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A new syntheticdisciplineaddressesthe dynamicsand problems
of perturbedspecies, communities,and ecosystems
Michael E. Soule

C

onservationbiology, a new

stage in the applicationof science to conservation problems,addressesthe biology of species,
communities,and ecosystemsthat are
perturbed,either directlyor indirectly, by human activities or other
agents. Its goal is to provide principles and tools for preservingbiological diversity.In this articleI describe
conservationbiology, define its fundamental propositions, and note a
few of its contributions.I also point
out that ethical norms are a genuine
part of conservationbiology, as they
are in all mission- or crisis-oriented
disciplines.

Crisis disciplines
Conservation biology differs from
most other biological sciencesin one
important way: it is often a crisis
discipline.Its relationto biology, particularlyecology, is analogousto that
of surgeryto physiology and war to
political science. In crisis disciplines,
one must act before knowing all the
facts;crisisdisciplinesare thus a mixture of science and art, and their
pursuit requiresintuition as well as
information.A conservationbiologist
may have to make decisions or recMichaelE. Soule is an adjunctprofessor
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Although crisis oriented,
conservationbiology
is concernedwith
the long-termviability
of whole systems
ommendations about design and
management before he or she is completely comfortable with the theoretical and empirical bases of the analysis
(May 1984, Soule and Wilcox 1980,
chap. 1). Tolerating uncertainty is often necessary.
Conservation biologists are being
asked for advice by government agencies and private organizations on such
problems as the ecological and health
consequences of chemical pollution,
the introduction of exotic species and
artificially produced strains of existing organisms, the sites and sizes of
national parks, the definition of minimum conditions for viable populations of particular target species, the
frequencies and kinds of management
practices in existing refuges and managed wildlands, and the ecological
effects of development. For political
reasons, such decisions must often be
made in haste.
For example, the rapidity and irreversibility of logging and human resettlement in Western New Guinea
(Irian Jaya) prompted the Indonesian
government to establish a system of
national parks. Two of the largest
areas recommended had never been
visited by biologists, but it appeared

likely that these areas harbored endemic biotas.1 Reconnaissance later
confirmed this. The park boundaries
were established in 1981, and subsequent development has already precluded all but minor adjustments.
Similar crises are now facing managers of endangered habitats and species
in the United States-for example,
grizzly bears in the Yellowstone region, black-footed ferrets in Wyoming, old-growth Douglas-fir forests
in the Pacific Northwest, red-cockaded woodpeckers in the Southeast, and
condors in California.

Other characteristics of
conservation biology
As illustrated in Figure 1, conservation biology shares certain characteristics with other crisis-oriented disciplines. A comparison with cancer
biology illustrates some of these characteristics, including conservation biology's synthetic, eclectic, multidisciplinary structure. Furthermore,
both fields take many of their questions, techniques, and methods from
a broad range of fields, not all biological. This illustration is also intended
to show the artificiality of the dichotomy between pure and applied
disciplines.
Finally, this figure illustrates the
dependence of the biological sciences
on social science disciplines. Today,
for example, any recommendations
about the location and size of nation-

1JaredM. Diamond, 1985, personal communication. University of California, Los Angeles.
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Figure1. Cancerbiology and conservationbiology are both synthetic,multidisciplinarysciences.The dashed line indicatesthe
artificialnatureof the bordersbetweendisciplinesand between"basic"and "applied"research.See text.
al parks should consider the impact of
the park on indigenous peoples and
their cultures, on the local economy,
and on opportunity costs such as forfeited logging profits.
There is much overlap between
conservation biology and the natural
resource fields, especially fisheries biology, forestry, and wildlife management. Nevertheless, two characteristics of these fields often distinguish
them from conservation biology. The
first is the dominance in the resource
fields of utilitarian, economic objectives. Even though individual wildlife
biologists honor Aldo Leopold's land
ethic and the intrinsic value of nature,
most of the financial resources for
management must go to enhancing
commercial and recreational values
for humans. The emphasis is on our
natural resources.
The second distinguishing characteristic is the nature of these resources. For the most part, they are a
small number of particularly valuable
target species (e.g., trees, fishes, deer,
and waterfowl)-a tiny fraction of
the total biota. This distinction is
beginning to disappear, however, as
some natural resource agencies become more "ecological" and because
728

