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Background
Loss of biological diversity is the subject of growing concern in the United States
and elsewhere (Wilson 1988, Tobin 1990, Ryan 1992). The objective of this newly
focused interest is to avert the accelerated rate of species extinctions predicted in
coming decades (Soule and Wilcox 1980, Ehrlich and Ehrlich 1981, Soule 1986,
Wilson and Peter 1988, Ehrlich and Wilson 1991). Study groups and task forces
have been called to chart strategies for the preservation of biological diversity (National Science Broad 1989, Keystone Policy Dialogue 1991). National legislation
and an international convention on biological diversity are being drafted (U.S. Congress 1991, United Nations Environment Programme 1990). A National Commission
on Biodiveristy also has been proposed to develop a National Biodiversity Policy
for the United States (Reid 1992).
At the same time, governmental agencies, professional societies and conservation
organizations have been reexamining programs and missions to determine their appropriate roles in the conservation of biological diversity (Salwasser 1991, Lubchenco
et al. 1991, Chadwick 1990). Scientific symposia and meetings on the subject have
been convened (Miller et al. 1985, Wilson and Peter 1988, Solbrig 1991). Textbooks
and compilations of conference papers are doubtlessly being rushed into print. Opaque
reports and naive assertions abound in the mass media. Most such discussions are
not helpful and some are harmful because they assume a limited or even parochial
understanding of biological diversity.
This overview and special sessions on the topic are attempts to develop an understanding of biological diversity for colleagues in the wildlife profession. These
papers are meant to help those managers and administrators who must answer difficult
questions of what should be done to conserve biological diversity. In the first part
of this paper, we explain some of the challenges of biological diversity and how
they relate to real-world actions. In the concluding section, we relate these challenges
to professional responsibilities, capabilities, and realities.
The long preoccupation of the wildlife profession with harvested and endangered
species has tended to distract attention from the conservation of the vast majority of
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wild organisms that are neither directly exploited nor endangered. In the United
States, approximately 90 percent of the nearly 2,200 species of vertebrates are neither
hunted nor listed as threatened or endangered; less than 2 percent of North American
migratory bird species are listed under the Endangered Species Act (Banks et al.
1987).
The fact that only a small number of species are hunted or endangered has had a
little-recognized consequence. This orientation has encouraged the profession to think
of biological conservation on a species-by-species basis rather than to view the biota
of an area as a collective, dynamic, adaptive and interacting community. As a result,
an incredible amount of attention has been focused on a few ubiquitous abundant
species, e.g., the mallard (Anasplatyrhynchos), and nearly equal attention on species
often so troubled that individual organisms must be saved one at a time, e.g., the
California condor (Gymnogyps californianus).
Recently, concerns for biological diversity confronted the conservation community
with a broader mission. One proposal is the conservation of biological diversity as
a formal mission of federal agencies and the extension of this mission to federal
lands, such as represented by the National Wildlife Refuge System (Keystone Policy
Dialogue 1991). If the wildlife profession accepts the mission of conserving biological
diversity, agreement on some basic premises is necessary. What, exactly, is biological
diversity? What about it is desirable? How does one conserve it?

What is Biological Diversity?
A major problem in addressing issues relating to biological diversity is the lack
of a precise definition. A complex subject that embraces "the full variety of life and
it processes" tends to defy definition (U.S. Fish and Wildlife Service 1992). Contemporary definitions of biological diversity (and the current buzzword, biodiversity)
are of little help (Table 1). One, for example, describes biodiversity as "the full
range of variety and variability within and among living organisms and the ecological
complexes in which they occur, including ecosystem or community diversity, species
diversity, and genetic diversity" (U.S. Congress 1991). This definition is so inclusive
that differing interpretations of what really constitutes "true biodiversity" is no
surprise. Depending on interpretation, one might conclude that we are now doing
little or nothing to conserve biological diversity, whereas another could conclude
with equal justification that nearly everything we are doing serves the conservation
of biological diversity. Both viewpoints have their advocates and antagonists.
Understanding of biological diversity is still in the developmental stage. The
concept of biological diversity is more or less intuitively perceived by most biologists,
but like most intuitions, it is difficult to communicate the concept convincingly
enough to achieve universal agreement. Part of the problem derives from a recognition
that diversity represents an abstract, qualitative idea, rather than a tangible, quantitative thing. Moreover, overall diversity is progressively greater at higher levels
and in more complex systems. Lacking consensus on an operational definition of
biological diversity, we may be able to understand it better if we consider the different
kinds of biological diversity at different levels.

Genetic Diversity
This level of biological diversity concerns the spectrum of genetic material in
different organisms. Each individual possesses a unique combination of genes. Ge-
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Table 1. Definitions of biological diversity or biodiversity.
Definition

Source

U.S. Forest Service (1990)

"The variety of life and its processes."

