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A generic framework for setting conservation priorities based on the principles of clas-
sic decision theory is provided. This framework encapsulates the key elements of any
problem, including the objective, the constraints, and knowledge of the system. Within
the context of this framework the broad array of approaches for setting conservation
priorities are reviewed. While some approaches prioritize assets or locations for con-
servation investment, it is concluded here that prioritization is incomplete without
consideration of the conservation actions required to conserve the assets at particular
locations. The challenges associated with prioritizing investments through time in the
face of threats (and also spatially and temporally heterogeneous costs) can be aided by
proper problem definition. Using the authors’ general framework for setting conserva-
tion priorities, multiple criteria can be rationally integrated and where, how, and when
to invest conservation resources can be scheduled. Trade-offs are unavoidable in prior-
ity setting when there are multiple considerations, and budgets are almost always finite.
The authors discuss how trade-offs, risks, uncertainty, feedbacks, and learning can be
explicitly evaluated within their generic framework for setting conservation priorities.
Finally, they suggest ways that current priority-setting approaches may be improved.
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Introduction

Conservation activities must be prioritized
so that scarce funds and resources are used ef-
ficiently and effectively to prevent long-term
loss and degradation of biodiversity and eco-
logical systems. A plethora of impacts are
causing a mass extinction event (Lawton and
May 1995), including habitat destruction and
fragmentation, overexploitation of natural re-
sources, invasive species, global climate change,
and emerging diseases (Groombridge and Jenk-
ins 2002). While we can attempt to increase the
resources available for conservation, at present
funding is insufficient in the context of cur-
rent threats, and conservation competes with

Address for correspondence: Kerrie A. Wilson, The University of
Queensland, School of Biological Sciences, St. Lucia Brisbane, Queens-
land 4072, Australia. k.wilson2@uq.edu.au

other societal priorities, such as food produc-
tion, human habitation, and resource extrac-
tion (Abbitt et al. 2000; James et al. 2001; Balm-
ford et al. 2004; Naidoo and Iwamura 2007).

Land-use allocation patterns around the
world are not favorable for biodiversity con-
servation. Almost 500 million hectares of the
Earth’s surface is allocated to agriculture:
arable and permanent cropland is estimated to
cover approximately 1500 million hectares and
permanent pasture approximately 3400 million
hectares (FAO 2008). By comparison, terres-
trial protected areas cover only 1840 million
hectares (WDPA Consortium 2004). Global
spending on conservation is also far lower than
in other sectors. For example, in 2007 the to-
tal annual revenue of the world’s largest non-
government conservation organization, The
Nature Conservancy (www.nature.org), was
one tenth of the net profit of Wal-Mart. At
a local level, expenditure on environmental
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protection is often much lower than expendi-
ture in other sectors. In Australia, for example,
local governments receive over AUS$2.6 bil-
lion in revenue for environment protection ac-
tivities, which equates to only 13% of their total
revenue, and only a fraction of that is spent on
biodiversity conservation (Australian Bureau of
Statistics 2004).

People have long set conservation priorities,
with subsistence communities declaring partic-
ular areas or species exempt from exploitation
(Wright and Mattson 1996; Chandrashekara
and Sankar 1998). Today the scientific litera-
ture documents a range of priority-setting ap-
proaches (Smith and Theberge 1987; Costello
and Polasky 2004; Brooks et al. 2006; Sarkar
et al. 2006). In its various forms, conservation
priority setting seeks to identify where, how, on
what, and/or when we should act first to con-
serve biodiversity efficiently, on the assumption
we cannot do everything everywhere at once.
Much of the conservation priority–setting liter-
ature concerns the identification of new pro-
tected areas or networks of protected areas,
and this is often referred to as systematic conser-
vation planning (Margules and Sarkar 2007). In
this review, we explore a broad array of priority-
setting approaches that concern not only the
locations we wish to conserve, but also the bio-
logical assets we are concerned about, and the
conservation actions available to increase their
chance of persistence. There are also a wide va-
riety of tools to assist the identification of con-
servation priorities, covering a broad spectrum
from mathematical to intuitive.

The first aim of this chapter is to pro-
vide a generic framework for setting conser-
vation priorities. It is based on the principles
of classic decision theory (Clemen 1996; Elster
2003). While we describe the process of set-
ting conservation priorities mathematically, the
terminology we have employed is flexible and
the framework reflects logical decision mak-
ing. This framework encapsulates the key el-
ements of any problem, such as the objective,
the constraints, and our knowledge of the sys-
tem. The system knowledge encompasses the

key elements of our area of interest, which may
be an entire biome, a country, or a parcel of
land (herein termed locations). The key ele-
ments constitute the assets we wish to protect
(a single species, a group of species, habitats,
or an ecological service or function), the key
threats to these assets, the actions likely to abate
the threats, and the costs associated with their
implementation.

The second aim of this chapter is to evaluate
the benefits and risks of allocating funds with
and without considering these elements (e.g.,
of allocating funds to particular assets without
considering the cost of the action requiring im-
plementation in order to conserve the asset in a
particular location). On the basis of our review,
we conclude that while the prioritization of as-
sets or locations is commonplace, prioritization
approaches that do not consider the conserva-
tion actions required to protect the assets in
particular locations are incomplete.

The third aim of this chapter is to illustrate
how multiple conservation objectives can be
integrated. We discuss examples of trade-offs
when there are disparate conservation objec-
tives and how trade-offs can be explicitly eval-
uated within the generic framework for setting
conservation priorities.

We acknowledge the challenges associated
with the rational and efficient allocation of
conservation funds, including lack of a clear
conservation objective, a paucity of biologi-
cal and economic data, uncertainty about the
likely success of investments, and societal val-
ues or political processes that can influence
investment decisions. The final aim of this
chapter is to identify some opportunities for
reducing these challenges when setting conser-
vation priorities.

Defining a Conservation
Prioritization Problem: What

Are the Key Elements?

Conservation prioritization problems can be
structured as classic optimization problems,
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with an objective function, mathematical
descriptions of our knowledge of the system
and the state variables, control variables, con-
straints, and system equations (Possingham et al.
2001; Wilson et al. 2007). In systematic con-
servation planning there have been two broad
class of prioritization problem—the minimum-
set and maximal-coverage problems—defined
mathematically in Box 1.

In all problem formulations, the objective
function reflects our conservation goal and has
an explicit measure of performance. In a con-
servation context we may seek to maximize the
number of species conserved to an adequate
level, or to minimize the number of species
that are expected to go extinct over the next
100 years. Often there is more than one ob-
jective. In almost all circumstances the strategy
that optimizes one objective will not optimize
other objectives, which means that compro-
mises must be made. Objectives can be com-
bined into a single objective using a weighted
sum or some other function; however, the use
of weights presents challenges that we discuss
later.

What we are required to know about the sys-
tem (the system knowledge) will depend on the
particular problem at hand—in a conservation
prioritization context we would want to know
what the assets are, what the threats are to these
assets, what actions can be taken to abate these
threats or otherwise improve the state of the as-
sets, and the cost of carrying out those actions,
which may vary over the area of interest and
through time. We may also require additional
knowledge, such as the uncertainty associated
with key parameters and whether some out-
comes are random or stochastic. The state vari-
ables represent the assets in the area of interest.
The assets might be biological (such as habi-
tat types, populations of threatened species, the
distribution of invasive species, and ecosystem
processes) or nonbiological (such as the loca-
tions of landholders that are amenable to habi-
tat restoration or the distribution of water flows
through a catchment).

The control variables reflect the things we
could do. In the context of conservation prior-

itization we control how much money or re-
sources we direct toward different conserva-
tion actions in any location and at a particu-
lar time. These control variables will directly
or indirectly influence the states of our assets.
The constraints limit the choice of control vari-
ables. In maximal-coverage prioritization prob-
lems (Box 1) constraints may include a budget,
how many parcels of land can be restored each
year due to operational and seasonal limita-
tions, or may reflect the area of land that can
be conserved annually. In minimum-coverage
problems (Box 2) the constraints may repre-
sent the minimum amount of conservation that
we aim to achieve for each asset. For exam-
ple, we could have a target amount of each
species requiring habitat protection or a tar-
get for the frequency of flooding required in
a river basin (an ecosystem process asset). The
system equations reflect our understanding of
how our state variables (and also our objective
function) change as a function of each other,
system parameters (such as the chance an area
is cleared for urbanization), and the control
variables. The overall aim is to find a solution
through manipulation of the control variables
that has the highest possible value of the objec-
tive function subject to our constraints. While
optimal solutions might be desired, multiple
near-optimal solutions are often sought for the
sake of flexibility and the ease of calculation and
communication.

