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“What I decided 1 could not continue doing was making decisions about intervening when I had no idea

whether I was doing more harm than good™

Introduction

Conserving biodiversity requires identifying
and addressing the myriad of problems gener-
ated when humans exploit natural resources.
This challenge is ongoing and expensive in
terms of time, money and access to the neces-
sary expertise. Needs invariably outweigh
resources, and actions require prioritization on
multiple fronts. Conservation also needs appro-
aches that enable more effective objective set-
ting, as well as critical evaluation of conservation
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actions and of the extent to which targeted
problems are solved.

Although there might seem to be room for
some optimism given the increased investment
in protected areas, sustainable forest manage-
ment, and the management of invasive species,
the rate of biodiversity loss does not appear to
be slowing (Butchart et al. 2010; Secretariat of
the Convention on Biological Diversity 2010).
In addition, information on the nature and
scale of conservation problems is accumulating
faster than our ability to process it and respond
effectively. Current rates of biodiversity loss
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exceed estimates of historical rates by several
orders of magnitude (Millennium Ecosystem
Assessment 2005). Species extinctions are
invariably associated with direct drivers, such
as habitat loss and overexploitation, though
secondary extinctions can readily be triggered
by the initial loss of species that provide key
ecosystem  functions. Interaction effects
between land use and climate change also
present increasingly complex challenges for
global conservation (Iwamura et al. 2010).

Conservation is part of a continuous cyclical
process in which management activities are
implemented in spite of uncertainties about
their effectiveness. This process typically starts
with the detection of the decline or degradation
of an aspect of nature that we value. Once this
change has been identified, conservation goals
can be set, such as an area of habitat to be
protected, a wetland area to be restored or
species decline to be arrested or reversed. When
goals are made clear, interventions can be
selected and implemented, and their relative
success or failure assessed in order to inform
future action. In this cycle of doing and
learning, conservation decision making ulti-
mately involves some scientific evaluation of
the effectiveness of past efforts to guide
future actions (Pullin & Knight 2001; Knight
et al. 2006).

Priority setting in conservation research and
action will always reflect human-oriented
values and be forever changing and contested,
not least as baselines of human values shift
and other societal priorities change.
Nevertheless, science can be a potent guiding
force in informing decision making and can
help improve the cost-effectiveness of conser-
vation practice. Conservation science is just
one component of the overall decision-making
process. Economic, social and political consid-
erations also play a role and may determine
the outcome. For example, decisions concern-
ing which species and habitats are worth sav-
ing are strongly influenced by the necessarily
subjective values of individual stakeholders, as
well as by the political and socio-economic

Table 1.1 Example summary of steps and
processes that might be included in a decision-
making framework

Steps Processes

Objective setting:
desired trends, targets,
time frame

Social process: priority
assessment, stakeholder
consultation, ethics approval
Solution scanning:
identify potential
interventions, actions

Expert process: consultation,
workshops

Effectiveness assessment:  Evidence-based process:
comparison of previous
intervention performance

cvidence synthesis,
predictive models
Cost-effectiveness
assessment: value from
investment

Evidence-based process:
economic assessment,
planning models

Mixed methods process:
quantitative and qualitative
data analysis

Outcome evaluation:
programme evaluation

opportunities and constraints of the region of
concern. Science can advise on which are
likely to be the most cost-effective solutions
for conserving the giant panda, for instance,
but this information is only one factor in decid-
ing how much money should be spent on its
conservation, or the way in which available
funds should be spent.

In this opening chapter, we first explore ways
in which priorities for both conservation action
and research emerge and are evaluated.
Recognizing that conservation is ultimately a
societal process underpinned by values and
beliefs, we describe how decisions about
resource allocation for conservation actions
can be informed by explicit use of scientific
evidence in decision-making frameworks.
Decision-making frameworks are composed of a
set of transparent principles and criteria that can
help evaluate the pros and cons of alternative
choices, thereby facilitating the identification of
cost-effective actions (Table 1.1).We end by out-
lining future challenges to the development of
decision-making frameworks for conservation
that encompass policy, management and
research.
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Identifying need for action

Effective conservation depends on identifying
priorities for specific research and/or action.
As described in this section, these are typically
verified by one of two routes. The first route is
more reactive and involves the detection, through
surveillance monitoring, of a change in status of a
taxon, species group, habitat or ecosystem. The
second route is more proactive and works by
identifying potential threats that may cause
significant negative changes in the future.

Detection of ecological changes

Surveillance monitoring, whether of changes in
habitats, species or even life history attributes
of particular species, can sometimes detect
unexpected and important changes useful for
prioritizing conservation activity (whether for
action or research). For example, long-term
data on the widespread declines of sea turtles
(Crouse et al. 1987) have motivated the
discovery, development and implementation of
innovative solutions such as turtle exclusion
devices on shrimp trawlers. In another example,
the UK Common Birds Survey (now, with a
change in methodology, the Breeding Birds
Survey), which was set up in 1962 partly to
identify changes in bird populations from direct
organophosphate pesticide poisoning, has
played an important role in detecting a range of
other issues requiring action. These include bird
responses to agricultural change and changes in
woodland management, as well as to changing
conditions in the African wintering grounds
(Newson et al. 2009).

Even when ecological changes are detected,
the challenge remains of how to interpret and
communicate the significance of monitoring
data. Biodiversity indices that combine a range
of trend data are increasingly used to represent
broader changes in the environment, and are
often welcomed by policy makers responsible
for setting high-level targets. For example, in

2000 the UK government set a target of revers-
ing the decline of farmland birds by 2020. One
of the reasons why this target was selected over
others was that a single index was available for
tracking whether or not the desired changes
were taking place. On a global scale, the Living
Planet Index (Loh et al. 2005) and other
composite indices are being used to track
progress towards reducing the current rate of
biodiversity loss (Secretariat of the Convention
on Biological Diversity 2010). In the last decade,
catalysed by the Millennium Ecosystem
Assessment (2005) and its political impact,
there has been an increase in emphasis on
measuring change in ecosystems and the
services they provide to human well-being and
the global economy. The Economics of
Ecosystems and Biodiversity (TEEB) project, for
example, has estimated monetary values for
many of the headline metrics used to measure
environmental change in an effort to help guide
conservation policy (Sukhdev et al. 2010). This
guidance includes a detailed consideration of
subsidies and incentives, environmental liabil-
ity, national income accounting, cost-benefit
analysis, and methods for implementing instru-
ments such as Payments for Ecosystem Services
(PES). Adoption of a more ecosystem-based
approach to conservation may ultimately
encourage a shift in societal values and political
priorities far beyond that achieved by traditional
species-based conservation approaches.
Identification of the most endangered species
has provided a long-standing focus for conser-
vation research and action since the inception
of the TUCN Red Lists in the 1960s (IUCN 2011;
Mace et al. 2009). Red Lists of species and their
conservation status were initially based on
subjective expert-based threat assessments for
different species groups. The Red Listing pro-
cess and assessment of extinction risk have now
become much more rigorous, and are based on
a combination of factors involving population
size, rate of decline, size of the distribution
range of the species as well as other empirical
measures of threat (Mace et al. 2011). More
recently, Rodriguez et al. (2011) have argued



6 A.PULLIN, W. SUTHERLAND, T. GARDNER, V. KAPOS AND J. FA

the need for analogous ecosystem-level threat
assessments, suggesting they may be more
efficient and less time consuming than species-
by-species evaluations, given that ecosystems
better represent biological diversity as a whole
and require fewer resources to survey. Despite
concerted efforts, by 2010 the status of only
47,978 of the world’s 1,740,330 known species
had been evaluated for potential inclusion on
the TUCN Red List (IUCN 2011).

