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For more than 3,000 million years before the advent of human
culture, the evolution of life on earth was shaped by a complex inter-
play between opposing forces: between molecular fidelity and genetic
mutation; between genetic adaptation to local and immediate circum-
stances and the adaptive inertia of large populations constrained by
development and phylogenetic history; between the origination of new
species—of novel patterns of survival—and the extinction of estab-
lished ones; and between the payoff of individual reproduction and the
uncertainty of individual survival in the face of competition, predation,
disease, and inimical physical environments. Human culture pro-
foundly altered the scales of time and space within this causal network,
through the intentional propagation of desirable genotypes of plants
and animals (artificial selection), the indiscriminate shuffling of species
of diverse geographical origin, the alteration of landscapes o1. a geo-
logical scale, and, now, the modification of the atmosphere on a global
scale.

In Western culture, the traditional mythic view of nature as antag-
onist cast us always as either victims or heroes. This view still provides
the stuff of romance for novels and filmscripts and draws readers to
front page stories of the casualties and survivors of natural disasters
and the first ascent of Nepalese peaks. But in reality, the current
prevailing myth of industrial society is that we have achieved dominion
over nature. We have stopped the flow of great rivers, changed the
course of molten lava flows, and irrigated deserts. We have learned
how to fly and to travel deep beneath the sea. We have found out how
to control or even eliminate diseases. Meanwhile, however, we have
begun to acknowledge the unintended consequences of human ac-
tions—the accumulation of toxic wastes, alteration of the atmosphere,
permanent destruction of rdin forest soils, extinction of entire faunas
and floras. Perhaps in the long term, we may find ourselves the victims,
not of nature as we found it, but of nature as we have remade it. In
reality the scope of human intervention has placed us in a new role.
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4 Natural and Unnatural History

rent histories, somewhat different selection pressures, and simply from
historical accidents.

Speciation, Extinction, and Biological Diversity

Genetic variation is the raw material of evolution within species.
Some of the new genetic variants (alleles) that arise continually
through mutation are eliminated, and some are “fixed” by selection;
some are maintained at an intermediate frequency by geographically
and temporally varying selection, and some persist simply because
there is strong selection neither for nor against them (Futuyma 1986).

The event of speciation, which we now usually envision as the
splitting off of a new population from a parent population through
reproductive isolation, permits the preservation of gene combinations
adaptive to new circumstances and prevents them from being diluted
or swamped by genes that were more appropriate in the ancestral
context. Genetically, the incipient species is now free to go its own way
under the guidance of natural selection. Although some new species
apparently diverge rapidly from the ancestral stock, while others
change little over long periods of time, speciation must be viewed as
the principal mechanism fostering biological diversity. Because each
successive episode of speciation in a lineage produces a new branch
that itself may speciate, the process has the potential for producing an
exponential increase in genetic diversity over time (Templeton 1981).
Here, I speak of the origin of new species by the process biologists call
cladogenesis—the branching of a lineage. This process is entirely dis-
tinct from anagenesis—a continuous succession of forms replacing one
another without branching, within a single line—which many people
envision when they hear the word ““evolution.” Figure 1, see pages 6-7,
makes the distinction (along with other points to be discussed later).

The brake on this process, of course, is extinction—a perfectly
natural phenomenon that has already removed more species from the
face of the earth than the number that now exists, quite apart from any
human influence. Superimposed on a long, slow increase, the total
number of species has fluctuated over geological time scales—some-
times dramatically, when rare episodes of mass extinction interrupted
long-term patterns (Raup and Sepkoski 1982; Raup 1988).

These patterns of net change in number of species, however, must
be clearly distinguished from species turnover— the rate at which exist-
ing species are replaced by new ones through the combined effects of
speciation (cladogenesis) and extinction. In geological history, turn-
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over has nearly always been far greater than the rate of net change in
species diversity—with the possible exception of periods of mass ex-
tinction. In other words, speciation and extinction rates have been
roughly balanced over vast stretches of time (Stanley 1985).

The current alarm over real and potential extinctions caused by
human activities must be seen in this context. From an historical point
of view, the problem is not that extinctions are occurring, but that the
expected rates of extinction, for most groups of organisms, are so high
that the net change in species diversity, over an exceedingly short
period of time, has vastly overwhelmed normal turnover rates (Myers
1979; Ehrlich and Ehrlich 1981; Wilson 1988a).