The conservation prioritization problem can
be described mathematically. A general version
of the conservation prioritization problem sub-
ject to a annual budget, bt , is described below.
Let xjkt be the amount of money to be spent
on action k in location j in year t. For example,
one possible action might be to spend $10,000
removing an invasive species from a single lo-
cation in any one year. Each year the cost of
all the actions across all the locations must be
less than our annual budget, so we have the
constraint:

N∑

j =1

P∑

k=1

x jkt ≤ bt for every year t . (1)
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where N is the number of locations and P is
the number of possible actions. Determining
our budgetary constraints is generally straight-
forward, although obtaining data on the costs
of different conservation actions in different
locations can be challenging (Naidoo et al.
2006). Formally, we have the further constraint
that xjkt is greater than zero, since we can-
not spend negative dollars on a conservation
action.

Next we need a set of states in every location
and time, yijt . For example, in each location and
in each year we might need to know the size of
a population of a threatened species, the per-
centage of plants being adequately pollinated,
the condition of a particular habitat type, or
the genetic diversity within a population. Our
choice of state variables will depend on many
issues, such as whether our state variables are
assets (e.g., the population size of a threatened
species) or whether the state variable influences
our assets (e.g., the population size of an inva-
sive species). Our objective will be to maximize
some weighted combination of the state vari-
ables. As we describe later, choosing appropri-
ate weightings can be difficult, but we assume
for now that weights can be derived. The ob-
jective is to maximize over a time frame, T , of
interest:

M∑

i=1

N∑

j =1

T∑

t=1

w ijt f (y. . .) (2)

where wijt is a weighted value assigned to the
amount of state variable (or asset) i, in place
j, at time t. In principle the value we assign
to any asset at any time and location can be a
complex function of all the assets in the system
f (y. . .). In this approach, money itself can be
a state variable and we can replace the annual
funding constraint by a dynamic accounting
equation. Finally, we need a series of dynamic
models that show how our actions and all the
state variables interact to move, invariably in
a stochastic way, the whole system from one
state to another through time. Ultimately the
whole problem is complex, which is why more

specific and tractable versions of the general
conservation prioritization problem exist (see
Box 1).

Box 1. Mathematical Definition
of Two Broad Class of

Conservation Prioritization
Problem: The Minimum-Set
and the Maximal-Coverage

Problems

Minimum-Set Problem

The objective of the minimum-set problem is
to minimize the resources expended while meeting
a given set of conservation targets (Pressey 2002).
Each location j has a cost cj and each asset i has
a target ri . The variable xj equals 1 if location j is
selected for investment, otherwise it equals 0. The
contribution to the conservation of asset i by the
selection of location j is contained in a matrix with
elements aij . The objective is to minimize the cost:

∑

j ∈P

c j x j

subject to the constraint that the targets are met:
∑

j ∈P

a ij x j ≥ r i

for every asset i.
There are simple and complex versions of the

minimum-set problem. All locations might be as-
sumed to have equal cost or we can allow each loca-
tion (or location–action combination) to reflect the
actual monetary or social cost. Each asset may also
be described in different currencies (e.g., number
of individuals, extent of occurrence, probability of
occurrence) and individual targets can be set for
each asset. If more than one action is under con-
sideration, we can set asset targets for each action
and in each location, for example, we might aim to
represent 20% of the range of a species in a strict
protected area and 30% in an area managed for
sustainable-resource extraction.

Maximal-Coverage Problem

The objective of the maximal-coverage
problem is to maximize some measure of



Wilson et al.: Setting Conservation Priorities 241

“benefit” (in a simple case, this might be the num-
ber of targets met for our assets), given a fixed bud-
get or resources that can be expended (Church and
ReVelle 1974). That is, the objective is to maximize

∑

i∈I

f ( y i (x .))

subject to
∑

j ∈J

c j x j ≤ b

where cj and xj are as previously defined, and yi is
the amount of feature i conserved in reserve system
x., and f is a function that turns that into a value.
The maximum available expendable budget is b,

which is in the same units as cj . Like the minimum-
set coverage problem, there are multiple variations
to the maximal-coverage problem. The problem
may be solved without applying targets and the
budget may or may not be sufficient for meeting
all targets. While budgets are typically finite, they
are not necessarily fixed and the budget can be up-
dated through time if more or fewer funds become
available. In the simplest case, if the target allocated
for asset i is achieved, yi equals 1, and otherwise it
equals 0. Alternatively, the benefit can be measured
by a set of functions representing the incremental
gains in the conservation of each asset per dollar
invested. The functions relating benefit to the costs
of acquiring these benefits can be linear, meaning
that benefits are continuous, or curved to repre-
sent situations where benefits diminish or increase
with each dollar invested. Assets can also be differ-
entially weighted to emphasize investment in those
that we value highly (e.g., assets that are locally rare
or threatened) (Arponen et al. 2005, 2007).

Assets

In systematic conservation planning, the eco-
logical purpose of a reserve system is to sustain
representative samples of the full range of biodi-
versity and ecosystem processes of the region in
which it lies (Margules and Pressey 2000). Typi-
cally, conservation prioritization analyses focus
on (1) protecting particular species (e.g., threat-
ened, umbrella, or flagship species; see later in
this chapter), (2) protecting areas of high species
richness or areas with high endemism, and/or
(3) protecting functioning ecosystems and their
associated ecosystem processes. Knowledge of

our assets is therefore a key component of a
conservation prioritization problem—these are
the species or other facets of biodiversity that
we wish to conserve. Data are often incom-
plete, however, even for well-known taxa such
as birds and mammals, and worse for lesser-
known taxa like insects and fungi. Our knowl-
edge of ecosystem processes is perhaps the least
complete (Pressey et al. 2007). This paucity of
data forces us to use biodiversity surrogates in
conservation priority setting.

The surrogates (such as using birds as a sur-
rogate for all vertebrates) are the state variables
in the objective function. Proposed surrogates
include well-known taxonomic groups, habitat
types, and ecological classifications of land and
water (Ferrier et al. 2000). The level of support
in the literature for surrogates and their abil-
ity to represent other elements of biodiversity
are variable (Reyers and van Jaarsveld 2000;
Beger et al. 2003; Faith et al. 2004). Surro-
gates have been found to perform well in some
cases (Howard et al. 1998; Oliver et al. 1998)
and poorly in others (van Jaarsveld et al. 1998).
Rodrigues and Brooks (2007) found cross-taxon
surrogates to be more effective than surrogates
based on environmental data, particularly en-
vironmental surrogates that are based only on
abiotic data.

Many conservation plans involve setting
targets—amounts of a biodiversity asset at
which we feel the asset is conserved. The ben-
efits gained for each asset through investment
in their conservation can be quantified with or
without use of targets. Targets can be set in a
multitude of ways and can, for example, reflect
the percentage of historical extent of a vegeta-
tion type or a minimum viable population size
for a species. The development of targets can
be informed by ecological theory and empir-
ical knowledge in order to accommodate the
requirements of species for their persistence,
for example, by accounting for information
on life history characteristics, habitat connec-
tivity requirements, and threatening processes
(Burgman et al. 2001). Targets that are gen-
eralized for sociopolitical purposes (such as,
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protect 10% of every habitat type) have limited
scientific basis and should not be interpreted as
the minimum amount of habitat requiring pro-
tection in order to ensure species persistence
(Soulé and Sanjayan 1998; Noss 2004). The
use of targets is implicitly based on the assump-
tion that there is a critical level of protection
required and until that level is achieved there
are no benefits, or that the benefits accrue lin-
early (Arponen et al. 2005; Carwardine et al.
In Press). The relationship between the invest-
ment and the benefit derived is of course more
complicated and can take a variety of shapes
(see later). In general the per-unit benefit of in-
creasing the level of a protection of an asset will
decline, that is, benefit functions should have
slopes that decrease, and hence show dimin-
ishing returns (Davis et al. 2006; Wilson et al.
2006).