Proactive decisions based on value
and threat

Conservation priorities are commonly based on
asset value (e.g. total number of species or the
number of endemic species in a defined area)
and/or potential threat to those assets. Brooks
et al. (2006) reviewed nine major approaches
for setting global conservation priorities.
Most of these approaches prioritize highly irre-
placeable regions, with some being reactive
(prioritizing  high-vulnerability, threatened
areas), and others more proactive (prioritizing
low-vulnerability wilderness areas). A lack of
data means that it is difficult to compare these
approaches in terms of their success in generat-
ing conservation funding (Halpern et al. 2006),
but hot spots alone have mobilized at least $750
million of funding for conservation in these
regions (Brooks et al. 2006). More specifically,
conservation funding mechanisms have been
established for several of the approaches, such
asthe $100million, 10-year Global Conservation
Fund focused on high-biodiversity wilderness
areas and hot spots, and the $137 million
Critical Ecosystem Partnership Fund, aimed
exclusively athotspots. The Global Environment
Facility, the largest financial mechanism
addressing biodiversity conservation, has since
2006 applied a Resource Allocation Framework
(RAF) to prioritize its distribution of funds. The
RAF allocates resources to countries based on
(among other factors) their potential to gener-
ate global environmental benefits, which for
biodiversity is assessed in relation to the

distributions of species and ecosystems and
their threat status (GEF 2005).

Given the uneven global distribution of
biodiversity, prioritizing conservation efforts
makes sense to ensure the ‘biggest bang for our
buck’ (Brooks et al. 2006; Possingham & Wilson,
2005; Wilson et al. 2006). One major challenge
is that different measures of conservation value
are not always strongly correlated, and as such
need to be given joint consideration in any
priority setting exercise. For example, Funk &
Fa (2010) used global vertebrate distributions
in terrestrial ecoregions to evaluate how
continuous and categorical ranking schemes
target and accumulate endangered taxa within
the ITUCN Red List, Alliance for Zero Extinction
(AZE) and EDGE of Existence programme. By
employing total, endemic and threatened
species richness as well as an estimator for rich-
ness-adjusted endemism, Funk & Fa (2010)
showed that all metrics target endangerment
more efficiently than by chance. However, each
selects unique sets of top-ranking ecoregions,
which overlap only partially, and include
different sets of threatened species. From these
analyses, Funk & Fa (2010) developed an inclu-
sive map for global vertebrate conservation that
incorporates important areas for endemism,
richness and threat.

Providing information to support prioritiza-
tion of conservation action has become
something of a cottage industry, with many
overlapping initiatives collating data on species
and habitats, their distribution and status, and
the level of protection they are afforded. Some
examples are the GEO-Biodiversity Observation
Network (www.earthobservations.org/geobon.
shtml), the Global Biodiversity Information
Facility (www.gbif.org) and the World Database
of Protected Areas (www.wdpa.org). While
these different databases undoubtedly provide
useful information, this plethora of global
information providers, well summarized by
Brooks et al. (2006), overlap considerably.
Such duplication may risk repeating past efforts
and wasting valuable resources (Mace et al.
2000). Moreover, they do little to guide
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decisions on where precisely to allocate
resources within large priority areas, and the
types of interventions that should be attempted
(Wilson et al. 2006).

Systematic conservation planning (SCP) is
increasingly widely used to help solve conser-
vation problems at a particular site. At the sim-
plest level, SCP employs analyses of numerical
data related to the distribution of biodiversity to
aid decision making and optimize allocation of
effort (Margules & Sarkar 2007), but it can also
involve the application of decision-making
frameworks. At the landscape scale, Wilson
et al. (2007) have shown that combining infor-
mation on the spatial distribution of conserva-
tion objectives and the cost-effectiveness of
actions can achieve more efficient allocation of
resources (see section on ‘Taking action” below).

However, there 1is currently a serious
mismatch between the development of these
methodologies and their use by conservation
implementation bodies (global, governmental
and non-governmental). Knight et al. (2008)
reviewed 88 published conservation plans and
found that two-thirds failed to deliver any con-
servation action. Much of this shortcoming can
be attributed to the researchers themselves, as
many studies were academic and did not plan
for practical and regionally specific implemen-
tation (Knight et al. 2008). However, the con-
verse situation is also true in that numerous
conservation plans that are implemented are
not supported by any systematic or peer-
reviewed study. Part of the reason for this is
that incentives for conservation bodies to eval-
uate the success of their investments are often
lacking. Achieving the necessary cultural shift
in conservation planning will require critical
pressure from donors and funders (including
the general public) for conservation agencies to
adopt and implement more transparent meas-
ures of performance (Keene & Pullin 2011).

Scientists are often aware of conservation
issues that may be prominent in the future but
have attracted little research or policy consid-
eration (Sutherland et al. 2008). Providing
mechanisms for the articulation and

publication of such issues can become a useful
tool. This process, known as "horizon scanning’,
is the systematic search for incipient trends,
opportunities and constraints that can affect the
probability of achieving present and future
management goals and objectives. Horizon
scanning seeks to inform policy decisions by
anticipating issues and accumulating informa-
tion about them, and is employed by a number
of different types of organizations, ranging from
the military to, more recently, conservation sci-
entists. As examples, these exercises identified
issues such as a step change in pressure on land
for agricultural production (Sutherland et al.
2008), high-latitude volcanism (Sutherland
et al. 2010) and fracking to remove natural gas
(Sutherland et al. 2011a). In each case these
have subsequently become high-profile issues
(asexemplified by the eruption of Eyjafjallajokull
soon after Icelandic volcanoes were discussed),
and identifying the issues provides the opportu-
nity to be better prepared (Sutherland &
Woodroof 2009).

Since 2009 there has been an annual
horizon-scanning exercise to identify global
environmental issues (Sutherland et al. 2010).
This has involved specialists in horizon scan-
ning, experts in specific areas (e.g. coral reefs,
diseases or invasives) as well as representa-
tives from large organizations that have a wide
range of conservation interests. The need for
this is illustrated by the fact that conservation
scientists apparently did not clearly foresee
the major shift to biofuel in 2006 by the USA
and European Union, with serious conse-
quences for food security, climate change and
biodiversity (Fitzherbert et al. 2008; Koh &
Wilcove 2008). As a community, we should
have seen this coming and been well prepared
to contribute to the debate. Issues that are
identified as being potentially important but
not well recognized are debated and ranked to
form a shortlist (Table 1.2). Conservation
organizations have taken these issues and
identified their responses using a six-point
classification, from not planning to track or
respond to this issue to committed to
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Table 1.2 Examples of horizon-scanning issues given in Sutherland et al. (2010, 2011a)

Example Issues

Arctic tundra burning

Increased tundra burning associated with climatic conditions, fuel availability and

sea ice retreat may impact upon species and human communities, and alter the
role Arctic ecosystems play in the global carbon cycle (Hu et al. 2010)

Microplastics

Plastic waste in the sea disintegrates to form tiny fragments to which chemicals

may adhere; impact is poorly understood (Barnes et al. 2009)

Hydraulic fracturing (fracking)

Natural gas can be extracted from organic-rich shale basins by pumping in water

at high pressure. The impact on hydrology and pollution is poorly understood

(Kerr 2010)

Nanosilver

Nanoscale silver is primarily used as an antimicrobial to safeguard human health.

Risk to bacteria in ecosystems and aquatic vertebrates is suggested by increased
deformities and mortality of exposed zebrafish embryos (Chot & Hu 2009)

Artificial life

These new forms of life could produce vaccines and chemicals, including fuel

derived from carbon dioxide. Risks, if the technology becomes widely accessible,
include potential interactions with genes and species in natural communities and
the potential for malicious use (Lartigue et al. 2009)

Synthetic meat

Muscle stem cells can be taken from live animals, multiplied in a growth

medium and stretched to make muscle fibres, potentially shifting meat
production from farmland to the factory with considerable impacts for land use

(Madrigal 2008)

Assisted colonization

There is considerable debate as to whether this is creating a new wave of invasive

species or whether this is an inevitable and sensible conservation measure
(Ricciardi & Simberloff' 2009; Vitt et al. 2009)

Promotion of biochar

Pyrolysis lessens decomposition, thus may sequester carbon over a long period.

However, little is known about the impact on the soil, nor is there a detailed
consideration of the source of the wood (Royal Society 2009)

responding now through practice or policy
work; in many cases the sensible response is to
wait until further developments occur
(Sutherland et al. 2012).

