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Invited Synthesis Paper

— NEIL E. WEST has offered his
L g overview of how the issues of biodi-
versity may influence planning, re-
search, and management of rangelands.

Neil grew up on a cattle and sheep
ranch in southern Oregon. He went to
Oregon State University with the inten-
tion of becoming a chemist. His career
was irrevocably changed, however,
when he learned, in an introductory
zoology class, about the outdoor orien-
tation of the then esoteric science of
ecology. He attained a B.S. in general science and continued
directly into a Ph.D. program in plant ecology at OSU. His doc-
toral work focused on the effects of fire exclusion on ponderosa
pine forests in central Oregon. After a short assignment at the

Oregon Forest Research Lab in Corvallis, West decided to relocate
to the drier terrain of Utah. West has been at Utah State Univer-
sity, Logan, most of the time since 1964, L.A. Stoddart and C.W.
Cook were important early mentors. He has tried to overcome his
western biases by spending a semester or more at the University of
Georgia; Yale University; Adelaide University, South Australia;
and Hebrew University, Jerusalem, Israel.

West has chosen the difficult and often unappreciated profes-
sional task of attempting to keep up with the output of theoretical
synecologists and translating the applicable portions to the
improvement of rangeland management. His current efforts focus
on the scientific underpinnings of sustainability, desertification,
monitoring of trend and interpretation of rangeland condition.
Unless his wife Alexa can dissuade him otherwise, Neil is usually to
be found each weekend sampling the aquatic and upland ecosys-
tems of the Intermountain regions behind a gun or fishing rod.

Biodiversity of rangelands

NEIL E. WEST

Author is professor, Range Science Department; Utah State University, Logan 84322-5230.

Abstract

Biodiversity is a multifaceted phenomenon involving the variety
of organisms present, the genetic differences among them, and the
communities, ecosystems, and landscape patterns in which they
occur. Society will increasingly value biodiversity and influence the
passage of laws and writing of regulations involving biodiversity
which rangeland managers will have to abide by over the coming
decades. Even private and developing world rangelands will be
affected.

While taxonomic knowledge of vertebrates and vascular plants
and their abundance, rarity, and distribution, in the developed
nations is generally adequate, the same cannot be said of the
developing world. Furthermore, adequate knowledge of inverte-
brates, nonvascular plants, and microbes is deficient everywhere.

Although the basis of variation at all higher levels, genetic
variation within rangeland species, even the major ones, has barely
been assessed. Obtaining statistically adequate data on popula-
tions of rare species that are small and secretive is well nigh
impossible.

We have many means of measuring community diversity, but all
of them are value laden. That is, choice of variables to measure and
how they are indexed betrays what we consider are important. We
should be more forthright in stating to the users the biases of these
methods. There are many other, more useful ways to describe
community-level diversity besides the tradtional focus on species.
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Ungulate grazing is an important process in many ecosystems.
Thus, removal of grazing destabilizes some systems. Livestock
grazing will actually increase the chances of survival of some
species. Moderate livestock grazing can also enhance community
and landscape-level diversity in many instances.

Attention is now shifting from “charismatic” species to defen-
sively managing larger tracts of land with habitat or ecosystems
holding suites of sensitive species. Since some accelerated extinc-
tion of isolated populations and species is inevitable, we need to
know which species and ecotypes are most valuable. Understand-
ing of modular, guild, and functional group structure would also
help us identify keystone or critical link species and better focus
our attention on truly important tracts of land where they live.

It is probably more important to sustain soils and ecosystem
processes than any randomly selected species, especially if func-
tionally redundant species can be identified. Similarly, not all
introduced, alien, or exotic species are equal threats; it depends on
how they fit into ecosystems. Sustainable development will depend
on finding balance between use and protection, from range sites to
landscapes, and even on a global basis.

Key Words: extinction, invasion, keystone species, functional
groups, guilds, critical link species, sustainability, fragmentation,
National Forest Management Act, Surface Mining Control and
Reclamation Act
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The threat of global environmental change, accelerated species
extinctions, and changing societal values has caused biodiversity to
become a topic that has captured the attention of the public as well
as the scientific community (Anon. 1991a). Laws regulating biodi-
versity have been passed and more legislation is being proposed.
Even if no new laws are passed, it appears that further expansion of
regulations and enforcement will have considerable effects on how
rangelands will be managed in coming decades. Although the
alteration of management because of concerns for biodiversity will
occur first on federal lands in the western U.S., the management of
private rangelands will also probably be increasingly influenced by
regulations involving biodiversity. Indeed, even the style of assist-
ance in developing nations is being changed by concerns for biodi-
versity from the World Bank and the governments of donor or
assisting nations (McNeely et al. 1989). Thus, all those concerned
with rangeland management worldwide will eventually become
influenced by this issue. We can either wait for the influences to
become evident and react after regulations are in place or we can
become proactive. If rangeland management professionals are to
have any input to the writing of laws and regulations or redirection
of monitoring and research programs, they must understand what
biodiversity is, why it is valued, and how its monitoring and
regulation will influence future rangeland policies and manage-
ment practices.

Biodiversity Defined

The broadest concept of diversity is that of variety. Although
environmental variety includes physical, chemical, topographic,
edaphic (soils), and meteorological (climatic) factors, mankind is
usually most interested in the variety of other organisms. In simpl-
est terms, biological diversity (hereafter shortened to biodiversity),
is the variety of life and its processes, including the variety of living
organisms, the genetic differences among them, the communities,
ecosystems, and landscapes in which they occur, plus the interac-
tions of these components (Fig. 1). Some (Salwasser 1991, Gomez-
Pompa and Kaus 1992) would add the local peoples, their culture,
and their “indigenous knowledge” to the list of what should be
retained. The definition used here is considerably broader than
that used historically by biogeographers, community, and evolu-
tionary ecologists. Magurran (1988) recently observed that “Diver-

sity is rather like an optical illusion, the more it is looked at, the less
clearly defined it appears to be and viewing it from different angles
can lead to different perceptions of what is involved.” Peters (1991)
further warns that biodiversity should not be viewed as a single
phenomenon, but as a “concept cluster”, Stability and sustainabil-
ity are also related concept clusters; thus if these notions are
combined with biodiversity, particularly complex issues arise.

