Ecosystem services can promote
conservation over conversion and protect
local biodiversity, but these local win-wins
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Ecosystem services programs are rapidly increasing and are seen as a pathway for biodiversity
conservation based on the attractive idea that quantified values of the ecosystem services of intact
land may exceed any gains from conversion to intensive logging or other non-conservation uses.
However, I show that, even when all local biodiversity is protected whenever ecosystem services
values create greater benefits from conservation compared to conversion, this may lead to poor
outcomes for regional biodiversity conservation. I examine this dangerous idea by re-visiting early
planning case studies in the Bateman’s Bay region of NSW. Integration of ecosystem services into
systematic conservation planning typically can ensure good regional biodiversity outcomes. However,
as we increase the estimated value of ecosystem services in localities, the region reaches a tipping
point where the capacity for good regional biodiversity outcomes collapses. This collapse results
because the priority ecosystem services sites tend to represent similar biodiversity, contrasting with
the biodiversity complementarity required for efficient conservation planning. Recent proposals for
spatial planning that continue to focus only on local win-win outcomes highlight the disregard for
planning lessons forged 20 years ago in NSW, and promote a dangerous planning framework where
we may never know how much biodiversity we have lost.
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Introduction
This paper was presented as a contribution to a Forum at
the Australian Museum on “Dangerous Ideas in Zoology”.
The Forum welcomed various interpretations of “dangerous
ideas”, considering not only ideas that are dangerous to
zoology and conservation, but also ideas that are counterintuitive and daring in challenging the status quo.
My topic is conservation planning for biodiversity
and ecosystem services. We are in a biodiversity crisis,
documented by a continuing trend in the decline of
biodiversity (Butchart et al. 2010). Conservation
planning therefore is an area where dangerous ideas –
positive and negative – deserve careful scrutiny. Some
clarification of terms will be useful at the outset. I will
use “biodiversity” in the sense of living variation (e.g.,
Convention on Biological Diversity 2010). I will sidestep the perhaps dangerous tendency to use the term
too-generally (e.g. including practically any aspect of
ecology), or too-vaguely (e.g. as in the “fabric of life”; for
discussion see Faith 2008). An “ecosystem” is “the set of
organisms living in an area, their physical environment,
and the interactions between them” (Daily 1997), and
I use “ecosystem services” more or less following the
definition in the Millennium Ecosystem Assessment
(2005): ecosystem services are the benefits (or conditions
and processes leading to benefits) that people obtain
from natural ecosystems. Examples include clean water,
carbon sequestration and recreation value. The global
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importance of both biodiversity and ecosystem services is
reflected in the newly created Intergovernmental Platform
for Biodiversity and Ecosystem Services (IPBES).
Conservation planning increasingly has recognized the
need to integrate biodiversity and ecosystem services.
A central argument (reviewed below) is that the total
benefits from conserving the ecosystem services of a
locality or ecosystem, if they can be quantified (in
monetary or non-monetary units), often will exceed the
benefits to be gained from conversion of that locality
(e.g. to commercial logging). An implication is that
maintaining the unconverted land also preserves its
biodiversity.
In this context, I will discuss a dangerous idea that
captures both interpretations from the Forum. I will argue
that the vision of ecosystem services as a pathway for
biodiversity conservation, in fact, should be regarded as a
dangerous idea for biodiversity conservation. At the same
time, my own argument may be regarded as a dangerous
idea, because it challenges the status quo and is counterintuitive. After all, if ecosystem services benefits exceed
those of conversion, and we gain biodiversity conservation
benefits as well, surely we have a win-win outcome. What
could go wrong? To see the problem, I will begin with
some background and then present a revealing case study
from New South Wales, Australia.
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Background
Ecosystem services conservation has been promoted for
some time as a way to address the biodiversity crisis (for
review, see Armsworth et al. 2007, Rands et al. 2010).
