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Abstract: Biodiversity is the basis for ecosystem goods and services that provide for human survival and
prosperity. With a rapidly increasing human population and its demands for natural resources, landscapes are
being fragmented, habitats are being destroyed, and biodiversity is declining. How can biodiversity be effec-
tively conserved in the face of increasing human pressures? In this paper, | review changing perspectives on
biodiversity conservation, and discuss their relevance to the practice of biodiversity conservation. The major
points include: The notion of balance of nature is a myth rather than a scientific concept; the theory of island
biogeography is useful heuristically but flawed practically; the SLOSS debate is intriguing in theory but ir-
relevant in reality; the concept of minimum viable population and population viability analysis are useful, but
technically inefficient and conceptually inadequate; metapopulation theory is mathematically elegant but
ecologically oversimplistic; and integrative perspectives and approaches for biodiversity conservation are
needed that incorporate insights from landscape ecology and sustainability science. | further discuss some
key principles for regional conservation planning, and argue that the long-term success of biodiversity
conservation in any region will ultimately depend on the economic and social sustainability of that region.
Both research and practice in biodiversity conservation, therefore, need to adopt a broader perspective of
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sustainability.
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Introduction

Biodiversity, short for biological diversity and a term
first introduced in 1988 (Wilson, 1988), usually refers
to all varieties of life on the earth which exist at three
principal levels: (1) ecosystem diversity — the variety
of ecosystems in a given region, (2) species diversity
— the variety of species that make up biological com-
munities, and (3) genetic diversity — the variety of
genes of organisms that form populations and species.
Among the three levels, species diversity has been the
most familiar to most people, scientists and otherwise,
because humans can readily relate themselves to spe-
cies of other organisms. How many species are there?
Conservative estimates of the total number of living
species on earth range from 3 to 30 million, with most
of the species being arthropods (May, 1988; Ehrlich &
Wilson, 1991; Lawton & May, 1995). To date, about
1.4 to 1.5 million species of plants, animals and mi-
croorganisms have been classified and documented
(Ehrlich & Wilson, 1991; Stork, 1997). The most bio-
logically rich ecosystems are tropical rainforests, coral
reefs, and wetlands. Tropical rainforests occupy about
7% of the earth’s surface, but host more than 50% of
species of all kinds, including an estimated 5 million
species of plants and animals (Lovejoy, 1997).
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Biodiversity is important for its intrinsic values and
for the survival of humans. For example, biodiversity
is crucial for maintaining ecosystem structure and
function (e.g., food webs, primary production, nutrient
cycling, decomposition) as well as ecosystem stability
(Chapin et al., 2000). At the same time, biodiversity
provides humans with essential goods (e.g., food,
shelters, timber, fiber, and pharmaceuticals) and ser-
vices (e.g., water and air purification, climate control,
nutrient recycling, carbon sequestration, and control of
pests and diseases). With the rapid increase in human
population and escalating anthropogenic influences on
the natural environment, biodiversity loss has become
one of the most pressing problems for the survival and
prosperity of the modern human society. Main causes
of biodiversity loss include habitat loss and fragmen-
tation, pollution (air, water, and solid wastes),
over-exploitation of natural resources, and introduc-
tion of exotic species. The Food and Agriculture Or-
ganization of the United Nations (FAO) reported that
the deforestation rate for the tropical forests of the
world, including tropical rainforest and other types of
forests, was 15.4 million hectares per year during the
1980s (FAO, 1993). The deforestation and fragmenta-
tion of tropical forests, the primary reservoir of biodi-
versity, have resulted in species loss and ecosystem
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degradation at an astonishing rate (Wilson, 1988).

Evidently, biodiversity is essential for humanity,
and biodiversity loss has been greatly accelerated by
human activities. The real question is: how can biodi-
versity be conserved with ever increasing human
pressures on the natural environment? This central
question begs a series of more specific questions: Is it
possible to keep the “balance of nature”, or is there
such balance in nature at all?  Are there sound scien-
tific theories and principles for biodiversity conserva-
tion? What are they? Is it enough to set aside a
certain number of protected natural areas and leave
them alone? How should humans and their activities
be viewed and treated in planning and managing
natural resources for conserving biodiversity? These
questions can be addressed at local, regional, and
global scales, and indeed they must be addressed at all
these scales if we are to achieve the goals of conserv-
ing biodiversity and sustaining the biosphere.

However, the regional scale deserves particular at-
tention because it represents the scale at which many
if not most environmental policies, planning activities,
and implementation actions should and usually do
take place. One primary reason is that a region, with
multiple interactive ecosystems in a geographic area
with similar climate, geomorphology, and land use
and land cover patterns, is large enough to include the
essential components and interactions of na-
ture-society coupled systems, but still small enough to
allow for relatively detailed studies and feasible im-
plementation of policies and action plans. | have ar-
gued elsewhere that the human landscapes and re-
gions, at which most landscape ecological studies are
conducted, are the most operationally important scales
for sustainability research (Wu, 2006). For these rea-
sons, the emphasis of this paper on landscape and re-
gional scales is intended. Specifically, the main goal
of this paper is to explore the questions concerning
biodiversity conservation by reviewing and synthe-
sizing the evolving perspectives in ecology and bio-
diversity research in the recent decades. In addition, |
argue that these issues can be better addressed with
the new insights emerging from landscape ecology
and sustainability science.

