that with Drosophila [fruit flies]

and E. coll [bacteria], but there's a lot

you can't do. Simulations enable you to

restart experiments from the exact ini-

tial conditions, changing just a single

parameter and then seeing that param-
eter's effect on the resulting history. You
could start off with the same exact sit-

uations but with different seeds in the

random number generator, for example,

to see the whole envelope of resulting

histories.

Once you get genomes that pass on

the information, mutations, recombina-

tions, then you ask, What happens? The
same thing? Or somefriing different? Do
you see punctuated equilibrium, long pe-

riods of stasis followed by brief periods

of rapid change? Explosions of diver-

sity followed by the filtering out of indi-

vidual lines? Do you see extinctions? As
people have gotten better and better at

implementing these things, you see all

that stuff.

Omni: So extinctions occur naturally,

without the intervention of comets?
Langton: Right. Kristian Lindgren's little

evolutionary models indicate it's plain

as the nose on your face thai you get

extinctions. Clearly, the earth has
been bombarded by big things having
a huge effect, ruining the days of the

local population. But most of the extinc-

tion record's structure is probably due
to the natural dynamics of population

evolution instead of externally imposed
perturbations. This seems a natural fea-

ture of most evolving systems experi-

mented with on computers. If we see

extinctions in these simulations, it's nat-

ural to go on to ask. How much of the

extinction record can we explain by nat-

ural evolutionary dynamics without in-

voking external catastrophes?

Omni: Is anyone in good mad-scientist

%shion trying to create a living thing out

:;if nonbiological components—in a pe-

.ri dish, for example?
Langton: People at IvIlT recently con-

structed a chemical system in which mol-

ecules replicate by template synthesis,

the way DNA replicates, only they

weren't using DNA, This wasn't a com-
puter simulation but was done in real

"beakerware." They used certain

kinds of adenosine triphosphate.

Gerald Joyce at Scripps Clinic Re-

search Institute is trying to build what
he calls an "RNA world" to address a
fundamental problem about the origin

of life: Current life depends upon a tight-

ly coupled interaction between proteins,

enzymes, RNA, and DNA. The tight cou-

pling is that the DNA codes for protein

synthesis, whose products themselves
decode the DNA and mediate its repli-
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cation. To get proteins yotj need DNA,
but to get DNA you need proteins. How
cojid this intricate interdependency
have gotten started? The recent discov-

ery by [Nobel laureate] Tom Cech that

RNA molecules can function as en-

zymes points at one way out of the di-

lemma, Joyce is trying to construct a

completely closed RNA world in which

information-storing RNA molecules
code for RNA enzymes, which in turn

decode the information-storing RIsIA

and mediate its replication. All without

proteins. Another approach is to gel the

whole thing going in a strictly protein

world. Some colleagues here at Los
Alamos and at the Santa Fe Institute are

working on that.

Omni: Would you regard these human-
made chemical structures as alive?

Langton; There's no generally accept-

ed definition of life. That's part of what
we're trying to get at. The more of the

phenomenology of life you're able to cap-

ture—in a computer or test tube—the

more you're pushing into this gray ar-

ea where it is hard to decide if they're

alive. You know: Well, gee, they look

kind of iil<e life. Maybe they're not com-
pletely alive, but the only thing we
have to compare them to is what
evolved on this planet, this one exam-
ple. We really need a class to see
what's universal across that class and
what's accidental in particular instanc-

es or members of that class. Any defi-

nition of life we might make based sole-

ly on our own experience of life on

Earth will be too narrow.

Omni: But with a computer simulation

you don't have a physical entity in

front of you.

Langton: Thai's not such a big obsta-

cle, it all depends on one's definition:

Does your definition have any reference

to physical properties or. not? Scratch

any biologist and he'll give you a list of

things living entities ought to do: repro-

duce, metabolize, be a pattern in time

and space, have complex organization,

be capable of reproducing offspring

that are slightly different and belong to

an adapting and evolving lineage. In

The Growth of Biological Thought, evo-

lutionary biologist Ernst Mayr provides

a classic list of properties that living

things ought to have. But none are re-

ally tied to physical properties. It's all

behaviors. Probably the biologist will

say there's something else life has to

do. He'll add something new to the list,

make a qualification of how the entity

has to go about these things. But we
can make progress, even if we never

generate something on the computer
that biologists admit is alive, by forcing

them to bs more careful about what
they mean when they say "life."
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Omni: In principle, then, is it possible

to have life inside a computer?
Langton: There's a strong and a weak
ciaim about computer simuiations of

life. The claims are analogous to simi-

lar claims for artificial intelligence. The
weak claim is that these are only com-
puter models, tools to help you study

real phenomena. The strong claim is

that these processes can be more
than simulations, that real intelligence

and life could be embedded in the ar-

tificial matehal. The term artificial refers

to the material, not to the life.