Some argue that the failure to integrate ecosystem
services values in the past has been a root cause of the
biodiversity crisis. The reports from the influential study,
“The Economics of Ecosystems and Biodiversity” (TEEB;
2010, 2011, 2012ab) argue that “under-valuation of
ecosystem services and failure to capture the values is one
of the main causes underlying today’s biodiversity crisis”,
and that “we’re losing nature because we don’t price it in.”
Balvanera et al. (2001) suggest that “we must remember
that biodiversity is in serious jeopardy for a reason: namely,
that the opportunity costs of conservation are perceived
to be too high.” Balvanera et al. see ecosystem services
conservation as a way to reduce those opportunity costs of
conservation and so increase incentives for conservation:
“The best hope for biodiversity is to create and align
diverse incentives for conservation wherever possible and
to integrate these into the larger policy-making arena.”
Thus, any place where opportunity costs of conservation
are reduced is seen as a boost to biodiversity conservation.
The Economics of Ecosystems and Biodiversity (TEEB;
2010, 2011, 2012ab) refers to seven case studies in different
countries finding high total ecosystem services benefits of
conservation relative to benefits from conversion. These
studies echo an earlier study of Balmford et al. (2002)
which concluded that economic valuation of ecosystem
services will show that benefits of intact land far exceed
benefits of conversion (e.g., to forestry production).
Goldman et al. (2008) reviewed studies promoting the
core idea that taking values of ecosystem services into
account in planning and decision-making can counter
the economic case for conversion and so promote
conservation of biodiversity. They concluded: “Ecosystem
service approaches to conservation are being championed
as a new strategy for conservation, under the hypothesis
that they will broaden and deepen support for biodiversity
protection”. In accord with this perspective, the new
Strategic Plan of the Convention on Biological Diversity
(CBD) includes ecosystem services in its Mission statement
(Convention on Biological Diversity 2010).
This new optimism in making a case for conservation is
reflected in Polasky et al.’s (2012) conclusion that “from
a conservation standpoint, the most important thing is
to protect and conserve land and that the benefits of
conservation will outweigh the costs.” This optimism
extends to the suggestion by TEEB that even incomplete
valuation not covering the full range of ecosystem services
can provide useful information for decision makers, when
compared with the benefits from conversion (see also
Balmford et al. 2002; Cimon-Morin et al. 2013). Noss et al.
(2009) argue that even partial quantification of ecosystem
service benefits is often enough to make the case for
conservation, promoting conservation over conversion. A
case study by Tallis and Polasky (2009) supports this idea:
“Paying for just one ecosystem service, carbon sequestration,
using a price of $43 per ton of carbon… made the
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conservation scenario the most valuable outcome rather
than the least valuable outcome in terms of market value
of goods and services produced.” Balmford et al. (2002)
echoes this idea: “Our examples show that even when
only a few ecosystem services are considered, their loss
upon conversion typically outweighs any gains in marketed
benefits.” Tallis and Kareiva (2006) similarly conclude
that “Economic valuation need not cover all values of
ecosystems; progress is made simply by capturing values
that are presently egregiously overlooked.” Ring et al.
(2010) argue that, while ecosystem services need to be
properly valued in economic terms, “a rough approximation
is still preferable to not valuing them at all”.
These studies promote the popular idea that any available
information that implies that estimated conservation
benefits exceed conversion benefits effectively makes the
case for conservation of that place. This core ecosystem
services argument focuses within planning units or
ecosystems, and the “win-win” corresponds to local gains
related to both ecosystem services and biodiversity (note
that “win-win” is sometimes used at multiple spatial
scales; see e.g. Howe et al. 2013). Here, I will use the term
“regional” to refer to planning concerned with allocation
of land uses among multiple areas or ecosystems. In the
next section, I consider how the win-win perspective is
extended as part of regional land use planning.