Economic Value of Species

Why does extinction matter? Human beings, after all, are just as
much the product of organic evolution as any other species. If our
success means the demise of an extra few million species over the next
hundred years, and if extinction—even mass extinction—is a natural
phenomenon, then why be concerned? One way of collecting the an-
swers to these questions is to pose another: In what sense do species
have value? The many answers that have been given to this question
by biologists, philosophers, and economists (e.g., Ehrenfeld 1976;
Myers 1979; Caufield 1984; Callicott 1986; Norton 1986, 1987;.1).. H.
Regan 1986; Sober 1986; Randall 1986; Wilson 1988a) may be dlv'defi
into arguments based on the instrumental value of species and thenlr
diversity—which I have chosen to subdivide into arguments of economic
value and of scientific value—or on the intrinsic value of species. This
section treats arguments for the preservation of species based on eco-
nomic arguments.

Civilization was founded on the adaptive “inventions” of other
species. The domestication of food plants simply improved on the
existing storage tissues of plants—seed endosperm, roots, tubel.-s.
With fiber plants, we simply improved and extracted the support tis-
sues (linen, sisal, hemp, jute) or fibers involved in seed dispersal (cot-
ton, kapok). The effective principles of drug plants, spicc§, herbs, a'nd
natural dyes rely heavily on compounds evolved by plants in protective
response to the depredations of insects, mites, and diseases (.Slmpson
and Connor-Ogorzaly 1986). The use of domesticated animals for
work or transport simply exploits their existing capacity for locomo-
tion; use of their pelts, hair, or feathers for clothing mimics the role
these tissues serve for their original owners; human use of animal milk
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menl'of new molecular and statistical techniques, loses much of its
meaning under conditions of rapid habitat alteration or changes in the
biota (e.g., Janzen and Martin 1982). A large but unknown proportion
of the adaptations of all species are adaptive responses to other species
(Futuyma and Slatkin 1983). When the composition of biological com-
munities changes radically, these adaptations are difficult or impossi-
bl? to interpret in the context of inevitably altered ecological relation-
ships among surviving species. .

Bcalistically, of course, it is already too late to preserve some
species already on their way to extinction and even too late to set aside
certain rarer kinds of habitat. Biologists of the next century will indeed
have to make do with what is left, whatever we do in the meantime. The
question then becomes how best to direct our efforts to maximize the
Iong-term scientific return. At present, the consensus favors concen-
trating funds and efforts on the preservation of tracts or transects of
rf:lauvclyl intact representative ecosystems, with minimal loss of spe-
cies, and in some cases, to attempt restoration of rare habitat types and
their associated biotas (Soulé 1986; Allen 1988; Wilson 1988a).

Intrinsic Value of Species

. The Fonlention that all species have some entirely noninstrumen-
tal intrinsic value is at once the most fundamental and most difficult of
l}?e 'thrco‘;- Jjustifications for species preservation that I have chosen to
distinguish (Ehrenfeld 1976, 1988; Godfrey-Smith 1980; Callicott
15)86;. Sob(;r 1986; D. H. Regan 1986; Taylor 1986). Here philosophi-
cal, b.no!oglca], and logical pitfalls lie ready to capture the naive and the
sophisticated alike, and I shall doubtless fall into one or another of
them—at least by someone’s criteria. As a nonphilosopher, I fear to
tread where I know neither the subtle connotations of terms, nor the
catalogue of accepted wisdom or the lists of acknowledged heresies.
Nonc%helc§s. having agreed to provide my “‘autonomous reflections”
asa l?nologlsl, I will attempt to make clear a view of intrinsic value that
I believe rc.ﬂects the thinking of many or perhaps most biologists (at
least organismal and population biologists) who have considered the
matter.

For the purposes of this essay, we shall have to assume that we
know 'what a “species” is and what an “individual organism” is; we will
conceive of a species as composed of individual organisms that are
g.cncu‘cally very similar due to recent common descent. In fact, scien-
tific disputes abound concerning the proper definition of “species,”
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and additional difficulties arise in defining “individual” for clonal spe-
cies (Futuyma 1986)—quite apart from philosophical meanings of the
term.

In my experience, biologists involved in evolutionary or ecologi-
cal work consider it self-evident that all species have “scientific value,”
in the sense that I have used that term. Coming from a biologist,
however, the argument that species ought to be preserved for their
scientific value may appear narrowly self-serving. In any case, this
argument only weakly and unevenly supports the principle that all
species should be preserved because some are bound to be of more
scientific interest than others, even in the long term. Consequently,
biologists involved in political and economic struggles over the preser-
vation of species (and their habitats) characteristically overlay their
scientific justifications with a heavy veneer of economic arguments—in
the broad sense discussed above.