Office of Technology and
Assessment (1987)

"The variety and variability among living organisms and the
ecological complexes in which they occur."

Miller et al. (1985)

"All life forms, with their manifold variety, that occur on
earth."

Ryan (1992)

"The total variety of life on earth."

U.S. Fish and Wildlife
Service (1992)

"The variety of life in an area, including genetics composition,
richness of species, distribution and abundance of ecosystems
and communities, and the processes by which all living things
interact with one another and with their environment."

U.S. Congress (1991)

"The full range of variety and variability within and among
living organisms and the ecological complexes in which they
occur; encompasses ecosystems or community diversity, species
diversity and genetic diversity."

United Nations
Environment Programme
(1991)

' 'The variety of and variability among living organisms and the
ecological complexes of which they are part; this includes
diversity within species, between species and of ecosystems."

Keystone Policy Dialogue
(1991)

"The variety of life and its processes. It includes the variety of
living organisms, the genetic differences among them, and the
communities and ecosystems in which they occur."

McNeely et al. (1990)

"The degree of nature's variety, including both the number and
frequency of ecosystems, species, and genes in a given
assemblage."

Salwasser (1990)

"The variety of life and its processes in a given area."

netic diversity can also apply to species, races, or populations, in which a greater
variety of genetic material may result in increased variation among individuals and
increased potential for variation between individuals and increased potential for
variation and adaptation within populations. At the species level, we know that low
genetic diversity may result in harmful expression of recessive traits, leading to poor
reproductive success or maladaptation and lower survival of adults. On the whole,
organisms seem to devote far more energy to the prevention of outbreeding than to
the reinvigoration of genetic material, and too much genetic diversity can destroy
the integrity of taxa. Therefore, we have a good idea of how much genetic diversity
is too little and an equal notion of what is too much, but almost no knowledge of
levels that are optimal. Populations need to be large enough to provide sufficient
genetic diversity to allow species to survive. Genetic diversity also can be considered
from a global perspective. The genetic material of each species, race, population or
even each individual organism contributes to the pool of living material that underlies
life on the planet. Like documents in an archive, each should be valued for its
information content. Emphasis may be on variety and uniqueness or on the relative
magnitude of the contribution of the individuals to the larger system.
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Species Diversity
This level is what most wildlife biologists call to mind when thinking of biological
diversity. Species diversity consists of the interaction between the variety and relative
abundance of flora and fauna occurring together in biological communities. Diversity
is lowest when few species inhabit and dominate an area, and highest when many
species occur together and dominance by one or few is minimal. Although several
accepted ways of measuring species diversity exist, most sooner or later prove
counterintuitive. Measuring species diversity is difficult, especially in animal communities, and species richness, i.e., the total number of species, is often used as a
crude approximation. Most species of plants and animals have relatively small populations within a specific habitat. Much of our knowledge is based on what should
exist in a given area from generalized or historic species distributions rather than on
contemporary field data on species occurrence and abundance.

Ecosystem Diversity
Biological diversity at this level encompasses populations of plants and animals
in biotic communities and their complex interactions with the abiotic environment.
The types of communities occurring naturally are determined not only by the availability and ability of organisms to populate them, but also by climate, geology, soils,
and the dynamic changes in these factors, as well as human activities, occurring
through time. Communities of plants and animals are always changing in response
to environmental factors and stresses. Ecosystems are often described by combinations of all four determining factors; for example, one might recognize a mature
tropical lowland rain forest ecosystem. In biological terms, the form of the dominant
vegetation is most often used to characterize ecosystems, but there are exceptions,
such as coral reefs. One or more ecosystems form landscapes. Diversity at landscape
levels influences the ability of organisms to move among communities and to respond
to climate changes over time. In terms of conservation, the goal of maintaining
landscape, ecosystem and community diversity is to perpetuate the variety of organisms that would occur naturally over large areas, for example, by preventing the
wholesale conversion of wetlands to agriculture or the extreme fragmentation of
forest. The great majority of species broadly overlap different ecosystems, and only
in rare instances are species restricted to a single ecosystem type. Consequently,
conservation of ecosystem diversity may converse species diversity, but the converse
is not necessarily true.

How Can We Manage for Biological Diversity?
When we manage for biological diversity, we need to consider the dimensions of
area, from niches to landscapes, and time, from days to decades. Management
strategies for conservation of biological diversity also must consider the problems
of scale, quality and values inherent in this concept. To illustrate some of the issues
related to these problems, we offer the following hypothetical examples.

