Yutaka Taniyama, this conjecture con-
cerns certain characteristics of elliptic
curves. A proof of this conjecture would
automatically imply that Fermat’s last
theorem must be true.

Starting about five years ago, Wiles
took on the extremely challenging, highly
technical task of proving the Taniyama
conjecture itself. But he proceeded in
such secrecy that even his closest ac-
quaintances and colleagues were un-
aware of the extent of his effort.

Last week, Wiles was finally ready to
reveal that he had proved a significant
part of the Taniyama conjecture. He
chose to describe his results in his native
land during three lectures presented at a
workshop at the recently opened Isaac
Newton Institute for Mathematical Sci-
ences of the University of Cambridge in
England, the university where Wiles had
done his doctoral studies. His audience
included Mazur, Ribet, and many other
experts in this particular specialty.

Atthe end of his third lecture, almost as
an afterthought, Wiles noted that he had
proved enough of the Taniyama conjec-
ture to show that Fermat’s last theorem
was true.

“The feeling in the field had been that
the Taniyama relationship — this conjec-
ture for certain curves — was absolutely
untouchable, an incredibly deep, very
difficult problem to solve,” says Prince-
ton’s Henri Darmon. “Wiles really
shocked the mathematical community by
announcing he had proved a large part of
the Taniyama conjecture.”

By following a course that built on
previous, well-understood results, and
because of his own reputation for being
extremely cautious and careful in his
mathematical work, Wiles has already
earned a great deal of respect for his
proof. Nonetheless, the details of Wiles’
200-page proof need to be checked thor-
oughly by experts. That might take as
long as a year.

“There are a number of subtle points,”
Darmon says. “But given that he’s using
fundamental theorems, the basic ideas
seem correct.”

Five years ago, Yoichi Miyaoka created
a considerable stir when he announced
that he had proved Fermat’s last theo-
rem — using an approach that differed
considerably from the one taken by Wiles.
However, Miyaoka’s proof turned out to
be flawed (SN: 4/9/88, p.230).

If Wiles’ proof holds up, it does far more
than establish Fermat’s conjecture as a
theorem. Mathematicians now have new
techniques — developed by Wiles — for
tackling other important, difficult ques-
tions in number theory.

“For the specialist, that he has proved
Fermat's conjecture is the less exciting
part,” Darmon says. “His work completely
changes the field.”

In fact, says Sarnak, “this is not the end
of a subject, but the beginning.”

—I. Peterson

Evolutionists pick up on one-night stands

Men and women approach one-night
stands altogether differently, the result of
millions of years of sexual evolution, ac-
cording to a recent study This sexual
divide hinges on the question of what men
and women look for in a mate. It turns out
that men leave their standards behind
when scouting for a casual liaison, while
women consistently maintain theirs.

“From an evolutionary perspective,
mating is the most important game
around; the more you understand it, the
better you'll be at succeeding — or at not
being dissatisfied or horrified with what
the opposite sex does,” says Douglas T
Kenrick, a psychologist at Arizona State
University in Tempe. Kenrick and his
colleagues researched the differences be-
tween men and women'’s criteria for a mate
in the gamut of relationships from one-
time sexual encounters through marriage.

The psychologists asked 327 college
students to state their criteria for 24
traits, such as intelligence, status, and
emotional stability. The students also
evaluated themselves on the same traits.
Unlike most previous efforts, the study
synthesizes two often disparate theoreti-
cal approaches: social psychology and
evolutionary psychology (SN: 10/12/91,
p.232). Combining the two helps reveal
the deep-rooted reasons for different
mating behavior between men and
women, says Kenrick.

The gap between the sexes appeared
greatest when students were asked to
consider a one-night stand, the study
found. In addition, men’s standards for a
mate correlated less closely with their
self-appraisals than did women’s, partic-
ularly for casual relationships. But when
it came to the question of marriage, the
differences faded away, with both men
and women desiring agreeable, attrac-

tive, and emotionally stable mates. The -

study appears in the June JOURNAL OF
PERSONALITY AND SOCIAL PSYCHOLOGY.

Both social and evolutionary psychol-
ogists view relationships as a kind of
market exchange in which each person
seeks the best possible deal, leading to
partners of about equal assets coupling
up. Social exchange theory, however, em-
phasizes the role of culture in setting the
value of a trait, such as beauty, wealth, or
kindness. Social psychologists downplay
innate differences between the sexes,
emphasizing the impact of socialization
on sexual behavior.

