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As any gardener can tell you,
it takes a lot of work to main-
tain a balanced ecosystem. The
eight crew members who spent
24 months isolated in Bio-
sphere 2 don’t need to be re-
minded: It took virtually all
their waking hours to feed
themselves and keep their en-
vironment in order. That’s one
reason, say Biosphere organiz-
ers, that few scientific results have come out of Biosphere—
though critics point to deeper problems (see main text).

When the biospherians emerged last fall, lean and tired, they
could point to several major achievements. The facility had
proved an engineering marvel, losing just 9% of its atmosphere a
year—an impressively low figure for a 3.15-acre building that one
researcher describes as shaped “like an octopus with lumps.” The
biospherians recycled all their waste and water and produced 80%
of their food, making up the difference with supplies stored at the
beginning of the mission. And several components of the minia-
ture world, including the marsh, coral reef, and ocean, have been
pronounced healthy by researchers surveying the facility.

But Biosphere proved that a sealed world may not be an eden.
Best known are the woes of the biospherian atmosphere, which
became so rich in carbon dioxide that engineers had to install a
scrubber to cleanse it, and so depleted in oxygen that they had to
provide regular oxygen infusions. What threw the atmosphere
out of kilter, as Jeff Severinghaus and Wallace Broecker of La-
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Hard labor. Eking a living from
Biosphere’s gardens.
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mont-Doherty Earth Observatory and other geochemists deter-
mined last year, was the compost-rich soil in the project. As soil
microbes oxidized the organic matter, they drained oxygen from
the air inside the dome and released carbon dioxide.

Besides suffering headaches and shortness of breath from the
oxygen loss, the biospherians also went hungry. The productivity
of their gardens fell short as pests burgeoned and the Arizona
sunlight, already attenuated by the glass and steel greenhouse, was
further weakened by a run of unusually cloudy weather. The result
was drastic weight loss—an average of more than 25 pounds over
one 6-month period for the men.

Added to those burdens was the challenge of trying to keep the
wild ecosystems healthy. To keep down algae growth on their reef,
the crew had to pick off “bags and bags” of seaweed, says Phil
Dustan, a reef expert at the College of Charleston who monitors
Biosphere’s corals. They had to eliminate rogue species, such as
the lobsters that were devouring other organisms in their ocean
and the vines that threatened to choke the wilderness. And they
had to pollinate plants by hand after bees and other pollinators
died out, along with two-thirds of the 300 insect species originally
introduced into the dome. Some insects, unfortunately, did ex-
ceptionally well: The cockroach population exploded, as did a
species of black ant accidentally introduced into the enclosure.

Biosphere 2 may not have taught many lessons about bio-
sphere 1, the outside world. But it has left no doubts about how
hard it is to build a working substitute. Says Don Spoon, a microbe
expert who recently left Georgetown University to join Biosphere
as a staff scientist, “You have to play God, and that’s not easy.”

-T.A.

in Biosphere and making it work as a self-
contained ecosystem. During the first mis-
sion, the biospherians had to cope with high
carbon dioxide and low oxygen levels, diffi-
culties in growing crops because of pest inva-
sions and cloudy weather, and endless drudg-
ery in maintaining their habitat (see box).
With all that to contend with, says Cor-
liss, “there wasn’t much time for biospher-
ians to do research.” The next crew, he points
out, should have it easier. Technicians will
continue adding oxygen to keep the air
breathable. New plant species introduced
during the transition period should soak up
some of the carbon dioxide as they build
their woody stems. And shade-tolerant crops
like bananas, cassava, and taro, artificial
lights in the gardens, and toads and geckos to
control pests should bolster the food supply.
Those steps should leave the crew more
time for activities other than growing their
food and weeding their wilderness. And sci-
entist-guests will, except for several hours a
day of work in the agricultural area, be free to
pursue research. That should permit more of
the kind of small-scale experiments several
researchers set up in Biosphere last time
around. Before the first occupation, for ex-
ample, Avise and his student Kim Scribner
released two closely-related species of mos-
quito fish into the freshwater pond to study

hybridization between them, a process that
might happen in nature. And Jeff Severing-
haus of Lamont, Broecker, and others have
been analyzing vegetation to see how the
high carbon dioxide levels affect the ratio of
carbon isotopes taken up by plants.

Publications have been sparse so far,
however. Corliss promises “major results”
from a large-scale survey of plants and ani-
mals during the 6-month transition between
the first and second missions. He also stresses
the promise of other studies that are just get-
ting started, including analyses of reactive
gases given off by the plants, studies of hu-
man physiology, and video observations of
root growth. But Soffen, Broecker, and oth-
ers think those mostly descriptive studies
don’t use Biosphere to its full potential. In-
stead of operating the facility to answer spe-
cific questions about the interactions between
organisms, soil, and atmosphere, Soffen says,
its managers have opted for something “more
like 19th-century natural history: ‘Let’s see
what’s there and we'll record it.””

Some outsiders would like to conduct ex-
periments that would require manipulating
the composition of Biosphere’s atmosphere
or even partitioning the facility into smaller
ecosystems. But a researcher familiar with
the project, who asked not to be named, says
Biosphere managers are reluctant to agree to
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such steps because of what he calls their
“pseudo-holism. They believe that you
shouldn’t try to test for effects individually;
they consider that reductionism.” Instead,
they prefer to let the system run with mini-
mal interference. “They’re hoping some-
thing will pop out and grab them,” adds
Broecker. To Broecker, the only hope for
the facility to reach its full potential is for
SBV to set up an independent research insti-
tute, able to solicit and evaluate research
proposals on its own.

There’s no need for that, says Corliss. “If
we decide we need more input from outside
scientists, we'll get it.” He argues that “a de-
tailed, laid-out plan” can blind researchers to
surprises, and he defends the current mix of
modest experiments and patient data collec-
tion by pointing out that Biosphere is the
first facility of its kind; it’s too early, he says,
to be sure just what questions it can be fo-
cused on most profitably. “In some respects
you’re exploring unknown territory.”

He adds that some of the criticisms reflect
“frustration on the part of outsiders, who can
think of all the things they’d like to do in
Biosphere.” And there Corliss and his critics
are in perfect agreement. Says Broecker, “To
design good science in there isn’t easy, but
it could be done—and should be done.”

—Tim Appenzeller
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