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ABSTRACT

Biological diversity encompasses genes, species, and ecosystems. Some suggest dispensing with the habitat or

ecosystem level of biodiversity, for a variety of reasons—which I will explore. They choose species diversity as a

surrogate for biodiversity. The focus on species, indeed on only certain groups of species, is ill-advised, and will

inevitably result in negative consequences for some taxonomic groups. Making biological diversity synonymous

with species diversity trivializes the broader meaning of biodiversity and promotes misconceptions of conservation

issues. Thorough sampling, inventory, and monitoring of species, populations, and gene frequencies require far too

much time and effort to underpin a practical conservation strategy. Management for biodiversity must concentrate

on the ecosystem and landscape levels of organization; in other words, must employ a “coarse-filter” strategy, with

tactical application of the “fine filter.”

Keywords: biological diversity, coarse filter, communities,
ecosystems, fine filter, species diversity.

This is a talk I should not have to give. I will present little
that most of you have not read or heard before. Much of it
falls in the category of “what should be self-evident, at least
to biologists.” But judging from some recent public and aca-
demic discourse, and recent trends in resource management
in British Columbia, this material bears repeating. Please
note that many of my points are in the context of terrestrial
environments, in particular of forests and forestry.

COMMUNITIES AND ECOSYSTEMS:
REAL OR ILLUSORY?

Some biologists maintain that we should not use communi-
ties or ecosystems as measurable, operational targets in
managing for biodiversity because: a) communities/ecosys-
tems are conceptual, not very concrete units; and b) they
are naturally unstable, continually moving targets (Bunnell
et al. 1998, Simberloff 1998a). Bunnell et al. (1998) point-
edly exclude habitat or ecosystem diversity as a component
of biodiversity, which becomes the “diversity of genes, pop-
ulations, and species.”

Communities and ecosystems are concepts, but so too are
the gene and the species. In particular, there continues to be
much discussion in biology about what exactly a species is
(Mallet 1995). Certainly communities and ecosystems are
less discrete (I would not say they are less concrete—these
assemblages do exist) and repeatably identifiable than are

genes or species, which is what one would expect for a high-
er level of generalization, a higher level of biological organi-
zation. One can argue that the generality of the ecosystem
concept is one of its chief strengths (Burns 1992, Kay and
Schneider 1994). Note also that the ecosystem is still con-
sidered the most influential idea in ecology, judging by re-
cent textbooks of ecology and surveys of professional
opinion, such as Cherrett (1989).

Most certainly ecosystems change; no one could legiti-
mately argue otherwise. But change includes rate and ex-
tent, and depends on scale, both in time and space.
Individual forest ecosystems (or developmental stages of a
given forest stand) continually change, but some change
faster than others. In some old forests, especially in humid
forests dominated by gap dynamics, the system can be char-
acterized as a “shifting mosaic—steady state” (after Bormann
and Likens 1979), with little evidence of change at the land-
scape scale for hundreds and even thousands of years
(Lertzman et al. 1996). Lertzman and colleagues now have
data from Clayoquot Sound (Gavin et al. 1997) and else-
where demonstrating that some such forests have gone for
several thousand years between stand-destroying distur-
bances. Paleobotanists tell us that extant, wet coastal forests
have not changed all that much in the last 3-4,000 years, al-
though in the past 10-12,000 years they have changed con-
siderably (Hebda and Whitlock 1997).

But there are deeper undercurrents here. The objections
(especially from within the cloister of academic ecologists)
that communities and ecosystems are not real, reflect the per-
sistent debate about the individualistic vs. the typic concept
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of ecological communities. Barbour (1996) provides a reveal-
ing analysis of this debate in a case study of a revolutionary
shift in the plant community paradigm during the 1950s, a
shift that suggests that culture can lead science, rather than
the other way around. The shift was from the Clementsian or-
ganismic concept to the Gleasonian individualistic concept of
the plant association, from plant communities as discrete
units (organic entities) to the continuum theory of vegetation.
From a broader perspective, what happened represents yet
another example of holism yielding to reductionism, a com-
mon theme in the history of science.