Threats

We need to understand the threats to bio-
diversity in order to evaluate the risk of losing
species or habitats if no conservation action is
taken; that is, the vulnerability of different lo-
cations and/or assets (Wilson et al. 2005). It is
an inefficient use of funds to invest in locations
where the risk of exposure to threats is low or
where there are no biodiversity assets impacted
by a particular threat. Ignoring threats in con-
servation prioritization is only justifiable when
there is enough money to abate all threats at
once, which is rarely the case. Incremental con-
servation investment is much more common
and during a protracted process of protection,
biodiversity (or the surrogates for biodiversity)
might be lost or degraded.

Threats are highly variable spatially and
there are numerous ways to evaluate the vul-
nerability of different locations and the assets
they contain (Wilson et al. 2005). Furthermore,
there are numerous ways for how information
on vulnerability might be used to identify pri-
ority assets or locations for conservation invest-
ment (Redford et al. 2003; Brooks et al. 2006). In
the general conservation prioritization problem

outlined earlier, threats can be included as an-
other state variable that, in general, has a nega-
tive impact on state variables that we value. Un-
der such circumstances the state variable might
be the size of an invasive-species population
or the rate of sea-level rise due to global cli-
mate change. At a local scale, the former threat
can be mitigated but the latter cannot with-
out unrealistic expenditure. Other threats that
may be prohibitive to mitigate include diseases
for which there is no known cure, a volcanic
eruption, or an invasive species for which an
effective control mechanism has not yet been
identified. For other threats there may, in the-
ory, be an action that stops the threat, but the
scale and cost of implementation might be pro-
hibitive (e.g., a global reduction of fossil-fuel use
to reduce sea-level rise).

Costs

For all known actions there is an associated
cost and impact on assets of concern. The cost
of each action might reflect the cost of land pur-
chase (Ando et al. 1998; Polasky et al. 2001), the
cost of management (e.g., the cost of control-
ling an invasive species) (Balmford et al. 2003;
Wilson et al. 2007), opportunity costs (i.e., the
profits that are forgone when a conservation ac-
tion is undertaken) (Naidoo and Iwamura 2007;
Carwardine et al. 2008a), stewardship costs (i.e.,
the compensation that a landowner is willing to
accept to manage their land for conservation)
(Carwardine et al. 2008b), social costs (e.g., the
number of people that will be disadvantaged
by the creation of a protected area (Luck et al.
2004), transaction costs (i.e., the costs associ-
ated with negotiating an economic exchange or
establishing a conservation program) (Naidoo
et al. 2006), and the costs of information acqui-
sition and planning (e.g., the costs associated
with undertaking surveys or conducting priori-
tization analyses) (Balmford and Gaston 1999;
Gardner et al. 2008; Grantham et al. 2008).

The number of papers presenting economi-
cally grounded conservation priority setting ap-
proaches has grown (Ando et al. 1998; Balmford
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et al. 2000; Polasky et al. 2001; Stewart et al.
2003; Moore et al. 2004; Stewart and Possing-
ham 2005; Wilson et al. 2006; Wilson et al. 2007;
Bode et al. 2008; Carwardine et al. 2008a,b;
Klein et al. 2008), as conservation scientists
recognize the benefits of explicitly considering
the spatially variable costs of conservation. Ac-
counting for the costs of conservation activities
is essential for post hoc evaluations of whether
certain actions were a cost-effective use of re-
sources (Ferraro and Pattanayak 2006; Halpern
et al. 2006). There is also increasing evidence
of the importance of explicitly incorporating
economic data in determining priorities (Bode
et al. 2008). Studies have shown that conserva-
tion plans can be up to 10 times more efficient
(Polasky et al. 2001; Naidoo et al. 2006), mean-
ing that we can make better use of the limited
funds available for conservation. Conservation
costs typically vary by two to four orders of
magnitude more than biodiversity data, and
conservation outcomes have been found to be
more sensitive to cost data than biodiversity
data (Bode et al. 2008). Such issues are of pri-
mary importance in a dynamic and uncertain
world, and are particularly relevant in the con-
text of fluctuating property markets where costs
can vary stochastically and unpredictably. This
also has important implications for the types
of data that are prioritized for collection—data
on costs has been identified as an immediate
priority (Naidoo et al. 2006; Bode et al. 2008).

To undertake full-cost accounting we must
consider immediate and long-term costs. While
the cost of land purchase for a new protected
area is incurred immediately, the cost of manag-
ing the protected area will continue indefinitely.
The simplest approach is to endow manage-
ment costs in perpetuity and use discounting
rates for costs that are incurred over time to
reflect the fact that money spent now is worth
more than money spent in the future. There
are also interdependencies and interactions be-
tween the costs of different conservation actions
that should be accounted for. Take for exam-
ple two conservation actions: predator control
and fire management. Predator-control man-

agement may cost $x/ha, and fire manage-
ment may cost $y/ha; however, carrying out
these actions together may equate to less than
$x + y/ha, as transportation and labor costs
can be shared. Or to fit with the general ver-
sion of the conservation prioritization problem
[Eqs. (1) and (2)], if we spend $y/ha on fire
management and $x/ha on predator control,
the benefits are likely to be greater than under-
taking them separately.

Overcoming the tendency for costs to be seen
as secondary to biological data in conserva-
tion priority setting represents a major hurdle
for conservation science (Odling-Smee 2005).
This hurdle exists because, first, obtaining ac-
curate cost data at an appropriate resolution is
challenging and a frequently neglected activity
(Naidoo et al. 2006). Second, biologically fo-
cused conservationists can be hesitant to allow
nonbiological factors to influence the allocation
of scarce resources, for fear that poorer conser-
vation outcomes would result from “giving up”
on species or ecosystems that are expensive to
save (Pimm 2000; Bottrill et al. 2008). Finally,
the general lack of problem definition can be a
contributing factor: when locations are priori-
tized without an action in mind it is impossible
to account for the cost of the action.

Most current conservation priority setting
does not follow the basic structure outlined in
this section. A general tendency is for conserva-
tion scientists and practitioners to seek to pri-
oritize locations or assets, without considering
the overall objective and the actions required
in different locations to conserve the assets. In
short, it is common to solve only part of the con-
servation prioritization problem, because the
problem itself is not properly defined.

Prioritizing Assets: How Much
Money Should We Invest in the
Conservation of Pandas vs. the

Conservation of Snails, and Is This
the Right Question to Ask?

Much conservation effort is focused on
particular species. These species might be
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keystone, umbrella, flagship, indicator, or fo-
cal species (Table 1). Species can make a log-
ical target for conservation investment due to
their public appeal (and raising public aware-
ness can increase the pool of funds available
for conservation), the availability of reasonable-
quality data, and the lowered monitoring and
evaluation costs resulting from a focus on fewer
assets (Mace et al. 2007). It has been acknowl-
edged that setting priorities based on a subset
of species can be prone to bias, and the choice
of species is problematic because many of
the assumed ecological relationships are often
untested (Simberloff 1998; Lindenmayer et al.
2002) (Table 1). Single-species management
also ignores the suite of ecological processes
that maintain and sustain such species, and the
management of one species may conflict with
the management of another (Simberloff 1998).

Many countries, states, and agencies pri-
oritize funds for species recovery by focusing
on threat status and prioritizing investment in
those species at most risk of extinction. The
threat status might be determined by the In-
ternational Union for Conservation of Nature
and Natural Resources (IUCN) red-listing cri-
teria, which use quantitative rules to assign a
risk of extinction (IUCN 2003). Such an ap-
proach is supported in many countries by leg-
islated requirements for the protection of en-
dangered (and especially charismatic) species
and has a strong moral and ethical basis. It also
has important implications for the availability
and use of funds for biodiversity conservation.
In Australia, for example, at a national level,
critically endangered and endangered species
are given preference for conservation spending
(Possingham et al. 2002). Although not explic-
itly stated, this approach assumes that a focus
on threatened species will result in the fewest
extinctions (Possingham et al. 2002; Bottrill et al.
2008).