In fact, however, both the scientific and (especially) the economic
arguments are often tactical window dressing—a conscious attempt to
appeal to the presumed values of the world of politics and business.
Biologists certainly believe that scientific and economic arguments are
valid and important, but a more fundamental motivation underlies
them. When cornered, most organismal and population biologists,
and some others as well, will admit to a strongly felt intuition that every
nonhuman species has value in itself (Godfrey-Smith 1980; Callicott
1986; Collar 1986).

This intrinsic value (or “inherent worth™ [Sitter 1989)) of a spe-
cies is independent of whether the species is vital to human welfare,
at one extreme, or an imminent threat to human welfare, at the other—
although in the latter case (e.g., smallpox or the AIDS virus), we may
choose to pursue the extinction of the species despite its intrinsic value.
In its purest sense, this intuition ascribes intrinsic value even to species - -
that are completely irrelevant to human welfare, of only redundant
interest scientifically, and of negligible ecological significance.

Leaving aside theological justifications for the designation or in-
stillation of intrinsic value in earthly entities, the term must inescapa-
bly imply human attribution of noninstrumental value. My basic claim
here is empirical—that biologists behave, speak (usually off the re-
cord), and sometimes write in ways that reveal that they attribute
intrinsic value to species. There are good reasons to believe that many
nonbiologists, including the peoples of developing countries (Collar

1986), share this appreciation of nonhuman species for their own sake.
I will also try to explore the meaning and ramifications of intrinsic
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intrinsically valuable as the sum of its intrinsically valuable parts? I
think the answer is quite obviously “no,” both for Homo sapiens and for
every other species. I doubt that anyone would argue that our species
will be twice as valuable when there are twice as many of us as there
are now, assuming we get that far. Likewise, if only 1,000 humans
survived a nuclear holocaust, the species as a whole would be no less
valuable to its members than at present.

A species has intrinsic value because it is essentially irveplace-
able. Biologists value species, in themselves, more than any individual
organism within a species, for the simple reason that the loss of a
species means the loss not only of every living individual member of
that species, but of every future member as well—along with any
daughter species that might otherwise have arisen. Nonetheless, a
sliding scale clearly governs the level of concern and effort that both
conservation biologists and the public are willing to expend to dis-
cover and save species in danger of extinction (e.g., Kellert 1986;
Mittermeier 1988).

Once again, the notion of ‘‘replaceability” unites many of the
criteria for interpreting the relative intrinsic value of species (apart
from any additional scientific or economic value). In the same way that
one individual may seem an adequate replacement for another of the
same species, despite the actual differences between them, one of two
or more extremely similar species will be valued less than a highly
distinct species that stands out from the pack—or one of great geologi-
cal age (D. H. Regan 1986). Thus the single endemic sundew species
in a threatened temperate bog may be perceived as having greater
intrinsic value than one of three very similar species of moss endemic
to the same bog. In terms of replaceability of distinctive genetic infor-
mation, this approach has some justification.

Population welfare versus individual welfare. In assessing the impact
on biological diversity of habitat loss, pollution, scientific collection of
organisms, or the introduction of geographically exotic or engineered
organisms, biologists are generally concerned not with the survival of
individual organisms, but with the welfare of populations (Vermeij
1986). For example, the Juan Fernandez Firecrown, an extremely dis-
tinctive and scientifically intriguing species of hummingbird, is found
only on a small island (Isla Robinson Crusoe) 660 kilometers off the
coast of Chile. Having survived 300 years of deforestation and the
introduction to the island of rats, dogs, cats, pigs, sheep, goats, and
a host of continental plants, the hummingbird is now severely threat-
ened by the coati—a common, omnivorous, highly intelligent, and
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charming tropical relative of the raccoon, which was intentionally in-
troduced to the island in the 1930s. To save the Juan Fernandez
Firecrown, it will be necessary to control or—preferably—eliminate
coatis from the island (Colwell in press).

This example brings clearly into focus the clear potential for con-
flict between the valuation of individual organisms and the valuation
of species (Norton [1987) discusses other-examples at length.) No
program has yet been mounted to eliminate or control the coatis on
Isla Robinson Crusoe, but one may well imagine that the trapping,
shooting, or poisoning of the coatis will be difficult to justify to those
who place the welfare of individual animals (especially intelligent and
beguiling mammals) above that of populations of endangered species.