The Problem of Scale
Suppose we had a 100-hectare forested island and wished to increase its biological
diversity. The simplest way to increase diversity might be to clear the forest from
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one-half the land and maintain the cleared area as a grassland. If the island were
close to a mainland, plants and animals adapted to grasslands could invade the
managed area and overall biological diversity on the 100 hectares would increase
significantly. Diversity might also be enhanced by establishing a broad transition
zone suitable for plants and animals adapted to such situations rather than having an
abrupt edge between grassland and forest. Scooping out a depression and developing
a 10-hectare pond would permit the invasion of aquatic species and further increase
the biological diversity on our island. Other manipulations could, likewise, add more
biological diversity.
But our efforts to increase biological diversity would not have taken us wholly
forward. Our grassland probably would not support as diverse biota as our forest,
so we would have replaced 50 hectares of a more diverse with a less diverse system.
And, although our artificial pond would have added species, it would probably be
much less diverse than comparable natural wetlands. As a result of limiting the sizes
of our managed habitats, we would have reduced the biological diversity within them.
Our forest, now less than 50 hectares, might no longer support forest-dwelling animals
that require more area in which to survive. Similarly, our grassland, pond, and edge
habitats might so small that species potentially occurring in such habitats could not
survive there. So we did something more complex than we first realized. We increased
overall biological diversity on our island reserve, but we did it at the expense of
degrading our original, relatively diverse forest and we replaced much of it with
three comparatively impoverished systems.
Perhaps we could do better with a 1,000-hectare island. Then we could have 300
hectares each devoted to forest, grassland and a broad transition zone, and we could
create a 100-hectare lake suitable for a variety of aquatic and wetland species.
Biological diversity would be increased substantially on the larger island compared
to the smaller island. But we probably still could not accommodate large animals;
our grassland surely would not support large herds of bison (Bison bison) and our
forest would not support a pack of wolves (Canis lupus). In fact, we know there
may not be enough grassland in North America to support large herds of wild bison,
and very few areas of forest that can accommodate packs of wolves.
On the continental and global scales, biological diversity is increased by the
accretion of low-diversity systems as it is in our island examples. Deserts and arctic
tundra tend to be relatively low in biological diversity, but the uniquely adapted biota
that inhabit them contribute importantly to global biological diversity. Even a few
animals in zoos could be seen as contributing to global biological diversity, although
few wildlife professionals would agree that zoological collections are a reasonable
strategy for conserving biological diversity.
We need to take the effect of scale into account if we are to understand fully the
concept of biological diversity. Otherwise, our management efforts may be at cross
purposes with those of others or even with our own, because increasing diversity on
a smaller scale may decrease it on a larger one. We will do different sorts of things
if we are trying to conserve the biological diversity of the United States than if we
are trying to increase biological diversity on a wildlife refuge.
What is the appropriate scale at which to examine biological diversity? The question
cannot be answered unequivocally because vast differences in scale have biological
as well as human dimensions. Among vertebrates, differences range from a green
salamander (Aneides aeneus), whose world consists of a square meter, to a white-
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tailed deer (Odocoilieus virginianus) confined by nature to a few kilometers, to a
bobolink (Dolichonyx oryzivorus) annually covering untold thousands of square kilometers. Scale must be defined before meaningful goals for biological diversity can
be established and appropriate management strategies can be implemented.

The Problem of Quality
Another complication concerns some of our ideas of quality and the role of endemism. Let us focus on an area of desert that, owing to its harsh conditions, has a
low diversity of species. Plants and animals occurring there are adapted to life in
arid regions, and some may be found nowhere else (Knopf 1992). Suppose a city is
built in this desert and the planting of trees, irrigation of lawns, construction of
reservoirs, and similar activities make the city little different as a habitat than most
other cities. The composition of the plant and animal species, particularly highly
mobile ones, may come to resemble that of other cities and suburbs much more than
it does the biota of the surrounding desert. The invasion of urban species may increase
the biological diversity of the area, but the diversity added is of very low quality.
Unique desert species may be replaced, or at least supplemented by dandelions
(Taraxacum officinale), starlings (Sturnus vulgaris) and houseflies (Musca domestied). On the island that we are trying to manage for biological diversity, we could
add caged birds and a tropical greenhouse as a quick-and-dirty way to increase
biological diversity, but neither would result in an increase in the quality of the
biological system.
There is an aspect of quality in genetic diversity that is little recognized except
by biologists. It involves the magnitude of differences, or the "biological distance"
represented by organisms. A so-called living fossil, such as an American crocodile
(Crocodylus acutus), might be seen as making a higher quality contribution to global
biological diversity than would a local variant of the wide-ranging June beetle (Phvllophaga fervidd). There are few species of surviving crocodilians, no close relatives,
and the planet is far better supplied with beetle genes than with crocodilian genes.
A recent paper by Mares (1992) expanded on the rationale for this idea, essentially
arguing that taxa contribute to global biological diversity only by the increments that
their genotypes differ from one another.

to get a list of all insects occurring there, even though the contribution of insects to
overall biological diversity would dwarf that of the birds (Table 2). So, even before
we make the choice of what kind of biological diversity is worth conserving, we are
faced with the problem that our supposedly objective scientific information is likely
to be value loaded.

