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Squash Seeds Yield New View
Of Early American Farming

Just as a wisp of hair or a speck of blood can
sway the verdict in a criminal trial, the tiniest
morsels of evidence can swiftly undercut an
ascending scientific theory. According to a
view that has attracted many supporters over
the last few years, human beings in the Ameri-
cas gave up hunting and gathering for farming
5000 to 3500 years ago—much more recently
than previously thought, and several millen-
nia behind Near Eastern and Asian civiliza-
tions. But a reanalysis of a handful of oversized

Because the corn and bean fragments still
seem to be much younger, Smith’s new find-
ings suggest that farming took hold more
gradually in the Americas than in other parts
of the world. In the Near East and China, for
instance, vigorous agricultural economies
had sprung up by 9000 and 7500 years ago,
respectively, within a thousand years of the
domestication of the first crops. The gap be-
tween the squash dates and those for other
crops implies that Mesoamericans spent thou-

ments in 1966, he quickly identified them as
domesticated varieties of the squash Cucur-
bita pepo, the same species to which modern
pumpkins and summer squash belong. The
seeds and stems were larger, the rinds
thicker, and the outer skin more colorful
than the corresponding parts of the wild
Cucurbita gourds still growing in some re-
gions of the Americas. But he couldn’t date
them directly. The radiocarbon-dating tech-
nique then available required pulverizing
large chunks of material, which would have
destroyed the fragments.

So Flannery resorted to an indirect tech-
nique. In each era of human occupation of
the cave, called Guild Naquitz, residents
added a new layer of detritus to the cave
floor. Flannery gauged the age of the oldest
squash parts by dating charcoal from the
same layers as the squash. He con-
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squash seeds and other table scraps dug up in a
Mexican cave has upset this theory, leading to
a brand-new picture of the transition to agri-
culture in the New World.

Curiously enough, the new evidence comes
from a researcher who, until recently, in-
sisted that early Americans were latecomers
to agriculture. Archaeologist Bruce Smith,
director of the archaeobiology program at
the National Museum of Natural History in
Washington, D.C., based his case on an im-
proved carbon-14 dating technique called
accelerator mass spectrometry (AMS); it had
revealed the oldest fragments of domesti-
cated squash, corn, and beans from caves in
Mexico to be no more than 5000 years old—
several thousand years younger than had
been thought. Then last year, Smith traveled
to the Instituto Nacional de Antropologia e
Historia in Mexico City to gather an addi-
tional set of squash fragments for the same
kind of dating. And, as he reports on page
932, these fragments imply that agriculture

gotan early start after all: They turn out to be
8000 to 10,000 years old.
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sands of years planting gourds such as squash—
even selecting strains for certain character-
istics—without “making any other substan-
tial transition to growing their own food,”
says Gayle Fritz, an archaeobotanist at Wash-
ington University in St. Louis. “They were
still practicing their old hunting, gathering,
and fishing ways.”

The debate about the emergence of New
World agriculture turns on a few bits of
squash stashed in a drawer at the Mexico
City institute. Found in the 1960s by the
University of Michigan’s Kent Flannery at a
dry cave in Oaxaca, Mexico, they are the
only evidence of agriculture’s earliest days in
the Americas—along with a few other crop
fragments discovered by Flannery’s mentor,
Richard “Scotty” MacNeish, in four rock
shelters and caves in Tamalipas and the
Tehuacén Valley. Most archaeologists who
go to Mexico “want to dig up Mayan tombs,
fancy temples, and caches of jade,” explains
Flannery. “They’re not interested in these
preceramic hunter-and-gatherer cultures.”

When Flannery found his squash frag-

cluded that the fragments were nearly =
10,000 years old—implying that the &
transition from foraging to farming ¢
began more or less simultaneously in &
the Fertile Crescent and the Ameri-
cas. MacNeish used the same strategy 2
to estimate slightly younger ages for
the crop fragments from his caves.