Taking action: what to do with
limited resources

The concept of prioritizing conservation action
is easy to grasp. There are many alternatives for
action (interventions) but only limited resources
are available to be deployed so difficult choices
have to be made. Deciding on how to spend
resources depends not only on values but also
on what is achievable with current knowledge
(Mace et al. 2009).

In approaching this problem, it is useful to list
all possible interventions (or candidate solu-
tions) relating to an identified need or problem.
One such exercise has been undertaken by
Jacquet et al. (2011) who assembled an inter-
national team of marine experts to identify
potential interventions for protecting the
marine environment. The team listed a total of
181 potential interventions, such as 23 cost-
effective ways of reducing accidental by-catch
of seabirds in fishing nets. Such methods
include using streamer lines or spreading shark
liver oil in the water to scare birds, deploying
acoustic deterrents or setting lines at the side
rather than the stern to avoid birds foraging
closer to the fishing vessels. Such an exercise
can never be fully comprehensive, but it works
as a valuable starting point to identify options
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for action and needs for evidence of their com-
parative effectiveness in achieving the desired
conservation outcome.

Beyond simple listing exercises, a number of
decision-making frameworks have been devel-
oped to guide the process of moving from
conservation goals and potential interventions
through the allocation of resources to imple-
mentation and conservation monitoring
(Wilson et al. 2007; Pullin et al. 2009; Segan
et al. 2010). All these frameworks have some
common features including:

e a holistic conservation goal that is derived
from societal values and concern about unde-
sirable changes and losses to those values.
This broad goal (e.g. conservation of tropical
forests) may be translated into a more spe-
cific conservation target or objective, e.g. to
halt loss of tropical forest cover by 2020

e an assumption of a limited budget being
available to achieve the stated objectives,
and the need to decide which strategies and
objectives are most deserving of priority
investment, and in which order

¢ a consideration of all potential interventions
that are available to help achieve an objective,
assuming that it is invariably necessary to
adopt a complementary set of interventions

e explicit use of systematic review and evalua-
tion of effectiveness to inform prioritization
of interventions. What do we know about
what works and what does not, and how
was this learning achieved?

e explicit consideration of the cost-effectiveness
of interventions: is the impact of interven-
tion X worth the money compared with
intervention Y or no intervention?

e the need to monitor and evaluate resource
allocation decisions based on outcomes in
relation to objectives (i.e. what impact did
our decisions have and why?). See section
on ‘Evaluation success’ below.

One of the most intractable problems is how to
allocate funds among alternative conservation
actions to address specific threats. To address
this, Wilson et al. (2007) proposed an explicit
‘ecoaction-specific’ framework that focuses on

specific objectives, and accounts for the eco-
nomic costs of interventions (Figure 1.1). The
approach goes beyond the decisions to protect
areas or species and considers the optimal allo-
cation of resources to specific management
interventions in order to address known threats.
Wilson et al. demonstrate the utility of this
approach by applying it to the management of
Mediterranean ecoregions, addressing threats
such as invasive species and fire and comparing
the likely performance of different interven-
tions based on their cost and the likely biodiver-
sity gain per dollar invested.

A similar approach seeks to determine appro-
priate interventions for the realization of high-
level policy objectives (e.g. halting loss of
tropical forest cover or reduction of illegal
wildlife trade). Pullin et al. (2009) compared
the UK National Service Framework for reduc-
ing premature death due to heart disease (the
method is well established in the health ser-
vices) with a potential framework for resolving
biodiversity issues, such as the lessening of the
impact of alien invasive species. In the health
service example, targets for reducing the prob-
lem were used to generate strategic actions
(such as primary, secondary and tertiary pre-
vention and treatment). Potential interven-
tions contributing to these strategies were then
identified based on evidence of their effective-
ness (from systematic reviews). For example,
thrombolytic therapy has been identified as
effective acute treatment, whereas cardiac
rehabilitation programmes are effective tertiary
prevention for those already suffering from
heart disease. The implementation of the
National Service Framework enabled the target
of reducing premature death from cardiovascu-
lar disease by 40% from baseline (1999) to be
met 5 years earlier than expected. This equates
to thousands fewer premature deaths per year.
Such a generic framework that guides decision
making from a general policy goal to a set of
specific interventions might be useful in con-
servation. Pullin et al. (2009) concluded that
strategic actions (prevention, control and erad-
ication in the case of invasive species) and
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Step 1: Define conservation objective

v

Step 2: Specify budget

A
Step 3: Identify key threats to achieving
objective

A

Step 4: Identify actions to abate threats

A 4

Step 4a. Determine area receiving each action
Step 4b. Determine area requiring each action
Step 4c. Determine cost per unit area of each

Step 4d. Determine biodiversity benefits of each

action (distribute annual costs over a
pre-specified time frame)

action

Step 5: At each time step, schedule

investments in order to maximize [«
objective

Step 5a. Construct species-investment curves
Step 5b. For each action determine the biodiversity

Step 5c¢. Allocate funds to the action that

benefit per dollar invested

A

maximizes the biodiversity benefit per
dollar invested

Step 6: Update species-investment curves

given changes in the area receiving and |

requiring investment in each conservation
action, and repeat steps 5b and 5c until the
pre-specified number of years has passed

Figure 1.1 Decision steps involved in the conservation investment framework (from Wilson et al. 2007).

potential interventions (e.g. poison baiting for
eradication) can readily be identified. Indeed,
much of this work has been done by the ITUCN
Invasive Species Specialist Group. However,
evidence for the effectiveness and cost of each
intervention is generally lacking. The conser-
vation community has not as yet conducted
the necessary research or evidence syntheses

(Pullin & Knight 2009). Consequently, it is not
possible to make objective, evidence-based
decisions among alternative interventions. In a
similar way, Segan et al. (2010) considered the
methods used by existing government struc-
tures, such as the National Institute for Health
and Clinical Excellence in England and Wales
(NICE), for optimizing resource allocation. In
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the NICE framework, any intervention is
assessed against alternative interventions for
achieving a specified goal, in terms of both
relative effectiveness of impact and cost. Thus,
for example, when protecting fish stocks, the
designation of marine protected areas might be
assessed against fishing quotas in terms of
cost-effectiveness in delivering conservation
benefits.

Taken together, the above examples com-
bine: (1) the social process of objective setting,
(2) the expert-based process of ‘solution scan-
ning’, (3) assessing and predicting relative
effectiveness of interventions through system-
atic review and evidence synthesis, and (4) the
economic basis of assessing cost effectiveness
(see Table 1.1).

A different challenge in planning conserva-
tion action is the question of how to measure
the comparative value of success among alter-
native actions, in terms of both the cost of
action (cost-effectiveness analysis) and the
perceived value of the outcome to society.
For example, what might be the comparative
value of a successful wetland restoration that
requires minimal future management versus
the arrested decline of a large mammal that
will require considerable continued invest-
ment to maintain? In health, there is a stand-
ard metric of benefit (the quality-adjusted
life-year, QALY) that is recognized as both
socially and economically relevant. The QALY
is based on the number of years of life added
by an action (intervention), and weighted by
the quality of life experienced by the patient in
each year (i.e. 1.0 for perfect health to 0.0 for
death; a debilitating side-effect of treatment
might reduce the weight to 0.5). Conservation
has no such single simple metric. One useful
concept developed by Wilson et al. (2006) is
the ‘optimal allocation of conservation effort’
in which one could use a transferable metric
such as the number of species conserved per
unit area, but this is both difficult to measure
and contestable as a wuniversally valid
standard.

Evaluating success

The realities of conservation practice mean
that rigorous assessment of the results of pro-
jects and programmes is challenging for several
reasons.

e Time frames: natural systems often take longer
than the funding period to undergo detecta-
ble change.

e Scale and context: conservation actions may
have results at different scales from those at
which they are implemented and/or from
the overall scale of the problem they seek to
address.

e Objective setting: conservation actions often
address multiple objectives, which are some-
times poorly articulated.

e Attribution: conservation action (as distinct
from research) usually comprises multiple
simultaneous interventions, leading to diffi-
culties in attributing outcomes.

e Resources: funding agencies and natural
resource managers are often reluctant to
divert scarce resources from action to moni-
toring and research, along with uncertainty
about what to evaluate and monitor
(Gardner 2010).

e Counterfactual: rigorously assessing what
would have happened without the interven-
tion (a control or counterfactual) can be
difficult.