What Kind of Biological Diversity Do We Want?
Critical decisions must be made before we begin managing for biological diversity,
and these decisions are related to the problems of scale, quality and values. Ultimately
they also have to do with perceptions. The scientists who first alerted us to the
problems of loss of biological diversity primarily were thinking on a global scale,
had a strong sense of quality in favoring natural assemblages of species over managed
systems and broadly valued all existing genetic material, for both its contribution to
overall diversity and its evolutionary potential (Soule and Wilcox 1980, Ehrlich and
Ehrlich 1981).
At the other end of the scale, much of the public may have a far narrower view
of biological diversity, with attendant perceptions and misperceptions of implied
goals and objectives. People think locally rather than globally, with concerns about
decreasing opportunities to observe song birds in the Washington, D.C. area, for
example, probably outweighing global concerns. The concept of quality is likely to
relate more directly to the nature of a viewing experience than to whether the assemblages observed represent natural biotic communities. Finally, there may be a
strong intrusion of societal values that spring from the range of individual preferences;
birds may be regarded as simply more important than worms but an exotic tree may
be as acceptable as a native tree, i.e., any tree will do!
The typical resource manager is expected to be both a scientist and a public servant,
and it is in the realm of resource management that conflicts resulting from different
perceptions must be reconciled. Should we develop a wetland, thereby increasing
the diversity of wetland species in an area that has none? Should we do it at the
expense of a bottomland forest which itself contributes to biological diversity seen
on a broader scale? Should we try to find formulas that will best serve biological

The Problem of Values
Related to the more or less intellectual consideration of quality is the much less
objective matter of values. Certain types of biological diversity are valued by people
more than others. Birds tend to be valued more than insects. Waterfowl are valued
more than blackbirds. Butterflies are valued more than fleas. These values not only
get us into a non-scientific, judgmental realm, but they also are related to two ways
in which our scientific activities may be biased. First, when we endeavor to measure
biological diversity, we discover that we cannot measure everything. Consequently,
what we choose to measure may influence the outcome of our measurements. Conditions producing the greatest diversity of lizards may differ greatly from conditions
that result in the greatest diversity of fungi and, if we measure one or the other, we
may come back with far different ideas of what kinds of systems are high in biological
diversity. Second, if we use existing data bases, we are much more likely to find
information on highly valued biota than on less valued groups. It would almost
certainly be far easier to get a list of bird species occurring in a particular park than
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Table 2. Biological diversity of Plummers island, Maryland."
Flora

Blue-green algae
Fungi
Lichens
Mosses
Hepatics
Ferns and scouring rushes
Trees, shrubs and vines
Other flowering plants
Total