This inherent conflict in values yields to no easy solution. The
principle of replaceability argues for the preservation of species in
preference to the preservation of individuals, when those ends are in
conflict—but the argument carries weight only if one believes that
individuals are more easily replaced than species. People whose chief
contact with animals has been with personal pets—who are often
unique individuals to us—tend to have great difficulty with the idea of
replaceability. The owner of a beloved parakeet may find it impossible
to agree with the biologist who argues for the humane sacrifice, re-
quired for a carefully planned scientific study, of a hundred chickadees
from a wild population of 100,000 (Greene and Losos 1988). It is here
that the course of action based on the human rights model for the
treatment of individual animals differs most from the alternative view
that we are responsible for the appropriate care, not only of individu-
als, but of species.

Aesthetic value as a form of intrinsic value. Among the lay public, one
may guess at the prevailing societal criteria for organismal aesthetics
(Kellert 1986) by noting the large amateur following for particular
subgroups within higher taxa—chimpanzees, orangutans, and gorillas
(but not tree shrews); parrots and hummingbirds (but not flycatchers
or swifts); felids, canids, and bears (but not hyenas); mollusk shells (but
not their inhabitants and not squid); butterflies and bright-colored
moths (but not dull-colored groups of moths); palms, bromeliads,
orchids, and “wildflowers” (but not grasses, not spurges). Clearly,
bright colors, accessible behavior, and human-like qualities hold great
appeal.

The aesthetic value of species is treated by some writers (e.g.,
Sober 1986) as essentially identical with intrinsic value and by others
(e.g., Callicott 1986, footnote 15; Randall 1986; Norton 1987) as a






























40 Natural and Unnatural History

Sober, E. 1986. Philosophical problems for environmentalism. Pp. 173-194 in Norton,
B. G., cd., The Preservation of Species. Princeton, Princeton University Press.

Soulé, M. E. 1986. Conservation Biology. Sunderland, Massachusetts, Sinauer Associates.

Stanley, S. M. 1985. Rates of evolution. Paleobiology 11:13-26.
Stevens, G. C. 1983. Atta cephalotes (zompopas, leaf-cutting ants). Pp. 688-691 in Janzen,
D. H., ed., Costa Rican Natural History. Chicago, University of Chicago Press.

Stoll, J.. and L. Johnson. 1984. Concepts of value, nonmarket valuation, and the case

of the whooping crane. Transactions of the North American Wildlife Natural Resource Conference

49:382-393.

Taylor, P. W. 1986. Respect for Nature. Princeton, Princeton University Press.

Templeton, A. R. 1981. Mechanisms of speciation: a population genetic approach.

Annual Reviews of Ecology and Systematics 12:23-48.

van der Pijl, L., and C. H. Dodson. 1966. Orchid Flowers: Their Pollination and Evolution.

Coral Gables, Florida, Fairchild Tropical Garden and University of Miami Press.
Vermeij, G. J. 1986. The biology of human-caused extinction. Pp. 28-49 in Norton, B.
5., ed., The Preservation of Species. Princeton, Princeton University Press.

Victmeyer, N. D. 1986. Lesser-known plaunts of potential use in agriculture and forestry.
Science 232:1379-1384.

Vitousek, P. M. 1988. Diversity and biological invasions of oceanic islands. Pp. 181-189
in Wilson, E. O., ed., BioDiversity. Washington, D. C., National Academy Press.

Williams, J. T. 1988. Identifying and protecting the origins of our food plants. Pp.
240-247 in Wilson, E. O., ed., BioDiversity. Washington, D. C., National Academy Press.

Williamson, M. 1988. Potential effects of recombinant DNA organisms on ecosystems
and their components. Pp. $32-835 in Hodgson, J. and A. M. Sugden, eds., Planned
Release of Genetically Engincered Organisms (Trends in Biotechnology/ Trends in Ecology and
Evolution Special Publication). Cambridge, Elsevier Publications.

Wilson, E. O., ed. 1988a. BioDiversity. Washington, D. C., National Academy Press.
Wilson, E. O. 1988b. The current state of biological diversity. Pp. 3-18 in Wilson, E.
0., ed., BioDiversity. Washington, D. C., National Academy Press.

Witt, S. C. 1985. Biotecknology and Genetic Diversity. San Francisco, California Agricultural
Lands Project.

Wong, W. K. R,, et al. 1988. Wood hydrolysis by Cellulomonas fimi endoglucanase and
exoglucanase coexpressed as secreted enzymes in Saccharomyces cerevisiae. Bio/ Technology
6:713-719.

nAsd

R BN BN

T R b i N R R i i D SR R R N

ERICPRI RN

L AR,

)