conservationbiologists frequentlyfocus on individualendangered,critical,
or keystonespecies.
Conservationbiology tends to be
holistic, in two senses of the word.
First, many conservation biologists,
including many wildlife specialists,
assumethat ecologicaland evolutionaryprocessesmust be studiedat their
own macroscopiclevels and that reductionismalone cannot lead to explanationsof communityand ecosystem processes such as body-size
differencesamong species in guilds
(Cody and Diamond 1975), pollinator-plant coevolution (Gilbert and
Raven 1975), succession, speciation,
and species-arearelationships.Even
ecological reductionists, however,
agree that the proper objective of
conservation is the protection and
continuityof entire communitiesand
ecosystems.The holistic assumption
of conservationbiology shouldnot be
confusedwith romanticnotions that
one can grasp the functionalintricacies of complex systemswithout conducting scientific and technological
studies of individual components
(Levinsand Lewontin1985, chap. 6).
Holism is not mysticism.
The second implicationof the term

holistic is the assumptionthat multidisciplinaryapproacheswill ultimately be the most fruitful. Conservation
biology is certainly holistic in this
sense.Modernbiogeographicanalysis
is now being integratedinto the conservationmovement(Diamond1975,
Simberloffand Abele 1976, Terborgh
1974, Wilcox 1980). Populationgenetics, too, is now being applied to
the technology of wildlife management(Frankel1974, Frankeland Soule
1981, Schonewald-Coxet al. 1983,
Soule and Wilcox 1980). Multidisciplinaryresearch,involving governmentagenciesandwildlifebiologists,is
also evidentin recenteffortsto illuminate the questionof viablepopulation
size (Salwasseret al. 1984).
Anotherdistinguishingcharacteristic of conservation biology is its time

scale. Generally,its practitionersattach less weight to aesthetics,maximum yields, and profitability, and
more to the long-range viability of
whole systems and species, including
their evolutionary potential. Longtermviabilityof naturalcommunities
usually implies the persistenceof diversity, with little or no help from
humans. But for the foreseeablefuture, such a passive role for managers
BioScience Vol. 35 No. 11

is unrealistic, and virtually all conservation programs will need to be buttressed artificially. For example, even
the largest nature reserves and national parks are affected by anthropogenic factors in the surrounding area
(Janzen 1983, Kushlan 1979), and
such refuges are usually too small to
contain viable populations of large
carnivores (Frankel and Soule, 1981,
Shaffer and Samson 1985). In addition, poaching, habitat fragmentation, and the influx of feral animals
and exotic plants require extraordinary practices such as culling, eradication, wildlife immunization, habitat
protection, and artificial transfers.
Until benign neglect is again a possibility, conservation biology can complement natural resource fields in
providing some of the theoretical and
empirical foundations for coping with
such management conundrums.

Postulates of conservation

biology
Conservation biology, like many of
its parent sciences, is very young.
Therefore, it is not surprising that its
assumptions about the structure and
function of natural systems, and
about the role of humans in nature,
have not been systematized. What are
these postulates? I propose two sets: a
functional, or mechanistic, set and an
ethical, or normative, set.
The functional postulates. These are
working propositions based partly on
evidence, partly on theory, and partly
on intuition. In essence, they are a set
of fundamental axioms, derived from
ecology, biogeography, and population genetics, about the maintenance
of both the form and function of
natural biological systems. They suggest the rules for action. A necessary
goal of conservation biology is the
elaboration and refinement of such
principles.
The first, the evolutionary postulate states: Many of the species that
constitute natural communities are
the products of coevolutionary processes. In most communities, species
are a significant part of one another's
environment. Therefore, their genetically based physiological and behavioral repertoires have been naturally
selected to accommodate the exis-