A systematic review of the effectiveness of
community forest management programmes in
providing global biodiversity and local human
welfare benefits found evidence for all of these
problems (Bowler et al. 2010), and suggested
measures to improve the quality of study
designs and provide better evidence of their
effectiveness in the future.

In some cases, there is also an insidious disin-
centive for claiming or demonstrating success
in that perceived improvements may reduce
the case for public, political and/or financial
support for conservation action. Conversely,
however, lack of demonstrable success may
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result in ‘donor fatigue’. Furthermore, there are
considerable disincentives for assessing and
publicizing less successful conservation actions
and the problems that explain them (Redford &
Taber 2000).

Here we expand on each challenge in turn
and identify some possible solutions.

Time frames

Conservation responses usually require time
scales much longer than that of the interven-
tion. For example, projects that aim to improve
the status of slow-growing trees or large mam-
mals cannot detect population changes during
the time frame of the project. Species with long
generation times may take decades to respond
sufficiently for the effects of an intervention to
be measurable above baseline variability.

Scale and context

Scale is important both in geographical terms
(where and over how large an area is an inter-
vention expected to be effective, and therefore
where should it be monitored and assessed?)
and in relation to the scale of the problem. How
should practitioners assess the effectiveness of
their own actions in relation to the scale of the
problem they seek to address? Which is better:
a highly effective intervention on a small area
or weaker intervention across a wide area?

Objective setting

Despite improvements over recent years in
articulating clear objectives for conservation
work, it is common that objectives are too
poorly formulated to allow rigorous evaluation
of success. This is partly due to the reactive ‘cri-
sis management’ nature of much conservation
action. A further contributing factor is that
many conservation projects have multiple
objectives, some of which may be perceived as

less important and/or less attractive to funders
and are therefore left unstated or poorly articu-
lated. For example, conservation projects that
are supported within development agendas
must emphasize their objectives related to
human well-being. Similarly, project documents
may emphasize the conservation objectives for
charismatic species (e.g. large mammals, birds)
even when the proposed action is equally or
more important for addressing taxa or problems
perceived as less attractive to donors (e.g. small
brown moths). When there are multiple
objectives, the total burden of research and
monitoring needed to advance and track
progress towards all of them can be very heavy
and a major drain on resources. Therefore,
evaluation is often limited to a few of the most
explicit objectives (or the ones that are easiest
to measure). Thus, for example, a project
aiming to conserve African birds by improving
the livelihoods of local communities and reduc-
ing pressures on forest habitats emphasized the
livelihoods objectives to obtain its funding from
a donor in the development sector. As a result,
its monitoring budgets had to be devoted
primarily to assessing its livelihoods impacts,
and few resources were available for monitor-
ing forest cover or bird populations.

Attribution

Interventions are frequently conducted simul-
taneously, often by different actors, and it is
difficult to attribute changes to particular
interventions and actors. Areas and issues
that are perceived as of urgent conservation
importance, such as the fragmentation of the
Atlantic Forest of Brazil or the impacts of eco-
tourism in the Virunga Volcano region in
Central Africa, are the focus of intense con-
servation effort by many actors and organiza-
tions. The Critical Ecosystem Partnership
Fund (CEPF) has identified a very large range
of funders and organizations working on
conservation in the Western Ghats hot spot.
These include at least three Indian central
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government departments, state forest depart-
ments, multilateral donors, such as the World
Bank and the GEF, and as many as nine bilat-
eral donor agencies (e.g. the UK’s DFID), and
the CEPF itself. Several international non-
governmental organizations (NGOs), includ-
ing the Ford Foundation, WCS, BirdLife
International, and the National Fish and
wildlife Foundation, are also active in the
Western Ghats, at least 19 national NGOs
have programmes of action and/or research
within the hot spot and large numbers of
research projects are carried out by academic
and technical institutions (CEPF 2007). Of
necessity with such a large number of actors,
many approaches are employed in parallel,
and monitoring is often not unified or strate-
gic across conservation programmes, some of
which may differ (financially or physically) by
several orders of magnitude. This makes it dif-
ficult to link individual changes or outcomes
to individual actions or interventions.

Resources

Limited resources and a focus on action mean
that practitioners (in conservation and other
fields) can be reluctant to divert resources to
learning rather than doing (see below), and this
is especially true where many objectives are
combined and/or many actors involved. In the
latter case, collaborative effort may possibly
achieve some efficiencies and reduce the total
resources needed to assess the achievement of
stated objectives.

Counterfactual

However desirable it is to have non-treatment
areas for comparison, the realities of conserva-
tion practice (limited resources, urgency) mean
that most interventions are conducted without
an explicit control. Therefore, it is usually
impossible to measure or demonstrate success
relative to what would happen without (or

with a different) intervention. Even where con-
trol areas are used, it is often difficult to assess
the extent to which the treatment and control
samples differ at the beginning of the treatment,
potentially confounding the result.

The consequence of failure to cope with these
challenges is poor monitoring and evaluation,
resulting in future conservation investment
decisions that are largely based on belief rather
than evidence. In the case of community forest
management, this investment amounts to bil-
lions of dollars annually (Bowler et al. 2012).

Therefore despite the difficulties, the impor-
tance of assessing success has risen higher on
the agendas of both practitioners and donors,
and researchers have contributed some useful
tools. Among the approaches being used to
improve the situation are those related to plan-
ning and adaptive management, others tied to
identifying and assessing outcomes, and new
statistical approaches for selecting matched
control areas to provide more rigorous assess-
ment of the effectiveness of interventions.

The development of clear frameworks or
results chains can help to make objectives
explicit, to clarify assumptions about the links
between interventions and overarching objec-
tives, and to identify key components of success
and their associated monitoring needs. For
example, a common intervention in conserva-
tion projects is environmental education,
frequently targeted at school children, but it is
often not clear how these activities relate to
project objectives, such as improvement in the
status of a population of a particular species.
Development of a robust conceptual model of
the conservation problem and rigorous applica-
tion of logical framework or results chain
approaches will help to elucidate the concep-
tual links (or lack of them) between educating
school children and the effective conservation
of a given target species. These might be that
the education programme will build children’s
awareness and appreciation of the importance
of an over-hunted species, and that they will
share this with their parents whose choices in
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the market or the hunt will be affected. By
making such logic explicit as a ‘theory of
change’, it will be possible to identify and high-
light the constraints and assumptions that apply
to each stage in the conceptual chain, such as
assumptions about the abilities of the children
to understand the main concepts, the degree of
influence they have over their parents’ actions
and the factors influencing whether adults are
able to change their behaviour. The use of
logical frameworks and related approaches has
become standard procedure in other sectors,
such as development, and several recent
advances have helped to clarify their application
in conservation (Salafsky et al. 2001). The
Conservation Measures Partnership (www.
conservationmeasures.org), in its Open Standards
for the Practice of Conservation, has provided a
consensus among several major conservation
organizations (including the Nature Conser-
vancy, African Wildlife Foundation, Wildlife
Conservation Society and WWEF-US) on the
application of these approaches and other
aspects of adaptive management in conserva-
tion (CMP 2007) and has further provided
tools to facilitate their implementation (Miradi
software; www.miradi.org).

There has also been considerable recent
emphasis on assessing the degree to which the
Open Standards and other recognized aspects
of good practice are applied, and on using this
as an indicator of the likely success of conserva-
tion actions. Such ‘conservation audits’ are
described in detail by O’Neil (2007). A similar
approach, assessing the degree to which ele-
ments of good management are in place, is used
in some assessments of management effective-
ness in protected areas (Leverington et al.
2008), including the Management Effectiveness
Tracking Tool (METT) employed by the WWEF
and the World Bank to assess management of
forest protected areas (Stolton et al. 2007), and
the Rapid Assessment and Prioritization of
Protected Areas Management — RAPPAM
(Ervin 2003).