Genetic Diversity

Each plant, animal, and microbial species occurring on range-
lands has variation in its DN A-based genetic structure over space
and time. Genetic diversity found within species is the ultimate
source of biodiversity at higher levels, determining how species
interact with their environments and each other. Generally, the
shorter the life span and the greater the role of sexual reproduction,
the greater the genetic variation, although other features such as
mating systems (Pimm 1991) may influence these traits. While
range scientists have long recognized the importance of empirically
identifying ecotypes of important plants used in planting efforts,
the genetic reasons for these differences are only beginning to be
investigated. Durant McArthur’s work with sagebrushes (Artemi-
sia spp.) and Douglas Dewey’s work with wheatgrasses and rye-
grasses (Triticeae tribe of grasses) are notable exceptions. Less
conspicuous and less economically important species have rarely
had their genetic structure considered. Fortunately, new tech-
niques are becoming available to accelerate this type of work in the
future.

Species Populations

As mankind has gained increasing power to change the bio-
sphere, there is little doubt that rates of extinction have begun to
greatly exceed rates of evolution of new species (Ehrlich and Wil-
son 1991). Because of the inertia of various human tendencies now
in place, loss of many more species is inevitable (Holdgate 1991).
The majority of the world’s species are naturally rare (Williams
1964), many being relicts from former times with different envi-
ronments. About half of the world’s species, mostly insects, occur
in the tropics. The reputation of the world’s drylands as having low
biodiversity is, however, false (Cody 1989, Pimm and Gittleman
1992).

Disturbance tends to favor those organisms with broad ecologi-
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Fig. 1. Components of biodiversity. From Anon 1991b. Reprinted with permission of the Keystone Center.
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cal tolerances and shorter life cycles. Because agriculture has his-
torically favored cultivation of short-lived species with rapid
growth rates, “weedy” species (both plant and animal) have
increased in proportionate abundance over the nonweedy ones.
Moreover, as the proportion of the earth that was wildland has
diminished, we have observed the loss of species requiring the more
stable conditions of nondeveloped areas. The cosmopolitization of
the world’s fauna and flora in disturbed habitats is viewed as
“biological pollution” to some (Howarth 1983).

Communities

Associations or assemblages of species make up communities.
Any management action or inaction (failure to actively manage)
involves a trade-off between species that benefit from subsequent
changes and those that do not. Consequently, species occurrences
and their relative abundances can be altered due to management
actions, such as changes in livestock grazing and/ or fire regimes.
Although the data have rarely been evaluated in ways to bring out
the impacts of various management systems on community diver-
sity, there are a myriad of techniques to collect and synthesize such
data at the community level (Magurran 1988). These will be dis-
cussed later.

Ecosystems

An ecosystem is the biological community in an area plus the
physical environment with which it interacts. The variety of spe-
cies, growth forms, life cycles, and phenological and physiological
modes (e.g., Cs, Cs, CAM plants) present in a community qualita-
tively and quantitatively influence the environment and processes
operative at the ecosystem level. For instance, whether leguminous
or nonleguminous or otherwise N-fixing shrubs are allowed to
prosper in savannas has a profound influence on the spatial varia-
bility in micro-climate, water budgets, nitrogen fixation, and
animals present and their plane of nutrition.

Landscapes and Regions

Biodiversity is also patterned at the scales of hillslopes, water-
sheds, and landscapes. Romme and Knight (1982) suggest that
changes in landscape pattern may influence a variety of other
natural features including animal use, water, and nutrient cycles,
and even the probability of different kinds of natural disturbances.
Kinds of ecosystems, their level of various functions (e.g., produc-
tivity, nutrient cycling) and linkages (e.g., water, sediment) are
being increasingly scrutinized as advanced remote sensing, geo-
graphic information systems, computerized image interpretation,
and multivariate statistical techniques allow data to be organized
across broad scales (Pickup 1989). These tools are also allowing a
new consideration of regional patterns of diversity now becoming
known as epsilon diversity (Burton et al. 1992). Gap analysis (Scott
et al. 1987, 1988, 1989) is attempting to recognize where disconti-
nuities occur in protection, largely between the national reserve
and refuge system.

Importance of Scale

It should now be obvious that biodiversity can be considered at a
variety of scales in both space and time. Whether a short-term
change in local species richness can lead to a significant long-term
change in overall biodiversity is a question of temporal and geo-
graphic scales. If the organisms that are harmed by a given man-
agement action are already rare or more imperiled than ones that
benefit, or if the manipulation eliminates a local population or a
species throughout its range, a community, or an ecosystem pro-
cess, then biodiversity is reduced. If the manipulation eliminates an
element that is common elsewhere in the landscape or provides an
opportunity for an imperiled element in the landscape to migrate
or increase, then biodiversity is more secure. It is thus obvious that
we have to consider the impacts of any project at place and times

well beyond the point of action. Because benefits are typically
economic, immediate, and known, while costs are ecological, long
term, and unknown, it is very difficult to objectively balance costs
and benefits (Solbrig 1992).

The fundamental problem with more tightly defining biodiver-
sity is that different people favor looking at different phenomena at
much different scales in space and time (Table 1). The “diversity” of
scientists, technicians, users and other interested parties with dif-
ferent value systems involved in such a vast array of features is
bound to create difficulties in reaching consensus on what to
measure and how to measure it. Thus, the only reliable means of
knowing what people really mean when they use the term biodiver-
sity is to ask what and how they would measure. Their answers
must clearly spell out which levels of integration and temporal and
spatial scales they favor. Furthermore, without a tightly stated
purpose for estimating diversity, we cannot decide on the most
relevant measure(s) of biodiversity. Failure to make objectives
explicit insures continued frustration because what constitutes
ecological good remains as much as matter of human opinion as it
is a subject of science.

One must be aware that patterns and processes at 1 spatial or
temporal scale affect those at other scales. For instance, diminish-
ment of migratory small birds, largely because of loss of tropical
winter habitat, may eventually influence ecosystem structure at
higher latitudes because of changed seed predation, seed dissemi-
nation, pollination, etc., which could lead to changing vegetation
structure. Greater diversity at 1 spatial scale need not translate to
greater diversity at another scale (Hoover and Parker 1991). Moni-
toring a suite of phenomena simultaneously at several scales
becomes prohibitively expensive. Thus, we must learn how to
relate the various features and levels to each other and then match
the combinations with the most efficient monitoring approaches.