Balance of Nature: A Myth Rather Than a
Scientific Concept

The notion of “the balance of nature” emerged in an-
tiquity (e.g., evident in early Greek cosmologies), and
has been a background assumption in ecology for
centuries (Egerton, 1973; Wu & Loucks, 1995). It
usually implies that nature maintains a permanence of
structure and function with a harmonious order if left

alone, and that it can self-organize and return to its
previous equilibrium after disturbances. The idea of
the balance of nature has profoundly influenced both
the theory and practice of ecology for the past several
decades (Egerton, 1973; Botkin, 1990; Pickett et al.,
1992; Wu & Loucks, 1995). The imprints of the bal-
ance of nature are obvious in the supraorganismic
concept of plant communities, the cybernetic concept
of ecosystems, and a number of similar concepts such
as equilibrium, steady-state, stability, and homeosta-
sis, which are central concepts of the classical equilib-
rium paradigm (Botkin, 1990; Wu & Loucks, 1995).
Many ecology textbooks and influential scientific and
popular articles have claimed that populations, com-
munities, ecosystems, and even the entire earth are
self-regulating systems that would be kept in a stable
equilibrium by predictable forces without human dis-
turbances. Such ideas have penetrated pervasively into
the guiding principles and practices of biodiversity
conservation and environmental protection in the
1970s and 1980s (e.g., the design of nature reserves;
see Pickett et al., 1992). Unfortunately, our under-
standing of the natural world and ability to solve en-
vironmental problems may have been significantly
hindered by myths and metaphors such as the balance
of nature (Botkin, 1990).

However, many ecologists have challenged the no-
tion of the balance of nature and the related concepts
of equilibrium and stability during the past several
decades. Little empirical evidence can be found any-
where to support the existence of equilibrium states
for ecological systems; and on the other hand, studies
have repeatedly shown that spatial heterogeneity and
nonlinear dynamics, which are deemphasized or com-
pletely ignored in the classic equilibrium paradigm,
are pervasive on all levels of biological organization.
Nature is not in constant balance; rather, it is in eternal
flux (Wu & Loucks, 1995). Patchiness, both a source
and consequence of the complex dynamics of nature,
is ubiquitous across all spatiotemporal scales and lev-
els of organization. Since the 1980s, main-stream
ecological perspectives have shifted their focus from
equilibrium, homogeneity, determinism, and sin-
gle-scale phenomena to nonequilibrium, heterogene-
ity, stochasticity, and multi-scale linkages of ecologi-
cal systems.

As a result, a new ecological paradigm, the hierar-
chical patch dynamics paradigm (HPDP) has emerged
(Wu & Levin, 1994; Wu & Loucks, 1995; Pickett et
al., 1999; Wu, 1999). The major tenets of HPDP in-
clude: (1) ecological systems are spatially nested
patch hierarchies, in which larger patches consist of
smaller patches; (2) dynamics of an ecological system
can be studied as the composite dynamics of individ-
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ual patches and their interactions at adjacent hierar-
chical levels; (3) pattern and process are scale de-
pendent, and interactive when operating in the same
domain of scale in space and time; (4) nonequilibrium
and stochastic processes are not only common, but
also essential for the structure and functioning of eco-
logical systems; and (5) ecological stability frequently
takes the form of metastability that is achieved
through structural and functional redundancy and in-
corporation in space and time. Based on HPDP, “har-
mony is embedded in the patterns of fluctuation, and
ecological persistence is ‘order within disorder’” (Wu
& Loucks, 1995). Thus, HPDP may be seen as a
framework that integrates equilibrium and nonequilib-
rium perspectives across multiple spatiotemporal
scales and levels of organization. The hierarchical
patch dynamics paradigm has quite different practical
implications for biodiversity conservation because of
its emphasis on the dual effects of disturbances, het-
erogeneity, and scale multiplicity (Wu & Loucks,
1995). These perspectives of HPDP are best reflected
in landscape ecology which will be discussed later in
this paper.

Theory of Island Biogeography: Heuristi-
cally Useful but Practically Flawed

The equilibrium theory of island biogeography by
MacArthur and Wilson (1963, 1967) asserts that spe-
cies diversity on an island is primarily determined by
immigration and extinction. The predictions of the
theory include: (1) the existence of an equilibrium
species diversity for a given island as extinction and
immigration rates become equal; (2) the effect of is-
land-mainland distance on the species immigration
rate, and the effect of island area on the extinction
rate; (3) higher equilibrium species diversity on larger
and less distant islands; and (4) greater species turn-
over on smaller and less distant islands (Wu & Vankat,
1991, 1995).

