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mineral resources, polluted the air,
and contaminated waterways. This
trend has intensified with a burgeon-
ing world population, coupled with
the power of technology. It has esca-
lated and accelerated alteration of
the environment in ways never be-
fore possible.

The special emphasis of this meet-
ing of AIBS is on the Chesapeake Bay
ecosystem, which has a very per-
sonal meaning for me since my hus-
band and I are racing sailors who
have spent the last twenty-five years
sailing on the Bay. Jack and I just
returned from meetings in England,
which we combined with a visit to
the Lake District, where the poet
Samuel Taylor Coleridge lived.

I am reminded of Coleridge's lines
from his long poem, "The Rime of
the Ancient Mariner," those lines
that we all had to memorize in high
school:

Water, water everywhere,
And all the boards did shrink
Water, water, everywhere
Nor any drop to drink...
The very deep did rot.

aquatic life and inhabitants of the
land. Like the ancient mariner and his
crew, we would not be innocent vic-
tims, but rather societal participants.

Much like the Chinese definition
of "crisis," there is both opportunity
and responsibility for the science
community. This is where biocom-
plexity takes shape as a research di-
rection, as well as a key to social
understanding. To my mind, bio-
complexity reaches beyond biodi-
versity. When we speak of sustaining
biodiversity, we mean primarily
maintaining the plant and animal
diversity of the planet, a very impor-
tant goal.

On the other hand, the phrase
"understanding biocomplexity"
speaks of a deeper concept. It. is not
enough to explore and chronicle the
enormous diversity of the world's
ecosystems. We must do that-but
also reach beyond, to discover the
complex chemical, biological, and
social interactions in our planet's
systems. From these subtle but very
sophisticated interactions and inter-
relationships, we can tease out the
principles of sustainability.

I recognize that to many of you,
this must sound like a "coals to
Newcastle" speech, a preaching to
the choir. Nevertheless, there is a
purpose. This message is one that we
have to take to the larger science
community and ultimately to the
public.

On President Clinton's recent trip
to China he urged the Chinese gov-
ernment and the Chinese people not
to make the same mistakes that other
developing nations have visited on
themselves. He reminded them that
economic growth and environmen-
tal preservation are not mutually
exclusive. As all of you know, this is
a lesson we are still struggling to
appreciate in America.

In my new job as NSF Director, I
am learning new things about biol-

To Coleridge, in his altered state of
the fantastical, this dire fate came
about to avenge the death of the
albatross. One nevertheless has to
wonder at the insight and the imagi-
nation of Coleridge writing at the
end of the eighteenth century.

Here we are at the end of the
twentieth century, roughly 200 years
later. And our "water, water every-
where" has the potential to become
barren, useless, and even poisonous to



ogy from very unlikely sources. Con-
gressman George Brown of the Hou~e
Science Committee, and a long-time
friend of science, made an astute
observation in the commencement
address he delivered at UCLA in
1994. He said to the graduates:

Not unlike the way diverse cells in
multicellular biological organisms
signal their activity and thus coor-
dinate their behavior with unlike
cells to ensure the survival of the
organism, we as citizens need to
do the same. We can learn our
place and function in the larger
community only by signaling-by
explaining ourselves.

quite...arbitrary Not merely the
duty ...to create technological novel-
ties, but equally the duty to surren-
der to these novelties uncondi-
tionally ... without respect to their
human consequences."

Mumford does not devalue sci-
ence and technology here. Instead,
he is critical of our lack of attention
historically to our values and our
vision as a society. He is telling us
something worthy of our serious
consideration. His words should not
only make us attentive to what we
are able to do but also make us ask
ourselves if those things we can do
take us to where we need to go as a
society and a civilization. Marshall
McLuhan said more simply, "First
we shape our tools and then our
tools shape us."

Today, we have sophisticated re-
search methods and tools, thanks to
the work and the creativity of many
of you here. This capability, and our
growing awareness of the effect of
human exploration and settlement
on the planet, will drive our new
agenda for the twenty-first century.

The Chinese have an oft-quoted
expression that is both cautionary
and opportunistic: "May you live in
interesting times." We surely are liv-
ing in those times. The expanding
knowledge of our research base holds
the key. It will both caution us of the
dangers and allow us to take advan-
tage of the opportunities for positive
change.

As I said earlier, we in the life
sciences have been aware of the is-
sues and problems of Earth's bio-
sphere for decades now. But it is not
enough for us to just be aware of the
problems: We need to play an active
part in the solutions.

The solutions are not only scien-
tific, but social and political. They
will require your active participa-
tion. In the end, our task for science in
the twenty-first century will be toac-
knowledge that Coleridge was a good
poet but not a good prophet in his
devastating scenario. I am convinced
we will meet the challenge. I:J

tions and balances of a complex eco-
system like the Chesapeake Bay is a
significant challenge-at least as dif-
ficult as learning how to understand,
influence, and educate our oWn spe-
cies. Survival, let alone the capabil-
ity to flourish, depends on our abil-
ity to achieve what is a truly
interdisciplinary task.

We should aspire to move from
remediation to increasingly predic-
tive and more powerfully preventive
capabilities. The challenge is, at the
same time, to be more focused, yet
more integrated in our research. No
problems exist in isolation, whether
they are scientific, social, or technical.
More often, they are all three at once.

My own research on the ancient
scourge, cholera, which is still very
much with us today, can provide an
example. It is now possible to utilize
remote sensing and computer pro-
cessing to integrate ecological, epi-
demiological, and remotely sensed
spatial data to produce predictive
models of cholera outbreaks.

We can now predict conditions
conducive to pandemics of cholera
in those parts of the world where the
public health infrastructure is inad-
equate or even lacking. Populations
can then be instructed on preventive
public health measures. This is a
major step forward from the old pat-
tern of remedial action, that is, react-
ing to major, devastating epidemics.

In the long run, our individual
research knowledge and understand-
ing will not be sufficient for the
larger-scale research programs. Our
cooperative attitude-and our com-
prehensive vision-will also be
needed to devise and implement strat-
egies at the interdisciplinary level.

This sets a goal for all of us. Our
new knowledge, and our approach
to solving problems, must be col-
laborative. This will move us toward
sustaining all living systems, our-
selves included. We already have
considerable evidence to suggest that
the human species often works in
opposition to its own long-term best
interest.

The late social philosopher, Lewis
Mumford, wrote that "Western so-
ciety has accepted as unquestionable
a technological imperative that is
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For the science community, this sig-
naling is more than just biochemi-
cal-it means reaching across disci-
plines. It will take biologists, ecologists,
physical scientists, computer scien-
tists, engineers, and surely those in
the behavioral sciences to understand
the signals for survivability.

The new challenges of understand-
ing biocomplexity will draw us to-
gether across diverse disciplines. As
we collaborate in an array of disci-
plines, our work will connect and
overlap. It will gain strength and
insight from that blending.

This means that as scientists we
must get better at signaling to each
other. Only by doing this can we
develop a universal language that
allows all of us to communicate and
develop an understanding of the
biocomplexity that defines1ife on
this planet.

As scientists, we must also be-
come more comfortable with dia-
logue-that is our signaling-to the
larger public about the value and
contributions of science to society.
That signaling requires astute listen-
ing as well.

As biologists and ecologists, we
are especially aware that each spe-
cies and organism has distinct char-
acteristics and capabilities. So too
with the human species. Perhaps our
most distinct capability is to be able
to plan and construct a sustainable
future for the benefit of all species
and ecosystems.

Despite this capability, just learn-
ing to decipher the delicate interac-
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