Species

32
221
91
70
18
18
103
673
1,216

Fauna

Rotifers
Mollusks
Spiders
Insects
Fishes
Amphibians
Reptiles
Birds
Mammals
Total

Species

200
50
250
3,679

57
21
30
203
42
4,532

"Source: Washington Biologists" Field Club (1984).
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diversity on the greatest number of possible scales? Or should we restrict our management activities to protecting remnants of undisturbed biotic assemblages? Should
we seek to maintain existing biological diversity, attempt to restore that presumed
to have existed before human influences, or to enhance it where possible?
Several factors relate to these questions and may influence how we answer them.
•
We cannot ignore and, to a large extent, cannot undo the influence of human
development on wildlife habitat. Fifty percent of the wetlands formerly occurring
in the conterminous United States have been destroyed—in California, 90 percent have been lost (Dahl 1990). There is no foreseeable chance that all will be
reclaimed. Losses continue, and maintaining even the present diminished diversity of wetland biota requires active measures. New wetlands must be created,
if only to replace those still being lost to development, and existing wetlands
must be actively managed to maintain their ability to support populations dependant on them. Moreover, mature forests have been cut, have regenerated,
and are being cut again. Change has been a constant, at least since the time that
retreating glaciers were followed closely by invasions of pre-Columbian peoples.
Resolving to re-create the lost biological diversity of some past period would
result in insurmountable difficulty, uncertain goals, prohibitive costs and little
prospect for success; not to mention a complete lack of professional agreement
on any of these points.
•
People have caused the most recent threats to biological diversity and people
will be essential for its preservation. The movement to restore depleted wildlife
populations that began early in this century was fueled largely by the interests
of hunters and anglers and directed primarily toward species that were formerly
abundant and exploitable for sport. In the course of conserving these harvested
species, many additional species were benefitted and much bilogical diversity
was protected or enhanced. Likewise, recovery programs for endangered species
can be viewed as desperate attempts to preserve national and global biological
diversity that exists because of strong public support for the idea that species
should not be permitted to disappear from the planet. To effectively stem the
disappearance of species and to preserve biological diversity in the broader sense,
it will be necessary to mobilize public support for conservation of the great
majority of species that are neither abundant nor rare and precarious. An important part of the support necessary to conserve biological diversity on all levels
will come from people who learn to appreciate biological diversity by experiencing it on a local level.
•
The roles of federal, state and other agencies and the lands they manage for
biotic resources need to be understood and, where necessary, clarified. Management of lands to promote conservation of local, regional, national, or global
biological diversity involves an array of strategies and actions, and if goals are
discordant or poorly understood, unintended consequences may result. Among
federal lands, the national wildlife refuges constitute the only system managed
primarily for wild animals, mostly continental populations of migratory birds
and endangered species. Management of this system can be seen as being directed
toward maintaining biological diversity at the national or higher levels. Lands
devoted to endangered species preservation help to conserve genetic diversity,
and those established for migratory bird conservation help to maintain the diversity of these animals on a continental basis, despite significant loss an deg-
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radation of habitats elsewhere. The U.S. Fish and Wildlife Service has been
criticized for managing refuges for single species, albeit the Mississippi sandhill
crane (Cms candensis pulla), salt marsh harvest mouse (Reithodontomys naviventris), elk (Cervus elaphus), bison (Bison, bison) or the canvasback (Aythya
valisinerid). Such criticisms often ignore the essential role of preserving genetic
and species diversity on the national level and have imbedded in them advocacy
by special interest of a more restricted vision of biological diversity.
An integrated, multispecies model, would be required to optimize conservation
of biological diversity at all levels. Application of such an important resource
management tool could evaluate effects of the following scenarios. Preserving
a 5-hectare patch of mature forest that may enhance biological diversity on a
local level but might not significantly influence it on regional or higher levels.
Creating a 5-hectare addition to an existing wetland system might decrease
biological diversity locally, but contribute significantly to regional or continental
diversity. Presently, no such general model exists for wildlife habitat relations
(Van Home and Wiens, 1991), but even if it did, insufficient data on species
biology and ecology exist to ensure reliable simulations or useful results at any
level. Current understanding of ecosystem structure and function does not permit
a critical evaluation of possible consequences of such experiments, and welldesigned applied research, together with enhanced data management capabilities,
is essential to identify optimal strategies.

Professional Responsibilities, Capabilities and Realities
Responsibilities
Biological diversity is an emergent concept, with different levels and kinds of
diversity appearing as biological systems become progressively more complex. Depending on geographic scales, ideas of quality and differences in values, reasonable
people may develop concepts of biological diversity that differ greatly from one
another. A practical consequence of these differences is that the goal of conserving
biological diversity can potentially be invoked to support or to condemn nearly any
management action. This derives from current policy on biological diversity based
on three differing and competing goals: managing harvests, saving endangered species
and preserving habitats (Westman 1990). What is needed is a common goal for
biological diversity around which resource managers can rally, as advocated by
Sal wasser( 1990).
In the absence of policy consensus, Berryman (1991) implored wildlife professionals to apply a century of experience in applied ecology and to lead the current
groundswell of enthusiasm, not follow it. He further stated that we have a responsibility to view proposals with hard-nosed realism and to act upon a vision of biological diversity that has the fullest scientific support. Among other things, this
means that actions to conserve biological diversity should be taken only when scientific information indicates that such actions will not only have the desired proximal
effects, but will not produce ultimal undesired effects. Also, the temptation to invoke
conservation of biological diversity in attempts to promote various parochial causes
must be overcome in order to maintain professional credibility in an arena rife with
political advocacy in all quarters. Some biologists in North America have enthusi-
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astically jumped on the "biodiversity bandwagon" and have parlayed concerns generated about the loss of biological diversity in the tropics into media coverage, budget
initiatives, and new programs. Mares (1992) warned that the public could perceive
biologists as alarmists if mass extinctions fail to occur or if species disappear at rates
below what has been suggested.
Wildlife biologists and other applied ecologists have been criticized for regularly
using vague, abstract words; we have a history of sloppy terminology according to
Murphy and Noon (1991). Biodiversity is such a term. We must avoid neoscientific
buzzwords like "biodiversity" and pseudoscientific jargon like "sustainable" that
create an illusion of understanding and capability far beyond that supported by reliable
scientific knowledge. To many, "biodiversity" promises more than can be delivered.
"Biodiversity" may be a useful word for politics or publicity, but this term has
little meaning for the resource manager or wildlife biologist. Communication is not
helped by inclusive or vague terminology and jargon. Precise communication is
critical to establish and maintain professional and scientific credibility. Wildlife
biologists can maintain credibility by saying what they mean and meaning what they
say. "Conservation of biological diversity" must not be used as camouflage for
"business as usual" or as a way to either placate protectionist interests or entice
new constituents.
Likewise the word "conservation" has taken an entirely new connotation among
some conservation biologists. Traditional definitions of conservation encompassed
the concept of wise use; some contemporary uses of conservation in programs and
titles imply everything but use of any kind, i.e., "preservation." But the reality is
that human activities and developments are part of the landscape and people continue
to use resources, produces wastes, and otherwise displace biota. Wildlife managers
also continue to manipulate habitats for game and nongame species in accordance
with agency missions (Franklin 1991).
We also must ask ourselves if whether embracing the concept of biological diversity
truly represents a broader concern for the biota or merely provides a means to make
traditional programs and activities more acceptable to the changing values of a more
enlightened and sophisticated public. Have you ever thought that our profession
might be accused of invoking dire concerns about biodiversity when the real motive
was to enhance public image, to increase appropriation of funds, to improve competitiveness for grants, to disguise program objectives, to appear contemporary, or
to be politically correct? Wildlife programs should stand on their own merits and
not need to be wrapped in the cloak of biodiversity to gain public support. Slick
brochures and chic words may be useful in promoting a biopolitical movement, but
these public relations props do not make a conservation program for biological
diversity. As Berryman (1991) observed, "there is a vast difference between the
slogan, bumper sticker phrase, and the reality of implementation."

