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clusions can be used to calculate past
moisture budgets (7, 10). Recent analyses
of fluid inclusions in halite from Permian
lakes have even shown that pH dropped
below 1 partly as a result of aridity and
low buffering capacity (I1).

Fluid inclusions may also provide in-
formation about water table elevation, lake
level, or sea level. As minerals precipitate
near Earth’s surface, they may entrap bub-
bles of immiscible gas. Those gases may
preserve information on the pressure at the
time of entrapment and may be used to re-
construct water depth (12, 13).

When minerals grow in Earth-surface
environments, microbes and organic ma-
terial may be sealed within fluid inclu-
sions. Recently, researchers have revived
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dormant microbes believed to have been
entrapped in fluid inclusions in 250-mil-
lion-year-old halite (14). The potential for
preservation and the timing of entrap-
ment of these microbes have been ques-
tioned (15), but the possibility of finding
degraded or even viable organisms in flu-
id inclusions opens up many exciting
(and likely controversial) possibilities in
paleobiology.

Lowenstein et al.’s study exemplifies
the potential of fluid inclusions to eluci-
date environmental conditions in the geo-
logic past. Studies of fluid inclusions are
likely to play an important role in future
reconstructions of Earth’s paleoenviron-
ment, from the composition of sea and at-
mosphere to biology and climate.
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Neurocreationism—Making
New Cortical Maps

Pasko Rakic

in which the position of its con-

stituent neurons indicates what they
do. Nowhere is this more evident than in a
brain region called the cerebral cortex,
which consists of structurally distinct cel-
lular (cytoarchitectonic) areas responsible
for functions as diverse as sensory percep-
tion, motor control, and cognition.

As the cerebral cortex evolved, the
number of cytoarchitectonic areas in-
creased and the number of sensory repre-
sentations was duplicated (I). Interest in
how the map of the cerebral cortex devel-
ops in the embryo has
been sustained by the

The brain can be thought of as a map

of human mental ca-
pacity during evolution. The research arti-
cle by Fukuchi-Shimogori and Grove on
page 1071 of this issue (2) now identifies
a molecule that is involved in defining ar-
eas within the telencephalon of the devel-
oping mouse brain.

Traditionally, it has been presumed that
the embryonic telencephalon first forms
an equipotential sheet of cells that then be-
comes specified by input from subcortical
centers (tabula rasa model) (3). An alter-
native view—derived from experimental
manipulations of cortical input in primate
embryos—is that cells of the embryonic
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cerebral vesicle themselves carry intrinsic
programs for species-specific cortical re-
gionalization (protomap model) (4). Ac-
cording to this hypothesis, some region-

specific cytoarchitectonic features can de-
velop independently of input (3, 6). In-
deed, the word “proto” emphasizes the
malleable nature of this primordial map.
Within this primordial map, it is envisaged
that cues generated within cortical neurons
attract appropriate input and cooperatively
create a final area-specific, three-dimen-
sional organization. Support for the intrin-
sic specification of cortical maps has ac-
cumulated steadily with reports that a
number of genes whose products regulate

development are expressed in dis-
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crete gradients within cortical re-
gions before (or independently of)
the incoming input (7—/1). The pro-
tomap hypothesis has been bolstered
by evidence that abolition of thalam-
ic input by genetic manipulation does
not prevent cortical compartmental-
ization (/2-14). These dramatic find-
ings prompt the question of how a
well-defined cortical area can be es-
tablished by proteins secreted far
from their targets. Fukuchi-Shimogori
and Grove (2) now reveal that a
change in the concentration gradient
of a single growth factor across the
cerebral wall may have a dramatic ef-
fect on the organization of the cortical
map in developing mouse embryos.

Developmental cartography. A con-
centration gradient of FGF8 (blue) with
the source situated in the frontal pole
affects the position of the whisker bar-
rel field (BF) in the cerebral cortex of
developing mouse embryos. An increase
(A) or decrease (B) in the production of
FGF8 causes a shift of the BF toward the
frontal or occipital pole, respectively. (C)
Insertion of another source of FGF8 at
the occipital pole (*) induces formation
of an extra BF with mirror-image
whisker representation.
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These investigators report that perturb-
ing the expression and site of production
of FGF8, a member of the fibroblast
growth factor family, can profoundly alter
the map of the mouse cerebral cortex.
FGF8 is normally expressed at the anterior
pole of the telencephalic vesicles and is
suspected of influencing neocortical pat-
terning of the telencephalon as it does in
the developing hindbrain. To test this hy-
pothesis, the authors used an elegant gene
transfer technique—in utero microelectro-
poration—to alter production of FGF8 in
the developing neocortex on embryonic
day 11, well before the formation of thala-
mo-cortical connections. In this way, the
authors avoided the early embryonic
lethality that occurs in mice engineered to
completely lack FGF8 (15). Their strategy
paid off as the mice survived and dis-
played a dramatic reorganization of their
cortical maps. This reorganization includ-
ed a shift in boundaries among the frontal,
parietal, and occipital areas with no visible
disturbances in other brain regions. An in-
crease in FGF8 in the frontal pole dis-
places the representation of the facial
whiskers, the familiar “barrel field,” more
posteriorly (see the figure). In contrast,
blocking FGF8 activity with a soluble
FGF8 receptor moved the fields in the op-
posite direction. Remarkably, introduction
of an extra source of FGF8 into the occipi-
tal pole produced an extra barrel field situ-
ated in the occipital lobe of the cerebral
cortex (see the figure). Histological stain-
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ing clearly revealed the presence and mor-
phology of the barrel fields, leaving little
doubt as to the validity of the results.