1 believe the strong claim: To me ma-
terial is irrelevant. Many different ways
exist to realize any particular set of func-

tions. Multiple realizabilityl This is ttie

functionalist school of philosophy, either

about intelligence or life. Some people

argue: "Life can't be independent of ma-
terial. Look at enzymes. So many of

their properties depend on the chemi-

cal interactions and properties of the at-

oms involved in specific chains."

Yeah, sure, but there are plenty of oth-

er ways to get complicated structure-

function relationships. Clearly, you

have to realize these functions in some
sort of hardware, but the specific hard-

ware Is often irrelevant to the function

itself. Because other materials also may

be viable, computers could provide a
sufficient material basis for life.

Omni: What arguments do those who
deny the strong claim use?

Langton: A standard argument is that

if you simulate a hurricane or thunder-

storm on a computer, nobody gets wet.

But they're missing an important point

here. Simulations of something like wet-

ness differ from those of something
like life or intelligence in that wetness

has very physical attnbutes. Wetness
and liquidity are defined by physical

properties, whereas life is not necessar-

ily so defined.

Omni: Still, any example of a living en-

tity is a physical thing.

Langton: Look, a computer is a physi-

cal thing, too. But a computer can ex-

hibit a lot of behavioral properties, where-

as as yet it can't exhibit a lot of physi-

cal properties. So certain physical at-

tnbutes like viscosity will be hard to get

on computers. I'm so much of a com-
putatlonalist that 1 believe you can
have real wetness in a computer. But

you have to drop the specific physical

attributes from your definition of wet-

ness and define it solely in terms of be-

havioral properties. Tom Toffoli at MIT
refers to certain classes of computers
as "programmable matter." Some of my

thesis research showed that this pro-

grammable matter can exhibit solid, liq-

uid, and gaseous phases of behavior,

just like real materials. So hardware can
act wet. It all depends on definition and
how you Interpret observations. For me
the altered definitions are.much more
powerful and useful than the older,

more restricted ones,

Omni: Has anyone ever come out and
said, "This artificial life stuff is nonsense.

You should do something else"?

Langton: Well, yeah. On one of these ra-

dio call-in shows a guy who purported

to be a scientist said, "There's no such
thing. This Is just a bunch of scientists

trying to promote their careers. You
can't have life inside a computer. It's not

really life, but a sort of pattern of ener-

gy and magnetic molecules on a disk

in a memory somewhere."
And I said, "Throughout your life you

constantly change the cells in your

body, but there's some pattern in

space and time that persists. Your ac-

tual physical media are pretty transient."

He had some counter to that. He just

couldn't buy the whole thing.

Omni: Is everyone in the field trying to

create life?

Langton: No. Lots of people are not stu-

dying life, not trying to make something
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alive when they're looking at an evolv-

ing population. They're studying evolu-

tion as a process. The term artificial

life covers a lot of things that living

things do.

Artificial life also covers the analogy

between biological evolution and evo-

lution of language and culture. In grad-

uate school I had this epiphany—that

words, sentences, and paragraphs
were like genes, Languagejs like so-

cial DNA. Tfie mechanisms by which lan-

guage is transmitted, the basic muta-

tions and recombinations of words and
concepts, have analogs in biology.

More broadly, social Intercourse, where-

by cultural information gets passed on

from one generation to the next, does

for cultural information what sexual in-

tercourse does for biology Social inter-

course recombines cultural information

packets, putting them in new contexts

in slightly different ways.

Omni: People in artificial intelligence

have made grandiose claims about pro-

ducing human intelligence in ten

years, and they've failed. Is there a les-

son here for artificial life?

Langton: The problems in artificial intel-

ligence proved harder than people ini-

tially thought. But the problem of life

may be more solvable than the intelli-

gence problem. We know a hell of a lot

more about how cells work than how
the brain works. We know next to noth-

ing about how the brain works. I'm not

claiming we'll have life within a comput-

er within ten years. But this is mainly be-

cause we may not have a good defini-

tion of life in ten years, not because
we'll be unable to do a fairly good job

simulating the process of life on com-
puters in ten years.