tence and reactions of a particular
December 1985

biota. For example, the responses of
prey to a predator's appearance or of
a phytophagous insect to potential
host plants are continually "tuned"
by natural selection.
This postulate merely asserts that
the structure, function, and stability
of coevolved, natural communities
differ significantly from those of unnatural or synthetic communities. It
does not necessarily rely on deterministic factors like density-dependent
population dynamics or the molding
by competition of morphological relationships in communities over both
ecological and evolutionary time. In
addition, this postulate is neutral on
the issue of holistic versus reductionistic analysis of community structure.
(In practice, a reductionistic methodology, including autecological research, may be the best way to establish the holistic
structure of
communities.)
There are many "corollaries" of
this postulate. Strictly speaking, most
of them are empirically based generalizations. The following all assume the
existence of community processes as
well as a coevolutionary component
in community structure.
Species are interdependent. Not
only have species in communities
evolved unique ways of avoiding
predators, locating food, and capturing and handling prey, but mutualistic relationships are frequent (Janzen
1975, Seifert and Seifert 1979). This
is not to say that every species is
essential for community function, but
that there is always uncertainty about
the interactions of species and about
the biological consequences of an extinction. Partly for this reason, Aldo
Leopold (1953) admonished conservationists to save all of the parts
(species) of a community.
Many species are highly specialized. Perhaps the majority of animal
species, including phytophagous insects, parasites, and parasitoids, depend on a particular host (Price
1980). This means that the coattails
of endangered host species can be
very long, taking with them dozens
(Raven 1976) or hundreds (Erwin
1983) of small consumer species
when they go.
Extinctions of keystone species can
have long-range consequences. The
extinction of major predators, large
herbivores, or plants that are impor-

tant as breedingor feeding sites for
animals may initiate sequences of
causallylinked events that ultimately
lead to further extinctions (Frankel
and Soule 1981, Gilbert 1980, Terborgh and Winter 1980).
Introductionsof generalistsmay reduce diversity. The introduction of
exotic plant and animal species may
reducediversity,especiallyif they are
large or generalistspecies (Diamond
1984, Elton 1958). Apparently,the
larger the land mass, the less the
impact of exotics (e.g., Simberloff
1980).
The evolutionarypostulate and its
corollariesformalizethe evidencethat
naturalcommunitiescomprisespecies
whose genetic makeups have been
mutuallyaffectedby theircoexistence
(Futuymaand Slatkin 1983, Gilbert
and Raven 1975). An alternativetheory, the null hypothesisthat communitiesare randomlyassembled,is usually restricted to "horizontal"
subcommunities such as guilds, spe-

cific taxa, or trophic levels (e.g.,
Jamesand Boecklen 1984). In general, this latter thesis lacks empirical
support, except that competitive
structuringwithin guilds or trophic
levels is often absent or difficult to
demonstrate(Stronget al. 1984), and
that harshenvironmentsor the vagaries of dispersalmay often be more
important than biological interactions in determininglocal community
composition (e.g., Underwood and
Denley 1984).
The second functional postulate
concernsthe scale of ecological processes: Many, if not all, ecological
processeshave thresholdsbelow and
above which they becomediscontinuous, chaotic, or suspended.This postulatestatesthat manyecologicalprocesses and patterns (including
succession, nutrient cycling, and density-dependent phenomena) are interrupted or fail altogether where the
system is too small. Smallness and
randomness are inseparable.
Nonecological processes may also
dominate at the other end of the
spatial and temporal scale, in very
large or very old systems. In very
large systems, such as continents, climatic and physiographic phenomena
often determine the major patterns of
the landscape, including species distribution. In very old systems, ecological processes give way to geologi-
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cal and historical ones or to
infrequentcatastrophicevents, such
as inundation,volcanism,and glaciation. In other words, ecological processesbelong to an intermediatescale
of physicalsize and time (MacArthur
1972), and these processes begin to
fail or are overwhelmednear the extremitiesof these ranges.
Two major assumptions, or generalizations, underlie this postulate.
First, the temporal continuity of habitats and successional stages depends
on size. The random disappearance of
resources or habitats will occur frequently in small sites but rarely, if
ever, in large ones. The reasons include the inherent randomness of
such processes as patch dynamics,
larval settlement, or catastrophic
events, as well as the dynamics of
contagious phenomena such as disease, windstorm destruction, and fire.
The larger an area, the less likely that
all patches of a particular habitat will
disappear simultaneously. Species
will disappear if their habitats
disappear.
Second, outbursts reduce diversity.
If population densities of ecologically
dominant species rise above sustainable levels, they can destroy local prey
populations and other species sharing
a resource with such species. Outbursts are most probable in small sites
that lack a full array of population
buffering mechanisms, including habitat sinks for dispersing individuals,
sufficient predators, and alternative
feeding grounds during inclement
weather. The unusually high population densities that often occur in nature reserves can also increase the rate
of disease transmission, frequently
leading to epidemics that may affect
every individual.
Taken together, the corollaries of
this postulate lead to the conclusion
that survival rates of species in reserves are proportional to reserve
size. Even though there is now a
consensus that several small sites can
contain as many species as one large
site (when barriers to dispersal are
absent), the species extinction rate is
generally higher in small sites (Soule
and Simberloff, in press).
The third functional postulate concerns the scale of population phenomena: Genetic and demographic processes have thresholds below which