The ability to rearrange and create new
cortical maps at will in a laboratory setting
is a great achievement. The results of the
Fukuchi-Shimogori and Grove study have
important implications for understanding
how cytoarchitectonic areas could have
been duplicated or added during evolution
of the cerebral cortex. It is especially in-
triguing that the misplaced extra barrel
field has a reverse (mirror image) repre-
sentation of the whiskers, as would be pre-
dicted for an area that was duplicated dur-
ing evolution (/). Given that it is now pos-
sible to duplicate the sensory representa-
tions of the periphery and to create a new
functional area in the cerebral cortex, we
have an unprecedented opportunity to
study how cortical maps develop. For ex-
ample, it will be important to determine
whether the misplaced area induced by the
investigators attracts the appropriate thala-
mic input. Although input from the thala-
mus appears to have little influence on the
initial regionalization of the cortex, it is
essential for its appropriate maturation (4).
Intriguingly, the overall size of the cere-
brum in the experimental animals was re-
duced, prompting speculation about the
status of other cortical areas. It is likely
that many other competing signaling path-
ways besides the FGF8 signaling pathway
are also involved in cortical map forma-
tion (7—14). Most important, the new work

illustrates how a single mutation in a
growth factor could have a sudden and
profound effect during evolution on the
pattern of cortical map formation. Recent
evidence indicates that FGF8 affects cellu-
lar proliferation, apoptosis, and differenti-
ation in the mammalian forebrain through
modulation of Otx2 and Emx2 expression
(16). But this is far from the end of the
story. As a next step, it will be important
to search for additional genes and mor-
phoregulatory molecules that may be in-
volved in cortical specification. It will also
be necessary to develop rodent and possi-
bly primate models of cortical dysgenesis
that mimic specific genetic or acquired
cortical disorders of development (17).
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Storing Carbon on Land

R. J. Scholes and I. R. Noble

col have swung from imminent col-

lapse in The Hague to unexpected
advances at Bonn. But terrestrial sinks of
carbon continue to be problematic. How
important are they in the global carbon cy-
cle? How may they change in the future?
And what use might nations make of land
management to reduce greenhouse gases
in the atmosphere in compliance with the
Kyoto Protocol?

Each year, about 120 PgC (1 PgC =
1015 g of carbon) is exchanged in each di-
rection between terrestrial ecosystems and
the atmosphere; another 90 PgC is ex-

The negotiations over the Kyoto Proto-
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changed between ocean and atmosphere.
For comparison, 6.3 PgC is emitted by
burning fossil fuels, about half of which is
taken up again by the biosphere within
years to a decade (/). This net uptake, or
“sink,” is currently fairly evenly split be-
tween land and ocean, but the uptake pro-
cesses are different, as are projected future
behaviors of the two sinks.

The ocean sink is projected to increase
from the current 1.7 = 0.5 PgCl/year to
around 5 PgCl/year by 2100 (2). The land,
believed to have been a net carbon source
before 1950, is currently a net sink of 1.4
+ 0.7 PgClyear. Given that deforestation is
thought to be a source of 1.6 PgC/year, the
land not undergoing deforestation must be
a sink of 2 to 4 PgC/year (3). Models pro-
ject that the land sink excluding deforesta-
tion will increase to around 5 PgCl/year by
2050 and then level off or decline, possi-

bly steeply (4). Whatever decisions are
made about sinks in the Kyoto compliance
mechanisms, it is essential that these car-
bon fluxes continue to be monitored.
Several processes may contribute to the
net land sink, including the stimulation of
plant growth by the rising atmospheric
CO, concentration, fertilization of ecosys-
tems by airborne nitrogen pollutants, early
effects of climate change, recent and his-
torical changes in land management, and
time delays between carbon uptake by
plants and its eventual release. The relative
proportions of these contributions remain
uncertain, as does their geographic distri-
bution (3). Forest inventory data from
North America reveal little evidence of en-
hanced growth rates (5), suggesting that
virtually the entire North American sink
can be explained by changes in land man-
agement. Neither this mechanism nor ni-
trogen fertilization may be adequate to ex-
plain the large tropical sink. The experi-
mentally confirmed increase in plant pro-
ductivity resulting from increased CO,
concentrations is theoretically sufficient to
account for a large part of the global sink,
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