Omni: What are the possible dangers

of creating artificial life? Could these

things get out of the box and start eat-

ing up the biosphere, unleashing un-

speakable horrors on humankind?
Langton: Some of these horrors are al-

ready being unleashed, and not by peo-

ple working in artificial life. Computer vi-

ruses, for example, are one of the

things existing out there closest to arti-

ficial life. In several instances, one com-
puter virus has overridden another, gen-

erating a virus nobody really wrote.

This was a combination of two viruses,

both viable, that spread around target-

ing the same sector of your disk.

Computer network technology is

close to the point where you've got a

big distributed system with powerful in-

formation processors at every node,

with no central controller. These big non-

linear dynamic systems with spatial dis-

tribution have already thrown out exam-

ples of emergent phenomena where it's

hard to figure out what's going on. Prob-

130 OMNI

lems the Bell System had with some ol

their switching networks, where the

whole system went down for several

hours, may have been due to nonlinear

interactions between switching stations.

When they loaded in some new soft-

ware, they had an emergent state

come up that sort of locked out the

whole system.

This is not a virus but an emergent

property of the interactions of these pro-

grams talking to each other. The more
you have autonomous decision makers

that take in local data and make deci-

sions affecting what other agents are do-

ing, the more that medium is ripe tor the

emergence of complex, high-level phe-

nomena. You can get all kinds of funny

behaviors that crystallize out at the

whole-network level that were complete-

ly unintended and unanticipated by the

program designers.

The same is true for stock-trading pro-

grams, buying and selling programs:

The system is ripe for chaos. Each com-
puter interacts via the market, and oth-

er computers are looking at the same
database, making local decisions that

affect the database, too, but in a distrib-

uted rather than centralized fashion.

This nonlinear dynamic system can in

principle give rise to the spontaneous
emergence of something with a iifeiike

dynamic
So stuff is going to start happening

out there. The only way we're going to

be able to understand and control it,

and not be swept under the rug by it in

ways we don't understand, is to study

it in these local, small-scale models.

Omni: Recombinant DNA research was
constrained in the early days by guide-

lines designed to minimize possible dan-

gers. Should the artificial life communi-
ty do something like that?

Langton: The virus panel during our sec-

ond workshop discussed the ethics and

potential risks of working on these

things, Fteople working with computer

viruses, self-reproducing programs, par-

tial programs, program fragments,

shouldn't turn them loose on the net-

work. At the panel, Eugene Spafford [Pur-

due University] said people who create

computer viruses and turn them loose

on the network _are the moral equiva-

lents of those who'd dump a toxic biologi-

cal virus into public drinking water.

Some people don't yet realize it's a bad
thing to do. These high-school hackers

would never break into a hospital or

take some AIDS virus and dump it into

a reservoir, But they don't see that

what they're getting their jollies with

right now is in the same category. It

will in principle have the same effect

down the line. Anyway, I'm putting into

the proceedings of the second work-
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shop a list of ihings to avoid doing if

you're working on computers

Omni: But some of the very same virus

panelists defended the rights of com-
puter viruses to exist. What do you

mai<e of that?
^

Langton: I just can't dismiss those

claims out of hand. But I'm also not go-

ing to run right out and protect the

rights of computer viruses. We all mur-

der life every day, all the time: We cut

the grass, swat flies, poison ants I don't

poison ants so much anymore, now
that.l have a better appreciation for ant

colonies, but I'm trapping mice in my
house right now—they're eating me out

of house and home.
The closer life is to us, the more

rights we give it. It's a very anthropo-

centric, chauvinistic view. Only if it's

like us does it have a right to life, oth-

erwise we get to decide individually

whether it lives or dies. Seems to me
most people will consider computer-

based life as pretty far away from us.

But it's worth addressing philosophical-

ly: What are the moral rights of a proc-

ess versus a kind of material? If we had

a simulated human being In a comput-

er that otherwise behaved and acted

like you or me, would it have a right to

electricity? Could we pull the plug?