Using a threatened species as a surrogate for
other species or habitats may be inappropri-
ate if the presence of a threatened species does
not indicate habitat of good condition or that is
of high value for other species (Rubinoff 2001;

Possingham et al. 2002). A sole focus on threat-
ened species may also result in the inefficient
use of funds, and an inefficient investment of re-
sources can entail substantial opportunity costs.
Imagine, for example, if securing the most
endangered species will cost millions of dol-
lars with limited collateral benefits, while sev-
eral less endangered taxa could be secured by
a single, comparatively cheaper conservation
action.

An example of a conservation program fo-
cused on a single threatened species is that of
the California condor, Gymnogyps californianus.
Over 20 years, US$35 million was invested in
the California condor recovery and release pro-
gram, increasing the number of individuals in
the wild from zero to 68 by 2002 (Alagona 2004)
to more than 150 in 2008 (Walters et al. 2008).
Currently US$5 million is spent annually on
the project (Walters et al. 2008). Most fund-
ing for this species’ conservation was from Cal-
ifornia or Oregon-based donors, particularly
those focused on “birds of prey” (e.g., Pere-
grine Fund), along with the United States Fish
and Wildlife Service. Given the largely non-
fungible nature of the funds available for its
conservation, it is likely that this condor pro-
gram is a cost-effective use of conservation
funds. It is also likely that the species would
have gone extinct without a dedicated conser-
vation program. However, without evidence to
the contrary, we assume that the relative cost-
effectiveness of this investment and the asso-
ciated opportunity costs in terms of species
that might have otherwise benefited were not
assessed a priori (Walters et al. 2008). While
the conservation achievements of the Califor-
nia condor project should not be undervalued,
it is possible that the dollars allocated to the
condor could have ensured the persistence of
many more species, particularly if a long-term
and global view is taken.

Setting priorities primarily based on how
threatened a species is reflects poor prob-
lem formulation. An assessment of threat
status reveals the urgency of conservation
intervention—it does not provide information
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about the immediate and ongoing cost of con-
serving the species, the likelihood the conserva-
tion effort will work, and the associated benefits
to other assets. If, on the other hand, we identify
and prioritize actions to abate the key threats
to the assets that we value, then we are im-
mediately drawn to a discussion of what those
actions protect, what the costs and likelihood of
success of these actions are, and whether the ac-
tions are socially and politically feasible. Joseph
et al. (In Press-b) provide a rational approach for
prioritizing investments in species conservation
(Box 2). With some added complexity, this ap-
proach could be used to evaluate the overall
benefit of undertaking each action, in terms
of the provision of collateral and incidental
benefits.

Box 2. Prioritizing Projects for
Threatened Species

Conservation

Joseph et al. (In Press-b) provide a decision the-
oretic approach for choosing between projects (i.e.,
bundles of actions required to secure a threatened
species) that aim to conserve species in a region.
The approach ranks each project (i) by its cost-
efficiency (Ei ), calculated as the product of the
biodiversity benefit (Bi ), species value (Wi ) and
the probability of success (Si ) divided by the cost
(Ci ):

E i = Bi × Wi × Si

Ci

Given a fixed budget for management of threat-
ened species, the top-ranking projects are selected
until the budget is expended. Thus, the approach
is similar to a maximal-coverage problem (with-
out complementarity) (Box 1); where the set of
projects selected maximizes the total number of
species secured within a total budgetary constraint
(K ).

∑

i

C i ≤ K

This prioritization approach may be applied
at any scale. Species values may be economic,
social, biological, or political (Faith 1994; Vane-

Wright et al. 1994; Rodrı́guez et al. 2004; Isaac
et al. 2007; Marsh et al. 2007), or species may be
considered equal. The algorithm provides a near
perfect greedy solution to the Knapsack problem
(Martello and Toth 1990; Weitzman 1998; Hart-
mann and Steel 2006).

Joseph et al. (In Press-a) apply their “Project
Prioritization Protocol” (PPP) to explore resource
allocation for managing the threatened species of
New Zealand. This represents the first real appli-
cation of cost-effective resource allocation for the
management of multiple threatened species.

While the approach is quantitative, rational,
and repeatable, it can explicitly explore the subjec-
tive elements to conservation priority setting where
threatened species are concerned. In the case of
prioritizing resources for New Zealand’s threat-
ened species, the authors investigated the conse-
quences of valuing species. Species were weighted
by their taxonomic distinctiveness and compared
with a scenario where species were valued equally.
A trade-off exists between funding the manage-
ment of a greater number of the most cost-efficient
and least risky projects and funding fewer projects
to manage the species of higher value. Their appli-
cation of the PPP to 32 of New Zealand’s threat-
ened species resulted in far better outcomes (i.e., a
greater number of species expected to be secure)
than by the commonly used approach of rank-
ing projects by the threat status of species that the
projects aim to protect.

Prioritizing Locations: How Do We
Identify a Biodiversity Hotspot or a

New Protected Area, and Is This
the Right Question to Ask?

A number of approaches are available for
prioritizing locations to conserve biodiversity
(Table 2). These approaches have also lever-
aged a substantial amount of money for con-
servation, with biodiversity hotspots alone mo-
bilizing at least US$750 million of funding
(Brooks et al. 2006). The approaches reviewed
in Table 2 are not exhaustive, although they
are representative of the range of approaches
currently in use.

Locations are typically prioritized using
some measure of biodiversity importance (e.g.,
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irreplaceability, rarity, adequacy) and/or a
measure of threat or vulnerability, although
different priority locations for conservation in-
vestment are typically identified (Redford et al.
2003; Brooks et al. 2006). Where differences
occur they are likely due to the application of
different data, analysis at different spatial scales
or resolutions, or due to differing institutional
values, constraints, and associated objectives.

One important distinguishing factor is
whether the approach for prioritizing locations
incorporates the principle of complementar-
ity; that is, whether it allows for the selec-
tion of areas that complement one another in
terms of the assets conserved (Justus and Sarkar
2002). Some approaches evaluate sets of loca-
tions on the basis of their collective representa-
tion of biodiversity assets such that the whole
is not merely the sum of the parts. Hotspot ap-
proaches sidestep the issue of complementarity
by focusing on endemic species (complementar-
ity is not relevant when there is no overlap in as-
sets between locations), and scoring approaches
ignore complementarity meaning that they will
be inefficient when protection of multiple assets
is sought (Smith and Theberge 1987; Pressey
and Nicholls 1989; Possingham et al. 2006).

Another important distinguishing factor is
the way each approach integrates informa-
tion on vulnerability (Table 2). At one end
of the spectrum lies the identification of en-
demic bird areas (EBAs), which does not em-
ploy information on vulnerability, but focuses
on rare or restricted-range species (although,
see Caldecott et al. 1996). In contrast, some
approaches place high importance on areas of
both high vulnerability and high biodiversity
value (e.g., biodiversity hotspots), and other ap-
proaches give priority to areas with low vulner-
ability and high biodiversity value (e.g., high
biodiversity wilderness areas).

Whether vulnerable areas are given prefer-
ence or avoided depends upon the objective
of the priority-setting approach and whether
the threat is perceived to be stoppable or un-
stoppable. For example, the aim of the vulner-
ability assessment employed in the biodiversity

hotspots approach is to highlight the urgency
for conservation action, as without rapid action
the habitat loss to date in these hotspots threat-
ens the remaining biodiversity (Mittermeier
et al. 1998). In contrast, the global 200 ecore-
gions aim to achieve the greatest long-term rep-
resentation of biodiversity, and hence typically
prioritize locations that are not vulnerable (Din-
erstein et al. 2000; Groves et al. 2002), although
in some cases high-risk areas might be sought
if they are important for representation. Gen-
erally, using this approach, each ecoregion is
ranked in terms of its suitability for conserva-
tion, prioritizing areas with low human use, and
conversion of natural land cover on the assump-
tion that these areas will be cheaper to manage
and that assets in these areas will likely have
a higher probability of persistence (Abell et al.
1999; Ricketts et al. 1999; The Nature Con-
servancy 2000; Groves et al. 2002). A similar
rationale is employed in identifying wilderness
areas (Sanderson et al. 2002). Future threats are
often also analyzed in the ecoregional planning
approach to gauge the urgency of conserva-
tion actions, but typically after the candidate
priority areas have been identified (Olson et al.
1998; Dinerstein et al. 2000).