Why Biodiversity Is Important

Changes in biodiversity, by whatever measure used, should be of
concern to everyone for at least 1 of 4 basic reasons. The first
reason involves morality. Many believe that humans have a moral
obligation to protect their fellow creatures, whether any extrinsic
value is placed on them or not. The relative strength of this feeling
depends on one’s own philosophical and religious orientation,
namely mankind’s place in nature. The second reason involves
aesthetics. The human desire to see and appreciate the living parts
of nature and add interest, value, and quality to their lives is
reflected in the popularity of wildlife films, visits to zoos, botanical
gardens, and ecotourism. The third reason involves economics. In
addition to the economic spin-offs of the aesthetic values (e.g.,
ecotourism), there are many direct benefits to humans from biodi-
versity in the form of “goods” such as foods, medicines, fuel,
building materials, and industrial products. Crops and domestic
animals are ‘borrowed” from the “genetic library” of nature
(Ehrlich and Wilson 1991). The potential of that “library” has
scarcely been tapped. Some of these potential uses will be forever
lost by allowing extinction to accelerate.

The fourth, least understood, but most important value of bio-
diversity is the array of “services” provided by natural ecosystems
(Westman 1977, Walker 1992). Essential ecosystem services include
maintenance of the gaseous composition of the atmosphere; ame-
lioration of climates; genesis, fertility, and stability of soils; dispo-
sal of wastes; cycling of nutrients; natural control of pathogenic
and parasitic organisms, etc. Loss of biodiversity can negatively
influence both the quality and quantity of ecosystem services and
ultimately have economic consequences. Although it is logical to
expect that reducing the biological variability of a system reduces
its resilience and increases the probability that rare events which
formerly could be “absorbed” will cause dramatic change and
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Table 1. Indicator variables for inventorying, monitoring, and assessing terrestrial biodiversity at 4 levels of organization, including compositional,
structural and functional components, inventory and monitoring tools and teclmiques (from Noss 1990). Reprinted with permission of the Society for

Conservation Biology and Blackwell Scientific Publications, Inc.

Classes of Indicators

Levels of Composition Structure Function Inventory and monitoring
tools
Regional Identify, distribution richness Heterogeneity; connectivity; Disturbance processes (areal Aerial photographs
Landscape and proportions of patch spatial linkage; patchiness; extent, frequency or return (satellite and
(habitat) types and multi- porosity; contrast, grain interval, rotation period, conventional aircraft)
patch landscape type; size; fragmentation; predictability, intensity, and other remote sensing
collection patterns of species configuration; severity, seasonality); data; Geographic
distributions (richness, juxtaposition; patch size nutrient cycling rates; information Systems
endemism) frequency distribution; energy flow rates; patch (GIS) technology; time
perimeter-area ratio; persistence and turnover series analyses; spatial
pattern of habitat layer rates; rates of erosion and statistics; mathematical
distribution geomorphic and hydrologic indices (of pattern,
processes; human land-use heterogeneity,
trends connectivity, layering
diversity, edge,
morphology,
autocorrelation, fractal
dimension)
Ecosystem  Identify, relative abundance, Substrate and soil Biomass and resource Aerial photographs and
Community frequency, richness, evenness, variables; slope and aspect; productivity, herbivory, other remote sensing
and diversity of species and vegetation biomass and parasitism, and predation data; ground-level photo
guilds; proportions of endemic,  physiognomy; foliage density rates, colonization and stations; time series
exotic, threatened and and layering; horizontal local extinction rates; analysis; physical
endangered species; patchiness; canopy openness patch dynamics (fine-scale habitat measures and
dominance—diversity curves; and gap proportions; disturbance processes), resource inventories;
life-form proportions; abundance, density and nutrient cycling rates: habitat suitability
similarity coefficients; C5-C4 distribution of key physical human intrusion rates and indices (HSI,
plant species ratios features (e.g., cliffs, intensities multispecies);
outcrops, sinks) and observations, censuses
structural elements (snags, and inventories,
down logs): water and captures, and other
resource (e.g. mast sampling methodologies;
availability; snow cover mathematical indices
(e.g. of diversity,
heterogeneity, layering
dispersion, biotic
integrity)
Species Absolute or relative abundance; Dispersion Demographic processes Censuses (observations,
Population frequency; importance or cover  (Microdistribution); range (fertility, recruitment counts, captures, signs,
values; biomass, density (macrodistribution); rate, survivorship, radio-marking); remote
population structure (sex mortality); metapopulation sensing; habitat
ratio, age ratio); habitat dynamics; population suitability index (HSI)
variables (see community- genetics (see below); species habitat
ecosystem structure, above); population fluctuations; modeling; population
within-individual physiology; life history; viability analysis
morphological variability phenology; growth rate (of
individuals); accumulation;
adaptation
Genetic Allelic diversity: presence of Census and effective Inbreeding depression; Electrophoresis;

particular rare alleles,
deleterious recessives, or
karyotypic variants

population size;
heterozygosity; chromosomal
or phenotypic polymorphism;
generation overlap
heritability

outbreeding rate: rate of
genetic drift; gene flow;
mutation rate; selection
intensity

karyotypic analysis; DNA
sequencing; offspring-
parent regression; sib
analysis; morphological
analysis

injure the system (Archer and Smeins 1991), the science so far
brought to bear on this topic has not been strong (Peters 1991,
Solbrig 1992, Walker 1992, Johnson and Mayeux 1992, Allen and

Hoesktra 1992).

Measurement of Diversity at the Community Level

Methods for assessing biodiversity vary among hierarchial levels

of organization (Table 1). Some basic concepts and principles of
measurement are similar, however. Because community level
aspects of measuring biodiversity are of greatest inherent interest
to range professionals and have had the longest history of devel-
opment, methodological focus herein will be for assessing biodi-
versity at the community level of organization. Some of these
techniques can also be employed at landscape levels (Turner et al.
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1990, Burton et al. 1992).

Community biodiversity, also sometimes known as intra-stand
or alpha biodiversity, deals with the numbers of taxa and their
relative abundances within a stand (an area of sufficient homoge-
neity with regard to vegetation, soils, topography, micro-climate,
and past disturbance history to be treated as a single unit). The
usual compound expressions of community biodiversity really
involve 2 fundamental features: (1) richness, also sometimes
known as variety or species density; and (2) relative abundances of
component taxa, also called equitability or evenness. Most of the
suggested indices of community level biodiversity (over 90 pro-
posed indices have been published, but an infinite number of
indices are possible [Ludwig and Reynolds 1988]) involve both
richness and equitability, often in ill-defined ways.