Omni: So then, aren't you artificial lite

guys playing God?
Langton: [Long pause] Well, yeah, in a

way. I have to admit it. In fact, some-

one once said to me, "Congratulations,

I'm keeping track of gods, and you

have joined the club. You're an official

god in the club of gods because you

have created a universe—one that ex-

hibits interesting behaviors." But what

does that mean, "playing God"? You

can in some sense call artificial life "ex-

perimental theology" If you create cer-

tain sorts of universes, there's no way
in hell— if I can use the phrase—you
could know in advance what's going to

come out of that universe. Dave Ack-

ley [Bellcore] found this out after he'd

gotten a set of some pretty sophisticat-

ed critters to evolve in his evolutionary

model. When he figured out what he

thought the fittest ones were doing, he

decided to engineer something even bet-

ter. And when he stuck his new, "im-

proved" genotypes in there, they imme-

diately just got eaten up by the other

ones. What he hadn't taken into ac-

count were the ecological interactions

among the creatures.

It's difficult to overestimate the inter-

relationships of things that evolve in

each other's presence. Subtle depend-

encies you weren't aware of are always

there. This is why when you perturb any

part of an ecological situation, it's diffi-

cult to predict the ultimate effect.
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Omni: Do you ever worry that you're in-

terfering with the natural order of

things? Gaining forbidden knowledge?

Langton: What? This notion of artificial,

in the sense of made by humans in-

stead of nature, is a funny concept.

Why do we degrade things we make by

calling them artificial, as opposed to nat-

ural? We're part of nature, and what we.

do is part ot nature. But we're not blind

watchmakers, we're seeing watchmak-

ers. Nature is not Ic be held responsi-

ble because there is no conscious en-

tity capable of foreseeing consequenc-

es. \Ne, however, are responsible for con-

sciously, actively taking care to be
sure we understand the consequenc-

es of building these things.

Omni: Are you skeptical that evolution

is the only mechanism to account for

the complexity of humans and biologi-

cal organisms in general?

Langton: I wouldn't say I'm skeptical.

4lf we had a

simulated human being

in a computer

that otherwise behaved

like you or

me, would it have a right

to electricity?

Could we pull the plug??

There's much to evolution ws haven't un-

derstood yet. Evolution is such a pow-

erful, simple theory, it's just got to be

right. But one thing we're learning from

nonlinear dynamics is thai evolution did

not have to discover, painstakingly, all

the components of some complex or-

ganismic structure of behavior. Aggre-

gates of things interacting in nonlinear

ways make for a situation pregnant

with emergent dynamic possibilities. Na-

ture's just going to be tripping over

these possibilities right and left.

Like a kid in a candy store, nature

probably has had a surfeit of possibili-

ties to choose from rather than a diffi-

cult time working this, that, and the oth-

er things out. Evolution works with

whole aggregates, large populations.

Having variants on the plan—even iden-

tical things— in cooperation with each

other generates zillions of different pat-

terns of activity to select from.

Omni: When successful, will artificial

life supplant natural life?

Langton: That depends on whether we
decide to release living, evolving, au-

tonomous machines with rights to ex-

istence into the biosphere. Right now
to some extent we're populating the bio-

sphere with all kinds of "unnatural"

things: computers, robots, robot eleva-

tors, and trains. But trying to speculate

about the future of artificial life is like tr^

ing to speculate about evolution. We'll

design seme initial things ourselves, but

if artificial life really gets going, it's on-

ly logical to turn over the design proc-

ess to evolution itself. Genuinely auton-

omous artificial life forms should have

the capacity to evolve. And with that,

they could give rise to intelligent, ratio-

nal beings. They could give rise to us,

implemented in a different hardware, or

to anything etsQl I fully expect that

they would.

Future life will probably involve sym-

biotic relationships between autono-

mous machinery autonomous people,

autonomous plants existing together in

self-contained capsules. Analogs of the

original protocells, these habitats will re-

produce themselves as they spread

through space..

Omni: The human-machine entity will

be analogous to an individual cell?

Langton: Yes. That's how it happened
in the past. Collections of molecules

formed cells; a collection of cells

formed more complicated cells; a col-

lection of these more complicated

cells formed multicellular organisms.

When evolution takes a really big step,

it's this jump from a collection of indi-

viduals at one level forming a single in-

dividual at the next level.

Omni: Let me ask again: What is the

meaning of "artificial life"?

Langton: The larger meaning is that we
can no longer point to ourselves and

say, "We are alive, and those things

aren't." Artificial life doesn't bring life

down to the washing machine, the print-

ing press, and car level. It doesn't de-

grade life; It upgrades machinery to our

level. I now have a greater appreciation

for the potential of machinery. I think ma-

chines can achieve the same state of

this qualitative thing we call life, We can

no longer consider ourselves special.

Life IS a property anything can have if

it's organized correctly.