While it is clear that there are differences
between priority-setting approaches in terms
of how information on vulnerability is used,
there is no simple rule as to whether favoring
or avoiding vulnerable areas provides the best
outcomes for biodiversity conservation. There
might be logical merit in avoiding vulnerable
areas if the probability of success in an area
under high threat is low if conservation invest-
ment in these areas will stimulate social or polit-
ical conflict and accelerate further biodiversity
loss. Nonetheless, when areas of high biodiver-
sity value are threatened, then vulnerable areas
must be allocated high priority in order to avoid
biodiversity loss.

Most approaches do not provide a sequenc-
ing of locations for conservation investment
and simply identify locations as either a pri-
ority or not. In these cases, additional deci-
sions are needed to determine the order that
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each location must be invested in. Another
important distinguishing factor between ap-
proaches is whether or how the costs of conser-
vation are considered. No approach explicitly
accounts for the costs of conservation in each
location (Brooks et al. 2006), although conserva-
tion organizations are actively pursuing meth-
ods and data to do so (Murdoch et al. 2007;
Wilson et al. 2007; Bode et al. 2008).

The conundrum of how to prioritize invest-
ments through time in the face of threats (and
also spatially and temporally heterogeneous
costs) can be solved by proper problem defi-
nition. Using the general framework for setting
conservation priorities outlined earlier in the
chapter (Eqs. 1 and 2), we can rationally in-
tegrate multiple criteria and devise schedules
of where and when to invest conservation re-
sources (Costello and Polasky 2004; Meir et al.
2004; Drechsler 2005; Wilson et al. 2006).

The majority of the prioritization ap-
proaches outlined in Table 2 comprise the anal-
ysis of scores or the use of thresholds. Scoring
systems can be broadly defined as any approach
for evaluating or ranking options (assets, loca-
tions, actions) based on summing the weighted
scores for a number of criteria (e.g., global 200
ecoregions). Multiple Criteria Analysis is a for-
mal scoring approach developed for operations
research in the 1940s and has been applied in
natural resource management and for the con-
servation of biodiversity (Fernandes et al. 1999;
Hajkowicz et al. 2000; Villa et al. 2002; Men-
doza and Martins 2006; Moffett and Sarkar
2006). The approach integrates disparate and
competing objectives (see the section on trade-
offs later in this chapter) and captures the pref-
erences of stakeholders by allowing them to
control the relative weights given to each crite-
rion. Criteria can be diverse and may include
biodiversity importance, fishing value, and eco-
tourism potential.

There are, however, challenges associated
with weighted scoring systems. For example,
there can be subjectivity associated with how
much weight to be given to different crite-
ria. As a result, scoring systems are suscep-

tible to manipulation by preferentially mod-
ifying weights according to user preferences
for specific outcomes. Because each option is
scored independently of other options, the av-
erage reigns—low values in a few criteria can
overwhelm high values in a single criterion.
Thus, weights are not necessarily reflected in
the outcomes. There can also be challenges
in combining scores for criteria that have dif-
ferent currencies. Combining the scores for
“apples and oranges” to obtain a final over-
all score can obscure useful information held in
the individual scores obtained for the separate
criteria.

Thresholds, as opposed to targets, are mea-
sured at an individual site level. For exam-
ple, a threshold may specify that priority lo-
cations must have at least three threatened
species or be at least 50% intact. Threshold
methods, such as biodiversity hotspots (Myers
et al. 2000), have the advantage of being easy
to communicate, but the simplicity comes at
a price. If a location meets all but one crite-
rion, then it would fail to be prioritized, and
locations that are prioritized because they ex-
ceed a threshold by a small degree are con-
sidered of equal value to a location that ex-
ceeds a threshold by a large amount. Similar
to weights in scoring methods, it is difficult to
rationally determine the value of thresholds,
even though they have such a dramatic effect
on the prioritization outcome.

Conservation prioritization, regardless of the
approach employed (e.g., ecoregional planning,
biodiversity hotspots, etc.), is scale-dependent.
Given perfect knowledge, it would always be
more efficient to prioritize a range of conser-
vation actions at a fine resolution, even on a
global scale. While comprehensive global data
sets on biodiversity values, threats, and costs
are improving (Hoekstra et al. 2005; Orme et al.
2005; Ceballos and Ehrlich 2006; Naidoo and
Iwamura 2007; Naidoo et al. 2008; Underwood
et al. 2008), data that are available at a global
scale are still typically sparse and of varying
quality. At local scales, we are more likely to
be equipped with data to guide the choice of
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conservation actions. Rouget et al. (2003), for
example, analyzed threats at the scale of the
entire Cape Floristic Province and the scale of
the composite Algulas Plain. The coarser scale
analysis identified the broad priorities for con-
servation, whereas the finer scale assessment
allowed for the analysis of more detailed and
comprehensive data sets but did not provide
an evaluation of the broader conservation con-
text. Therefore the identification of broad pri-
ority locations, particularly in data-poor areas,
may help refine the geographic extent within
which specific actions must be identified, eval-
uated, prioritized, and applied to suit local
conditions.

Prioritizing Actions: Should We
Remove Weeds, Buy Land, Plant
Trees, or Install Pollution Traps,

and Is This the Right
Question to Ask?

The creation of protected areas has tradi-
tionally been the primary action to achieve
conservation outcomes, and is often used im-
plicitly as a surrogate for the broader suite
of conservation interventions available to pro-
tect biodiversity (Margules and Pressey 2000;
Chape et al. 2005). Conservation practitioners
of course routinely invest in a diverse array of
activities such as fire management, invasive-
species control, and revegetation, either in pro-
tected areas, or on government or privately
owned land. In many places land acquisition is
not feasible, and neither appropriate nor cost-
effective (Pence et al. 2003; Stoneham et al.
2003; Possingham et al. 2006; Carwardine et al.
2008a). More recent approaches to conserva-
tion priority seek to prioritize between multi-
ple actions (and locations) to achieve conser-
vation objectives. Some approaches are also
dynamic, capable of prioritizing actions tem-
porally as well as spatially. In this section we
discuss and illustrate by example some ap-
proaches to prioritizing multiple conservation
actions.

Multiple Zoning of Land and Sea

Much traditional conservation land-use
planning has focused on a binary decision-
making framework, where the landscape or
seascape is allocated to either protected or un-
protected status. Realistically, there is a range of
land (or sea) uses, which contribute differently
to biodiversity conservation and have different
costs of implementation (Box 3). We need a lot
more information to zone an area for multi-
ple uses. At a minimum, we need to know the
contribution that putting each area into each
zone will make to the conservation of every
asset. This contribution could be asset-specific
or constant across all assets. We also need to
know the possible zone transitions and the cost
of each transition. In more advanced scenar-
ios, there may be desired spatial relationships
between zones.

Box 3: Land-Use Zoning in
Tropical Forest Regions

Tropical rain forest habitat is used for a diver-
sity of land uses, ranging from protected areas to
production forests. Each alternative land use con-
tributes differently to the conservation (or destruc-
tion) of biodiversity. Some land uses provide habitat
throughout all levels of forest strata, along with a
diversity of food sources for fauna species occupy-
ing the forest. Other land uses are more restricted
in their provision of habitat and food sources with
the resultant floristic and faunal diversity reflecting
these differences (Meijaard et al. 2006; Meijaard
and Sheil 2008). Because of the relative sensitivity
of species to different land uses, their contribution
to the conservation of biodiversity varies (Dutton
2001; Jepson et al. 2001; Bengen and Dutton 2004;
Curran et al. 2004; Meijaard et al. 2006; Nakagawa
et al. 2006; Meijaard and Sheil 2007; Wells et al.
2007).

This situation presents a variety of challenges.
The suite of possible land uses is complex and the
control variable is not binary. Furthermore there
may be constraints, upper and lower, on how much
land that can put into different land uses, such
as in protected areas or oil palm plantations. We
can, however, examine different land allocation
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scenarios by accounting for these constraints, and
the relative costs and benefits of different land uses.
First, we need to know the relative sensitivity of our
biodiversity assets to forest conversion, and then
assign targets that accounts for this. We can then
determine the contribution of each land-use zone
to achieving the targets for each asset. With such
information we can evaluate not only where to act
but how to act in order to effectively and efficiently
conserve biodiversity.