The island biogeographic theory has had pervasive
influences in ecology applications, particularly in the
design of nature reserves to maximize species diver-
sity. In the early 1970s, general principles for nature
reserve design were proposed based on the equilib-
rium theory, and were adopted as part of the “World
Conservation Strategy” by the International Union for
the Conservation of Nature and Natural Resources in
1980. Some of the key design principles included: (1)
a large reserve is superior to a small one; (2) a single
large reserve is better than several small reserves with
the same total area; (3) when two or more reserves are
inevitable for some specific habitat or species, in-
ter-reserve distance should be as short as possible; (4)

corridors between reserves are recommended to in-
crease inter-reserve immigration; and (5) a circular
shape is optimal because it minimizes dispersal dis-
tances within the reserve (Wu & Vankat, 1995).

However, although it may still be regarded as a
great heuristic device, both the validity of the equilib-
rium theory of island biogeography itself and its ap-
plication are unwarranted (Wu & Vankat, 1995). The
theory is a typical example of the classic equilibrium
paradigm which, as discussed earlier, has a number of
problems when it is carefully scrutinized against real-
ity. Given that landscapes are ever-changing, most of
which are being increasingly fragmented, the equilib-
rium assumption behind the theory is, at best, shaky.
Also, it does not consider the multi-faceted influences
on the protected area of the surrounding landscape
context as well as the internal habitat heterogeneity,
disturbance regimes and associated patch dynamics,
edge effects, and multiple sources for species. All
these factors are important to species persistence and
ecosystem functioning, and have been some of the key
issues in landscape ecology. In short, the theory of
island biogeography is heuristically useful, but practi-
cally flawed. As Jazen (1983) put it concisely and pre-
cisely: “No park is an island”!

SLOSS: Theoretically Intriguing but Prac-
tically Irrelevant

The heated debate of SLOSS (single large or several
small reserves) in the 1970s and 1980s, was related to
the application of the theory of island biogeography in
nature conservation. Although the topic seems quite
relevant to the design of nature reserves and biodiver-
sity conservation planning in general, a closer exami-
nation reveals that the debate oversimplified the com-
plexity of species diversity dynamics and overlooked
several issues critically important to conservation
planning and implementation. Studies have shown that
the slope of the species-area relationship, the propor-
tion of common species among small reserves of con-
cern, and the variability in colonizing abilities of spe-
cies in the available pool all can affect the outcome of
the debate (Soulé & Simberloff, 1986; Zimmerman &
Bierregaard, 1986; Wu & Vankat, 1995). It is now
widely accepted that both large and small habitat
patches have advantages and disadvantages for con-
serving biodiversity and ecosystem functioning. Major
ecological values of large patches include enough ha-
bitat to sustain populations of patch-interior species,
core habitat and escape cover for wide-ranging ani-
mals, sources of species for colonization, accommo-
dation of natural disturbance regime, buffer against
species extinction during environmental change, water
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quality protection for aquifers and lakes, stream net-
work connectivity, and ecosystem stability; on the
other hand, small habitat patches also have a number
of  benefits, including greater habitat for
small-patch-restricted and rare species, habitat and
stepping stones for species dispersal and recoloniza-
tion, abundant edge species with high population den-
sities, overall habitat heterogeneity, lower intra- and
interspecific competition, and reduced risk of spread-
ing diseases, disturbances and invasive species (For-
man, 1995; Wu & Vankat, 1995).

Therefore, the SLOSS debate is not really relevant
to the practice of biodiversity conservation in already
fragmented landscapes with multiple competing land
use demands. A challenging but practical question is
how both large and small habit patches can be used
together to achieve the overall goals of biodiversity
conservation that vary geographically around the
world. To address this question, we must consider a
number of factors that are beyond the scope of
SLOSS, including the minimum viable population
(MVP) sizes of target species, the minimum area to
sustain MVP, the minimum dynamic area (i.e., the
minimum area that allows for the completion of the
internal recolonization process despite the effect of
natural disturbance, according to Pickett & Thompson,
1978), landscape connectivity, and specific conserva-
tion goals. Both common sense and scientific research
support the general rule of thumb that, whenever fea-
sible, the larger, the better. It is generally true for the
purpose of biodiversity conservation that large patches
tend to provide large benefits, and small patches small
supplemental benefits (Forman, 1995). Nevertheless,
in no way should the small habitat patches be ex-
cluded from any biodiversity conservation planning.

MVP/PVA: Useful but Technically Ineffi-
cient and Conceptually Inadequate

The question of how many individuals of a species are
enough to ensure the long-term persistence of the spe-
cies is important both theoretically and practically.
The concept of “minimum viable populations” (MVP)
attracted much research attention in the 1980s and the
early 1990s. Shaffer (1981) offered a quantitative
definition of MVP as “the smallest isolated population
having a 99% chance of remaining extant for 1,000
years despite the foreseeable effects of demographic,
environmental, and genetic stochasticity, and natural
catastrophes.” The MVP concept implies that for a
given population there exists a threshold size above
which the population will persist for a significantly
longer period of time (Shaffer, 1981; Gilpin & Soule,
1986; Burgman et al., 1988). The process of comput-

ing the extinction risk of a particular species or esti-
mating its MVP has been known as the “population
viability analysis” (PVA), and a number of conceptual
procedures and computer software packages for PVA
have been developed in the past few decades (Gilpin
& Soule, 1986; Morris & Doak, 2002).