Another emerging approach builds on results
chains to identify outcomes (as distinct from

procedures) that are expected to lead ultimately
to conservation success (improved status of tar-
get species, ecosystems and sites). A results
chain is a tool that clarifies assumptions about
how conservation activities contribute to reduc-
ing threats and achieving the conservation of
biodiversity or thematic targets (O’Connor
2005). It maps out a series of causal statements
that link factors in an “if ... then’ fashion - for
example, if a threat is reduced, then status of a
biodiversity target is enhanced or if an opportu-
nity is taken, then a thematic target might be
improved. Results are assessed in relation to
those intermediate steps, using rigorous quanti-
tative approaches, expert assessment or
self-evaluation.

In developing tools for implementing this
approach, the Cambridge Conservation Forum
drew on the experience of practitioners from
many of its member organizations and on exist-
ing categorizations of conservation action
(Salafsky et al. 2002, 2008) to define seven
broad categories of conservation activity and
generic results chain models for each of them
(Kapos et al. 2008, 2009, 2010). A scorecard-
style questionnaire-based tool was developed to
help practitioners assess the results of both past
and ongoing conservation projects. Assessing
the degree to which intermediate outcomes
have been achieved can support adaptive man-
agement and provide insights on likely long-
term effectiveness of interventions, even where
resources may be too limited to support appro-
priate biological monitoring. Thus, for example,
assessing behaviour change among local com-
munities or effective implementation of a regu-
lation adopted as a result of advocacy efforts
may provide a clear pointer to eventual
improvements in the status of an exploited
species.

Recently, several groups have applied novel
statistical approaches to provide rigour in assess-
ing the longer term effectiveness of specitic con-
servation interventions (e.g. Andam et al. 2008;
Linkie et al. 2008). Particularly promising are
the matching techniques used for identifying
counterfactual values as a basis for assessing
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conservation outcomes where no controls have
been deliberately established (Ferraro &
Pattanayak 2006; Ferraro et al. 2007). These
have especially been applied in assessing the
effectiveness of protected areas in reducing
deforestation (e.g. Nelson & Chomitz 2009,
2011; Joppa & Pfaff 2010, 2011). These analyses
have effectively accounted for the fact that
many protected areas are remote from drivers of
deforestation by matching them with similar
controls, and have shown that reductions in
deforestation in protected areas are much lower
than previously thought. This is important infor-
mation for planning protected areas systems and
targeting other conservation interventions.

While these approaches potentially reduce
the need for investing field effort in establishing
and monitoring control areas, they are most
applicable where the response variables affected
by conservation action are readily detectable —
they have so far only been applied in assessing
effectiveness in reducing deforestation. They
require a very careful selection of control areas
and often rely upon the availability of, and abil-
ity to process very large data sets. Nonetheless,
they provide an important opportunity to vali-
date empirically the procedural standards and
other proxies that may be used more widely for
assessing the effectiveness of conservation
actions and programmes.

When and for whom is research
a priority?

Beyond efforts to understand patterns of natural
variability in the abundance and distribution of
species and habitats, there are essentially two
areas of conservation research: identifying
problems and identifying solutions. The first is
concerned largely with measuring human-
induced environmental change and under-
standing the drivers responsible for such
changes, while the second is concerned largely
with assessing the effectiveness of alternative
interventions. To date, a lot more research has

been conducted on the former than the latter,
and there is still a scarcity of evidence on what
types of management or policy intervention
have been most successful in tackling key
problems (Sutherland et al. 2004). Recent
developments in evidence synthesis and the
application of systematic review methodology
are addressing this gap (Pullin & Knight 2009).

Very occasionally, a problem may be so large,
and the method of resolving it so clear and sim-
ple, that research is not necessary (e.g. closing
down of a sewage outflow that drains directly
onto a rare salt marsh). However, conservation
problems invariably abound with uncertainty,
risk and controversy. There is rarely strong con-
sensus amongst different stakeholders as to the
importance of a given problem, and where
there is general support for action, there is usu-
ally a variety of alternative solutions available,
the relative effectiveness of which is unclear
(see section on ‘Taking action” above). Research
can provide much needed clarity as to the most
pressing problems or rewarding solutions, but
the challenge comes in deciding whether fur-
ther research is really needed or whether
enough information is already available to take
informed action. There are two important
reminders that should be considered when
making this decision.

First, it may be the case that there is enough
information available to make adequately
informed decisions without further research.
Instead, what is lacking is sufficient political will
and resources, or the opportunity for making a
strategic investment. As discussed earlier in this
chapter, a surprising amount of information is
already available to help guide conservation
decision making, both regarding the distribu-
tion of biodiversity at global (e.g. the Key
Biodiversity Areas assessment of the IUCN) and
regional (e.g. the www.natureserve.org portal
which compiles information on rare and endan-
gered species and ecosystems in the Americas)
scales, and the relative effectiveness of
alternative intervention strategies (see evidence
syntheses and databases at the Conservation
Evidence project — www.conservationevidence.
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com - and the Collaboration for Environmental
Evidence — www.environmentalevidence.org).
It is common to hear the call that more research
is needed before any recommendations can be
made. Such advice can be problematic because
funding for continued research and conserva-
tion action often comes from the same pot, and
opportunities for successful interventions may
be short-lived. Because access to species data is
only one of the factors that determines the
overall success of a conservation plan (Knight
et al. 2006), there comes a point where the col-
lection of ever more field data is redundant.
Grantham et al. (2008) provide a convincing
example of this by demonstrating that a data-
base of South African protea (the regionally
endemic plants for which South African fynbos
vegetation is so famous) could be reduced in
size by a factor of 25 without any marked impact
on the effectiveness of spatial conservation
prioritizations.

Second, it is important to consider that aca-
demic performance is not always correlated
with the generation of practical and effective
conservation guidance. As such, investment in
research, unless carefully managed, may not
produce the desired results. In 2001 Tony
Whitten and colleagues challenged the conven-
tional views on the value of conservation
research, claiming that much of conservation
biology is ‘a displacement behaviour for aca-
demics’ and that many scientific priorities are
far removed from what is really needed to
safeguard the future of biodiversity (Whitten
et al. 2001). While this essay was deliberately
provocative, there is often an irrefutable gap
between the indicators used to measure success
in academia (e.g. numbers of publications and
impact factors) and those used to measure
success in on-the-ground conservation pro-
grammes (e.g. reductions in loss of habitat,
increased numbers of an endangered species)
(Chapron & Arlettaz 2008), and much research
is criticized for failing to provide practical man-
agement recommendations (e.g. Meijaard &
Sheil 2007). One possible solution is to assess

research papers by their contribution to the
knowledge that is considered a priority by
policy makers and practitioners; this approach
has been used to evaluate papers testing
interventions to enhance bee populations
(Sutherland et al. 2011Db).

As Arlettaz et al. (2010) illustrate in a project
to restore endangered hoopoes in the Swiss
alps, ensuring that research is capable of devel-
oping useful recommendations requires the
involvement of scientists in the actual imple-
mentation process. However, there are oppor-
tunity costs to investing time and resources in
tackling messy on-the-ground conservation
problems in a timely fashion. It is unrealistic to
expect that individuals can operate effectively
as both researchers and managers, but it is vital
that scientists are given professional recogni-
tion for their practical as well as academic
impact.

Identifying priority research
questions and knowledge gaps

Identifying the kind of research that is likely to
deliver the most useful and cost-effective
results is deceptively difficult. Foremost is the
need to be explicit and transparent about the
choices available in deciding what to study, and
about the ultimate purpose of different types of
research, given overall conservation objectives
and alternative ways of spending our time and
resources. Choices of research questions are
commonly decided based not on any objective
or systematic framework, but rather on some
combination of circumstance, personal inter-
est, past experience and personal appeal. To try
and get around this, it can be useful to step
back and appraise the different kinds of moti-
vation that underpin choices about what to
study.