Conservation Action Planning

Conservation Action Planning (CAP) is one
part of the Conservation by Design process de-
veloped by The Nature Conservancy (The
Nature Conservancy 2000, 2003). It was de-
veloped as a stakeholder-driven planning ap-
proach for landscape-scale projects, but has also
been used at regional and local scales. The ap-
proach is designed to be iterative and adap-
tive, recognizing that information is always in-
complete, but should improve over the life of a
project. The CAP approach is based on “The
Five S’s.”

• Systems: The conservation assets in a land-
scape and the key ecological attributes that
maintain their viability (generally, 6–8 as-
sets are employed).

• Stresses: The types of destruction or degra-
dation impacting each conservation asset.

• Sources: The agents generating the stresses.
• Strategies: The types of conservation actions

that can be deployed to abate sources of
stress.

• Success: Measures of biodiversity health and
threat abatement.

The aim of the CAP approach is to iden-
tify actions that maintain healthy, viable oc-
currences of the conservation targets. By def-
inition, healthy occurrences are not signifi-
cantly stressed, and measures of success can
include indicators of the effectiveness of con-
servation strategies and indicators of target
viability.

The CAP process has the benefits of be-
ing stakeholder driven and iterative. The ap-
proach accounts for the key elements of a con-
servation prioritization problem and reflects a
project-management tool that is a mixture of
a focal species approach and a static multiple-
action prioritization approach. The process en-
courages consideration and articulation of what
conservation success in a landscape would look
like and how progress toward this goal will be
measured. A key limitation of the approach is
that the consideration of the cost and likeli-
hood of success of each action are not an inte-
grated and explicit part of the planning process,
and therefore have little influence on the initial
identification and prioritization of conservation
actions.

Dynamic Multiple-Action Prioritization

In dynamic versions of the multiple-action
conservation prioritization problem our man-
agement decision is how much of our budget
to allocate to each conservation action at each
time step. For each conservation action we need
to know what it costs per unit area and its
benefit to the relevant biodiversity assets
(Table 3; Box 4). We also need to know the
current investment in the conservation action
and the remaining area that would benefit from
further investment in the action. We can then
generate dynamic investment schedules that
reflect shifts in the allocation of funds as the
return from investing in each conservation ac-
tion diminishes. The investment schedule is de-
termined by the interplay of three main fac-
tors: (1) the relationship between the additional
area invested in each conservation action and
benefit to biodiversity, (2) the cost of this in-
vestment, and (3) the existing level of invest-
ment. We can then seek to prioritize actions
with the greatest benefit per dollar invested
(i.e., to maximize gains), or if the rate of habi-
tat loss is known, we can prioritize actions
that will minimize the expected loss of biodi-
versity (i.e., to minimize losses) (Sarkar et al.
2006; Wilson et al. 2006; Murdoch et al. 2007).
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TABLE 3. Examples of Three Conservation Actions Identified to Abate Key Threats to Biodiversity in Two
Australian Ecoregions∗

Invasive predator Phytophthora cinnamomi

control management Revegetation

Eyre and Mount Eyre and Mount Eyre and Mount
Conservation action York Lofty York Lofty York Lofty
and ecoregion mallee woodlands mallee woodlands mallee woodlands

Number of assets protected 514 517 251 255 153 157
Cost of the action (US$/km2) 301,154 301,005 514,592 514,443 7,091 6,942
Total area of the ecoregion (km2) 60,896 23,786 60,896 23,786 60,896 23,786
Area already receiving action (km2) 18,926 4,753 0 0 416 1,221
Area requiring action (km2) 6,295 2,855 12,791 4,198 18,510 3,532

∗The number of assets estimated to be protected by the action (i.e., the number of species sensitive to the threats
that each action will abate) and the cost of investing in each action is provided, along with estimates of the area already
receiving the action and the additional area requiring the action.

Multiple-action conservation prioritization has
been shown to outperform more traditional
approaches to conservation funding allocation
that focus solely on protected-area establish-
ment (Box 4). Although fully comprehensive
studies are desired, multiple-action prioritiza-
tion analyses suffer from the same limitations
as other prioritization analyses discussed in this
review. In particular, data and computational
constraints often deem it prohibitive to fully
account for complexities such as the temporal
and spatial heterogeneity associated with in-
formation on costs, threats, and benefits, not to
mention the stochastic nature of environmental
and socioeconomic factors (Wilson et al. 2006,
2007).

Multiple-action prioritization problems can
be potentially very complex. For example, there
can be spatial dependencies and the impact
(and cost) of actions will likely vary between
assets. The change in value from investment
in different actions depends on the relation-
ship used to describe the objective function;
common forms include threshold, linear, sig-
moid, or concave (Fig. 1). Van Teeffelen and
Moilanen (2008) evaluate the consequences of
using different functional forms for the objec-
tive function. A linear relationship provides a

Figure 1. Four possible objective-function shapes:
linear, threshold, sigmoid, and concave.

continuous accumulation of benefit, whereas a
threshold function reflects an assumption that
the benefit peaks once the threshold is reached.
A concave objective function reflects a situa-
tion of diminishing marginal gains. The sig-
moid objective function reflects an assumption
that low levels of investment will deliver low re-
turns and that the returns increase rapidly after
some amount of investment is reached and then
tapers off.
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Box 4. Maximizing the
Conservation of Biodiversity

Through Investment in a Range
of Conservation Actions

Through Time: A Case Study
from Mediterranean

Ecoregions

Wilson et al. (2007) developed a framework for
guiding the allocation of funds among alternative
conservation actions that address specific threats
and applied it to 17 of the world’s 39 Mediter-
ranean climate ecoregions. This subset of Mediter-
ranean ecoregions covers parts of Australia (ten
ecoregions), Chile (one ecoregion), South Africa
(three ecoregions), and California and Baja Cali-
fornia (three ecoregions). In total, they evaluated
51 ecoregion–conservation action combinations
which were termed “ecoactions.” In Australia, for
example, ten Australian Mediterranean ecoregions
were analyzed and three primary threats were
identified: habitat fragmentation and salinization
(with salinization the result of altered hydrological
regimes); introduced predators (focusing on cats
[Felis catus] and foxes [Vulpes vulpes]); and the soil-
borne pseudofungus Phytophthora cinnamomi. The
mitigating actions selected were (for each respec-
tive threat) strategic revegetation, invasive predator
control and research, and a mix of precautionary
and preventive measures, including the application
of phosphite, quarantine, education, research, and
communication. For each of these threats several
pieces of information were obtained (Table 3).

Wilson et al. (2007) assumed that the marginal
benefit decreases for each new unit area receiv-
ing investment, and therefore, the benefit dimin-
ishes with cumulative investment. This relationship
was modeled using species-area curves, which were
converted into species-investment curves. Only 24
ecoactions (of the 51 possible) received investment
during the first five years. A mix of land protec-
tion and off-reserve management in South Africa
was highly rated, along with invasive-plant con-
trol in Chile, California, and South Africa. These
conservation actions yielded the greatest marginal
return on investment over five years because the
biodiversity benefits were high and the costs were
comparatively low. However, this does not involve
simply prioritizing the cheapest actions, or the
most species-rich ecoregions; rather, this informa-
tion is integrated to find the most cost-effective
combinations.

The ecoaction-specific framework was then
compared to a model of conservation that focuses
only on land acquisition. Over five years almost
four times as many species can be protected us-
ing the ecoaction approach (2780 vs. 703 species).
These results suggest that investing in a sequence
of conservation actions targeted toward specific
threats, such as invasive-species control and fire
management, will deliver greater biodiversity re-
turns than by relying solely on acquiring land for
protected areas.

We can also incorporate complementarity
within this dynamic multiple-action prioritiza-
tion framework. Complementarity is important
if we aim to minimize the cost of the conser-
vation action under consideration, ensure that
all biodiversity assets (e.g., species, vegetation
types) receive some level of conservation invest-
ment, and identify location-and-action combi-
nations that complement those that have al-
ready received investment (Justus and Sarkar
2002). To apply complementarity we require
information on the specific biodiversity con-
tent of locations, as opposed to summary statis-
tics such as species richness. Furthermore, loca-
tions and actions must be evaluated collectively
rather than independently.