The cultural interpretation: post-World War II U.S.A. was
disaffected with socialism; holism in ecology and culture be-
came unfashionable; individualism and existentialism rose
to prominence (individual self-absorption over social in-
volvement), as did the themes of antiestablishmentarianism
(beatniks) and social fragmentation—themes that still res-
onate in contemporary American society. “It could be that
ecologists consciously or subconsciously swam with the cur-
rents of their surrounding culture to change some funda-
mental opinions, to take new research directions, and to
view nature in a reductionist, rather than a holistic way”
(Barbour 1996).

In North America, the debate has been largely one-sided
(the Gleason, individualistic side) for the past 40 or 50 years.
Interestingly, some North American ecologists are beginning
to think what was unthinkable—or at least unpublishable—
until recently. Namely, that there is more to the organization
of communities than mere chance, interference, and species
individualism (Callaway 1997). In addition to the manifold
organizing impacts of parasites and pathogens (Dobson and
Hudson 1986), there is increasing empirical evidence of pos-
itive interactions (facilitation) among the primary producers
themselves, as well as mutualisms between trophic levels
(for example, mycorrhizae, nitrogen fixation, pollination,
fungi, and fungivores): see Boucher et al. (1982), Bronstein
(1994), Callaway (1995), Kareiva and Bertness (1997),
Wilkinson (1998). One can discern the emergence of some
qualified support for the concept of communities as organic
entities, or at least for the notion that communities repre-
sent a combined and structured expression of positive and
negative interactions among their constituent species.

So the debate continues (Palmer and White 1994) after all
these years—Clements and Gleason worked back around the
1920s. Keddy (1993) maintains that the debate over exis-
tence of communities is an ontological and epistemological
game that is peripheral and perhaps harmful to scientific
progress. After becoming involved in this issue in the late
1960s and early 1970s, and after doing considerable field-
work, I concluded that it was trivial. Trivial in the sense that
vegetation and communities and ecosystems have elements
of both discreteness and continuity; often boundaries are in-
distinct but sometimes they are very sharp, depending on

the underlying physical gradients; dominant trees behave
differently than understory vegetation; discreteness/continu-
ity vary among different regions and vegetation types; and so
forth. O'Neill (1996) expresses this duality very cogently:
“The dichotomy between the thermodynamic, biogeochem-
ical paradigm of ecosystems and the evolutionary, competi-
tive paradigm of species is the most basic, though seldom
discussed, problem in ecology. The situation is fully analo-
gous to the old wave and particle dichotomy in physics.” So
it is, but why are ecologists still debating this?

Well, partly because they can still make considerable aca-
demic hay by attacking or defending one or the other of these
views. As Barbour points out, another reason is cultural; it is
a bit like asking why the National Rifle Association is still so
powerful in the United States. Furthermore, there are non-
trivial consequences for measuring/monitoring/conserving
biodiversity if you believe that communities and ecosystems
do not exist, or, if they do, cannot be delineated. Simberloff
(1998a) suggests that if one is primarily concerned with the
services provided by ecosystems and communities, and par-
ticularly if one holds the individualistic view, a large degree of
species loss and of substitution of 1 species for another could
be perfectly acceptable. Some foresters and range managers
readily warm to this world view.

Breathing life into what should be a moribund issue also
provides a venue for revisionist ideologues. The mechanistic,
constant change, chaos-plus-contingency approach to
ecosystem organization and function underlies the revision-
ist view of Nature, conservation, protected areas, landscape
corridors, and so forth. This outlook has intellectual ties to
“post-modern deconstruction” theory of the humanities
(Soulé and Lease 1995), which asserts (among other things)
that definitions of Nature are culturally based, that what bi-
ologists perceive as the reality of Nature is actually a con-
struct of First World, largely white, male scientists, and has
no more validity than competing constructs. Competing con-
structs could be: Nature as what you struggle with to survive;
Nature as capital to be liquidated, or wilderness to be indus-
trialized; Nature as a shamanistic vision; Nature as a Disney-
esque theme park or a plastic diorama. Nature does not
really exist—it is a subjective, culturally constructed con-
cept, an artifact of human desires. Many so-called natural
areas were in fact modified and managed by indigenous peo-
ples prior to European settlement; every corner of the globe
today has been affected by human activity; everything
changes constantly; the “natural” state cannot be objective-
ly defined. Therefore, the deconstructionists argue, it is
meaningless to speak of preserving or restoring Nature.