nonadaptive,randomforces begin to
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prevail over adaptive, deterministic
forces within populations. The stochastic factors in population extinction have been discussed extensively
(Shaffer1981, Soule 1983, Terborgh
1974) in the context of the minimum
conditions for population viability.
The main implication of this postulate for conservationis that the probability of survivalof a local population is a positive function of its size.
One of the corollariesof this postulate is that below a certainpopulation
size (between10 and 30), the probability of extinction from random demographic events increases steeply
(Shaffer1981).
The next three corollaries are genetic. First,populationsof outbreeding organisms will suffer a chronic
loss of fitnessfrom inbreedingdepression at effective population sizes of
less than 50 to 100 (Franklin1980,
Soule 1980). Second, genetic drift in
small populations (less than a few
hundredindividuals)will causea progressive loss of genetic variation; in
turn, such geneticerosion will reduce
immediatefitness because multilocus
heterozygosityis generally advantageous in outbreedingspecies (Beardmore 1983, Soule 1980, and references citedbelow). (Thegeneticbases
of these two corollaries may be the
same: homozygosity for deleterious,
recessivealleles.) Finally, natural selection will be less effectivein small
populations because of genetic drift
and the loss of potentially adaptive
geneticvariation(Franklin1980).
The fourth functional postulate is
that nature reserves are inherently
disequilibrial for large, rare organisms.Thereare two reasonsfor this.
First, extinctions are inevitable in
habitat islands the size of nature reserves (MacArthur and Wilson
1967); speciesdiversitymustbe artificially maintainedfor many taxa because natural colonization (reestablishment) from outside sources is
highly unlikely. Second, speciation,
the only other nonartificialmeans of
replacingspecies,will not operatefor
rare or large organismsin nature reservesbecausereservesare nearly always too small to keep large or rare
organisms isolated within them for
long periods, and populationsisolated in differentreserveswill have to be
maintainedby artificialgene flow if
they are to persist. Such gene flow

wouldprecludegeneticdifferentiation
amongthe colonies (Soule 1980).
The normative postulates. The nor-

mative postulates are value statements that make up the basis of an
ethic of appropriateattitudestoward
other forms of life-an ecosophy
(Naess 1973). They provide standards by which our actions can be
measured.They are shared,I believe,
by most conservationistsand many
biologists,althoughideologicalpurity
is not my reasonfor proposingthem.
Diversity of organisms is good.
Such a statementcannot be tested or
proven. The mechanisms by which
such value judgments arise in consciousnessare unknown.The conceptual mind may accept or reject the
idea as somehow valid or appropriate. If accepted,the idea becomespart
of an individual'sphilosophy.
We could speculateabout the subconsciousroots of the norm, "diversity is good." In general,humansenjoy
variety.We can neverknow with certaintywhetherthis is based on avoiding tedium and boredom or something else, but it may be as close to a
universalnorm as we can come. This
is probablyone of the reasonsfor the
greatpopularityof zoos and national
parks,whichin recentyearshavehad,
respectively, over 100 million and
200 million visitors annually in the
United States. Perhapsthere is a genetic basis in humans for the appeal
of biotic diversity(Orians1980, Wilson 1984). After all, humans have
been hunter-gatherers,dependingon
a wide array of habitats and resources, for virtually all of the past
severalmillion years.
A corollaryof this postulateis that
the untimely extinction of populations and speciesis bad. Conservation
biologydoes not abhorextinctionper
se. Naturalextinctionis thoughtto be
eithervalue free or good becauseit is
part of the process of replacingless
well-adaptedgene pools with better
adaptedones. Ultimately,naturalextinction,unlessit is catastrophic,does
not reducebiological diversity,for it
is offsetby speciation.Naturalextinctions, however, are rare events on a
humantime scale. Of the hundredsof
vertebrateextinctions that have occurredduring the last few centuries,
few, if any, have been natural (Diamond 1984, Frankeland Soule 1981),
BioScience Vol. 35 No. 11