Richness

Because increasing number of taxa are usually encountered as
the cumulative area sampled increases (species-area curve, Fig. 2),
any small sample will usually underestimate the maximum richness
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Fig.2. Species-area curves for Yizreel Valley and Sharm-E-Sheikh regions
of Israel (Shmida and Wilson 1985). Reprinted with permission of
Blackwell Scientific Publications, Ltd.

possible within a stand. When a sample is used to estimate stand
richness, it is assumed some predictable relationship exists between
the actual number of taxa sampled (5) and the real total number of
taxa (S) present. It is often assumed that s is directly proportional
to the logarithm of area (@) sampled. If true, one could theoretically
extrapolate from any size sample to an entire area about which one
choses to generalize. Unfortunately, no single equation has been
found to be valid in all circumstances, and all empirically derived
curves have been nonlinear. Furthermore, in certain instances,
species richness has been found to not increase as size of area
sampled increased (Boeklen and Gotelli 1984, Dunn and Loehle
1988). The rate at which species richness increases, or not, with
area is related to the combined effects of 4 biological determinants:
niche relations, habitat diversity, mass effects, and ecological equi-
valency (Shmida and Wilson 1985).

Richness is affected also by evenness, spatial pattern (patchi-
ness), and natural disturbances or human-induced treatments.
Thus, adjusting plot size and shape and increasing plot numbers to
compare different stands may not yield statistically valid results
(Christensen and Peet 1984, Palmer 1990). All we currently know is
that, given equally rich communities, numbers of taxa will usually
increase toward an asymptote (levelling off of the curve) most
rapidly in those communities in which the constituent taxa are
most equally abundant, small in size, and randomly intermingled in

6

space. As community equitability decreases, organism size increases
(due to human treatments or natural causes), or taxa become
spatially segregated, more samples are required to observe a par-
ticular portion of the total taxa potentially present.

Equitability

Relative abundance or evenness of taxa is frequently viewed as
more important to land resource managers than richness. For
instance, rangeland managers often prefer an abundance of only a
few highly palatable plant species when their goals center on live-
stock production. Thus, they, do not want to treat all plant species
equally in a diversity index.

Several metrics of equitability have been developed from heter-
ogeneity (richness combined with equitability) measures by stand-
ardizing against the maximum possible value. The major difficulty
with these metrics is that they require knowing the actual number
of species (S) present in the sampling universe. Because S is usually
underestimated from subsampling (Palmer 1990), equitability is
usually overestimated. Obviously, variations in sample size, as well
as random variations in s, or the distributions of abundances
among species affect these measures (Peet 1974). Under most
circumstances, it is best to avoid trying to express equitability by
itself (Christensen and Peet 1984). Where species presence is nearly
equivalent, however, it is useful to graphically tease out differences
in equitability over either time or space to show how communities
change in terms of relative abundances of species and growth forms
(e.g., Lewis et al. 1988, Yorks et al. 1992).

Heterogeneity

Most ecologists have preferred to combine richness and equita-
bility into a single measure known as heterogeneity (Peet 1974).
Heterogeneity can be equated with the uncertainty that exists
regarding the taxonomic or other group membership of an indi-
vidual selected at random from a community (Pielou 1966). The
uncertainty of membership increases with either increased richness
or decreased equitability. Because information content is a mea-
sure of uncertainty, information theory-based indices are often
used to express heterogeneity (Ludwig and Reynolds 1988).

Simpson (1949) first proposed that heterogeneity is inversely
related to the probability that 2 individuals selected at random
from a community will belong to the same species. Routledge’s
(1979, 1984) modification of Simpson’s index of concentration can
be used at several hierarchial levels within and beyond stands.
Estimates of variance and tests of statistical significance can be
done with computer-intensive methods (Hatton and West 1987).

Information theory-based heterogeneity indices are more sensi-
tive to changes in rare species than the probability theory-based
indices (e.g., Simpson’s and its modifications), which are more
sensitive to changes in common species. The appropriate use of
these indices thus varies depending upon whether one wants to
stress the total biota or the more abundant taxa within the com-
munity. It should be realized, however, that information of usually
greatest interest to a manager becomes submerged from view by
such data compressions into an index number (which can be
arrived at an infinite number of ways).

Cardinal measures (Cousins 1991) such as richness treat all taxa
equally. All of the information theory-derived indices (Williams
alpha, Shannon’s H and J, as well as others, see Hill 1973) are
cardinal indices.

Ordinal measures, which treat each taxon differently and
express their ranking in a particular order, are more ecologically
sound (Walker 1992) and offer advantages for environmental
assessment (Cousins 1991). Relative statistical abundance distribu-
tions (such as log-normal, Fig. 3) are not the only ordinal tool we
have for analyzing diversity, but ordering by size and functional
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Fig. 3. Log-normal statistical distribution of Sonoran Desert plants (Whit-
taker 1965). Reprinted with permission of the American Association for
the Advancement of Science. Octaves are classes of abundance ordered
by doubling of cover values.

aspects should be more common in the future (Cousins 1991).

Wayne and Bazzaz (1991) point out that although indices based
merely on species may be useful, species (except microorganisms
[Chapin et al. 1992]) are generally unreliable units for quantifying
the ecological diversity perceived and utilized by most organisms in
communities because they are based on taxonomic, not functional
bases (Walker 1992). Limiting our analyses to just species designa-
tions greatly under-estimates the complexity of communities,
ecosystems, and landscapes. Some species-rich communities may
be much less ecologically diverse than species-poor communities.
For instance, a community with a lot of similarly sized grasses and
forbs would be less structurally and functionally diverse than a
community with a single abundant shrub species and fewer grasses
and forbs. Wayne and Bazzaz (1991) propose categorizing orga-
nisms by genetic, phenetic, gender, developmental state and/or
maternal effects to obtain additional insight about how communi-
ties are structured and function.

Choice of Method

There is no such thing as an “objective” index of biodiversity.
The numerical values produced are dependent on human choices
of the area to be sampled, how often it was sampled, any selection
of variable(s) to express presence or dominance and the particular
formulae used to synthesize the data (West and Reese 1991). Inter-
pretation and comparison of numbers expressing community bio-
diversity are difficult. The unaware or unscrupulous can, inten-
tionally or not, “bend” the numbers to favor certain conclusions.
Methods should be selected on the basis of the question(s) being
asked of the survey, experiment, or monitoring program.

A numerical index may stay the same or nearly so, but a com-
munity could change significantly, such as reductions in the abun-
dance of major species. This is because most indices treat all species
as equals. Several species could be lost, but if several new species
replace them at about the same relative abundance, the index
values would remain about the same. One thus needs to compare
similarity or dissimilarity as well as diversity. In other words,
turnover of taxa and functional groups over time or space needs to
be specified. Simply maintaining community diversity as expressed
in an index does not ensure maintenance of quality. We have to
also be concerned with maintaining the desired species in the
desired communities. Choice of benchmarks for comparison is also
critical (West 1991a).