Capabilities
Ryan (1992) stated that biological diversity was complex beyond understanding
and valuable beyond measure. From a global perspective, Wolf (1987) observed that
"the extent of our ignorance of biological diversity is imposing." Because scientific
and technical knowledge concerning biological diversity is surprisingly deficient
(Miller et al. 1985), wildlife professionals face sobering responsibilities to develop
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credible ecosystem management programs to contribute realistically to biological
diversity. Whereas previous management regimes employed by conservation agencies
and organizations have preserved much biological diversity, this result was achieved
largely by default rather than design.
Management designed to benefit biological diversity on all possible levels should
be the ultimate goal, but present capabilities permit management for no more than
one level at a time, often with inevitable or unintended effects at other levels.
Furthermore, management for biological diversity may not be feasible on every acre
of public land. Salwasser (1990) observed that "the complexity of life is beyond
comprehension, certainly beyond the technical capabilities of scientists and resource
planners to address in much detail, even at the relatively small scale of a national
forest or national park." Therefore, managers should be mindful that biological
diversity on local scales may be adversely disrupted as a result of well-intended
restoration management. Land acquisition and habitat management policies need to
be critically evaluated for their effects on biological diversity at all levels. Furthermore, research is needed to develop a set of principles based on scientific knowledge
in order to provide the necessary context in which prediction of consequences of
proposed actions is possible.
A conservation strategy to preserve representative, sustainable ecosystems (provisionally defined as those that do not require active management), like sustainable
development or sustainable agriculture, are laudable goals, but the prospects for
achieving long-term sustainability are unknown. Sustainable ecosystems possessing
diverse biological representation require different habitat management strategies than
are currently employed on many wildlife management areas (Franklin 1991). Precious
little research, baseline data or field experience is available to guide us. Moreover,
the goal of sustainability may, in some cases, be obviated by practically irrevocable
changes, e.g., wetland ecosystems in California's Central Valley can probably never
be sustainable as long as water remains a scarce, valued and regulated commodity.
Wildlife biologists should view biological diversity as a useful measure of environmental health. The diversity of organisms affects the ability of ecosystems to
withstand perturbations either natural, such as fire or weather, or human, such as
harvest or pollution, without losing long-term productivity or stability. If the number
of species and abundance of each species is high, a disturbance or harvest can be
tolerated by the ecosystem. Simplified ecosystems often are less productive and less
resistent to natural or human-induced stresses. Consequently, mankind's use or pollution of resources reduces the structure, function and resilience of ecosystems. Gain
or loss of biological diversity provides a measure of society's success or failure to
maintain sustainable systems.
Perceptions of human impacts on biological diversity have expanded from identifying local, visible abuses, e.g., water pollution, wetland drainage, forest fragmentation, to recognizing subtle, enigmatic global influences, e.g., acid precipitation,
ozone depletion, climate change. Unfortunately, recognition of human-induced environmental stresses, as measured by political action, lags far behind the process of
awareness. In terms of conserving biological diversity and testing political will,
preventing the drainage of prairie wetlands or limiting the harvest of old-growth
forests represent challenges at one level; filling the hole in the ozone layer or dewarming the planet constitute larger challenges.
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Realities
While the global crisis in biological diversity is primarily in the tropics where
rapid human population growth and escalating economic development are wrecking
havoc with biota inhabiting tropical rain forests, wildlife biologists in North America
face different opportunities and challenges. In reality, wildlife is but a small part of
biological diversity in terms of biomass, numbers of species, numbers of individuals
and many other measures. If wildlife professionals accept the larger goal of conservation of biological diversity, they must first ask themselves whether it can be
accomplished, to what degree and at what cost? Furthermore, what are the implications of the new responsibilities for existing programs and agency resources?
The complexity of biological diversity is such that no single organization or entity
has more than a partial role in its conservation. The roles of federal agencies are
primarily at the national level, and this dictates that certain of their activities favor
the maintenance of national or global biological diversity over diversity on the local
or regional levels, with the result that areas or projects will continue to be devoted
to single species. On the other hand, management for local or regional biological
diversity is an appropriate role for state and local organizations, and is to be encouraged to the extent that it does not have significant negative effects on broader
geographic scales. Maintenance of local biological diversity can have significant
positive effects, including the development of appreciation for biota among citizens.