Evolutionary psychologists, in con-
trast, view differences in sexual behavior
as a basic aspect of human nature that is
shaped by evolution. Therefore, traits
that appeal to the opposite sex and help
one compete for a mate — such as social
dominance in men and physical attrac-
tiveness in women — have been favored
and passed down. Evolutionary theorists
point out that, to our ancestors, social
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dominance signified the ability to com-
pete well and provide for offspring, while
attractiveness and youth indicated the
health needed to bear children.

To test evolutionary theory, Kenrick’s
group reasoned that men and women
would differ most when considering a
casual liaison. Men would be relatively
indiscriminate, given the chance to “en-
hance their genetic interest with no re-
source investment,” notes Kenrick.
Women, who could end up paying a high
price for a rash mating session, were
expected to be selective.

The study incorporated an important
assumption of social psychology — that
individuals perceive the costs and bene-
fits of sexual behavior differently de-
pending on the type of relationship pur-
sued. It also applied social psychologists’
awareness that men and women take
mating seriously.

Many social psychologists continue to
hold evolutionary psychology at arm’s
length because they consider humans’
behavioral past outside the purview of
present-day experience. But, says Ken-
rick, “We should not research human
mating behavior without asking about its
evolutionary significance — just as we ask
about all other animals.” — B. Wuethrich

Cooperation evolves
via reward strategy

Birds doit, bees doit,even youand I do
it: Instead of selfishly helping only our-
selves or our close relatives, we some-
times choose to cooperate with genetic
strangers. In the past decade, scientists
have suggested that a strategy of “tit-for-
tat” guided the evolution of cooperative
behavior in the animal world. A creature
employing this scheme cooperates with a
compatriot on a first encounter, then
responds in kind to that animal’s subse-
quent actions, whether cooperative or
selfish.

But cooperation may have evolved
largely in response to another rule of
thumb, according to a report in the July 1
NATURE. A cooperative act that reaps
rewards gets retained, in this theory;
once it produces a loss, cooperation is
abandoned for selfish behavior. The same
pattern of “win-stay, lose-shift” governs
selfish acts.

Computer simulations find that this
strategy eventually outperforms tactics
emphasizing tit-for-tat, selfishness, or co-
operation alone, yet it facilitates a great
deal of cooperation in its own right,
assert zoologist Martin Nowak of the
University of Oxford in England and
mathematician Karl Sigmund of the Uni-
versity of Wien in Austria.

The late B.E Skinner and other “behav-
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jorists” long argued that individual be-
havior is shaped by its consequences,
particularly by rewards. Although Nowak
and Sigmund take an analogous approach
to the evolution of cooperation, they call
their successful strategy “Pavlov” be-
cause it responds reflexively to rewards.

Nowak and Sigmund applied Pavlov
and other tactics to the “prisoner’s di-
lemma,” in which two players can either
cooperate or act selfishly. A player re-
ceives the most points for acting selfishly
when the other cooperates, slightly fewer
points if both cooperate, fewer still in
cases of dual selfishness, and no points
for cooperating when the other acts self-
ishly.

In this game, a Pavlov player cooper-
ates only if both participants chose the
same alternative — either cooperating or
not — in their prior encounter.

The researchers had previously found
that a tit-for-tat strategy which forgives a
few selfish acts by others helps boost
cooperation (SN: 1/18/92, p.39).

Pavlov, however, outperformed all
other tactics in a series of computerized

encounters intended to simulate biolog-
ical evolution, Nowak and Sigmund con-
tend. Strategies that yielded higher pay-
offs gained more influence in the overall
simulation, whereas less successful tac-
tics either lost favor or were eliminated.

Pavlov wielded little influence in the
early stages of the trials but attained
dominance by the end of the simulations,
the investigators note. Pavlov’s success
stems from its tolerance of occasional
random deceptions in the trials and its
willingness to exploit consistently coop-
erative programs, they say.

Strategies rooted in the Pavlov ap-
proach may indeed evolve naturally,
writes zoologist Manfred Milinski of the
University of Bern in Switzerland in an
accompanying comment. Milinski and his
co-workers find that stickleback fish that
cooperatively check for predators in
pairs and then encounter partners who
flee during several consecutive predator
checks react in Pavlovian fashion — they
alternately cooperate and flee on succes-
sive predator searches with defectors.