whereas the rate of anthropogenic
extinctions appears to be growing
exponentially.
It may seem logical to extend the
aversion of anthropogenic extinction
of populations to the suffering and
untimely deaths of individuals because populations are composed of
individuals. I do not believe this step
is necessary or desirable for conservation biology. Although disease and
suffering in animals are unpleasant
and, perhaps, regrettable, biologists
recognize that conservation is engaged in the protection of the integrity and continuity of natural processes, not the welfare of individuals. At
the population level, the important
processes are ultimately genetic and
evolutionary because these maintain
the potential for continued existence.
Evolution, as it occurs in nature,
could not proceed without the suffering inseparable from hunger, disease,
and predation.
For this reason, biologists often
overcome their emotional identification with individual victims. For example, the biologist sees the abandoned fledgling or the wounded
rabbit as part of the process of natural selection and is not deceived that
"rescuing" sick, abandoned, or
maimed individuals is serving the species or the cause of conservation. (Salvaging a debilitated individual from a
very small population would be an
exception, assuming it might eventually contribute to the gene pool.)
Therefore, the ethical imperative to
conserve species diversity is distinct
from any societal norms about the
value or the welfare of individual
animals or plants. This does not in
any way detract from ethical systems
that provide behavioral guidance for
humans on appropriate relationships
with individuals from other species,
especially when the callous behavior
of humans causes animals to suffer
unnecessarily. Conservation and animal welfare, however, are conceptually distinct, and they should remain
politically separate.
Returning to the population issue,
we might ask if all populations of a
given species have equal value. I think
not. The value of a population, I
believe, depends on its genetic
uniqueness, its ecological position,
and the number of extant populations. A large, genetically polymorDecember 1985

phic population containing unique al-

leles or genetic combinations has
greater value, for example, than a
small, geneticallydepauperatepopulation of the same species. Also, the
fewer the populations that remain,
the greaterthe probabilityof the simultaneous extinction (random or
not) of all populations, and thus of
the species. Hence, how precious a
population is is a function of how
many such populationsexist.
Ecologicalcomplexityis good. This
postulate parallels the first one, but
assumesthe value of habitatdiversity
and complexecologicalprocesses.Arriving at this judgmentmay require
considerablesophistication,training,
and thought. Someone familiarwith
descriptiveplant and animalbiogeography,trophiclevels,nutrientcycling,
edaphic heterogeneity,and other aspects of ecological classificationis in
a better position to fully appreciate
the complexityin a tidepoolor forest.
Like the first one, this postulate
expressesa preferencefor natureover
artifice, for wilderness over gardens
(cf. Dubos 1980). When pressed,
however,ecologistscannotprovethat
their preferencefor natural diversity
should be the standardfor managing
habitats.For example,even if it could
be shown that a decrease in species
diversityled to desertification,eutrophication,or the piling up of organic
material,it is still not a logicalconclusion that such consequencesare bad.
For example, such events in the past
createdfossil fuels (althoughnot everyone would argue that this was
good).
Ecological diversity can be enhancedartificially,but the increasein
diversitycan be more apparentthan
real (especially if cryptic taxa and
associations are considered, such as
soil biotas and microbial communities). In addition, humans tend to
sacrifice ecological and geographic
heterogeneityfor an artificiallymaintained, energy-intensive,local species
diversity.Take,for example,the large
numbersof plant taxa maintainedin
the warm-temperateand subtropical
cities of the world. Most of these
speciesare horticulturalvarietiesthat
do well in landscaped gardens and
parks.One sees a greatvarietyof such
plants in Sydney, Buenos Aires, Cape
Town, Athens, Mexico City, Miami,
and San Diego. But the roses, citrus,

