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M.y ambition as a boy was to become a sci-
entist. The objects, phenomena, and living iz
things we discovered on frequent family out-
ings to the Dutch countryside, and later in
New Jersey, ignited in me a life-long curiosi-
ty about nature, a curiosity that I have since
been able to satisfy through the study of liv-
ing and fossil creatures in the wild through-
out the world. Generous funding made it pos-
sible for me to acquaint myself with the ac-
cumulated knowledge housed in the world’s
libraries, and to mine the riches in the great-
est museum collections. Universities first
taught and then employed me, enabling me to
devote myself and to introduce others to
scholarship.

Had I lived in the Middle Ages, things
would have been different. I might well have
ended up as a blind beggar on the streets, or
have pondered theology at a monastery, or
even faced burning at the stake as a heretic. In
any case, [ would not have become a scientist.
Even a century ago, my ambitions would
probably have been channeled into pursuits
more consistent with society’s expectations
for the blind, such as music or employment in
a sheltered workshop. But I grew up in an age
of unprecedented opportunity, in an era when
children were expected to do better than their
parents, and when a life in science lay within
reach even for blind immigrant boys in mod-
est financial circumstances.

We have come to take the economic
growth that accompanies such upward social mobility for
granted. In fact, the world economy has grown so dependent
upon expansion that most mainstream economists, and politi-
cians of every persuasion, are united in their desire for more
growth, and in their unwillingness to contemplate a dynami-
cally stable system. In his 1960 book, The Stages of Economic
Growth, Rostow confidently predicted that “Billions of people
must live in the world, if we preserve it, over the century or so
until the age of high mass-consumption becomes universal.””*
For him and for many like him, sustained growth in a high-con-
sumption society of opulence is the final stage of economic
development.
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FOSSILS AND THE SOCIAL
FUTURE OF SCIENCE

Science, too, is caught up in this quest.
From the 16th century on it held a key role in
the intellectual revolution that created a cli-
mate favorable to independent thought and
economic activity, and for the past century
and a half it has been instrumental in power-
ing human economic expansion. The fivefold
increase in the size of the human population
since the year 1600, and the more than five-
fold rise in the per capita demand for energy
since 1900," were the consequences, both di-
rectly and indirectly, of dramatic advances in
agriculture, medicine, technology, and nearly
every other branch of pure and applied sci-
ence. Those of us fortunate enough to have re-
alized our desire to become scientists and
scholars have benefited from the economic
system that, on the one hand, encouraged and
became dependent upon an increase in knowl-
edge, and, on the other, imperiled our envi-
ronment, spawned destructive arms races, and
forced rapid cultural change in society.

Economic growth cannot continue forev-
er. Even if we can increase the efficiency
with which we use resources and transform
energy, continued expansion and the taking
of the world’s primary and secondary biolog-
ical production will reach limits dictated by
food, space, or some other secondary re-
source. During the last few hundred years
science has helped to devise effective hy-
potheses about ourselves and our environ-
ment in the expansionist mode. Now it must
help to guide us through an orderly transition from a growing
to a dynamically stable economy, a transition that will cause
far-reaching social changes. Not least among these changes
will be shifts in how, to what ends, and by whom new knowl-
edge will be gained and applied.

My perspective on these matters derives from my studies of
the evolution and history of life as revealed by the fossil record.
Dobzhansky once famously remarked that “Nothing in biology
makes sense except in the light of evolution.”* He might just as
aptly have said, “Everything in evolution makes sense in the light
of economics” or, “Nothing in economics makes sense except in
the light of evolution.” Human society is, in many ways, a mi-
crocosm of the biosphere or, perhaps more accurately in this age
of ecological domination by Homo sapiens, the biosphere has
become a microcosm of human society. Both are economic sys-
tems in which the production and distribution of goods and ser-
vices obey rules set by the costs and benefits of competition and
cooperation among component entities. Humans have the ca-
pacity to predict and to plan, which other living things and the
process of natural selection that shaped life, do not. This gives us
greater scope for altering the environment, for selfish exploita-
tion of resources, and for making grievous errors. Yet our ability
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to forecast and to anticipate does not in any fundamental way al-
ter the nature or the outcomes intrinsic to a system in which fi-
nite resources are divided among interacting, metabolizing par-
ticipants. Both the natural and the human economy are charac-
terized by trade, by the division of labor, and by regulation, and
both have witnessed repeated episodes of growth and contrac-
tion or stability as circumstances change and as economic play-
ers cause and adapt to these changes.