First, what is the likely value of a new piece
of research for delivering measurable outcomes
for biodiversity conservation? What is the scale
of the problem or threat that is being studied,
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and can results be generalized to other places
and species or are they confined to a specific
site or taxon? What is the relative importance
of the problem being studied, given other
threats? For example, many biologists have
focused their research efforts on understanding
the role of infectious diseases, climate change
and acidification on declining amphibian popu-
lations. These are justifiable concerns, yet a
much bigger problem facing the survival of
amphibians worldwide is habitat loss and deg-
radation, which has received disproportionally
little attention (Gardner et al. 2007).

As well as thinking about likely impacts, it is
important to consider the probability that
results will be adopted by relevant decision
makers. If you are charged with advising a small
island state in the Pacific on how to mitigate
population declines of endemic species, it is
arguably more useful to focus efforts on threats
that fall under their jurisdiction (e.g. habitat
loss, eradication of exotic species) than factors
almost completely outside their control (e.g.
climate change).

Second, and as mentioned previously, it is
important to reflect on what information is
already available and where evidence is criti-
cally lacking. If enough biological data are
already collected to identify (if only crudely)
areas of high conservation priority, it may be
more worthwhile collecting information on the
costs of different conservation activities and
availability of land to achieve a particular goal
(Wilson et al. 2009).

Finally, it is important to contemplate the fea-
sibility of a conservation project, where feasibility
includes access to necessary background data,
appropriate experimental treatments (whether
natural or directly manipulated) and study site
conditions, and technical expertise necessary to
tackle adequately the posed research question,
and sufficient funds to ensure that the research is
conducted with necessary rigour. Sometimes a
project may be highly desirable but impossible to
implement, as the conditions just do not exist in
the area of interest.

Evaluation and learning from
experience as forms of research

While it is important to recognize and think
about trade-offs between research and manage-
ment, as well as between competing research
objectives, it is also important to avoid extended
procrastination. When it comes to conservation
research, the most valuable learning can often
be achieved only once the first measurements
are made, and at least a few different interven-
tions have been tried and responses evaluated.
As highlighted at the start of this chapter,
research should not be conceived as a linear
process with clear start and end points but
rather a continuous cycle of observation, evalu-
ation and recommendation that feeds back into
future changes in management, which in turn
require their own evaluation. In this sense,
research and management are two sides of the
same coin; neither exercise makes proper sense
unless accompanied by the other. This notion
has its roots in adaptive management (Holling
1978; Stem et al. 2005), but also highlights the
importance of many less formal or indirect ways
of 'learning by doing’, or experiential learning
as it is termed by educationalists, including
implicit and tacit knowledge, and expert obser-
vation (Fazey et al. 2006). Experienced observ-
ers and conservation practitioners may, without
any formal training, be able to recognize emer-
gent properties and make good predictions of
environmental change without being able to
explain precisely how they do it. Fazey et al.
(2006) present an example of this by eliciting
the expert knowledge of on-the-ground manag-
ers — including both local government staff and
cattle ranchers — of wetland systems in Australia.

Conclusions and recommendations

Whilst past conservation actions may well have
saved many species and habitats, biodiversity
continues to decline. To date, conservation has
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fallen short in providing evidence of measura-
ble benefits and value for money. This is true
for both science and action. You cannot man-
age what you do not measure, and without
measurement, the effectiveness of conserva-
tion research and action is fraught with uncer-
tainty both within and outside the community.
That said, measurements cost time and money
and need themselves to be justified. To demon-
strate value for money, the conservation com-
munity needs to put in place a more transparent
system for identifying priorities, deciding on
appropriate actions and measuring effective-
ness. The concept is simple but the actors and
actions are so many and complex that a major
improvement in information and knowledge
sharing is vital if we are to progress and become
more effective. Decision makers need to be able
to identify knowledge gaps and communicate
those to science funders, not just as a wish
list but with evidence that the gaps are real,
are of the highest priority, and are inhibiting
their ability to make decisions. Conservation
scientists need to balance their (often healthy)
tendency toward challenging current wisdom
and emphasizing uncertainty with a need to
provide critical evidence syntheses and evalua-
tions of the success of conservation actions and
find scientific consensus in a way that is useful
to decision makers. These latter roles are
undervalued in academic institutions that
depend on traditional publication-based reward
systems.

It is most likely that decision-making
frameworks will be more widely adopted in
conservation if they can be first demonstrated
on a real-world conservation problem, such as
those articulated in the Convention on Biologi
cal Diversity Aichi Targets (Convention on
Biological Diversity 2011). Whether policy
makers and funders will take the risk of invest-
ing in such a programme remains to be seen.
Nevertheless, many of the components
described above are already being used and are
arguably increasing in frequency. To date, we
are not aware of any conservation programme
in which all these pieces have been combined.

There may be many reasons for this, but here
are a few.

e Lack of vision and time: many conservation
organizations work on a largely responsive
mode and dedicate much of their time to
dealing with short-term problems and
fundraising. Framing any conservation
programme within a broader strategic frame-
work requires an ability to step back and
calmly evaluate the costs and benetfits of dif-
ferent choices. Ideally this requires dedicated
staff members or a department.

e Lack of data: decision-making frameworks are
only viable if there is sufficient accessible
information to inform the steps in the pro-
cess. Rigorous evidence syntheses in the
form of systematic reviews are few and this
inhibits the key step of comparing effective-
ness of alternative interventions.

e Perceived cost: employing the range of skills and
conducting the range of tasks implied in the use
of decision-making frameworks is expensive.
Data mining, evidence synthesis and programme
evaluation are all resource-hungry activities.

e Fear of objective processes outside organizational
control: for smaller conservation organiza-
tions, these processes might seem to threaten
their very existence by questioning the
programmes for which they raise money,
such as buying land for protection or for
species-based management and recovery
programmes. For government departments,
the process might suggest the adoption of
policies that would be unpopular with the
electorate or powerful pressure groups.

o Lack of incentive: there is no incentive for
organizations in which financial performance
does not rely on the effectiveness of conserva-
tion action per se, despite it being an implicit
objective. Many organizations provide little
information on their effectiveness (nor is it
demanded by any independent body); instead
they appeal to their members and donors in
terms of ongoing threats to species and habi-
tats and of the ability of the organization to act
on their behalf (i.e. they are action oriented,
not performance oriented).

There have been many individuals in conservation
who have sought to facilitate the increased use of
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good science in conservation decision making and
to provide the tools to inform priority setting and
resource allocation. Some reside in academia,
whilst others populate conservation organizations,
government departments and the business com-
munity. Some come from other disciplines such as
economics, public health, information science and
programme evaluation. A major social challenge is
to marshal this diverse group to the benefit of con-
servation at large. Informal networks and collabo-
rations, such as the Environmental Evaluators
Network and the Collaboration for Environmental
Evidence, are developing interdisciplinary com-
munities capable of generating information that
will inform conservation decision making in a
co-ordinated and transparent way. There are also
some signs of intergovernmental demand for
assessments of changes in biodiversity, but at
present there is often no clear structure in which
that community should work (and be provided
with the resources). The emergence of an
Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (ipbes.net)
might provide such a structure but its remit is
still to be determined. Whatever the major struc-
tures and organizations turn out to be, a new
culture of effective, rather than simply well-
intentioned, conservation practice is essential if
tough conservation challenges are to be met with
continuingly scarce resources.

Acknowledgements

WIS is funded by Arcadia and ESRC and thanks
Stephanie Prior for useful input. TAG thanks
the Natural Environmental Research Council
(NE/F01614X/1) and the Instituto Nacional de
Ciéncia e Tecnologia -Biodiversidade e Uso
daTerra na Amazonia (CNPq 574008/2008-0)
for funding. ASP is funded by the Centre for
Integrated Research in the Rural Environment.

The difficulty hes not so much n developing

new 1ideas as in escaping from old ones

John Maynard Keynes

References

Andam, K.S., Ferraro, PJ., Pfaff, A., Sanchez-
Azofeifa, G.A. & Robalino, J.A. (2008) Measuring
the effectiveness of protected area networks in
reducing deforestation. Proceedings of the National
Academy of Sciences USA, 105, 16089-16094.