Because MVP connects the size of a population di-
rectly with its probability of extinction, its utility to
species conservation is seemingly obvious. However,
in view of the multi-level definition of biodiversity,
the use of MVP and PVA in conservation practices is
clearly limited by their focus on single species and
reductionistic methodology and the great demand for
detailed data (Poiani et al., 2000). In many situations
and for many species deriving a reliable value of MVP
may not be possible simply because of data scarcity
and uncertainties, and in other situations such a spe-
cies-specific approach may not work just because it is
too time-consuming or costly. In addition, it is hard to
imagine the MVP or extinction risk of a given species
will remain constant when the landscape in which it
resides keeps changing! Based on a review of PVA
studies, Reed et al. (2002) discussed several caveats of
PVA, and pointed out that using population viability
analysis to determine MVP is a “wrong conservation
focus” because of the uncertainties associated with the
models and data used in PVA. Nevertheless, PVA re-
mains a quite useful tool for assessing the effective-
ness of alternative conservation or management plans
for protecting rare and endangered species (Reed et
al., 2002; Wu, 2008).

Metapopulation Theory: Mathematically El-
egant but Ecologically Oversimplistic

A metapopulation is “a population of populations
which go extinct locally and recolonize” (Levins,
1970). The concept of metapopulation dynamics re-
sembles the MacArthur-Wilson model of island bio-
geography in that extinction and colonization are the
key processes. However, species colonization in most
metapopulations usually takes place among subpopu-
lations, all of which may be subject to local extinction.
A major finding from metapopulation studies is that a
species can still persist at the landscape level even
though its subpopulations are subject to frequent local
extinction (Wu et al., 1993; Wu & Levin, 1994; Han-
ski & Gaggiotti, 2004). Much of the insight from
metapopulation studies so far has been generated from
theoretical and mathematical modeling work.

The theory of metapopulation is more relevant to
biodiversity conservation than the classic equilibrium
population models and the theory of island biogeog-
raphy because it explicitly deals with the interactions
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among local populations in physically isolated but
functionally connected habitat patches. However, its
use for conservation planning is limited by its spe-
cies-specific focus and inadequate consideration of the
heterogeneity of landscape matrix and socioeconomic
processes that affect population dynamics and species
persistence. In reality, populations do not live in habi-
tat patches that can be neatly delineated and that are
surrounded by a homogeneous landscape matrix, as
assumed in most metapopulation models. Rather, they
are situated in heterogeneous and dynamically com-
plex landscapes that are shaped by a myriad of physi-
cal, biological, and socioeconomic processes. Thus,
the metapopulation approach is useful, but certainly
not adequate for achieving the overall goal of con-
serving all levels of biodiversity (Wu, 2008).

The theory of island biogeography, metapopulation
theory, and most PVA models all focus on the “is-
lands” in a homogeneous matrix. In contrast with this
island perspective, a landscape approach explicitly
considers all landscape elements and their spatial con-
figuration in relation to population dynamics and
ecosystem processes across a heterogeneous geo-
graphic area (Saunders et al., 1991; Wu, 2008).

Integrative Perspectives and Approaches for
Biodiversity Conservation

From the previous sections, it becomes clear that, al-
though all the different theories and perspectives are
useful, at least in some respects, to biodiversity con-
servation, none of them can adequately capture the
complex patterns and processes that are essential to
the different levels of biodiversity. A more compre-
hensive conceptual framework is needed that explic-
itly relates the different levels of biodiversity to the
spatial patterns of real landscapes and their underlying
ecological and socioeconomic processes. Clearly, such
conceptual framework has to be highly interdiscipli-
nary, cutting across natural and social sciences. To-
wards this end, different integrative perspectives and
approaches have been developed in recent years, indi-
cating a shift from the traditional species-based focus
to a multi-level and multi-scale landscape perspective
in both the theory and practice of biodiversity conser-
vation (Noss, 1990; Wu & Loucks, 1995; Meffe &
Carroll, 1997; Poiani et al., 2000; Wu & Hobbs, 2002,
2007). In this section, | review some of the most no-
ticeable developments in this front, and argue that
landscape ecology and sustainability science have
much to offer to the further development of compre-
hensive conservation strategies at the landscape, re-
gional, and global scales.

Perspectives of Landscape Ecology and Sustainability
Science

Landscape ecology is the science and art of studying
and improving the relationship between spatial pattern
and ecological processes on a range of scales and or-
ganizational levels (Wu & Hobbs, 2002, 2007). Land-
scapes are commonly defined as spatially heteroge-
neous geographic areas characterized by diverse in-
teracting patches or ecosystems, ranging from rela-
tively natural terrestrial and aquatic systems such as
forests, grasslands and lakes to human-dominated en-
vironments including agricultural and urban settings.
The most salient characteristics of landscape ecology
are its unequivocal emphasis on the relationship
among pattern, process and scale and its focus on
broad-scale ecological and environmental issues that
necessitates the coupling between biophysical and
socioeconomic processes. As a highly interdiscipli-
nary and transdisciplinary enterprise, landscape ecol-
ogy integrates biophysical and analytical approaches
with humanistic and holistic perspectives across natu-
ral and social sciences.