Sterrer (p. 106) captured the essence of the economy of na-
ture when he observed that “An organism represents a hypoth-
esis of its environment, continually tested by selection for its
predictive value and modified by adaptation for a better fit.”$
From time to time in Earth history, physiologically favorable
circumstances, together with biochemical and organizational
innovations, triggered large-scale increases in the control that
living things wield over each other and over the supply of raw
materials on which life depends. “Living
hypotheses” of environments changed
along with the environments themselves,
resulting in great evolutionary ferment.

Those species whose individuals, ei-
ther alone or in coalitions, transformed
the greatest quantities of energy came to
dominate and therefore to exercise effec-
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and spending that had proven successful in the past and that
would maintain society on a more or less even keel, however
tilted in favor of those in power. Lavish spending on weapons
as well as on the public luxuries of civilized life, such as sci-
ence and the arts, yielded, in part, to maintenance of the ne-
cessities of life.

What do such historical patterns say about science? In to-
day’s already fiercely competitive research establishment, in
which the number of scientists is increasing faster than the
budget for research in many fields, scientists have learned that
programs along well-established lines and with more or less
predictable results are more likely to be funded than are less fo-
cused explorations of new directions. Instead of promoting in-
novation, competition in many fields is leading more and more
scientists whose research is very expensive either to steer their
efforts into well-charted territory or to abandon them altogeth-
er. Moreover, as science becomes disar-
ticulated from the economic engine it
once helped to power, it will face an up-
hill struggle to make the discoveries that
will enable humans to adapt to a saturat-
ed world. Some commentators claim
that science will soon run out of things
to discover and explain, and that we
shall, within the foreseeable future,
know all that is knowable. On the con-
trary, I believe that a great deal will re-
main to be discovered for a long time to
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prevalence of negative feedbacks often prevented their estab-
lishment until rare and unpredictable events such as mass ex-
tinctions temporarily disturbed the economic status quo.
Conservatism became the hallmark of many of the economi-
cally dominant life forms, just as it had already done among
the subordinates on the biosphere’s economic margins.

On a vastly shorter time scale, human economic history has
unfolded in a similar manner. Times of growth, such as the in-
dustrial and information revolutions and the period immediate-
ly preceding the Black Death in Europe,! brought with them
the emergence of the rich and powerful, who controlled and
created an increasingly competitive economic system. The elite
in societies undergoing economic growth could afford huge in-
vestments in resource-intensive military arms races, great pub-
lic works, the arts, and profligate consumption. When growth
slowed, competition still prevailed and may even have intensi-
fied, but adaptive responses to it became limited as outlays for
one purpose necessarily denied allocations for others. The best
strategy in the face of stiff competition in a world of strict
trade-offs was conservatism and the pursuit of the exploitation
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ence to fuel expansion on Earth, but we

must maintain and nurture our capacity
to adapt and to probe. In abandoning, or at least reducing, sci-
ence’s economic role, we must not repeat the mistake of so
many societies before ours who abandoned science itself. Just
as it is unthinkable to place our fate in the hands of a despotic
ruler, we must not allow tradition and religious superstition to
choke rational inquiry and curiosity.

I like to believe that I could still have found my way into sci-
ence in a nonexpansionist civilization of the future, where up-
ward social mobility and its attendant opportunities would no
longer be taken for granted to the degree that they have been in
recent centuries. The preservation of opportunity in the face of
unforgiving trade-offs, and the capacity to exercise a degree of
freedom to pursue one’s talent, strike me as a centrally impor-
tant principle in the emerging society. The pursuit of scientific
knowledge may become more like the arts, a way of rendering
life meaningful and fulfilling rather than as an instrument of
economic gain. Be that as it may, we must ensure that the so-
cial climate for the pursuit of science remains favorable so that
we may, to some degree, prepare for unpredictable events that
may sorely test our collective wisdom.
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