Arlettaz, R., Schaub, M., Fournier, J., et al. (2010)
From publications to public actions: when conser-
vation biologists bridge the gap between research
and implementation. BioScience, 60, 835-842.

Barnes, D.K.A., Galgani, F, Thompson, R.C. &
Barlaz, M. (2009) Accumulation and fragmenta-
tion of plastic debris in global environments.
Philosophical Transactions of the Royal Society, Series B,
364, 1985-1998.

Bowler, D., Buyung-Ali, L., Healey, J.R., Jones,
J.P.G., Knight, T. & Pullin, A.S. (2010) The evidence
base for community forest management as a
mechanism for supplying global environmental
benefits and improving local welfare. CEE
review 08-011. Environmental Evidence: wWww.
environmentalevidence.org/SR48.html

Bowler, D., Buyung-Ali, L., Healey, J.R., Jones,
J.P.G., Knight T.M. & Pullin, A.S. (2012) Does com-
munity forest management provide global envi-
ronmental benefit and improve local welfare?
Frontiers in Ecology and the Environment, 10, 29-36.

Brooks, T.M., Mittermeier, R.A., da Fonseca, G.A.B.,
et al. (2006) Global biodiversity conservation
priorities. Science, 313, 58-61.

Butchart, S.H.M., Walpole, M., Collen, B., et al.
(2010) Global biodiversity: indicators of recent
declines. Science, 328, 1164-1168.

CEPF (2007) Ecosystem Profile Western Ghats € Sri Lanka
Biodiversity Hotspot, Western Ghats Region. Critical
Ecosystem Partnership Fund, Washington, DC.

Chapron, G. & Arlettaz, R. (2008) Conservation:
academics should “conserve or perish”. Nature,
451, 127.

Choi, O.K. & Hu, Z.Q. (2009) Nitrification inhibition
by silver nanoparticles. Water Science Technology, 59,
1699-1702.

CMP (2007) Open Standards for the Practice of Conservation,
Version 2.0. Conservation Measures Partnership:
www.conservationmeasures.org/wp-content/
uploads/2010/04/CMP_Open_Standards_Version_
2.0.pdf

Convention on Biological Diversity (2011) Strategic
Plan for Biodiversity 2011-2020 and the Aichi



20 A. PULLIN, W. SUTHERLAND, T. GARDNER, V. KAPOS AND J. FA

Biodiversity Targets. Convention on Biological
Diversity, Montreal, Canada.

Crouse, D.T., Crowder, L.B. & Caswell, H. (1987)
A stage-based population model for loggerhead sea
turtles and implications for conservation. Ecology,
68, 1412-1423.

Ervin, J. (2003) WWEF: Rapid Assessment and
Prioritization of Protected Area Management (RAPPAM)
methodology. WWEF, Gland, Switzerland.

Fazey, 1., Fazey, J.A., Salisbury, J.G., Lindenmayer,
D.B. & Dovers, S. (2006) The nature and role
of experiential knowledge for environmental
conservation. Environmental Conservation, 33, 110.

Ferraro, P. & Pattanayak, S.K. (2006) Money for noth-
ing? A call for empirical evaluation of biodiversity
conservation investments. PLoS Biology, 4, 105.

Ferraro, P., McIntosh, C. & Ospina, M. (2007) The
effectiveness of the US endangered species act: an
econometric analysis using matching methods.
Journal of Environmental Economics and Management,
54, 245-261.

Fitzherbert, E.B., Struebig, M. J., Morel, A., et al. (2008)
How will oil palm expansion affect biodiversity?
Trends in Ecology and Evolution, 23, 538-545.

Funk, S.M. & Fa, J.E. (2010) Ecoregion prioritization
suggests an armoury not a silver bullet for
conservation planning. PLoS ONE, 5, e8923.

Gardner, T. (2010) Monitoring Forest Biodiversity:
Improving — Conservation — through  Ecologically
Responsible Management. Earthscan, London.

Gardner, T., Barlow, J. & Peres, C. (2007) Paradox,
presumption and pitfalls in conservation biology:
the importance of habitat change for amphibians
and reptiles. Biological Conservation, 138, 166—179.

GEF (2005) The GEF Resource Allocation Framework.
Global Environment Facility, Washington, DC.

Grantham, H.S., Moilanen, A., Wilson, K.A., Pressey,
R.L.,, Rebelo, T.G. & Possingham, H.P. (2008)
Diminishing return on investment for biodiversity
data in conservation planning. Conservation Letters,
1, 190-198.

Halpern, B.S., Pyke, C.R., Fox, H.E., Haney, J.C.,
Schlaepfer Martin A. & Zaradic, P. (2006) Gaps and
mismatches between global conservation priorities
and spending. Conservation Biology, 20, 56—64.

Holling, C.S. (1978) Adaptive Environmental Assessment
and Management. Wiley, Chichester.

Hu E.S., Higuera P.E., Walsh J.E., et al. (2010) Tundra
burning in Alaska: linkages to climatic change and
sea ice retreat. Journal of Geophysical Research, 115,
G04002.

IUCN (2011) IUCN Red List of Threatened Species,
Version 2011.1: www.iucnredlist.org

Iwamura, T., Wilson, K.A., Venter, O. & Possingham
H.P. (2010) A climatic stability approach to prior-
itizing global conservation investments. PLoS ONE,
5, e¢15103.

Jacquet, J., Boyd, I, Carlton, J.T., et al. (2011)
Scanning the oceans for solutions. Solutions, 2,
46-55.

Joppa, L.N., & Pfatf, A. (2010) Re-assessing the forest
impacts of protection: the challenge of non-
random location & a corrective method. Annual
Review of Ecological Economics, 1185, 135-149.

Joppa, L.N. & Pfaff, A. (2011) Global protected area
impacts. Proceedings of the Royal Society B Biological
Sciences, 278, 1633-1638.

Kapos, V., Balmford, A., Aveling, R., et al. (2008)
Calibrating conservation: new tools for measuring
success. Conservation Letters, 1, 155-164.

Kapos, V., Balmford, A., Aveling, R., et al. (2009)
Outcomes, not implementation, predict conserva-
tion success. Oryx, 43, 336-342.

Kapos, V., A. Manica, R., Aveling, P., et al. (2010)
Detining and measuring success in conservation.
In: Trade-Offs in Conservation: Deciding What to Save.
(eds. N. Leader-Williams, W.M. Adams & R.J.
Smith), pp. 73-93. Wiley-Blackwell, Oxford.

Keene, M. & Pullin, A.S. (2011) Realizing an effec-
tiveness revolution in environmental manage-
ment. Journal of Environmental Management, 92,
2130-2135.

Kerr, R.A. (2010) Natural gas from shale bursts onto
the scene. Science, 328, 1624-1626.

Knight, A.T., Cowling, R.M. & Campbell, B.M.
(2006) An operational model for implementing con-
servation action. Conservation Biology, 20, 408-419.

Knight, A.T., Cowling, R.M., Rouget, M., Balmford,
A., Lombard, A.T. & Campbell, B.M. (2008)
Knowing but not doing: selecting priority conser-
vation areas and the research-implementation
gap. Conservation Biology, 22, 610-617.

Koh, L.P. & Wilcove, D.S. (2008) Is oil palm agricul-
ture really destroying tropical biodiversity?
Conservation Letters, 1, 60—-64.

Lartigue, C., Vashee, S., Algire, M.A., et al. (2009)
Creating bacterial strains from genomes that have
been cloned and engineered in yeast. Science, 325,
1693-1696.

Leverington, F., Hockings, M., Pavese, H., Lemos
Costa, K. & Courrau, J. (2008) Management
Effectiveness Evaluation in Protected Areas — A Global



CONSERVATION PRIORITIES 2]/

Study. Supplementary Report No. 1. University of
Queensland, Gatton.