Key research topics in landscape ecology include:
(1) ecological flows in landscape mosaics; (2) causes,
processes, and consequences of land use and land
cover change; (3) nonlinear dynamics and landscape
complexity; (4) scaling, i.e., the translation of infor-
mation from one scale to another; (5) methodologies
for dealing with spatial heterogeneity; (6) relating
measures of landscape pattern to ecological processes;
(7) integrating humans and their activities in ecologi-
cal research; (8) optimization of landscape pattern; (9)
landscape conservation and sustainability; and (10)
data acquisition and accuracy assessment. Studies in
landscape ecology usually involve the extensive use of
spatial information from field survey, aerial photog-
raphy and satellite remote sensing, as well as pattern
indices, spatial statistics and computer simulation
modeling. The intellectual thrust of this highly inter-
disciplinary enterprise is to understand the causes,
mechanisms, and consequences of spatial heterogene-
ity, while its ultimate goal is to provide a scientific
basis and practical guidelines for developing and
maintaining ecologically, economically, and socially
sustainable landscapes.

The essence of sustainable development is meeting
fundamental human needs while conserving the
life-support systems of the earth for future generations
(National Research Council, 1999; Kates et al.,
2001; Parris & Kates, 2003). Sustainability science
focuses on the dynamic interactions between nature
and society, and addresses issues of self-organizing
complexity, vulnerability and resilience, inertia,
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thresholds, complex responses to multiple interacting
stresses, adaptive management, and social learning
(National Research Council, 1999; Kates et al., 2001;
Clark & Dickson, 2003). Thus, it is committed to
place-based and solution-driven research that inte-
grates environmental, economic, and social dimen-
sions and encompasses local, regional, and global
scales.

Wu (2006) argued that landscape ecology is neces-
sarily an important part of the scientific core of sus-
tainability research for several reasons. First, the hu-
man-perceived landscape represents a critically im-
portant spatial unit for studying and maintaining sus-
tainability because it represents the smallest scale be-
low which nature—society interactions usually cannot
be adequately addressed. Second, landscape ecology
provides a hierarchical and integrative ecological basis
for dealing with issues of biodiversity and ecosystem
functioning at multiple scales. Third, landscape ecol-
ogy has already developed a number of interdiscipli-
nary and transdisciplinary approaches to studying na-
ture—society interactions. Fourth, landscape ecology
offers theories and methods for studying the relation-
ships between spatial pattern and ecological processes.
Fifth, landscape ecology provides a suite of methods
and metrics that are helpful for developing sustain-
ability indicators. Finally, landscape ecology provides
both theoretical and methodological tools for dealing
with scaling and uncertainty issues that are funda-
mental to nature-society systems.

Principles for Regional-Scale Biodiversity Conserva-
tion Planning

Landscape ecological principles have been increas-
ingly applied in biodiversity conservation (e.g., Noss,
1983, 1987; Franklin, 1993; Poiani et al., 1998, 2000;
Gutzwiller, 2002; Kazmierski et al., 2004). In particu-
lar, a number of landscape ecologists and conservation
biologists provided general and specific guidelines in
the book edited by Gutzwiller (2002). Instead of re-
viewing the details of the rapidly expanding literature
in this area, here I will focus a few examples that are
useful for regional-scale biodiversity conservation
planning.

The landscape approach (also sometimes referred to
as the ecosystem approach) is often characterized by
the multiplicity in organizational levels and spatial
scales, the explicit consideration of both biodiversity
and ecosystem processes, and the emphasis on the
overall landscape and regional sustainability. The
most comprehensive landscape approach to biodiver-
sity conservation takes into account the diversity and
configuration of all land use and land cover types in a

region, ranging from the remnant ecosystems to the
heavily populated or urbanized areas. This land-
scape-level continuum view is in sharp contrast with
the traditional conservation focus primarily centered
on the protected areas (Poiani et al., 2000; Groves et
al., 2002). The increasing recognition of the impor-
tance and necessity of the landscape approach is at
least partly responsible for the recent shift in conser-
vation planning towards broader spatial scales world-
wide. The following are two examples from highly
respected conservation programs.