Omni: Why is there only one type of

life on Earth: carbon-based life?

Langton: I'm not convinced it is the on-

ly kind of life. IBM, in some sense, is

alive. Sociocultural institutions, in away
constitute organisms in and of them-

selves. The conditions for life to emerge
may be coming up all the time, all over

the planet, but they just get eaten up

by carbon-based life forms. That's the

big advantage of being first on the

scene: You get to wipe out the things

that come after you. DO
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LAST lAJORD
MYTHEMATICAL GAMES:
Greek. philosophers and missing numbers supply the formula for fun

By Dave Jaffe

count the letters

in Jaffe's

name and multi-

ply by 3. 14,

you will end up
with the

same name and
a meaning-

less string of

numbers.

Mathematical games are some-

thing like the story problems you

struggled with In school. The dif-

ference Is that you can throw

them in the garbage anytime with-

out flunl<ing algebra.

Math teasers break down into

two categories: those that cannot

be solved, and those that can be

solved, but not by you. Although

hundreds of years old, mathemat-
ical games are unique in that Aris-

totle did not invent them. He was,

however, the first scholar to list

the answers upside down on the

problems page.

Here are several problems se-

lected from an upcoming anthol-

ogy of brainteasers. Mathemati-

cal Games That Could Not Be
Solved by People Who Claim

They Have High IQs!

1, If John has three apples
and Mary has two plums, what
country is this?

2. Mr. Cook, Mr. Baker, Mr, Sail-

or, Mr. Refrigerator Repairman,

and Mr. Nuclear Power Plant Com-
munity Information Officer were in

aboat fishing one day

when Mr, Cook noted

that each of their

names described the

occupation of one of

those present.

"That's quite inter-

esting," offered Mr.

Sailor, who preferred

to be called Oscar
Batsman. "Gimme
'nother beer."

The man who
called himself Mr. Re-

frigerator Repairman

chimed In, "VJe gonna
fish or talk?"

"Say, fellas, what
do you say we just

pack it in and go

bowling?" Mr. Nucie--

ar Power Plant Com-
munity Information Of-

ficer said nervously.

He knew that less

than two miles upstream his em-
ployer was dumping deadly pluto-

nium waste in the water, creating

a new breed of fish that lived on

boat hulls and human blood,

Mr. Baker muttered under his

breath, He hated his companions

and had agreed to the fishing ex-

pedition only because his wife

had found out about the Darcy

twins and the photographs and

she was threatening to sing to the

police unless he forked over 80
percent of the profits and put the

house in her name.
Which man is whom, who

does what, where does he do it,

and who cares? The really import-

ant questions are. Who are the

Darcy twins, where are those pho-

tographs, and why should Mrs.

Baker get most of the profits?

3. Achilles, the fleet-footed

Greek hero, was bragging to

friends about his remarkable ath-

letic prowess when Aristotle, over-

hearing, challenged him to run a

footrace with a tortoise. The tor-

toise would start the race at a

point half the distance to the fin-

ish line. By the time Achilles

reached that point the tortoise

would have covered another half

distance to the finish. And so it

would go, Ahslotle smirked, with

Achilles forever closing on the tor-

toise but never catching it,

Achilles thought long and
hard, then asked the philosopher,

"Uh, what if I stabs it?"

"What?" asked Aristotle.

"What if I stab the turtle?"

"You can't just stab it!"

"I got a sharp spear. Cuts

through turtle shell easy," the he-

ro said. "Whaddaya say?"

"It's a tortoise, nectar head!"

Although the rest of this story

is lost, mathematicians have

long wondered. How could two

such remarkable men have con-

versed so casually when one
died more than 600 years before

the other was born?

4. Numbers have always

played an important part in math-

ematics. Without them such
fields as geometry never would

have progressed beyond "Fun

With Squares." Yet it's long been
known that besides zero through

nine there exists an extra digit

wedged somewhere between six

and seven, Mathematicians

have avoided using the mystery

number because it is tricky to

spell and has an embarrassing

shape. The lack of that number
has caused quite a few anom-
alies in physics. For instance, the

mystery number can be used to

prove that the sun is only about

150 yards from the earth and is

the size of a Frisbee. Use the mys-

tery number to recalculate some
"old wives'" equations to prove

that:

a. When you're traveling by

car, the close-up scenery really

does pass by faster than the far-

away scenery.

b. It's now 1847 and whipped
cream cheese is not feasibie, DO
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