Impact of Current Laws and Regulations

Biodiversity has had such intuitive appeal to the public that their
legislators have passed laws despite immaturity of the underlying
science (Redford and Sanderson 1992). The 2 major U.S. laws in
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place that deal with biodiversity on rangelands are the National
Forest Management Act of 1976 (NFMA) and the Surface Mining
Control and Reclamation Act of 1977 (SMCRA). There are, how-
ever, numerous other laws, regulations, and executive orders that
also require consideration of biodiversity (Kirby 1984, Stockwell
1990).

National Forest Management Act

The National Forest Management Act requires the U.S. Forest
Service to consider natural diversity as a requirement, criterion,
and output of good wildland management. Section 6 (h) defines
diversity as “the distribution and abundance of different plant and
animal communities and species within the area covered by a land
and resource management plan.” Furthermore, the management
prescription for national forests “where appropriate and to the
extent practicable, will preserve and enhance the diversity of plant
and animal communities.” Sec. 219.13g also calls for maintaining
viable populations of native vertebrates. Regulations implement-
ing the act require maintenance of natural diversity on national
forest lands and call for environmental monitoring to insure that
natural diversity is maintained. The Forest Service is still grap-
pling, however, with ways to meet these goals (McMinn 1991). The
Klamath National Forest in northern California is probably the
lead Forest Service unit in devising inventory, planning, action,
and monitoring procedures to accommodate biodiversity (Willi-
ams and Marcot 1991).

Surface Mining Control and Reclamation Act

The Surface Mining Control and Reclamation Act requires the
establishment of a: “...diverse, effective, and permanent vegetation
cover...capable of self-regeneration and plant succession at least
equal in extent of cover to the natural vegetation of the area...” on
all lands after disturbance from surface mining. Of the sundry
requirements for revegetation success, the re-establishment of
diversity may be the most difficult to satisfy (Laycock 1980, DePuit
1984, Hatton et al. 1986, Hatton and West 1987).

The state regulatory agencies for coal stripmining have not taken
a broad view of how to measure diversity. Currently, their focus is
on intra-community (alpha) plant diversity only (Krabbenhoft et
al. 1991), although inter-community (beta) and landscape (mosaic
or gamma) diversity may be equally important in reestablishing
wildlife habitat desirability (Laycock 1980, Krabbenhoft et al.
1991). The prevailing choice of an alpha index is the Shannon-
Wiener index, which weights species equally via information the-
ory and thus favors the establishment and persistence of rare
species over abundant species. Consequently, it is more difficult to
show an improvement in biodiversity and to subsequently obtain
bond release than if a probability theory-based index were used.
Moreover, the use of information theory-based indices limits habi-
tat quality in terms of wildlife, livestock, and watershed considera-
tions. Some erroneous assumptions about how diversity relates to
stability (Peters 1991, Allen and Hoeskstra 1992) lie at the core of
these missed opportunities.

Biodiversity and Rangeland Management

Having reviewed the general problems with defining and apply-
ing these principles and measuring biodiversity in special circum-
stances, let us turn to how these issues relate to all kinds of
rangelands.

Concentration on Vertebrates

The biodiversity issue first gained public attention in the U.S.
because of the concern for diminishing prospects for survival of
some vertebrates, (the often-called “charismatic fauna” or “flag-
ship” species [Noss 1990]). These organisms were first formally
dealt with after passage of the Endangered Species Act in 1973.



Those species, already having low densities and isolated distri-
butions, are the ones most vulnerable from any type of single
influence or cumulative effects. Monitoring of population dynam-
ics of vertebrates and separating natural from human-induced
impacts on densities is notoriously difficult (Pechmann et al. 1991).
Furthermore, management policies that focus monitoring efforts
too high on the food chain run the risk of permanent damage to
more basic components (¢.g., soils [Sidle and Sharpely 1991]) and
functions (Walker 1992) of ecosystems. This is because statistically
significant changes in animal populations usually lag behind signif-
icant changes in lower trophic levels and the supporting envi-
ronment.

The Natural Heritage programs in each of the United States and
European countries have already identified the rarer vertebrate
and vascular plant species and where they are located (Stolzenberg
1992). We can now use care in managing around such taxa. We do
not, however, generally have similar information in other parts of
the world. We lack similar data for invertebrate animals, nonvas-
cular plants, and microbes, even in Europe, the USA, and other
developed countries. Such less noticeable species may even be
more important for maintaining ecosystem “health” or affecting
ecosystem recovery than the more visible organisms (Perry et al.
1989). Large terrestrial mammals make up only 0.02% of all North
American species (Grumbine 1990), yet they have received the
“lion’s share” of our attention.

Wide-ranging vertebrates, particularly predators and carrion-
eaters, have been the most visibly impacted animals on rangelands.
1 can point to several that are jeopardized by activities ancillary to
the management of livestock on rangelands—the grizzly bear,
Mexican wolf, black-footed ferret, and California condor. The
Mexican wolf now survives only in ex situ (off-site) protection.
That is, they have been removed from the wild and are being bred
in captivity. The black-footed ferret has been and continues to be
captive-bred; captive-bred individuals were recently released on
rangelands in Wyoming’s Shirley Basin, Two captive-bred condors
were released in Southern California in 1992. Reestablishment of
the ferret, condor, and Mexican wolf in the wild is questionable.
The cost of such programs is enormous and detracts from proac-
tive efforts to keep other species from joining the rare and endan-
gered lists. We can expect the management of the most promising
sites for reintroduction of such “emergency room” species to be
carefully monitored and controlled to try and save these and other
publicly favored species. If you deal with rangeland in such areas,
be prepared for these influences on your style of land management.