Our objective when accounting for the prin-
ciple of complementarity is to protect as many
different, or “distinct,” biodiversity assets as
possible. As described earlier, the shape of our
objective function reflects the functional rela-
tionship between assets protected and the level
of investment. In the case of two actions A and
B, we would consider not only an “A curve’ and
a “B curve’ for assets only benefited by actions
A and B, respectively, but also an “AB curve’ for
assets benefited by both actions A and B (Fig. 2).
For three or more actions, we would consider
a total of seven curves: A, B, C , AB, AC , BC ,
and ABC . The number of curves thus increases
combinatorially as the number of actions in-
creases. Using complementarity favors actions
where for each dollar invested, the sum of the
additional assets benefitted is greatest. Some
actions might require other actions in order to
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Figure 2. A hypothetical example of the curves
required to account for complementarity between two
actions (A and B). Curve A and curve B represent
the number of distinct assets benefited by investing in
action A and B, and curve AB represents overlapping
assets benefited by investing in both actions A and B
(Underwood et al. 2008).

be successful, and there can be negative inter-
actions between actions if the action required
for one species is detrimental to the conserva-
tion goals of another. Not accounting for these
forms of complementarity will overestimate the
conservation benefit of a set of actions.

Exploring Trade-Offs and Dealing
with Multiple Objectives

A trade-off exists in conservation priority set-
ting under two conditions: when two or more
assets are not perfectly aligned, and/or when
the budget or some other constraint prevents
us from reaching our targets for all biodiversity
assets. For example, we may be unable to im-
mediately conserve adequate representations of
each threatened species whose distributions do
not overlap. Under such circumstances we have
a trade-off between those targets that we meet
now and those we may attempt to meet later.
Trade-offs are unavoidable in priority setting
when there are multiple considerations, which
is almost always the case. Even in a simplis-
tic prioritization problem involving only the

identification of potential protected areas, pro-
tection of multiple assets will likely be sought
and the implementation of protected areas will
likely be incremental. We therefore need to
make decisions about which areas should be
protected first. Trade-offs can become even
more complex when benefits other than bio-
diversity conservation are sought, such as the
delivery of ecosystem services or the protection
of sites of cultural significance.

In the case of ecosystem service conservation,
we can assess the spatial and temporal con-
gruence of ecosystem services and biodiversity
assets. If such an analysis shows that areas of
high biodiversity and ecosystem service value
coincide, then conservation intervention will
simultaneously benefit both (a “win-win” sit-
uation). Concordance between ecosystem ser-
vice delivery and biodiversity conservation has
been found at a variety of scales, suggesting that
such opportunities exist (Turner et al. 2007).
However, other analyses have found limited
spatial congruence between important areas
for ecosystem services delivery and biodiversity
conservation (Chan et al. 2006; Naidoo et al.
2006). There are several reasons for such out-
comes. It is likely that the provision of ecosys-
tem services is best achieved by land-use options
that are suboptimal for biodiversity conserva-
tion (for example, the growth and harvest of
cereal crops may be more efficient in relatively
species-poor ecosystems) (Cassman and Wood
2005). Many forms of biodiversity do not offer
known benefit to humans, and some biodiver-
sity is even detrimental to humans. In areas
that are heavily cleared, habitat loss and frag-
mentation would reduce the ecosystem service
value of the land, while increasing the biodi-
versity value of the remaining habitat (Turner
et al. 2007). Finally, while patterns of richness
in different assets may coincide, patterns of
complementarity may not. We therefore need
to explicitly account for the possibility that
synergies between conservation and ecosystem
services will not exist. The mathematical inte-
gration of multiple objectives depends on cor-
rect problem formulation, and again there is a
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distinction between maximal-coverage prob-
lems and minimum-set problems (Box 1).

In maximal-coverage problems actions are
selected that maximize some benefit without
exceeding a conservation budget. When there
are multiple objectives, we can modify the rel-
ative weighting of each objective: for example,
the conservation of biodiversity and the provi-
sion of ecosystem services. In effect, the overall
objective becomes the selection of actions that
optimize the weighted sum off these subobjec-
tives. Weighting objectives can involve some
level of arbitrariness, as previously discussed,
but also provides flexibility to explore trade-
offs by investigating a range of weights (Arthur
et al. 2004).

A trade-off curve can be helpful in priority
setting for multiple objectives, by highlighting
sets of options that achieve different amounts
of each objective. When we vary the relative
importance of protecting biodiversity versus
protecting ecosystem services through its full
spectrum, we define a “Pareto-frontier”: the
best landscape outcomes achievable for any
two-criteria optimization (Nalle et al. 2004).
An example of this frontier is shown in
Figure 3. The highest and lowest points in this
figure correspond to landscapes planned exclu-
sively for ecosystem services and biodiversity,
respectively, with the points in between rep-
resenting compromises across both objectives.
When aiming to achieve two disparate objec-
tives, any set of actions that exists inside the
Pareto-optimal line is suboptimal.

In minimum-set problems actions are se-
lected that meet conservation targets at a min-
imal overall cost. We can include targets for
a virtually unlimited number of assets. In this
type of problem formulation the achievement
of targets for each asset is a kind of subobjec-
tive, where the overall objective is to meet all
targets. For example, Chan et al. (2006) prior-
itized places that protect variable targets for a
set of assets, and that store at least 50% of the
carbon within the entire region. This target-
based approach has the benefit of avoiding the
need for arbitrary weights (although targets can

Figure 3. Pareto-frontier for biodiversity and
ecosystem service protection for a hypothetical
landscape.

involve arbitrary elements) and of identifying
sets of priorities that can be evaluated against
quantitative targets. The target-based ap-
proach itself does not explicitly address trade-
offs, but trade-offs can be investigated by vary-
ing the targets and evaluating the difference in
the overall cost (Egoh et al. 2007).

How Can We Better Set
Conservation Priorities?

Account for the
Sociopolitical–Economic–Ecological

Context

The probability of success of different con-
servation actions is influenced by numerous
sociopolitical factors, including political stabil-
ity and corruption, budget continuity, gover-
nance, and stakeholder willingness to be in-
volved in conservation initiatives (Barrett et al.
2001; Smith et al. 2003; Knight and Cowl-
ing 2007). Although uncommon, we can ac-
count for the probability that a conservation
action will succeed by modifying the expected
biodiversity benefit (Hobbs and Kristjanson
2003; McBride et al. 2007; Joseph et al. In
Press-b).
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In global and even regional problems, there
can be much variation in the political and eco-
nomic systems and in societal needs, which
affect the suitability of different conservation
actions. Inadequate handling of such issues
has led to conservation failures. For example,
the implementation of the Natura 2000 net-
work in Finland was problematic due to in-
adequate consideration of the needs and de-
sires of landholders in the prioritization process,
and the availability of sufficient funds to com-
pensate landholders for the loss of land rights
(Hiedanpää 2002). Such an example points to
the importance of ensuring that the conserva-
tion instruments employed are suited to the lo-
cal context.

Market-based instruments take advantage of
market forces and social responses and are
often an efficient conservation prioritization
tool. Reverse auctions is a market-based in-
strument that involves the efficient selection
of “bids” placed by landowners for the finan-
cial compensation they will accept to manage
their land for conservation outcomes (Table 2).
Reverse auctions have been carried out suc-
cessfully in the United States (Reichelderfer
and Boggess 1988) and in parts of Australia
(Grieve and Uebel 2003; Stoneham et al. 2003;
Hajkowicz et al. 2007). Reverse auctions dif-
fer from more traditional priority-setting ap-
proaches because they only consider parcels of
land that are available for conservation inter-
vention (only amenable landholders will place
bids), and they elicit real costs, thus overcoming
the difficulty of predicting the costs of conser-
vation. Reverse auctions are, however, unable
to assess the potential contribution of all parcels
of land to an overall conservation goal and are
not suitable for strategic planning over large
regions.

It is also important to consider the ecologi-
cal context and the extent that an asset is likely
to be benefited by a particular action. In some
cases, an action implemented alone is unlikely
to achieve the conservation goal and the in-
terdependencies between actions must be con-
sidered. A simple example is the purchase and

management of land for the establishment of
protected areas. If the key threat facing an area
is native habitat loss due to conversion to an-
other land use, then purchase of the land might
abate this immediate threat. However, if the
biodiversity values of the land are also threat-
ened by weed invasion and habitat degrada-
tion, then land purchase without accounting
for the costs of restoration and management to
ensure the persistence and health of the biodi-
versity it contains will be insufficient. In such
cases the costs of all required conservation ac-
tions (acquisition and management) and their
relative benefits should be considered from the
outset.

