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The Gaia hypothesis, as defined by its
prime advocates, states that Earth’s
lower atmosphere is an integral, regu-
lated, and necessary part of life itself
and that, for hundreds of millions of
years, life has controlled the tempera-
ture, chemical composition, oxidizing
ability, and acidity of the Earth’s atmo-
sphere.! As the 1990s dawn, the Gaia
hypothesis is finally out of the shadows
of fringe science. The notion that life
wields active control over the planet’s
physical and chemical environment has
become the subject of critical scientific
debate some 20 years after British
scientist and inventor James E. Love-
lock and U.S. microbiologist Lynn Mar-
gulis first described the Gaia hypothesis.

One point in the debate—whether a
biotic control mechanism-somehow
maintains the Earth’s climate at a tem-
perature suitable for life—has attract-
ed the interest of those who discount
the forecasts of a depleted ozone layer
and an enhanced greenhouse effect. In-
deed, the Gaia hypothesis won some of
its earliest support from polluting in-
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that nature could counter the effects of
pollution and keep the planet inhabit-
able. (The other major supporters were
environmental spiritualists looking for
oneness in nature—an idea for which
Gaia is a marvelous symbol.) But, until
recently, the Gaia hypothesis was virtu-
ally ignored by most of the scientific
community.

Lovelock was aware in the 1970s that
Earth scientists would be skeptical of
a Gaian perspective. The predominant
view in the natural sciences was that life
on Earth is primarily passive, respond-
ing to nonliving forces like volcanic
eruptions, severe storms, droughts,
and even drifting continents. In return,
life can modify the local environment
and, to some extent, the chemical envi-
ronment—through the exchange of
gases in photosynthesis, for example.

But the Gaia hypothesis goes further
and holds that the biota can effectively
and directly manipulate the environ-
ment for its own purposes, or that life
optimizes its environment to suit itself.
This is the most radical idea to grow out
of the Gaia hypothesis and the one
whose criticisms are most difficult to
answer. Nevertheless, by promoting
the profound realization that climate
and life mutually influence each other,
the Gaia hypothesis provides an impor-
tant counterpoint to the predominant
view that environment dominates life.

The Gaia hypothesis evolved from
Lovelock’s work as a consultant for the
U.S. National Aeronautics and Space

MAYAO AN S alea 10LENA

NASA scientists were preparing to
launch the Viking spacecraft for a mis-
sion to examine the possibility of life on
Mars. Lovelock, working with philoso-
pher Dian Hitchcock, argued that there
was a simpler way of detecting whether
life existed on Mars. Telescopic obser-
vations from Earth had already revealed
that the Martian atmosphere is pre-
dominantly composed of carbon diox-
ide (CO,), with relatively little oxygen,
methane, or other reactive gases that,
on Earth, are the product of photosyn-
thesis and other biological processes.
Thus, Lovelock deduced that the prob-
ability of life existing on Mars was ex-
tremely small. He postulated that, on a
lifeless planet, one might expect such
gases to be rare because, without con-
stant replenishment by plants and bac-
teria, these gases would react with
other gases and with minerals on the
planet surface and disappear, except in
minute amounts. Lovelock argued that
the inorganic and organic processes of
a planet are not independent and that
the absence of these gases in the Mar
tian atmosphere indicated the absenc
of life (assuming that life on Mar
would biochemically resemble life o
Earth). Nevertheless, the Viking mis
sion went on, analyzed Martian soils
and found no evidence of life.
Lovelock’s work at NASA eventua
ly led him to his important associatio
with microbiologist Lynn Marguli
who, at that time, also worked ¢
NASA. They postulated the Earth—i

hinta and envirnnment—to be a sel



regulating system able to maintain both
the climate and chemical composition
of the planet in a state favorable to life.
The idea that life shapes the physical
environment is an old one, articulated
at least since Victorian times. For ex-
ample, in 1877, T. H. Huxley wrote:

Since the atmosphere is constantly receiv-
ing vast volumes of carbonic acid from var-
jous sources, it might not unnaturally be
assumed that this gas would unduly accu-
mulate, and at length vitiate the entire bulk
of the atmosphere. Such accumulation is,
however, prevented by the action of living
plants.?

The innovative and controversial
part of the Gaia hypothesis is that life
somehow maintains control mecha-
nisms for its own good—that is, that
life achieves a sort of homeostasis
through negative feedback, or cyber-
netic control. The name Gaia, after the
classical Greek word for Mother Earth,
was the suggestion of Lovelock’s neigh-
bor, the Nobel Prize-winning novelist
William Golding. Said Lovelock, ‘It is
a more convenient term than biological
cybernetic system with homeostatic
tendencies.””?