camellias, bougainvilleas, daffodils,
eucalyptus, and begonias are everywhere similar.
This combination of local variety
and geographic homogeneity produces several pleasant benefits for humans. Not only are the exotic species
more spectacular, but the world traveler can always feel botanically at
home. In addition, many cities now
have a greater diversity of plant families and tree species than did the
original habitat destroyed to make
way for the city. But these aesthetic
benefits are costly. The price is low
geographic diversity and ecological
complexity. Botanical gardens, zoos,
urban parks, and aquaria satisfy, to a
degree, my desire to be with other
species, but not my need to see wild
and free creatures or my craving for
solitude or for a variety of landscapes
and vistas.
Evolution is good. Implicit in the
third and fourth functional postulates
is the assumption that the continuity
of evolutionary potential is good. Assuming that life itself is good, how
can one maintain an ethical neutrality
about evolution? Life itself owes its
existence and present diversity to the
evolutionary process. Evolution is the
machine, and life is its product. One
possible corollary of this axiom is an
ethical imperative to provide for the
continuation of evolutionary processes in as many undisturbed natural
habitats as possible.

Biotic diversityhas intrinsicvalue,

irrespective of its instrumental or
utilitarian value. This normative postulate is the most fundamental. In
emphasizing the inherent value of
nonhuman life, it distinguishes the
dualistic, exploitive world view from
a more unitary perspective: Species
have value in themselves, a value
neither conferred nor revocable,
but springing from a species' long
evolutionary heritage and potential or
even from the mere fact of its existence.2 A large literature exists on this
subject (Devall and Sessions 1985;
Ehrenfeld 1981; Passmore 1974; Rolston 1985, p. 718 this issue; Tobias
2Hunters, loggers, and developers often express
the same love for nature as do professional
conservationists, but for many reasons, including economic ones, honorable people may be
unable to behave according to their most cherished values, or they honestly disagree on what
constitutes ethical behavior.
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Soule et al., in press).

1985; and the journal Environmental
Ethics).
Endless scholarly debate will probably take place about the religious,
ethical, and scientific sources of this
postulate and about its implications
for policy and management. For example, does intrinsic value imply
egalitarianism and equal rights
among species? A more profitable discussion would be about the rules to
be used when two or more species
have conflicting interests (Naess
1985).

Contributions of conservation
biology
Recently, rapid progress has been
made by zoos and similar institutions
in the technology and theory of captive breeding of endangered species. It
is becoming apparent that nearly
2000 species of large mammals and
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birdswill have to be maintainedartificiallyif they are to avoid premature
extinction (Myers 1984, Soule et al.,
in press). Eventual advances in technology may enable some, if not most,
such species to be kept in a suspended, miniaturized state, such as frozen
sperm, ova, and embryos. Meanwhile, however, traditional ways to
maintain most of the planet's megafauna must be improved.
In recent years, the breeding of
endangered species has undergone
profound changes as physiologists
and geneticists have become involved.
Active research is sponsored by many
zoos. At the San Diego Zoo, new
techniques were developed for the
determination of sex in sexually
monomorphic bird species (Bercovitz
et al. 1978). Other workers (e.g., Benirschke 1983) have found cytogenetic
explanations for the poor reproductive performance of several mammal