O'Neill (1996) clearly proclaims a somewhat related,
mechanistic view of the ecosystem: “After all, the ecosystem
is merely the localized, transient experiment in species inter-
action. It is mostly designed to support life under the tempo-
rary local conditions. When it collapses, due to disturbance
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or changing conditions, no great tragedy. The species, the en-
during, stable entities, simply reassemble a new, more appro-
priate ecosystem.”

Some well-known ecologists, such as Botkin and
Simberloff, seem to subscribe to this view, or at least some of
their work has been interpreted to support it, often by inter-
ests that are advanced by such an interpretation. Some
other, equally well-known ecologists have a very different
view of the value of natural ecosystems and the tragedy of
their demise. More importantly, such views have as much to
do with the individual ecologist’s philosophy of science and
cultural conditioning, as they do with objective truth or sci-
entific credibility.

This could appear like a lot of fuss over a simple decision.
But it is important to appreciate the intellectual and cultural
antecedents of certain “schools of thought” (perhaps better
termed “systems of belief”). Regardless of their belief system,
biologists should not dismiss the coarse-filter, ecosystem-
based approach to conservation of biodiversity so briefly and
conveniently, or at least should be very clear about the rea-
sons for dismissal.

One must also confront management issues. In practice, it
is very difficult to manage a gradient; regulatory structures
and operating procedures virtually impose compartmental-
ization. But even ecologists who (like me) believe that “most
communities intergrade continuously along environmental
gradients, rather than forming distinct, clearly separated
zones” (Whittaker 1975) can, if pressed, describe, classify,
and map communities, ecosystems, and landscapes. As long
as they acknowledge that any classification (including that of
species) is an abstraction, a human construct devised for
convenience and communication, no harm done and usually
something useful accomplished.

GENES, SPECIES, OR ECOSYSTEMS?

I agree with Bunnell et al. (1998) that “genetic variation can-
not be a measurable, operational target” in forest manage-
ment. But we must not forget that the diversity found within
species is the ultimate source of biodiversity at higher levels,
and that understanding forest biology and ecology requires
at least a rudimentary understanding of the system of genet-
ic variability of forest species. Describing the genetic archi-
tecture and monitoring the genetic diversity of certain
species of management concern, like commercial tree
species, Vancouver Island marmot, devil’s club, and pine
mushroom, certainly should be part of the stewardship of
forest land.

Unfortunately, many people think that biodiversity is syn-
onymous with species diversity, or is sort of a new-age ver-
sion of species diversity. Even some biologists still conflate
species diversity with biological diversity. Hence, we en-
counter a continuing preoccupation with species, and with

ways to quantify their diversity. This preoccupation spawned
an academic industry in the 1960s and 1970s (e.g.,
Whittaker 1972), an industry that shows few signs of abating
(e.g., Magurran 1988, Ricklefs and Schluter 1993, Huston
1994, Brouard and John 1997, among many others).
Species-based approaches still have an important role to
play in biological conservation (Simberloff 1998b), and we
certainly need to know more about genetic diversity and
about the genetic variation of feature species. But I agree
with Franklin (1993) that “larger-scale approaches—at the
levels of ecosystems and landscapes—are the only way to
conserve the overwhelming mass—the millions of species—

”»

of existing biodiversity.” Franklin specifically had in mind
the “physically smaller but overwhelmingly more numerous
elements of diversity” (invertebrates, fungi, bacteria) that
perform critical ecosystem functions, such as decomposi-
tion, nitrogen fixation, and nutrient cycling—“the little
things that run the world.”

Some ecologists contend that a strategy for conserving bio-
diversity would best be organized around the central concept
of ecology: the ecosystem (Franklin 1993, Noss 1996). The
ecosystem concept unites the abiotic and biotic realms, in-
cludes processes as well as entities, and is fuzzy, elastic, and
inclusive enough to be applied at different scales and to very
different habitats (Noss 1996). Furthermore, most terrestrial
ecosystems can be characterized, classified, and mapped—
which means that they and the structural elements they con-
tain can be “measurable, operational” targets.

SCALE

Suppose for the sake of argument we decided that species
were the “enduring, stable entities,” that they and their in-
teractions were paramount, and, therefore, that managing
for sustained biological diversity should focus on the species
level of organization. We would then confront the problem of
scale. Scale in space, time, and organization is a fundamen-
tal issue in ecology (Levin 1992).