Causes for Declining Diversity on Rangelands
Species Level

While continuous, heavy livestock grazing and trampling can
reduce some rare plant species (e.g., the uncharismatic, but taxo-
nomically distinctive Oryctes nevadensis in California [Holsinger
and Gottlieb 1991]), especially palatable herbs, indirect effects are
probably more significant for animals. For instance, diminishment
of the Hawaiian crow and many other species in the tropics is
apparently due to clearing of forests to create pastures for cattle
(Holden 1992). Changing vegetation structure does indeed influ-
ence the variety and abundance of particular native animals.
Where livestock grazing has gone on more moderately, without
associated mechanical or chemical vegetation manipulations, what
is cause and effect is far more questionable. For instance, decline of
the masked bobwhite quail is correlated with the expansion of tall
shrubs into formerly desert grasslands along the Arizona-Sonora
border. The change to greater amounts of shrubs and succulents
has, however, been going on for a long time (Van Devender 1990)
and how much of this change can be attributed to livestock versus
climate and other causes of change is debatable (Bahre 1991).
Expect similar debates to develop concerning mountain quail, sage
grouse, and sharptail grouse in the Pacific Northwest.
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Another herbivore that seems to be declining in the southwest-
ern deserts is the desert tortoise. Although some attempt connect-
ing the decline of this animal.to livestock grazing (Berry 1978),
livestock use had declined well before tortoise densities slipped and
recent studies have shown that it prefers grazing on the introduced
annuals (Bostick 1990). It thus seems that other influences such as
increased predator densities (¢.g., a 15-fold increase in ravens over
the past few decades), increased off-road vehicular traffic, diseases,
and direct human removal could well be more important than
vegetation changes and cattle trampling of animals and dens (Hux-
table 1992). Removal of livestock from public rangelands occupied
by the desert tortoise is an action that is more politically than
scientifically supportable.

Some rare species are favored by ungulate grazing. For instance,
the mountain plover nests only in relatively heavily grazed short-
grass steppe (Graul 1973, 1975; Ryder 1980; Leachman and
Osmondson 1990). This bird probably evolved with bison influen-
ces that only cattle can now replace. Ryder (1980) notes that bird
species can be placed into decreaser, increaser, and invader catego-
ries as easily as plants. The buttercup, Ranunculus ophioglossifo-
lius, in Great Britain can only be sustained where heavy sheep
grazing is maintained (Frost 1981). Sheep grazing was also found
to be beneficial to populations of the early spider orchid (Ophrys
sphegodes) in England, apparently because maintenance of a short
turf reduces interspecific competition (Hutchings 1987). Earlier
cattle grazing was leading to declines of this species, apparently
because of less close cropping of competitors and mechanical hoof
damage. We can thus expect livestock to be used in some instances
to actually enhance conservation of species preferring certain suc-
cessional niches.

Any comprehensive biodiversity program must include threa-
tened and endangered species as a major priority. High priority
must also be given to approaches that are more holistic than the
piecemeal, crisis efforts into which threatened and endangered
species force the scientific and land management communities.
Working with individual species ad finitum focuses on symptoms
rather than underlying causes.

Community Level

We have long known that herbivores influence community-level
diversity through differentially utilizing or trampling plants var-
iously susceptible to defoliation and other physical damage. For
instance, Waser and Price (1981) show how heavy, year-long graz-
ing can diminish the variety of herbs near water and fence corners
in the Sonoran Desert. Moderate intensities and periodicities of
grazing and trampling usually increase community level diversity
of plants by decreasing the ability of community dominants to
competitively exclude other species (Quinn and Robinson 1987)
and by creating physical gaps and freeing resources such as light,
moisture, and nutrients (Archer and Smeins 1991). Collins and
Barber (1985) evaluated the effects of fire, grazing, bison wallows,
and prairie dog towns on plant diversity in a mixed-grass prairie in
southwestern Oklahoma. Plant species diversity was highest on
grazed wallows without fire. Lightly to moderately grazed areas
had somewhat less diversity. The lowest diversity was associated
with recently burned, ungrazed sites. Bonham and Lerwick (1976)
found that plant community richness was greater on prairie dog
towns than for adjacent uncolonized areas within shortgrass
prairie of northeastern Colorado. Similar trends were noted else-
where by Hansen and Gold (1977), Archer et al. (1987), and Cop-
pock et al. (1983).

The effects of grazing on plant community-level diversity
depends on grazing intensity, evolutionary history of the site, and
climatic regimes (Milchunas et al. 1988). In semiarid grasslands
with a strong evolutionary history of grazing, herbivory appears to
have a relatively small effect on community composition (Fig. 4;
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Fig. 4. Hypothesized relationships between relative plant species diversity
in grasslands in relation to grazing intensity along gradients of moisture
and evolutionary history of grazing (Milchunas et al. 1988). Published
with permission of the University of Chicago Press.

e.g., the shortgrass plains of the U.S. and Canada). In contrast,
climatically similar grasslands with a shorter evolutionary history
of large mammal grazing lose diversity at much lower grazing
intensities; e.g., Argentine pampas. Under wetter conditions, mod-
erate grazing usually enhances diversity regardless of differing
evolutionary history (Fig. 4). For instance, Ellenberg (1988) pro-
poses that livestock grazing will have to be increased to enhance
diversity of herbaceous plant communities of central Europe which
are experiencing dramatic nitrogen and sulfur enrichment due to
air pollution which drives dominance by a few species thriving
under high nutrient inputs.

Another demonstration of how livestock grazing can have a role
in enhancing community biodiversity comes from Israel where
Naveh and Whittaker (1979) showed that greater plant diversity
for several rangeland sites in Israel existed on moderately grazed
areas rather than either ungrazed or heavily grazed areas (Fig. 5).
Mueggler (1984) demonstrated similar patterns for sagebrush
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Fig. 5. Species richness in major herb groups of open woodlands and
shrublands in relation to grazing pressure (Naveh and Whittaker 1979).
Reprinted with permission of Kluwer Academic Publishers.
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steppe and aspen rangelands in Montana. Ungulate grazing is an
important process in many rangeland ecosystems. If grazing is
excluded, biodiversity may increase in the short term, but may
decline long-term because the system itself changes and in the
future may be less able to withstand other disturbances such as
drought and fire (Walker 1989).

Ecosystem Level

Whether losses of species lead to community-level reorganiza-
tions which are functionally important, requires careful, long-term
observation of ecosystems (Holdgate 1991, Walker 1992, Solbrig
1992). For instance, although loss of the American chestnut and
the passenger pigeon from the eastern deciduous forest region of
the U.S. led to some short-term economic impacts for particular
people who harvested them for fiber and food, other species filled
in the space and used resources these species once tied up (Johnson
and Mayeaux 1992). No undesirable long-term changes in total
productivity and watershed protection were noticed. Resilience at
the community and ecosystem levels was thus high for these partic-
ular losses because of apparent structural and functional redun-
dancy.

The functional consequences of species-level biodiversity at the
ecosystem level is still being debated (Chapin et al. 1992, Walker
1992). Most ecosystems exhibit species richness higher than that
required for efficient biogeochemical and trophic functions (di
Castri 1991). Functional groupings have been proposed as a means
of aggregating species having similar effects on ecosystem pro-
cesses (Walker 1992). Because we can never determine how each
species affects all ecosystem functions, such groupings may be a
practical necessity. Where there is more than 1 species per func-
tional group, it implies that species within a functional group may
be equivalent or redundant in their impacts on ecosystem processes
and that ecosystems could function equally well with fewer species.