species. Ryder and Wedemeyer (1982)
pioneered retrospective genetic analysis of captive stocks with the objective
of equalizing founder representation.
At the National Zoo in Washington,
DC, Ralls and Ballou (1983) have
provided incontrovertible evidence
for the universality of inbreeding depression in mammals [see November
1984 BioScience 34: 606-610, 612].
Many authors have appealed for
larger founder sizes in groups of captively bred animals to minimize inbreeding problems and the loss of
genetic variability (Senner 1980, Templeton and Read 1983), but specific
guidelines have been lacking. Recent
analyses have clarified the interrelationships between founder size and
several other variables, including generation length, maximum captive
group size (carrying capacity), and
group growth rate (Figure 2).
Conservation biology has also contributed to the design and management of wildland areas. An example
is the new field of population viability
analysis, whose goal is to estimate the
(effective) number of individuals
needed to maintain a species' longterm genetic fitness and ensure
against extinction from other, nongenetic causes. Several relatively independent pathways of research in population biology, community ecology,
and biogeography are being joined in
this effort, which I believe will contribute significantly to theoretical
population biology. One approach is
to integrate demographic stochasticity (random variation in birth and
death rates and sex ratio) and environmental variation to predict the
probability of survival (Leigh 1981,
Shaffer and Samson 1985). This approach is leading to very large estimates for long-term viability.3
Genetics is also important in viability analysis. At least in outbreeding
species, it appears that relatively heterozygous individuals are frequently
more fit than relatively homozygous
ones. Many fitness criteria have been
studied, including growth rates, overwinter survival, longevity, developmental stability, metabolic efficiency,
and scope for growth (for reviews see
Beardmore 1983, Frankel and Soule
3Gary Belovsky and Daniel Goodman, 1985,

personalcommunications.Universityof Michigan and Montana State University.
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1981, and Mitton and Grant 1984). geredspecies.At this point in history,
Russell Lande and George Barrow- a majorthreatto societyand natureis
clough4 are proposing that popula- technology, so it is appropriatethat
tions must reach effective sizes of this generation look to science and
several hundred if they are to retain technology to complement literary
and legislativeresponses.
genetic variation for quantitative
traits. Larger numbers will be needed
Our environmental and ethical
for qualitative traits, including genet- problems, however, dwarf those
ic polymorphisms. The US Forest Ser- faced by our ancestors. The current
vice is already beginning to integrate frenzy of environmentaldegradation
viability analysis into its planning is unprecedented(Ehrlichand Ehrlich
protocols (Salwasser et al. 1984).
1981), with deforestation,desertificaField work in conservation biology tion, and destructionof wetlandsand
is supported by several agencies and coral reefs occurringat rates rivaling
organizations, including the World the major catastrophesin the fossil
Wildlife Fund, NSF, the New York record and threateningto eliminate
Zoological Society, and the Smithson- most tropical forests and millions of
ian Institution. These studies have speciesin our lifetimes.The response,
contributed a great deal to our under- therefore,must also be unprecedentstanding of diversity and its mainte- ed. It is fortunate,therefore,that connance in the Neotropics. Field work servation biology, and parallel apby the New York Zoological Society proaches in the social sciences,
in savanna ecosystems is clarifying providesacademicsand other profesthe relative importance of environ- sionals with constructiveoutlets for
mental and genetic factors in primate their concern.
behavior and ecology. This organizaConservationbiology and the contion is also providing basic informa- servation movement cannot reverse
tion on many of the highly endan- historyand returnthe biosphereto its
gered large animals around the world. prelapsarianmajesty.The momentum
Such field work is essential for the of the human population explosion,
efficient design of nature reserves.
entrenchedpoliticaland economicbe-

havior, and withering technologies
are propellinghumankindin the opConclusions
posite direction.It is, however,within
Conservation biology is a young field, our capacity to modify significantly
but its roots antedate science itself. the rate at which biotic diversity is
Each civilization and each human destroyed,and small changesin rates
generation responds differently to the can produce large effects over long
forces that weaken the biological in- periods of time. Biologists can help
frastructureon which society depends increasethe efficacyof wildlandmanand from which it derives much of its agement;biologists can improve the
spiritual, aesthetic, and intellectual survivalodds of species in jeopardy;
life. In the past, the responses to biologists can help mitigate technoenvironmental degradation were of- logical impacts.The intellectualchalten literary, as in the Babylonian Tal- lenges are fascinating,the opportunimud (Vol. I, Shabbath 129a, chap. ties plentiful, and the results can be
xviii, p. 644), Marsh (1864), Leopold personallygratifying.

(1966), Carson (1962) and others (see
Passmore 1974). More recently, legal
and regulatory responses have been
noticeable, especially in highly industrialized and democratized societies.
Examples include the establishment
of national parks and government
policies on human population and
family planning, pollution, forest
management, and trade in endan4Russell Lande and George Barrowclough,
1985, personal communication. University of
Chicago and American Museum of Natural
History.
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