The first example is a set of 12 “ecosystem ap-
proach principles” for the conservation of biological
biodiversity developed by the United Nations Envi-
ronmental Programme (UNEP-CBD, 2005). These
principles are: (1) setting the objectives of ecosystem
management and biodiversity conservation is a matter
of societal choices; (2) management should be decen-
tralized to the lowest appropriate level; (3) effects of
management and conservation actions on adjacent and
other ecosystems should be considered; (4) understand
and manage ecosystems in an economic context while
promoting biodiversity conservation and sustainable
use; (5) conserve ecosystem structure and functioning
in order to maintain ecosystem services; (6) manage
ecosystems within the limits of their functioning; (7)
manage ecosystems on the appropriate spatial and
temporal scales; (8) manage ecosystems with clear
long-term plans and objectives; (9) manage ecosys-
tems from a dynamic perspective; (10) balance and
integrate between conservation and use of biodiver-
sity; (11) manage ecosystems based on all forms of
relevant information, including scientific as well as
indigenous knowledge, innovations and practices; and
(12) manage ecosystems with involvement of all rele-
vant sectors of society and scientific disciplines.

The second example is the recent planning frame-
work developed by The Nature Conservancy (TNC),
which incorporates the idea of multi-level and
multi-scale biodiversity (Table 1), systematic conser-
vation planning approaches, and many principles from
landscape ecology and sustainability science (Poiani et
al., 1998, 2000; Groves et al., 2002). The TNC ap-
proach integrates both the “coarse-filter” strategy that
focuses on ecosystems and the “fine-filter” strategy
that focuses on species (particularly rare and endan-
gered species). Specifically, a seven-step regional
conservation planning framework was presented by
Groves et al. (2002) as follows:

Step 1: Identify conservation targets. Three types of
targets are distinguished as abiotic or landscape
(physically or environmentally derived targets such as
elevation, soil, and geological features), communities
and ecosystems, and species (e.g., imperiled or en-
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dangered, endemic, focal, keystone).

Step 2: Collect information and identify information
gaps. This is accomplished by using a variety of data
sources, a variety of methods including rapid ecologi-
cal assessments, rapid assessment programs, and bio-
logical inventories, and expert workshops.

Step 3: Establish conservation goals. Two compo-
nents of goals are the representation and quality of the
conservation targets identified above. These targets
should be distributed across environmental gradients.

Table 1 Two levels of biodiversity (species and ecosystems), their characteristics, and corresponding spatial scales (adapted from Poiani et al.,

2000).

Spatial scale Biodiversity

Characteristics

Regional geographic scale
(millions of hectares or greater)

Coarse geographic scale
(tens of thousands to millions of hectares)

Matrix ecosystems

Coarse-scale species

Intermediate geographic
(hundreds to tens of thousands of hectares)

Intermediate-scale species

Local geographic scale
(square meters to thousands of hectares)
Local-scale species

Regional-scale species

Large-patch ecosystems

Small-patch ecosystems

Wide-ranging

Successional mosaic, large spatial extent, amorphous
boundaries
Area-dependent, habitat-generalists

Defined by physical factors/regimes, internal struc-
ture and composition either homogeneous or patchy
Utilize large patches or multiple habitats

Geomorphologically defined, spatially fixed discrete
boundaries

The goals should be realistic.

Step 4: Assess existing conservation areas. This step
is to determine what biodiversity features are already
adequately protected within existing conservation ar-
eas, and what more need to be done.

Step 5: Evaluate ability of conservation targets to
persist. Three criteria — size, condition, and landscape
context — should be used to make sure of the
long-term persistence of the conservation targets. This
involves PVA for species, estimating minimum dy-
namic area for communities and ecosystems, and a
suite of landscape ecological methods for assessing
habitat connectivity and landscape integrity.

Step 6: Assemble a portfolio of conservation areas.
This step is to identify a set of potential conservation
areas in the region which can be facilitated by GIS and
computerized selection algorithms, and to select the
appropriate conservation areas and design the network
configuration based on principles of biogeographic
theory and landscape ecology.

Step 7: ldentify priority conservation areas. The
TNC planning framework uses five criteria to set pri-
orities: degree of existing protection (extent and qual-
ity), conservation value (the number, diversity and
persistence of conservation targets), threat (by various
disturbances), feasibility (likelihood of land acquisi-
tion and logistic issues), and leverage (broader im-
pacts).

The principles for conservation planning used in
these two examples clearly go far beyond the tradi-
tional specie-based strategies, incorporate many new

findings in biodiversity research, and fit well with the
perspectives of landscape ecology and sustainability
science. The TNC framework has been tested and re-
vised in implementing more than 45 regional conser-
vation plans in the United States, Latin America, the
Caribbean, Micronesia, and China (Groves et al.,
2002).

Concluding Remarks

The world is highly fragmented ecologically, eco-
nomically, and politically. To survive and persist in
such a world, biological organisms as well as humans
must be able to cope with heterogeneity. Patchiness in
space and time is ubiquitous with or without human
influences. Nature is not in balance; rather it is in con-
stant flux. To conserve biodiversity, we must move
beyond the traditional dogmas and metaphors such as
“superorganisms,” “balance of nature,” and “nature
knows best.” Effective conservation strategies must
explicitly recognize that biodiversity manifests itself
at multiple organizational levels and spatial scales,
that landscapes in which biodiversity resides are
ever-changing in a hardly predictable way, and that
biodiversity is but one essential component of a sus-
tainable landscape or a sustainable world. The ulti-
mate success of biodiversity conservation in any re-
gion is likely to be tied with the economic and social
sustainability of that region. Therefore, future research
and practice of biodiversity conservation need to be
further integrated with landscape ecology and sus-
tainability science.