Linkie, M., Smith, R.J. Zhu, Y., et al. (2008)
Evaluating biodiversity conservation around a
large Sumatran protected area. Conservation Biology,
22, 683-690.

Loh, J., Green, R.E., Ricketts, T., et al. (2005) The
Living Planet Index: using species population time
series to track trends in biodiversity. Philosophical
Transactions of the Royal Society B Biological Sciences,
360, 289-295.

Mace, G.M., Balmford, A., Boitani, L., et al. (2000)
It’s time to work together and stop duplicating
conservation efforts. Nature, 405, 393.

Mace, G.M., Possingham, H.P. & Leafer-Williams, N.
(2009) Prioritizing choices in conservation. In:
Key Topics in Conservation Biology (eds. D.W.
Macdonald & K. Service), pp. 17-34. Wiley-
Blackwell, Oxford.

Mace, G.M., Collar, N.J., Gaston, K.J., et al. (2011)
Quantification of extinction risk: TUCN’s system
for classifying threatened species. Conservation
Biology, 22, 1424-1442.

Madrigal, A. (2008) Scientists flesh out plans to grow
(and sell) test tube meat. www.wired.com/science/
discoveries/news/2008/04/invitro_meat

Margules, C. R. & Sarkar, S. (2007) Systematic
Conservation Planning. Cambridge University Press,
Cambridge.

Meijaard, E. & Sheil, D. (2007) Is wildlife research
useful for wildlife conservation in the tropics?
A review for Borneo with global implications.
Biodiversity and Conservation, 16, 3053-3065.

Millennium Ecosystem Assessment (2005) World
Resources Institute, Washington, DC.

Nelson, A. & Chomitz, K.M. (2009) Protected Area
Effectiveness in Reducing Tropical Deforestation: A Global
Analysis of the Impact of Protection Status. 42 Independent
Evaluation Group. Communications, Learning and
Strategy. World Bank, Washington, DC.

Nelson, A. & Chomitz, K.M. (2011) Effectiveness of
strict vs. multiple-use protected areas in reducing
tropical forest fires: a global analysis using match-
ing methods. PloS ONE, 6, €22722.

Newson, S.E., Ockendon, N., Joys, A., Noble, D.G. &
Baillie, S.R. (2009) Comparison of habitat specific
trends in the abundance of breeding birds in the
UK. Bird Study, 56, 233-243.

O’Connor, S. (2005) Basic Guidance for Tools: Results
Chains. Resources for Implementing the WWF Standards.
WWE, Gland, Switzerland.

O’Neil, E. (2007) Conservation Audits: Auditing the
Conservation Process — Lessons Learned, 2003-2007.
Conservation Measures Partnership, Bethesda, MD.

Possingham, H.P. & Wilson, K.A. (2005) Turning up
the heat on hotspots. Nature, 436, 919-920.

Pullin, A.S. & Knight, TM. (2001) Effectiveness in
conservation practice: pointers from medicine and
public health. Conservation Biology, 15, 50-54.

Pullin, A.S. & Knight, T.M. (2009) Doing more good
than harm - building an evidence-base for conser-
vation and environmental management. Biological
Conservation, 142, 931-934.

Pullin, A.S., Knight, T.M. & Watkinson, A.R. (2009)
Linking reductionist science and holistic policy
using systematic reviews: unpacking environmen-
tal policy questions to construct an evidence-based
framework. Journal of Applied Ecology, 46,
970-975.

Redford, K.H. & Taber, A. (2000). Writing the wrongs:
developing a safe-fail culture in conservation.
Conservation Biology, 14, 1567-1568.

Ricciardi, A. & Simberloff, D. (2009) Assisted coloni-
zation is not a viable conservation strategy. Trends
in Ecology and Evolution, 24, 248-253.

Rodriguez, J. P, Rodriguez-Clark, K. M., Baillie,
J. E. M., et al. (2011) Establishing IUCN red list
criteria for threatened ecosystems. Conservation
Biology, 25, 21-29.

Royal Society (2009) Geoengineering the Climate:
Science, Governance and Uncertainty. The Royal
Society, London.

Salafsky, N., Margoluis, R. & Redford, K.H. (2001)
Adaptive Management: A Tool for Conservation
Practitioners.  Biodiversity =~ Support Program,
Washington, DC.

Salafsky, N., Margoluis, R., Redford, K.H. & Robinson,
J.G. (2002) Improving the practice of conserva-
tion: a conceptual framework and research agenda
for conservation science. Conservation Biology, 16,
1469-1479.

Salafsky, N., Salzer, D., Stattersfield, A.J., et al.
(2008). A standard lexicon for biodiversity conser-
vation: unified classifications of threats and
actions. Conservation Biology, 22, 897-911.

Secretariat of the Convention on Biological Diversity
(2010) Global Biodiversity Outlook 3. Secretariat
of the Convention on Biological Diversity,
Montréal.

Segan, D.B., Bottrill, M.C., Baxter, PW.J. & Possingham,
H.P. (2010) Using conservation evidence to guide
management. Conservation Biology, 25, 200-202.



22 A. PULLIN, W. SUTHERLAND, T. GARDNER, V. KAPOS AND J. FA

Stem, C., Margoluis, R., Salafsky, N. & Brown, M.
(2005) Monitoring and evaluation in conserva-

tion: a review of trends and approaches.
Conservation Biology, 19, 295-309.
Stolton, S., Hockings, M., Dudley, N.,

MacKinnon, K., Whitten, T. & Leverington, F
(2007) Reporting Progress in Protected Areas: A Site
Level Management Effectiveness Tracking Tool, 2nd
edn. World Bank/WWF Forest Alliance, WWE,
Gland, Switzerland.

Sukhdev, P, Wittmer, H., Schroter-Schlaack, C., et al.
(2010) The Economics of Ecosystems and Biodiversity.
Mainstreaming the Economics of Nature: A Synthesis of
the Approach, Conclusions and Recommendations of
TEEB. TEEB, Bonn.

Sutherland, W.J. & Woodroof, H.J. (2009) The need
for environmental horizon scanning. Trends in
Ecology and Evolution, 24, 523-527.

Sutherland, W.J., Pullin, A.S., Dolman, P.M. & Knight,
T.M. (2004) The need for evidence-based conserva-
tion. Trends in Ecology and Evolution, 19, 305-308.

Sutherland, W.J., Bailey, M.J., Bainbridge, L.P., ef al.
(2008) Future novel threats and opportunities fac-
ing UK biodiversity identified by horizon scanning.
Journal of Applied Ecology, 45, 821-833.

Sutherland, W.J., Clout, M., C6té, .M., et al. (2010)
A horizon scan of global conservation issues for
2010. Trends in Ecology and Evolution, 25, 1-7.

Sutherland, W.J., Bardsley, S., Bennun, L., et al
(2011a) A horizon scan of global conservation
issues for 2011. Trends in Ecology and Evolution, 26,
10-16.

Sutherland, W.J., Goulson, D., Potts, S.G. & Dicks,
L.V. (2011b) Quantitying the impact and relevance
of scientific research. PLoS ONE, 6, €27537.

Sutherland, W.J., Allison, H., Aveling, R., et al.
(2012) Enhancing the value of horizon scanning
through collaborative review. Oryx, 46(3),
368-374.

Vitt, P.,, Havens, K. & Hoegh-Guldberg, O.
Assisted migration: part of an
conservation strategy. Trends
Evolution, 24, 473-474.

Whitten, T., Holmes, D. & MacKinnon, K. (2001)
Conservation biology: a displacement behavior for
academia? Conservation Biology, 15, 1-3.

Wilson, K.A., McBride, M.E, Bode, M. & Possingham,
H.P. (2006) Prioritizing global conservation efforts.
Nature, 440, 337-340.

Wilson, K.A., Underwood, E.C., Morrison, S.A.,
et al. (2007) Conserving biodiversity etficiently:
what to do, where and when. PLoS Biology, 5,
e223.

Wilson, K.A., Carwardine, J. & Possingham, H.P.
(2009) Setting conservation priorities. Annals of the
New York Academy of Science, 1162, 237-264.

(2009)
integrated
in Ecology and



