domesticated sunflower remains at San An-
drés, which date to 4700 years ago. Some ar-
chaeologists have argued that the sunflower
was domesticated in eastern North America
(4). The new data challenge this idea [the
complete details are due to appear soon (9)].
This is all the more interesting because
molecular studies of extant wild sunflower
populations from several different regions of
North America, including ones near the ar-
chaeological sites in question, could not iden-
tify the wild progenitor (9). However, ad-
ditional studies using different genetic
markers are needed.

We could resort to the unsatisfying expla-
nation that, although other wild sunflower
varieties are common in the United States,
the wild ancestor may be extinct. But per-
haps molecular biologists have not yet sam-
pled the right spot. Wild Mexican sunflowers
are distributed a few hundred kilometers di-
rectly north of San Andrés but were not in-
cluded in the molecular analyses (see the
figure). If future work identifies them as
credible ancestors to the domesticated
species, this would provide strong support
for Pope ef al.’s hypothesis for a Mexican
origin of sunflower, but a separate origin in
North America would still be possible.

PERSPECTIVES: CLIMATE CHANGE

SCIENCE’'S COMPASS

The Mexican sunflower data clearly bear
importance for the question of whether east-
ern North America was an independent cen-
ter of plant domestication. During the past
10 to 15 years, scholars have been building
a case for such a scenario (4). Eastern North
America stands in dramatic contrast to the
other independent centers because it arose
much later, about 5000 years ago, with sun-
flower and squash (Cucurbita pepo L.) con-
sistently among the oldest components of
the plant assemblages (4).

Now that a North American origin for
sunflower is under reexamination, attention
will also turn to what seems to be the earli-
est plant in the complex, squash. Some con-
troversy already surrounds it because, as
with sunflower, investigators are not willing
to rule out the possibility that squash was a
product of Mexico, where evidence for the
domestication of C. pepo is 10,000 years
old (10). The story is more complicated be-
cause of the probability of two separate do-
mestication events of the C. pepo variety of
squash (4), but again, molecular studies in-
dicating where these events most likely
took place remain to be carried out. A more
complete answer will rest on such molecu-
lar studies and their convergence with fu-

ture archaeological work in northeastern
Mexico and the eastern United States.
Students of prehistoric agriculture have
proposed numerous explanations for its be-
ginnings, many of which rely on either the
influence of the ecological changes that oc-
curred globally at the end of the last Ice
Age or processes operating from within
human social systems involving the emer-
gence of power and prestige (2). Identify-
ing the regions where plant domestication
arose independently, and regions where it
did not, is crucial for our understanding of
why and how agriculture emerged. More
surprises are sure to come our way.
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Where Has All
the Carbon Gone?

Steven C. Wofsy

of fossil fuel have increased almost 40
percent in the past 20 years, but the
amount of CO, accumulating in the atmo-
sphere has stayed the same or even declined
slightly. The reason

Enhanced online at for this ghscrepar_u:y
www.sciencemag org/cgi/ 1S that increasing
content/full/292/5525/2261 amounts of anthro-
pogenic CO; are be-

ing removed by forests and other compo-
nents of the biosphere (7). It is estimated that
more than 2 billion metric tons of carbon (2
Pg C)—equivalent to 25 percent of the car-
bon emitted by fossil fuel combustion—are
sequestered by forests each year. Inverse
models for studying atmospheric concentra-
tions of CO, suggest that mid-latitude forests
in North America and northern Eurasia (2, 3)
are crucial carbon sinks that remove this CO,
from the atmosphere. But analyses of forest
inventories (which measure forest areas and

E mission rates of CO, from combustion
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timber volume) seem to indicate that forests
sequester much smaller amounts of carbon
(4, 5). Thus we have a mystery: If our
forests are sequestering billions.of .. ..
tons of carbon annually, vJ".7""
can’t we find it? Evidently>
we have not been looking
in the right places. £
One place to look is -
in the organic matter of «
forests that is not consid-
ered commercially valu-
able and so is not nor-
mally reported in forest
inventories. Such organ-
ic matter includes woody
debris, soil, wood prod-
ucts preserved in land-
fills, and woody plants
that have encroached on
grasslands because of
the long-term suppres-
sion of natural fires (see
the figure, this page).
According to Pacala et
al. on page 2316 of this

the se.
me [adapted
of carbon

es is be

per year, equ

questered carbor

B of fossil fuel emissions wec
The fate of sequestered carbon. Up-
take of atmospheric CO; by vegetation
and soils in the United States, parti-
tioned according to the ultimate fate of
the sequestered carbon in the environ-
ment [adapted from (6)]. The total up-
take of carbon in the continental Unit-
ed States is between 0.3 and 0.6 Pg C
per year, equivalent to 20 to 40 percent
of fossil fuel emissions worldwide.

issue (6), more than 75 percent of the carbon
sequestered in the United States is found in
organic matter that is not inventoried. When
all major sequestration processes are count-
ed, the range of values for uptake of CO, by
US. forests is 0.3 to 0.7 Pg (10" g) of car-
bon per year. This number is similar to that
calculated from inverse models, and is com-
patible with direct carbon flux measure-
ments and ecological data.
Asia is another place to look for forest
. carbon sinks, as Fang et al. (7)
Sonstrate on page 2320 of
is his issue. They report that
a forests in China have se-
questered substantial
quantities of CO,, despite
population pressure,
i  rapid expansion of indus-
¢ try, and a relatively small
base of forest land (~100
" million ha with 4.5 Pg C
in China, versus 250 mil-
 to 40 p 1- lion ha with 12 Pg C in
] the continental United
States) (8). Reforestation
and afforestation (the
planting of new forests)
have been national poli-
cies in China since the
late 1970s, motivated by
the desire to restore de-
graded ecosystems for
flood and erosion con-

ron-
total up-
tal Unit-
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