Lovelock and Margulis suggested
that the Earth as a whole be viewed as a
physiological system—the study of
which Lovelock has recently called the
new science of geophysiology—wherein
complex but not yet well understood
mechanisms maintain a stable environ-
ment beneficial for life on the planet.
Just as a person’s body maintains its
temperature or the thermostat in a
home turns on a furnace or an air con-
ditioner to maintain a set temperature
range, the Earth may have its own in-
ternal. feedback control system. The
Gaia hypothesis simply states that such
mechanisms of physical and chemical
control are embedded in the totality of
life on Earth.

Climate Control

Consider the Gaian argument for
Planetary-scale control of the climate.
It is widely believed that the sun has
been heating up since its formation
many billions of years ago. This belief
1s based on known principles of nuclear
physics that indicate that the hydrogen

in the sun fuses into helium. This proc-
ess very likely requires the sun to emit
more radiative heat energy over time.
Calculations suggest that, some 4 bil-
lion years ago when primitive life first
appeared on Earth, the sun was per-
haps 25 percent less luminous than it.is
today. Modemn climatic theory suggests
that, given such low solar energy, the
Earth should have been a frozen ball.
Yet sedimentary rocks that could have
been formed only by water flowing on
the planet’s surface have been dated as
having been formed as long ago as 3.8
billion years. Fossil evidence of bacte-
ria also has been dated as more than 3
billion years old. Therefore, at least
some part of Earth supported both life
and liquid water when the sun was per-
haps 25 percent less luminous than at
present.

One plausible explanation of this
“‘faint early sun paradox’’ was offered
in 1971 by astronomer Carl Sagan of
Cornell University and George H. Mul-
len of Mansfield University.* They sug-
gested that the gases methane and am-
monia, which are efficient absorbers of
infrared radiation, could have been
present in the Earth’s atmosphere in
concentrations sufficient to trap radia-
tive heat and, through the greenhouse
effect, prevent the loss of energy from
Earth to space. In other words, these
gases could have created a super green-
house effect that kept the Earth’s tem-
peratures equable while the sun was
still relatively faint. However, methane
and ammonia are removed so quickly
from the atmosphere that they proba-
bly could not have reached the levels
that Sagan and Mullen suggested. Sci-
entists have since proposed that CO,
would have been the best candidate to
create a super greenhouse effect, but
the basic idea is still attractive.’ Indeed,
Lovelock and Margulis have argued
that both the emission and removal of
greenhouse gases, such as ammonia,
CO,, and water vapor, by various or-
ganisms are part of the Gaian planetary
temperature control mechanism.

But why has the planet not subse-
quently overheated, since the sun pre-
sumably has increased its luminosity by
some 25 percent over the past 4 billion
years? Lovelock and Margulis find a
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Gaian explanation in the tiny ocean
phytoplankton that incorporate CO,
from the atmosphere into their calcium
carbonate shells. As the Earth warmed
up, the plankton should have taken up
CO, more efficiently. When the plank-
ton died and sank to the ocean bottom,
their carbonate shells would have be-
come sediment, thus removing CO,
from the system. Moreover, increased
rain from warmer conditions would
have created more run-off from the
land. Run-off provides nutrients to feed
plankton and removes CO, from the air
through the weathering process. Love-
lock and Margulis suggest that the net
loss of CO, would have been enough to
compensate for the warming sun. Thus,
they argue, Gaia is actively maintaining
a fairly constant climate temperature as
the sun heats up.

Several possible problems with this
scenario have emerged, however. First,
phytoplankton, although biologically
primitive relative to organisms like
trees, are still much more sophisticated
than the simple bacteria that were the
only living things for the first two-
thirds of the past 4 billion years. In-
deed, eucaryotes such as phytoplank-
ton that contain distinct nuclei evolved
only about a billion years ago. Thus,
phytoplankton could not have been the
primary CO, sink during the 2 to 3 bil-
lion years in which simpler life forms
were dominant and the sun continued
to heat up. Perhaps certain photosyn-
thesizing bacteria were involved in re-
moving CO,, but the mechanisms and
any quantitative assessment of the
magnitude of the removal are yet to be
shown.

A more serious criticism, however, is
the assertion by inorganic geochemists
that temperature control through CO,
removal could be accomplished inor-
ganically, without any biological mech-
anism. In 1981, University of Michigan
geochemists James C. G. Walker, Paul
B. Hays, and James Kasting developed
an elaborate model for feedback con-
trol of climate temperature but with a
different mechanism for CO, removal.
Instead of plankton removing CO; by
depositing calcium carbonate, the geo-
chemists postulated an inorganic com-
petitor for this process involving the