Nevertheless, long-term maintenance of biological diversity may require a management strategy that places regional objectives over local concerns (Noss 1983).
Although environmental education will certainly have an important role to play,
biotic conservation must become more than public information campaigns to increase
awareness or promote action. Professional efforts to conserve biological diversity
should also go beyond promoting revamped agendas of agencies, hiring coordinators,
collecting new specimens for museums, placing endangered animals in zoos, mapping
discontinuities in public lands, and other activities in the name of biodiversity.
Management for biological diversity is not manipulation of habitats to favor both
nongame and game species and it will not be achieved by preserving unique examples
of ecosystems.
Effective programs for biological diversity require significantly enhanced and
redirected efforts as well as substantial increases in personnel representing a new
spectrum of disciplines in addition to those traditionally employed by natural resources
agencies. University curricula in biology need innovative overhaul to better prepare
and train students for new challenges and responsibilities. Over the past two decades,
the cellular and molecular focus of most academic biology programs has substantially
weakened basic "ology" disciplines that will be required to mount effective efforts
for biological diversity in the future. A new cardre of professionals must be recruited
and oriented to initiate and integrate new transdisciplinary management and interdisciplinary research programs for conservation of biological diversity into ongoing
agency missions.
Conservation of biological diversity requires a new management paradigm. To
preserve biological diversity, inordinate current emphasis has been placed on large
and attractive species that elicit public support (Tobin 1990). Credible programs for
biological diversity must go beyond favored species of charismatic birds and mammals
that are rare or sporting to encompass plants, insects, invertebrates, bacteria, algae,
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fungi, and the entire range of other life forms. Such programs present substantial
scientific and operational challenges because the taxonomy and systematics of many
of these life forms are poorly understood, and the distribution and abundance of most
species are poorly documented. Futhermore, some key ecological assumptions are
no longer consistent with current scientific understanding (Westman 1990).
Clearly, hard work lies ahead. Most disturbing to wildlife managers and biodiversity activists are the realities that baseline data are insufficient to fill critical informational gaps largely because inventories of flora and fauna are nonexistent or
obsolete, investigations of species habitat requirements are lacking or incomplete,
studies of biological and ecological limiting factors are short-term or flawed, and
the identities and relationships of many species are unknown or controversial. And
the requisite information and understanding are not forthcoming serendipitously by
applying old data to a new hypotheses. Theoretical issues on biological diversity
have been explored in detail (Solbrig 1991, Lubchenco et al. 1991, Soule and Kohm
1989), but little research has been proposed that relates to immediate management
needs.
Although there is widespread belief that ecosystem approaches to conservation of
biological diversity are more cost-effective than programs designed to save one
species at a time, there is a profound lack of scientific information to support and
guide such efforts. Lack of knowledge also hampers enlightened management to
maintain or enhance the biological diversity and ecological integrity of those natural
areas already preserved or protected. Lacking adequate knowledge on all species of
flora and fauna comprising biological diversity, the concept of "keystone" species
has come into vogue. "Keystone'' is another buzzword for the old concept of indicator
or dominant species. The idea is that certain species in an ecosystem are representative
or determinative of the whole biotic assemblage. Although biologists have long been
enamored with this concept, where is the scientific validation? Critical thinkers may
question the logic of this concept, and a paucity of scientific information is available
to support it.
Pimm and Gittleman (1992) concluded that "we clearly know too little about
where the diversity is, why it is there, and what it will become." We do know that
biological diversity is not stable. Populations of plants and animals are always changing. Any environmental stress, whether natural or human caused, will differently
affect various species. The reality is that some loss of biological diversity is inevitable.
Despite increased awareness and commitment by public resource agencies and
private conservation organizations, initiatives to conserve or manage biological diversity are highly fragmented and lack focus. Consequently, such programs are
ineffectively implemented and results are inefficiently achieved. Much management,
albeit well intended and sincerely motivated, is being done on an ad hoc, trial-anderror basis with less than optimum or even desirable results. The upshot is that more
harm than good may often have been done in the name of conservation and biological
diversity. Precious resources of organizations and agencies may also have been
wasted. Without sound data and critical analysis, conservation strategies may be
seriously misguided and conceptually flawed (Mares 1992).
Looming over these daunting gaps in our knowledge of biological diversity are
some serious questions. Thoughtful professionals ask how much do we need to know
to base credible management programs while others question whether we will ever
know enough or we will have time enough. How far do we need to go in order to