Consider the concept of levels of biological organization
(after Rowe 1961). Biological diversity is more comprehen-
sive than species diversity, so we must specify the biological
hierarchy (genetic, taxonomic, or ecological) and the organi-
zational level under consideration. Biologists could try to in-
ventory all the genetic elements, all the taxonomic elements,
all the ecological elements of a particular area. Even if we
knew all the elements present, “no accepted calculus per-
mits integration of counts of elements across levels within a
hierarchy (e.g., phyla and species) or across hierarchies
(e.g., species and genes). Arguably, no such calculus should
be sought” (Angermeier and Karr 1994). We must seek sim-
pler assessments, but I maintain that a focus on the species
level of the taxonomic hierarchy is misplaced.

Proc. Biology and Management of Species and Habitats at Risk, Kamloops, B.C., 15-19 Feb. 1999.

945



POJAR

COGNITIVE DISSONANCE

Failure to conceptually integrate the multiple aspects of bio-
diversity results in narrowly conceived and incomplete com-
parisons (Angermeier and Karr 1994), like between-habitat
species richness of vertebrates, or indices of taxonomic di-
versity based on cladistics and distinctness of taxa
(Humphries et al. 1995). Such analyses are interesting and
valuable, but not comprehensive or even representative as-
sessments of biodiversity—because they ignore genetic and
ecological hierarchies. Making biological diversity synony-
mous with species diversity trivializes the broader meaning
of biodiversity, and promotes misconceptions of conserva-
tion issues. Loss of biodiversity is much more than species
extinctions, which often represent the endpoint of a process
of population extinctions resulting from habitat destruction
and modification. In many cases, species do not go extinct
but are lost from much of their former range, (e.g., grizzly
bears). Conversion of huge areas of old-growth forest to
short-rotation managed forest, extensive overgrazing of
grasslands, declines in hundreds of genetically distinct
salmonid stocks, and the loss of distinct populations from
portions of a species’ range, all represent significant losses of
biodiversity, regardless of whether any species become ex-
tinct. Addition of species of invasive aliens, often with cas-
cading negative effects on native biota, is another,
often-neglected issue (Hobbs and Mooney 1998).
Furthermore, one could conclude from a hierarchical
analysis of scale (e.g., Jensen et al. 1996) that for most meta-
biota (multicellular macroscopic life) except probably
arthropods, sampling, inventory, and monitoring at any scale
less than 10s or 100s of thousands of hectares, and for less
than 10s of thousands of years, would involve assessing
changes in populations (dynamics, demographics) or in gene
frequencies—not in speciation or extinction, for the most
part. One can think of specific exceptions to this generaliza-
tion, like the Dawson caribou or Vancouver Island marmot
or sticklebacks or narrowly endemic plants. Studies of the
dynamics of populations and gene frequencies are valuable,
but they give us only part of the picture. To provide more
than a sketch of what is happening to species (our “enduring,
stable entities”) would require enormous effort over daunt-
ing time, even for a handful of “indicator” species (Niemi et
al. 1997). Meanwhile, the ecological face of British Columbia
is changing literally before our eyes. Logging proceeds apace
(about 200,000 ha per year over the last decade), to say
nothing of landscape alteration by agriculture, hydroelectric
developments, and urbanization. I am not reassured that log-
ging has apparently not yet caused the extinction of any ver-
tebrate species in British Columbia. We haven’t been at it
very long (2 rotations at most). The Swedes have been, and
almost 2,000 organisms—mostly non-vertebrates—are cur-
rently Red-listed (Ostlund et al. 1997). In this respect,

vertebrate species are decidedly not a good surrogate for
“species” in general; if logging causes species extinctions in
British Columbia, they are unlikely to occur among the ver-
tebrates (e.g., Winchester and Ring 1996).

VERTEBRATE SURROGATES?

Vertebrates are indeed useful (though partial) indicators of

species diversity. Vertebrate species diversity could be an ac-

ceptable surrogate for biological diversity if:

1. species are an acceptable surrogate for biological diversity;

2.vertebrate species and their biology and habitat relation-
ships represent well other taxonomic groups and their
ecologies; and

3.a focus on vertebrate species does not result in negative
consequences for other taxonomic groups.