212 W 2 kM

Biodiversity Science

16 4

Acknowledgments | thank Dr. Rob Stuebing for
inviting me to give a plenary presentation at the Re-
gional Conference of Biodiversity Conservation in
Tropical Planted Forests in Southeast Asia, Bintulu,
Sarawak, Malaysia during January 15 and 18, 2007.
This paper is a modified version of the speech that
was subsequently included in the conference proceed-
ings. My research in landscape ecology and sustain-
ability science has been supported, in part, by the US
National Science Foundation and the National Natural
Science Foundation of China.

References

Botkin DB (1990) Discordant Harmonies: A New Ecology for
the Twenty-First Century. Oxford University Press, Ox-
ford.

Burgman MA, Akcakaya HR, Loew SS (1988) The use of ex-
tinction models for species conservation. Biological Con-
servation, 43, 9-23.

Chapin FS, Zavaleta ES, Eviner VT, Naylor RL, Vitousek PM,
Reynolds HL, Hooper DU, Lavorel S, Sala OE, Hobbie
SE, Mack MC, Diaz S (2000) Consequences of changing
biodiversity. Nature, 405, 234-242.

Clark WC, Dickson NM (2003) Sustainability science: the
emerging research program. Proceedings of the National
Academy of Sciences,USA, 100, 8059-8061.

Egerton FN (1973) Changing concepts of the balance of nature.
The Quarterly Review of Biology, 48, 322-350.

Ehrlich PR, Wilson EO (1991) Biodiversity studies: science
and policy. Science, 253, 758-762.

FAO (1993) Forest Resources Assessment 1990—Tropical
Countries. United Nations Food and Agriculture Organi-
zation, Rome.

Forman RTT (1995) Land Mosaics: The Ecology of Landscapes
and Regions. Cambridge University Press, Cambridge.
Franklin JF (1993) Preserving biodiversity: species, ecosystems,

or landscapes. Ecological Applications, 3, 202-205.

Gilpin ME, Soule ME (1986) Minimum viable populations:
processes of species extinction. In: Conservation Biology:
Science of Scarcity and Diversity (ed. Soule ME), pp.
19-34. Sinauer, Sunderland.

Groves CR, Jensen DB, Valutis LL, Redford KH, Shaffer ML,
Scott JM, Baumgartner JV, Higgins JV, Beck MW,
Anderson MG (2002) Planning for biodiversity conserva-
tion: putting conservation science into practice. BioSci-
ence, 52, 499-512.

Gutzwiller KJ (2002) Applying Landscape Ecology in Biologi-
cal Conservation. Springer-Verlag, New York.

Hanski I, Gaggiotti OE (2004) Ecology, Genetics, and Evolu-
tion of Metapopulations. Elsevier Academic Press, Am-
sterdam.

Janzen DH (1983) No park is an island: increase in interference
from outside as park size decreases. Oikos, 41, 402-410.

Kates RW, Clark WC, Corell R, Hall JM, Jaeger CC, Lowe I,
McCarthy JJ, Schellnhuber HJ, Bolin B, Dickson NM,
Faucheux S, Gallopin GC, Grubler A, Huntley B, Jager J,

Jodha NS, Kasperson RE, Mabogunje A, Matson P,
Mooney H, Moore Ill B, O'Riordan T, Svedin U (2001)
Sustainability science. Science, 292, 641-642.

Kazmierski J, Kram M, Mills E, Phemister D, Reo N, Riggs C,
Teffertiller R, Erickson D (2004) Conservation planning at
the landscape scale: a landscape ecology method for re-
gional land trusts. Journal of Environmental Planning and
Management, 47, 709-736.

Lawton J, May R M (1995) Extinction Rates. Oxford Univer-
sity Press, Oxford.

Levins R (1970) Extinction. In: Some Mathematical

Problems in Biology (ed. Gerstenhaber M), pp. 77-107.
American Mathematical Society, Providence, Rhode Is-
land.

Lovejoy TE (1997) Biodiversity: what is it? In: Biodiversity I1:
Understanding and Protecting Our Biological Resources
(eds Reaka-Kudla ML, Wilson DE, Wilson EO), pp. 7-14.
Joseph Henry Press, Washington, DC.

Macarthur RH, Wilson EO (1963) An equilibrium theory of
insular zoogeography. Evolution, 17, 373-387.

MacArthur RH, Wilson EO (1967) The Theory of Island Bio-
geography. Princeton University Press, Princeton.

May RM (1988) How many species are there on earth? Science,
241, 1441-1449.

Meffe GK, Carroll CR (1997) Principles of Conservation Bi-
ology. 2nd edn. Sinauer Associates, Sunderland.

Morris WF, Doak DF (2002) Quantitative Conservation Biol-
ogy: Theory and Practice of Population Viability Analysis.
Sinauer, Sunderland.

National Research Council (1999) Our Common Journey: A
Transition Toward Sustainability. National Academy Press,
Washington, DC.