Theories of community-ecosystem interaction range from the
“rivet” hypothesis (Ehrlich and Ehrlich 1981), where each species
plays an incrementally important role (like rivets in an airplane), to
that of communities composed of a few functional groups, each
with several ecologically equivalent species such that some may be
lost with little effect on ecosystem processes (the full redundancy
hypothesis). The truth probably lies somewhere between these
extremes (Walker 1992).

Redundancy can be thought of as “insurance” or “backup”
because each species can tolerate only a limited range of climatic
and biotic conditions. If there are several species in each structural
and functional group, those structural and functional features are
more likely to persist under global environmental change. We
know, for instance, that loss of major trees or shrubs in some
rangeland systems can have cascading effects through food chains,
energy flow, water, and nutrient cycles. For instance, removal of
trees and shrubs from subtropical rangelands results in a reorgani-
zation of native bird (Johnson et al. 1980) and mammal communi-
ties, micro climates (Belsky et al. 1989), water budgets (Blackburn
1983, Carlson et al. 1990), and the nitrogen cycle (West 1991b).
Leaving a patchwork of trees and openings can actually optimize
the mix of cattle and wild ungulates, apparently because of
enhancement of browse production and edge (Fulbright and Bea-
som 1987). Whether those changes are desirable or not depends on
who is paying the bills and benefiting from the consequences.

Landscapes

If paddocks or allotments are large enough, and water and salt
are available only at certain points, then gradients of disturbance
and consequent successional status should be available across the
landscape (Andrew 1988, Laycock 1992). Thus, it is conceivable
that total diversity across a landscape could be enhanced by some



patterns of livestock use. Furthermore, some treatments such as
prescribed burning and chaining can actually enhance community
and landscape diversity in some rangeland settings (Mueggler
1984).

Regions

A major threat to sustaining biodiversity at all lower hierarchial
levels is reduced size of contiguous habitats, Habitat fragmenta-
tion is regarded by many as a major problem influencing land
management (Burton et al. 1992). Blockstein (1990) maintains that
preservation of multiple examples of all natural communities
occurring in the U.S. should be a national goal. The assumption is
that maintaining communities or ecosystems automatically ensures
perpetuation of a large component of species. The validity of this
approach depends on selection and application of community and
ecosystem classifications. Most classification systems are based on
a small number of dominant species; the mere occurrence of those
species at any age or state of community development does not
ensure that all potential component species and functions exist
(McMinn 1991).

Potential Solutions
Rather than wait for others to impose their will, I strongly
suggest that academia, the professional societies, and the resource
management and advisory agencies take a proactive stance and
begin making their own suggestions of what diversity is, how it
should be inventoried, monitored, and incorporated into man-
agement plans and actions.

Genetic Resources

With the potential of transgenic (gene splicing between taxo-
nomically disparate organisms) manipulation now proven, any
species could be genetically useful to mankind in the future. Furth-
ermore, particular genetic populations could become more valua-
ble than the common ones we have used thus far. For instance,
ecotypes of grasses with unusual tolerance to heavy metals have
become valuable in revegetating areas disturbed by mining (Wain-
wright and Woolhouse 1975). Other populations are naturally
selected by grazing, fire, herbicides, etc. Range practitioners can
use such material to advantage in rehabilitation activities. Until
details of genetic variation of many more species are available, it
behooves us to protect isolated populations.

Species Protection

It is rapidly becoming evident that not all species now found on
earth will remain during the 21st century (Ehrlich and Wilson 1991,
Holdgate 1991). Furthermore, it has become evident that passive
management or attempts at preservation do not protect all species.
For instance, Newmark (1987) found that between 0 and 43% of
the original (pre-establishment) large mammal fauna have been
lost from our large western national parks in the U.S., the variation
depending largely on their size and time since establishment.
Furthermore, broadening “preservation” attempts will eventually
curtail economic growth. We will thus be forced to decide which
aspects of biodiversity are most important. Adherence to policies
that place equal emphasis on every species is both ecologically
unsound and tactically unachievable (Walker 1992).

Communities, Ecosystems, Landscapes

With the creation of national plans for further wildlife reserves
and corridors (Scott et al. 1987), the greater ecosystem concept
(Grumbine 1990), and regional assessment of environmental
health through the Environmental Protection Agency’s Environ-
mental Monitoring and Assessment Program (EMAP) (Hunsaker
and Carpenter 1990), even private landholders will probably see
further governmental control of how their lands can be managed,
inthe name of maintaining or enhancing biodiversity. The publicis
beginning to realize that not all biota are preserved or protected in
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existing parks, preserves, and refuges (Pimentel et al. 1992). Furth-
ermore, buffers of surrounding land with less heavy use act as
corridors of seminatural environments allowing movements of
organisms between the parks and preserves, particularly under
climatic change scenarios (Peters and Darling 1985). Thus, the
importance of other federal, state, and private wildland is being
recognized for conservation biology efforts (Brussard 1991).

While most U.S. rangeland surviving until the twentieth century
has been marginal for agricultural, urban, and industrial develop-
ment and consequently less fragmented than ecosystems in wetter
parts of the country, even low levels of fragmentation may result in
ill-functioning communities (Hanson and Angelstam 1991), We
must expect greater efforts to protect declining and under repres-
ented ecosystem types (e.g., tall grass prairie, California steppe) in
national preserve systems. There will also be increasing attempts to
restore missing species and community types (e.g., blackland
prairie, longleaf pine-wire grass).

It should be recognized that most of the ideas being pushed by
conservation biologists are based on the theory of island biogeo-
graphy. Not all accept that such theory is applicable to mainlands
(Mann 1991). Some continental species can escape into bordering
areas once their prime habitat is removed (Boeklen and Gotelli
1984, and Dunn and Loehle 1988). The vast majority of workers in
conservation biology have been trained in a species orientation.
Accordingly, they have been slow in realizing that the best way to
minimize species losses is to maintain ecosystem integrity.

I favor prioritization of maintenance of soil profiles and ecosys-
tem functions as the most important aspects of sustainability (West
1991b). Without these features, overall potentials for all biota are
seriously diminished. Furthermore, holding the soils on upland
sites and out of aquatic environments seems very important to
maintain options for future generations. Global warming may
displace temperature zones in middle latitudes of 4 to 6° northward
or 460 to 1,100 m upslope over the next 100 years (Nielsen et al.
1989). Thus, we do not know where our farmlands will have to be in
the future. If the tools of the Green Revolution lose their edge,
more marginal arable land will have to be brought into production
(Moffat 1992). The world’s food supply will have to be doubled by
2010 in order to feed the 90 million more people per year being
born. Soils spread across a landscape are better insurance than
only rocks on hillsides and deep sediments in depressions.