None of these conditions holds. Forests are not merely
woody substrates or growth media for vertebrates. Forests
are assemblages of organisms (communities) dominated
aboveground by plants (the primary producers) and arthro-
pods, and belowground by soil fauna, microbes, and fungi.
Taxonomically and in terms of biomass, vertebrates consti-
tute much less than 1% of British Columbia’s living organ-
isms. With respect to biomass and energetics, vertebrates
are largely incidental in forest ecosystems—although they
(e.g., keystone herbivores) can play disproportionately large
roles in ecosystem organization and dynamics.

I strongly disagree that “the sustained presence of terres-
trial vertebrates is a credible indicator of the state of other
components of biological diversity” (Bunnell et al. 1998). 1
certainly would not rely on amphibians, shrews, and rodents
as indicators of the state of the soil fauna, which is mega-
diverse in temperate forests. Nor are rodents reliable indica-
tors of fungi. The sustained presence of terrestrial
vertebrates cannot tell us much about the state of plant di-
versity. However, I am not too worried about most species of
vascular plants with respect to forest management (but see
Jules 1998), or at least am much less concerned about
species than about certain forested and nonforested plant
communities (Pojar 1980).

Cryptogamic plants are another matter. In particular, for-
est management threatens some epixylic species that rely on
decaying wood for substrate (Berg et al. 1994), and threatens

certain epiphytes—especially late-successional lichens
(Lesica et al. 1991; Rose 1992; Goward 1993, 1994; Esseen
et al. 1996; Sillett and Neitlich 1996). Goward and Arsenault
have more to say about lichens and forests elsewhere in
these proceedings. I merely emphasize that maintaining the
epiphytic lichen component of biodiversity requires main-
taining forests in all age classes, including very old stands.
Widespread short-rotation forestry reduces such diversity
(Fig. 1). To assess the state of epiphytic lichens in forests, it
makes more sense to monitor the lichens themselves, or the
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status of the old forests in which the threatened lichens
thrive, than to monitor caribou and flying squirrels.

Lichens are peculiar organisms, but it is unlikely that epi-
phytic lichens are unique in their relationships with humid
forests. I suspect that epiphytes in general behave in a some-
what similar fashion, and perhaps also groups like canopy
arthropods. Lowman and Nadkarni (1995), Pettersson et al.
(1995), Shaw et al. (1996), and Humble et al. (2000) address
these issues.

One could argue that lichens and other epiphytes are not
that important in the scheme of things, or that there is a lot
of redundancy in the epiphytic guild. But the sheer biomass
of epiphytes in some old forests, and the role of epiphytes in
nutrient cycling and as habitat for other creatures, suggest
ecological significance (see also Rhoades 1995). Moreover,
functional redundancy does not necessarily imply ecological
dispensability (Naeem et al. 1998, especially their Fig. 1).

CONCLUSIONS

In summary and in my opinion:
¢ Species diversity is not an acceptable surrogate for biolog-
ical diversity.
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Figure 1. Stand age, development stage, and relative abun-
dance of epiphytic macrolichens in toe-position,
western-hemlock-dominated forests of the Kispiox
Valley, west-central British Columbia. Type A-1 (ter-
minology of Goward 1994) lichens are widespread
generalists that occur in forests of all ages and devel-
opmental stages. Type A-2 lichens are also wide-
spread species, but are restricted primarily to
younger forests. Type B lichens are specialists re-
stricted primarily to old-growth forests.

e Vertebrates are not acceptable indicators of species diver-
sity of all biota.

® More attention must be paid to loss of populations (and
genotypes) through ecosystem modification and habitat
loss, and to gain of species via invasions.

e Management for biodiversity must concentrate on ecosys-
tem and landscape levels of organization.

This is the essence of the “coarse-filter” conservation
strategy, which the United States Nature Conservancy esti-
mates could protect 85-90% of species by conserving sam-
ples of natural ecosystems without separate inventory and
management of each species (Noss et al. 1995). The conven-
tional “fine filter” of individual-species inventory and pro-
tection can address species not dealt with adequately by the
coarse filter. Such species of management concern could in-
clude rare/endangered and narrow endemic species, large
carnivores, and commercially important or culturally signif-
icant species. Nevertheless, we must not forsake research at
species, population, and genetic levels. We need to know
more about the autecology and genecology of selected
species at all trophic levels, and we must continue to validate
assumptions and test hypotheses about the way biological
systems work and how they are affected by human activities
and changing environments.
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