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fill these informational gaps? How far can we go? How far should we go? How far
are we willing to go? Do we need to know everything before we do anything? When
will we know enough? How much will it cost? Our sense is that professional consensus
on these issues is prerequisite to credible, meaningful progress toward conservation
of biological diversity—a view that is also shared by others (Soule 1991, Erwin
1991, Ehrlich and Wilson 1991). The spectre of the national economy and budget
deficit as well as the reality of competing social priorities and political agendas may
force us to make some difficult choices and to face some hard decisions.
During recent years, proposals have been advanced unsuccessfully to conduct a
National Biological Inventory which would delineate areas of high biological diversity
and to establish National Biodiversity Reserves designed to preserve diverse flora
and fauna and to perpetuate ecological and evolutionary processes. Creation of a
National Biodiversity Trust Fund organized to provide grants and incentives to private
individuals and organizations as well as to state and local governments for protection
of areas high in biological diversity has also failed to garner a groundswell of support.
Therefore, what recommendations can we offer to natural resource managers who
share the sense of urgency that we must act now or forever lose the opportunity to
conserve the last remnants of our biotic heritage? There are not many answers, but
we propose the following;
1. First, do no harm. Do not knowingly take actions that will be inimical to any
native organisms without fully considering the consequences. As Leopold (1953)
instructed, the first rule of intelligent tinkering is to save all the parts.
2. Adopt a holistic viewpoint. Look at all native plants and animals under your
management as parts of larger biotic communities for which you are responsible
(Franklin 1991). The best way to preserve biological diversity is to maintain
native species in natural landscapes.
3. Be open to a wide range of management options and ask lots of questions. When
considering how management actions might affect biological diversity, use the
best biological judgement to evaluate schemes and programs advanced by others
to conserve biological diversity. Weigh the possible risks of doing the wrong
thing against the consequences of doing nothing.
4. Be conservative in management policy and practice. Avoid getting caught in
irreversible processes with irretrievable consequences. As Soule (1986) warned,
"dithering and endangering are often linked."
5. Invest in additional research to advance knowledge and understanding (Soule
and Kohm 1989, Lubchenco et al. 1991, Solbrig 1991). Public policy in the
conservation of biological diversity should rest firmly on sound scientific information even though temptations and pressures to act now rather than prudently
wait may be overwhelming. Research administrators recognize that it is a matter
of pay us now or pay us later, and deferred costs are likely to be much greater.
Wildlife biologists should heartily welcome new supporters, investigators, and
practitioners to the cause of biological conservation. Unfortunately, many newcomers
to the field are preoccupied with symptoms rather than root causes. Although increased interest and effort will be essential in the next few years, hard fought efforts
to conserve biological diversity may be too little and too late in the face of overwhelming increases in human population and escalating pressures for economic
development and resource exploitation nearly everywhere around the world. Habitats
are being degraded and destroyed and species are declining and disappearing on an
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unprecedented scale (Ryan, 1992). To ignore the problem of human population,
whether for political, ideological or theological reasons, establishes a policy that
inevitably leads to habitat loss and species depletion according to Morowitz (1991),
who warned that "no discussion of managing global habitats and preserving species
can avoid the population imperative." Professionals in natural resources fields have
a responsibility to bring the pervasive reality of this spectre to public attention at
every opportunity.

Conclusion
Conservation of biological diversity is a pressing problem of global dimensions
and concern. The concept of biological diversity is poorly understood and represents
a challenge to natural resource professionals. There is no clear and universally
accepted definition or goal for biological diversity, although the principle has been
recognized and valued by conservationists for decades. Biological diversity is an
inclusive, abstract term that has an emergent quality. As currently used, it refers to
the variety of life that becomes progressively more complex at genetic, species and
ecosystem levels, and at local, regional, national, continental and global scales.
Professionals in natural resource management should be cognizant of the extent and
limits of scientific and technical information when shaping public policy on biological
diversity. They should be careful to maintain professional integrity and credibility
concerning the nature, potential, scope, impact and limitation of projects and programs in order to foster public understanding and enhance political support. The
wildlife profession has important responsibilities and capabilities to contribute toward
the conservation of biological diversity, but no single organization or agency has
more that a partial role. Conservation of biological diversity is a transdisciplinary,
interdisciplinary endeavor that will require innovative approaches and partnerships
in professional cooperation and scientific coordination.
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