— B. Bower

After four years of
sometimes frustrating
drilling, a U.S. team has
bored almost to the bot-
tom of Greenland'’s thick
glacial cap, reaching ice
that contains informa-
tion about the climate
from 250,000 years ago.
While it has not yet hit
bedrock, the team late
last week set a record for
the longest ice core ever
collected, surpassing a
nearby European opera-
tion that finished its
hole last year.

The work will con-
tinue over the next week
or more until the drill
grinds into the rock below the ice sheet.
Currently at a depth of 3,054 meters, the
drill is advancing slowly through silty,
rock-studded ice, a sign that it has
neared the bottom, according to the
National Science Foundation (NSF),
which funds the project.

The U.S. effort, called the Greenland
Ice Sheet Project 2 (GISP 2), involves a
team of 50 researchers, drillers, and
support staff who have spent their sum-
mers near the broad, featureless sum-
mit of the island’s ice cap (SN: 9/14/91,
p.168). The Europeans drilled 30 kilo-
meters away, at the summit. Progressing
faster than the GISP 2 team, the Euro-
peans stopped at a depth of 3,028 meters
after reaching the silty ice and deciding
not to continue (SN: 9/26/92, p.199).

Formed over millennia by the accu-

Drill nears bottom of Greenland ice cap

A member of the drilling
crew examines a segment
of the Greenland ice core.

mulation of snowfall
each year, Greenland’s
ice cap contains
trapped gases, chemi-
cals, and dust that can
reveal how the climate
behaved at the time
the snow fell. In stud-
ies of ice collected last
year, GISP 2 scientists
discovered that the cli-
mate of the North At-
lantic took only a year
or two to jump be-
tween ice age condi-
tions and a much
balmier state (SN:
12/12/92, p.404).

While the European
effort used a drill
proven in previous projects, the GISP 2
team broke in a new U.S.-built drill. In
1991, motor problems slowed the drill-
ing, and last year a worn cable put an
early stop to the summer work. “In the
first couple of years, we had some bugs
to work out, but this year the drilling
has been very successful,” says Julie
Palais, the glaciology program manager
at the NSF in Washington, D.C.

The U.S. drill bores a 5.2-inch-wide
core of ice, providing almost twice as
much ice for study as the European
version. After GISP 2 finishes, the U.S.
machine will head to Antarctica, where
it will drill a 600-meter-long core near
McMurdo Station. Researchers eventu-
ally hope to drill two long cores in West
Antarctica to compare with the Green-
land records. — R. Monastersky
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Sorting fullerenes
by their handedness

Many organic molecules can exist as
right- and left-handed versions, or enan-
tiomers (SN: 5/29/93, p.348), but chemi-
cals consisting purely of one element
generally come in only one form. For
example, diamond and graphite — both
pure carbon — don't form enantiomers
because their architectures are symmet-
rical, making handedness impossible.

A lopsided 76-carbon fullerene can now
be chemically separated into its two
mirror-image forms.

However, some of the all-carbon mo-
lecular cages known as buckminster-
fullerenes do exist as enantiomers. When
researchers synthesize these 60-atom
buckyballs, the soot they produce also
contains a 76-carbon molecule shaped
like a squashed sphere. This fullerene
occurs as a 50-50 mixture of its right- and
left-handed forms.

Now, two University of California, Berk-
eley, chemists have found a way to sepa-
rate the two subtly different fullerene
forms — a significant accomplishment
considering that the two enantiomers of
the 76-carbon “rugbyball” vary by an
almost imperceptible twist. “Only when
youlook at the molecule from a particular
orientation does it even appear lop-
sided,” notes Joel M. Hawkins, who with
co-worker Axel Meyer reported the re-
sults of their experiment in the June 25
SCIENCE.

The researchers employed a chemical
reaction called osmylation that selectively
uses up one enantiomer faster than the
other. They reacted a 50-50 mixture of
carbon-76 molecules with an osmium
compound and a plantalkaloid that prefer-
entially grabs one version of the molecule
(SN: 1/2/93, p.6). The alkaloid appears to
tell one enantiomer from the other by how
well it fits with the puckered surface at two
of the molecule’s 30 types of bonds,
Hawkins says. He and Meyer stopped the
reaction just before completion and found
that the remaining unreacted fullerene
contained 98 percent of one enantiomer.
They then treated the osmylated product
to recover the other enantiomer.

The researchers found that the pure
right- and left-handed versions of the
rugbyball dramatically rotated the direc-
tion of plane-polarized light rays. Such
molecules may one day prove useful as
optical materials (SN: 8/24/91, p.127).

— K.F Schmidt
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