There matters stood until the 1980s,
when many archaeologists began usmg &
AMS. In both conventional and AMS 2 <
radiocarbon dating of organic samples, £
the ratio of the slowly decaying isotope
carbon-14 to normal carbon yields an 2
estimate of the time elapsed since the 5
organism’s metabolism ceased. But3
whereas conventional radiocarbon dat-
ing measures carbon-14 by counting &
decay events, AMS counts the carbon-
14 atoms directly, meaning that much ¢
less sample material is needed.

In 1989, Austin Long, ageochemist at the ¥
University of Arizona, Tucson, and Bruce:
Benz, a paleobotanist now at the Umver51ty 2
of Guadalajara in Mexico, used AMS to date ¢
the oldest domesticated corncobs directly 2
from MacNeish’s digs in Tehuacan. Aston-*
ishingly, they found the cobs to be only 4700
to 1600 years old, some 800 to 2300 years
younger than MacNeish and his collabora-
tors had estimated.

That finding sparked an impassioned de-
bate among archaeologists about the accuracy
of the dates for all the crop fragments from the
Mexican caves. In a 1994 Current Anthropol-
ogy article, entitled “Are the First American
Farmers Getting Younger?,” Fritz wrote that
“One begins to wonder how many, if any, of
the [domesticated species] from the Tehuacén
excavations actually precede 3000 B.C.”
Fritz argued that burrowing rodents or people
digging fire pits might have disturbed the
cave floor’s layers, casting doubt on all of
MacNeish’s dates from charcoal in the layers.

This revisionism also led Smith to won-
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der about the reliability of Flannery’s dates
for the Guil4 Naquitz squash material. If the
other crop fragments were as young as they
now seemed, Flannery’s dates would mean
that several thousand years had passed be-
tween the domestication of the first crop,
squash, and the widespread domestication
of other crops, such as beans and com. To
Smith, that seemed implausibly long, in light
of the abrupt appearance of farming-based
civilizations in the Near East and Asia. “All
these different lines of evidence seemed to
suggest that it was worth taking a step out
onto thin ice and predicting that [when
dated using AMS] the Guil4 Naquitz squash
would turn out to be younger than people
had initially proposed,” says Smith.

In retrospect, that step wasn’t warranted. In
Mexico City last year, Smith retrieved the 13
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seeds and other Cucurbita material Flannery
had extracted from zones B through E of the
floor of Guild Naquitz (see diagram on previous
page), layers spanning the period from 10,800
to 8700 years before the present. Smith’s AMS
dating of the seeds bore out Flannery’s original
estimates: One zone C seed proved to be 9900
years old, while five zone B seeds ranged from
8400 to 10,000 years old.

This effectively squelched the squash
squabble. “What’s exciting about Smith’s
data,” says Flannery, is that the first Ameri-
can farmers “aren’t getting younger—in fact,
they may be a little older than we thought.”
Question marks still hang over the plant ar-
tifacts from MacNeish’s Tehuacén sites; al-
though most researchers agree that the new
AMS dates there are trustworthy, MacNeish
isn’t ready to concede that his dating of the

cave-floor layers was flawed.

Still, by all accounts, AMS dating is forcing
ethnobotanists and archaeobiologists to re-
think their definition of “farmer.” “There’s
been a dichotomy of views: People can either
be hunter-gatherers or agriculturalists,” ex-
plains Smith. “In reality, there’s a transition
stage between these two, but we don’t know
much about it. And in Mesoamerica, it’s clear
that this ‘transitional phase’ was 6500 years
long”—longer, Smith notes, than the hunting-
gathering and farming phases put together.

The only way to fill in this picture, say
Smith and other researchers, is to search out
new troves of agricultural remains. Until
then, says MacNeish, there will be “a lot of
room for speculation, and a lot of very opin-
ionated people.”

~Wade Roush

Will UV Lasers Beat the Blues?