Explicitly Account for Uncertainty
and Risk

There are many forms of uncertainty as-
sociated with biodiversity conservation. These
include the likelihood of success of conserva-
tion actions, uncertainty about our objectives
(have we been asking the right question?), and
uncertainty associated with the data used to
parameterize our analyses. Uncertainty (ran-
domness with unknowable probabilities) differs
from risk (randomness with knowable probabil-
ities) (Knight 1921).

First, we can assess whether the uncertainty
in a particular parameter will be naturally re-
duced or resolved during the process of im-
plementing the conservation action. For exam-
ple, there is often uncertainty associated with
both the cost of purchasing a parcel of land
and whether the assets we wish to conserve are
present at the site. However, before establish-
ing a protected area, we will be exposed to up-
dated information about the land. For example,
we will know the price at which a landowner
is willing to sell and we are likely to under-
take a biological survey to ensure that the land
contains the assets we wish to conserve. For
these kinds of uncertain parameters an adap-
tive approach is essential, where priorities are
updated as new information becomes available
(see below).
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If the uncertainty will not be naturally re-
solved, we might aim to reduce the uncer-
tainty by collecting more information, for ex-
ample, through improving our knowledge of
the system and its dynamics (Haight et al. 2005;
Armsworth et al. 2006). However, obtaining
more information can come at a cost, both fi-
nancially and through opportunities that might
be lost as we acquire further information. For
example, it has been argued that new biodi-
versity surveys lead to more efficient conserva-
tion plans and therefore the surveys represent
good investments (Balmford and Gaston 1999).
Grantham (2008) found diminishing returns on
surveys of Protea species in South Africa, how-
ever, and identified thresholds beyond which
further investments in surveys would not de-
liver more effective protection of Protea species
(despite a much better understanding of the
distribution of the species). This study indicates
the importance of accounting for the return
on investments in different data, the benefits
the additional data deliver to our conservation
outcomes, and the opportunity costs associated
with the investments.

We can also explore the range of possible
values for an uncertain parameter, noting how
decisions may change depending upon the pa-
rameter value. Such sensitivity analyses can be
useful to identify the parameters that have the
greatest impact on the outcomes, and deter-
mine which parameters to collect more infor-
mation for, and thus reduce uncertainty. How-
ever, in many situations, risks and uncertainty
cannot be removed.

We might aim to set conservation priorities
that are robust to risk and uncertainty (Ben-
Haim 2001; Nicholson and Possingham 2007).
Here we need to know (or estimate) the like-
lihood that an unplanned but conservation-
relevant event may occur, such as the risk of
a hurricane, fire, or coral bleaching event, or
the risk that a conservation action will not be
carried out correctly (the inverse of its likeli-
hood of success). We can then either priori-
tize actions (or locations to carry out an action)
that meet conservation targets while minimiz-

ing some combination of risk and cost (yet an-
other trade-off ) (Game et al. 2008), or prioritize
actions that maximize the expected or likely
conservation benefits for a fixed budget (Joseph
et al. In Press-b). Note that these solutions rep-
resent modifications of Equations (1) and (2),
respectively.

Allow for Opportunities and Feedbacks

Like all actions, conservation actions create
reactions and these reactions can be in the form
of potentially beneficial opportunities or nega-
tive feedbacks. In some cases, opportunities and
feedbacks can be predicted, particularly where
there is a sound knowledge of the system or we
have been able to learn from past experiences.
Where possible, predictions of both positive and
negative effects of conservation actions should
be explicitly incorporated into the priority set-
ting processes.

Establishing a protected area in a region can
have positive effects. For example, the liveli-
hood of residents might be improved through
the provision of opportunities for ecotourism
ventures, which can potentially reduce the de-
pendence of local communities on natural re-
sources. Successful conservation outcomes in a
region can also be the key that unlocks further
funds for conservation. In order to account for
such leverage, we can modify Equation (1) to
include an increased budget to represent addi-
tional funds, and we can modify Equation (2) to
include the additional benefits that have been
gained.

Negative feedbacks can also occur. For ex-
ample, the purchase of properties for a new
protected area may drive land prices up due to
increased demand for land for other purposes.
This can have perverse effects on local commu-
nities, and also make it more expensive to es-
tablish additional protected areas (Costello and
Polasky 2004). The protection of a particular
parcel of land because it is biologically valuable
and also threatened by conversion, may simply
displace the threat to nearby areas. There ex-
ist approaches to predicting and incorporating
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negative feedbacks in dynamic conservation
planning situations (Armsworth et al. 2006).
Whenever a parcel of land is purchased, the
relative price of other parcels of land is altered
using knowledge of the dynamics of the local
market. Likewise, the likelihood of success can
be updated in a similar manner.

It is important to acknowledge that the
economic and sociopolitical reaction of sys-
tems and people to conservation cannot al-
ways be predicted. Unforeseen reactions can
occur, leading to perverse conservation and or
social outcomes. Hence, rather than being top-
down and inflexible, conservation priority set-
ting should be modest and flexible to allow for
adaptation to or mitigation of perverse out-
comes. The financial and ecological impact of
unforeseen opportunities or reactions should
be explicitly accounted for as they arise and
assessed within the prioritization framework.
We can then learn from such evaluations to
better respond to opportunities and negative
feedbacks in the future.

Evaluate, Learn, and Improve

There has been growing concern among the
conservation community surrounding the lim-
ited availability of evidence that investments
have achieved sound conservation outcomes
(Ferraro and Pattanayak 2006). This situation
reflects a general tendency for only successful
conservation stories to be reported (Redford
and Taber 2000; Knight 2006) and the limited
resources allocated to monitoring and evalua-
tion (Field et al. 2007). This is problematic, since
a lack of evaluation and honest reporting means
that the process of learning and improvement
is hindered and past mistakes may be repeated.
There is a clear need for better evaluation pro-
cedures, a systematic process for learning from
past successes and failures, improved commu-
nication to extend this knowledge, and adaptive
priority setting.

Adaptive priority setting is a relatively sim-
ple process, requiring the fluid updating of
priorities and priority-setting approaches in

response to new information as it becomes
available (Higgins and Duane 2008). Again
flexibility is essential, both in the mentality
of decision-makers and the tools deployed.
Broadly speaking, there are three approaches to
adaptive management: passive adaptive man-
agement, where we simply learn by analyzing
the outcomes of past interventions (this is the
most common approach); experimental adap-
tive management, where we actively manipu-
late the system to maximize how fast we learn;
and active adaptive management, where we op-
timally manage taking into account the possi-
bility for learning. The latter is optimal, but
technically complex (Walters 1986; McCarthy
and Possingham 2007; Hauser and Possing-
ham 2008). A properly formulated active adap-
tive management problem leads to solutions
to conservation problems that properly inte-
grate managing, monitoring, and learning, and
hence leads to a reduction of uncertainty.

Conclusions

A broad range of priority-setting approaches
is available, matching the myriad types of
conservation decisions faced by conservation
scientists and practitioners. By distilling conser-
vation prioritization problems into the compo-
nents of age-old decision theory, all problems
become comprehensible and solvable. While
acknowledging the variety and complexity of
conservation problems, we have presented a
framework and summarized general rules that
can help to guide most conservation prioritiza-
tion tasks. First, problem formulation is critical.
Without a clear definition of goals, as well as
the identification of actions and their costs and
likely benefits, decisions are unlikely to be cost-
effective, and outcomes cannot be evaluated.
Second, considering the conservation actions
to be undertaken in a particular location to pro-
tect key assets is the most comprehensive form
of conservation prioritization. Third, conser-
vation decisionmakers need not shy away from
problems with multiple objectives, or those that

fknaus
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are prone to uncertainty and risk—rather, this
information can be explicitly included in the
priority-setting process to improve conserva-
tion decision-making. And finally, an adaptable
and flexible approach to priority setting is es-
sential to ensure we can effectively respond to
opportunities, feedbacks, and improved knowl-
edge. The principles and examples we present
should only be applied with flexibility, humility,
and a sound knowledge of the socioecological
system.
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