Research Needs

Either active (multiple use) or passive management (preserva-
tion) of an ecosystem results in adjustments in the population
densities of all species and inevitably leads to a shift in relative
abundances of co-existing species (community composition). All
species are not created ecologically equal. Some are “drivers” and
some are “passengers” (Walker 1992). The extent of change will
largely depend on the tightness of coupling of the major species to
others in the food web (Pimm 1991).

Species whose direct or indirect effects on the survival of other
species or on ecosystem function are disproportionately large in
relation to their abundance are called “keystone” species (West-
man 1990). By definition, there is no redundance in the critical
function of a keystone species. For instance, Brown and Heske
(1990), in an experimental study at the Chihuahuan-Sonoran
Desert ecotone in Arizona, found that without kangaroo rats
(Dipodymys spp.) a shrub steppe quickly changed to grassland.
The digging of these rodents apparently favors establishment of
shrub seedlings. Without them, grass competitively squeezes out
shrubs. Despite the importance of keystone species to manage-
ment, knowledge of them is scant, another deficiency we could
begin to correct.

Policies calling for removal of all exotic, alien, or introduced
species appear to rest on the old notion of a totally interdependent
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community in which any change in the abundance of any species is
a threat to the entire community (the “rivet” hypothesis). However,
wildland communities receive continuous new arrivals, yet the
adjustments usually do not result in a net loss of species. In fact,
plant species richness of the California annual grasslands is proba-
bly much higher today than it was prior to coming of European
man (Johnson and Mayeaux 1992). Most communities do not

consist of highly co-evolved species pairs, but exhibit some substi--

tutability by species within groups (Westman 1990). This is not to

deny mutualism and the existence of keystone or critical link

species, but rather to acknowledge that not all species play those
roles. We need to differentiate between the exotics to worry about
and those that are of less worry, based on what they do.

Critical link species are those that play a vital role in ecosystem
function, regardless of their biomass, place in a food web, or
possible role as a keystone species (Westman 1990). An example of
a group of critical link species on rangelands is mychorrhizal fungi.
These organisms exchange carbon fixed by green plants for
enhanced uptake of phosphorus. Their absence may severely
inhibit recovery of about 90% of the green plants that depend on
them. For instance, Wicklow-Howard (1989) has shown that
repeated fires promoted by cheatgrass in former sagebrush steppe
in the Intermountain West can lead to extinction of mycorrhizae
over vast areas and impede reestablishment of shrubs and peren-
nial grasses. Identifying who these critical link species are and
finding out whether substitutable species exist is important in
setting policy and acting on it. We thus need to get on with the task
of identifying critical link species for all kinds of rangelands.

The concepts of minimal and configurational structure (Pickett
et al. 1989) are also worth considering. Species composition (con-
figurational structure) within functional groups (minimal struc-
ture) may vary widely without collapse of biotic communities or
ecoystems. Stennhauser (1991) has recently demonstrated how
qualitatively defining stability as the maintenance of minimal
structure is a practical way to approach assessment of ecosystem
change.

If you agree with Walker (1989, 1992), and me, that it is more
important to preserve processes than all organisms when func-
tional redundancy can be demonstrated, we also need to discover
guild or modular structure. Although Hawkins and MacMahon
(1989) and Simberloff and Dayan (1991) have outlined the difficul-
ties of tightly defining such organizational units, the existence of
groups of functionally related species within communities having
stronger interactions with each other than with the larger food web
is undeniable and of great importance for land management
(Westman 1990). Grabherr (1989) gives us an example of how we
could proceed to identify keystone species, modules, guilds, or
functional groups on rangelands.

If sustainable development is to be realized, we need to find ways
that natural resources can be both used and maintained. Finding
balancing points would be easier if we better understood the role
species play in ecosystem functioning. If we can come to identify
functional groups, minimal structure, modules, guilds, keystone
species, critical link species, and exotics to be worried or not
worried about, the older, overly simplistic, species-only notions of
biodiversity will be replaced and we will gain a larger role in setting
policies on use of rangelands.

Recommendations

Unfortunately, policy makers have quickly turned what were
academic working concepts about biodiversity into packaging
buzzwords to fund politically popular programs. The evolving
understanding of biodiversity being built by researchers was thus
prematurely uncoupled from strong science (Redford and Sander-
son 1991). We have land managers trying to implement actions
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based on fuzzy definitions, loosely worded objectives and inade-
quate methods of measurement and monitoring because a con-
cerned and impatient public is breathing down their necks.

We have barely begun the tasks of quantifying biodiversity of
rangelands and planning management to accommodate these
values. Biodiversity is now being viewed from many new perspec-
tives. These expanding views are driving needs for further invento-
ries and monitoring efforts and research beyond the livestock
grazing focus the range profession has stressed in the past.

Livestock grazing of any kind does not automatically reduce
biodiversity. There are numerous examples of livestock use
enhancing retention of some rare species, richness, and equitability
of species diversities in communities and over landscapes. Although
grazing is an important activity influencing ecosystem structure
and function, other tendencies such as global climatic changes and
biological invasions may soon overwhelm the influences of live-
stock in changing the biosphere.

Since it will be tactically impossible to save all species and not all
species are equally valuable in maintenance of essential ecosystem
states and functions, we should begin a concerted effort to identify
which organisms are most important (e.g., keystone and critical
link species) and focus our attention to protecting them and the
modules, guilds, and functional groups in which they occur. Sim-
ilarly, not all invading species are equal threats.

Passive, solely protective management of a small fraction of a
countryside will not automatically result in a return to earlier
conditions there, such as might have existed before the Ages of
Discovery and Industrialization, and preservation of a major frac-
tion of the species, genotypes, communities, or ecosystems. Man-
kind now dominates, either directly or indirectly, every part of the
globe. Most biodiversity exists in human-managed areas (Pimentel
et al. 1992). The inertia of changes we have already set in motion is
too powerful to deny. The only rational response is for us to now
recognize and understand these inevitable changes and ameliorate
them where possible. We must learn to use lands in a sustainable
way such that most biodiversity is also retained (Olsson et al. 1991).
The basic guideline should be to prevent the loss of the inherent
capacity of the land to produce and so maintain mankind’s options
for the future.
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