SAN FRANCISCO—The competition to make
the next generation of compact-disc readers
continues to burn white hot. At a meeting of
the Materials Research Society held here last
month, a team of scientists reported creating a
new type of chip-based laser that generates
the shortest wavelength light yet—ultraviolet
(UV). If the experimental laser could be
turned into a practical device, its short wave-
lengths would allow it to read CDs and CD-
ROM s packed with far more information than
» today’s versions can hold.
That could put the new device out front
Zin the competition to succeed current CD
= lasers, which play a beam of near-infrared
9light over the tiny indentations that store
2data on a CD. Over the last few years, re-
gsearchers worldwide have been racing to
¢ commercialize other chip-based lasers that
S emit shorter wavelength blue light, which—
% by allowing the use of even tinier indenta-
£ tions—could increase fourfold the amount of
: data stored on discs. But the new laser, based
on the semiconductor zinc oxide (ZnO),
promises even greater gains.

The device was developed by ceramics
researcher Masashi Kawasaki and his col-
leagues at the Tokyo Institute of Technology
in Yokohama, the Hong Kong University of
Science and Technology in Kowloon, and
the Institute of Physical and Chemical Re-
search (RIKEN) in Sendai, Japan. “It’s great
work,” says Chang-Beom Eom, an associate
professor of materials science at Duke Uni-
versity. The device now has to be pumped
with light from another laser, but if the re-
searchers can adapt it to run on electric cur-
rent, says Eom, it “means the density of data
storage can go even higher.”

At the heart of all chip-based lasers are
semiconductor materials that allow elec-
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trons to exist at only specific energy levels, or
“bands.” Incoming energy excites the elec-
trons, boosting them from a low-energy to a
high-energy band, and leaving behind posi-
tively charged vacancies in the lattice struc-
ture of the semiconductor crystal. In a laser,
the energized electrons give up their excess
energy as photons of light when they fall
back down into the vacancies. Mirrors flank-
ing the semiconductor then toss the photons
back and forth through the material, stimu-
lating the generation of additional photons
at the same wavelength, which make up
the laser’s beam. 2
In semiconductors used in
conventional lasers, the
energy gap between the
high- and low-energy
bands is too narrow to
generate UV photons. In
ZnO, this gap is wide
enough, but past efforts to
build lasers using the material
have been largely unsuccessful.
Although the crystals have been
coaxed to emit photons of UV light,
the emission is weak, in part because
defects in the crystals trap the pho-
tons. When researchers were unable to grow
bulk ZnO crystals without the defects, most
gave up on the material for making lasers.
Kawasaki and his colleagues took a differ-
ent approach. Using a sort of high-tech,
atomic spray-painting machine, they were
able to create thin, nearly defect-free, ZnO
films made of tiny crystalline grains laid
down in a honeycomblike pattern. When
team members bombarded the film with a
light beam, they found that the film absorbed
the energy and reemitted it as a surprisingly
intense UV laser beam. Kawasaki believes

that the sharp boundaries between illumi-
nated and dark portions of the film act as tiny
mirrors to reflect UV photons into a coher-
ent beam. The film’s honeycomb structure
also may help excited electrons to combine
with positively charged vacancies to produce
photons, he says, although the exact mecha-
nism there is not yet clear.

For now, the new films only produce UV
laser light when their electrons are energized
with blasts of high-energy photons from big,
laboratory lasers, which are much too cum-

bersome to be adapted for use in
consumer electronics products. The
next step is developing compact,
ZnO chip-based lasers that will
generate a beam when jolted
with electrical current from
electrodes above and below
. the semiconductor film.
But that won’t be easy, be-
cause vacancies don’t
move as easily from the
anode through ZnO as
they do in other mate-
rials, says Jeff Cheung,
a materials scientist at
the Rockwell Science
Center in Thousand
Qaks, California.
Cheungand others
recently succeeded in
enhancing the positive conductivity of ZnO
films by spiking them with trace amounts of
nitrogen. If such doping techniques allow
ZnO lasers to make it to market, they prob-
ably will have another advantage over the
competition. ZnO films can be grown at
about 500 degrees Celsius, hundreds of de-
grees lower than gallium nitride, the most
popular material for blue lasers. Call it a
cool way to beat the blues.
—Robert E. Service

Laser
material.

Atom-scale im-

age of ZnO film.
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