Noss RF (1983) A regional landscape approach to maintain
diversity. BioScience, 33, 700-706.

Noss RF (1987) From plant communities to landscapes in con-
servation inventories: a look at The Nature Conservancy
(USA). Biological Conservation, 41, 11-37.

Noss RF (1990) Indicators for monitoring biodiversity: a hier-
archical approach. Conservation Biology, 4, 355-364.
Parris TM, Kates RW (2003) Characterizing a sustainability
transition: goals, targets, trends and driving forces. Pro-
ceedings of the National Academy of Sciences,USA, 100,

8068-8073.

Pickett STA, Parker VT, Fiedler PL (1992) The new paradigm
in ecology: implications for conservation biology above
the species level. In: Conservation Biology: The Theory
and Practice of Nature Conservation, Preservation, and
Management (eds Fielder PL, Jain SK), pp. 65-88. Chap-
man and Hall, New York.

Pickett STA, Thompson JN (1978) Patch dynamics and the
design of nature reserves. Biological Conservation, 13,
27-37.

Pickett STA, Wu J, Cadenasso ML (1999) Patch dynamics and
the ecology of disturbed ground. In: Ecosystems of the
World 16 (ed. Walker LR), pp. 707-722. Elsevier, Am-
sterdam.

Poiani KA, Baumgartner JV, Buttrick SC, Green SL, Hopkins E,



55 3 3

Jianguo Wu: Changing perspectives on biodiversity conservation 213

Ilvey GD, Seaton KP, Sutter RD (1998) A
scale-independent, site conservation planning framework
in The Nature Conservancy. Landscape and Urban Plan-
ning, 43, 143-156.

Poiani KA, Richter BD, Anderson MG, Richter HE (2000) Bio-
diversity conservation at multiple scales: functional sites,
landscapes, and networks. BioScience, 50, 133-146.

Reed JM, Mills LS, Dunning JB, Menges ES, McKelvey KS,
Frye R, Rbeissinger SR, Anstett MC, Miller P (2002)
Emerging issues in population viability analysis. Conser-
vation Biology, 16, 7-19.

Saunders DA, Hobbs RJ, Margules CR (1991) Biological con-
sequences of ecosystem fragmentation: a review. Conser-
vation Biology, 5, 18-32.

Shaffer ML (1981) Minimum population sizes for species con-
servation. BioScience, 31, 131-134.

Soule ME, Simberloff D (1986) What do genetics and ecology
tell us about the design of nature reserves? Biological
Conservation, 35, 19-40.

Stork NE (1997) Measuring global biodiversity and its decline.
In: Biodiversity Il: Understanding and Protecting Our
Biological Resources (eds Reaka-Kudla ML, Wilson DE,
Wilson EO), pp. 41-68. Joseph Henry Press, Washington,
DC.

UNEP-CBD (2005) Ecosystem approach principles. Secretariat
of the Convention on Biological Diversity, United Nations
Environmental Programme (http://www.biodiv.org/progr-
ammes/cross-cutting/ecosystem/principles.asp;  accessed
January 2007).

Wilson EO (1988) Biodiversity. National Academy Press,
Washington, DC.

Wu J (1999) Hierarchy and scaling: extrapolating information

along a scaling ladder. Canadian Journal of Remote Sens-
ing, 25, 367-380.

Wu J (2006) Landscape ecology, cross-disciplinarity, and sus-
tainability science. Landscape Ecology, 21, 1-4.

Wu J (2008) Ecological dynamics in fragmented landscapes. In:
The Princeton Guide to Ecology (ed. Levin SA). Princeton
University Press, Princeton.

Wu J, Hobbs R (2002) Key issues and research priorities in
landscape ecology: an idiosyncratic synthesis. Landscape
Ecology, 17, 355-365.

Wu J, Hobbs R (2007) Key Topics in Landscape Ecology.
Cambridge University Press, Cambridge, UK.

Wu J, Levin SA (1994) A spatial patch dynamic modeling ap-
proach to pattern and process in an annual grassland. Eco-
logical Monographs, 64, 447-464.

Wu J, Loucks OL (1995) From balance-of-nature to hierarchi-
cal patch dynamics: a paradigm shift in ecology. Quarterly
Review of Biology, 70, 439-466.

Wu J, Vankat JL (1991) A system dynamics model of island
biogeography. Bulletin of Mathematical Biology, 53,
911-940.

Wu J, Vankat JL (1995) Island biogeography: theory and appli-
cations. In: Encyclopedia of Environmental Biology (ed.
Nierenberg WA), pp. 371-379. Academic Press, San
Diego.

Wu J, Vankat JL, Barlas Y (1993) Effects of patch connectivity
and arrangement on animal metapopulation dynamics: a
simulation study. Ecological Modelling, 65, 221-254.

Zimmerman BL, Bierregaard RO (1986) Relevance of the
equilibrium theory of island biogeography and spe-
cies—area relations to conservation with a case from
Amazonia. Journal of Biogeography, 13, 133-143.

TGN AR R)