Ecosystem services and biodiversity in
regional planning
One simple regional-scale approach uses mapping of
available information on services and biodiversity. A
recent “roadmap” (UNEP-WCMC and IEEP 2013) for
national biodiversity action plans suggests mapping to
identify places where multiple benefits of ecosystem
services and biodiversity co-exist. These are to define
conservation priorities: “Investing in natural capital in
areas where such clear synergies exist can benefit both
nature and people, ensuring the efficient allocation of
limited environmental and financial resources.” In this
formulation, both the ecosystem services and biodiversity
contribute to the apparent advantages over conversion.
Thus, the priority areas will be places valuable for both
ecosystem services and biodiversity.
At that national scale, a recent high-profile study for the
United Kingdom (U.K.) (Bateman et al. 2013) begins
with this core idea that valued ecosystem services exceed
conversion gains: “the overall values of unconverted natural
habitats can exceed the private benefits after conversion.”
The U.K. study concludes that “highly significant value
increases can be obtained from targeted planning by
incorporating all potential services and their values and
that this approach also conserves wild-species diversity”
(in fact, that they only use “all of those ecosystem services
for which robust economic values can be estimated”). The
regional planning method in this study selected, for each
locality, the land use that maximized ecosystem services
gains, under the constraint that the land use implied
essentially no loss of local biodiversity (I discuss their odd
measure of “biodiversity” below).
Other regional-scale planning studies have considered
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whether ecosystem services occur in the places where there
are high biodiversity conservation needs (Bennett et al.
2009). For example, Anderson et al. (2009) conclude that
“The extent to which the locations that are most valuable
for ecosystem services coincide with those that support the
most biodiversity is of critical importance when designing
conservation and land management strategies” (see also
Naidoo and Ricketts 2006; Nelson et al. 2009).
All these regional approaches focus in various ways
on the biodiversity (however measured) within each
of the localities. If this was all that mattered, then
successful biodiversity conservation would simply
depend on demonstrating the relative benefits of the
conservation option for a given locality. Even a partial
valuation of perceived ecosystem services might mean
that conservation beats conversion. The biodiversity
within the locality may not have to be measured (see
e.g., Tallis and Polasky 2009), except in those cases where
highest priority for conservation is to be given to those
places with high local biodiversity (as in Anderson et al.
2009). The other apparent good news, suggested by the
study of Bateman et al. (2013), is that many different
land uses effectively might be regarded as equivalent to
“conservation”, as long as the biodiversity under such uses
is judged to remain relatively intact.
Of course, as good as this kind of framework sounds, such
strategies do not guarantee that the set of conserved areas
protects overall regional biodiversity (imagine a scenario
where every place where ecosystem services benefits
exceed conversion benefits is identical in its elements of
biodiversity - the set of conserved places will not represent
regional biodiversity). This representativeness issue is, of
course, an old story. I highlighted this issue through my
inputs to the Millennium Ecosystem Assessment (2005):
“Ecosystem services may well value exactly what makes
that place similar to many others, even though this
amounts to ‘‘redundancy’’ at the regional scale” (McNeely
et al. 2005; see also Faith 2006).
The opposite of redundancy is representativeness, and this
biodiversity goal is a foundation of systematic conservation
planning (“SCP”; e.g., Margules and Pressey 2000).
SCP can integrate ecosystem services, local biodiversity
and regional biodiversity representation. For example,
a Papua New Guinea (PNG) planning study (Faith et
al. 2001a, b), recognized Wildlife Management Areas
supporting ecosystem services for traditional owners,
including hunting and subsistence agriculture. The study’s
SCP analyses incorporating ecosystem services credited
these localities with biodiversity conservation. SCP
derived a priority set consisting of Wildlife Management
Areas and additional areas, which maximized regional
biodiversity representation while minimizing opportunity
costs of conservation. Following typical SCP analyses,
the contribution of an area was based on its biodiversity
contribution to the final set (“complementarity” value),
not its own total biodiversity.
The framework for that PNG study can be traced back
to early planning studies in the Bateman’s Bay region on
the south coast of New South Wales (NSW), Australia
(Faith et al. 1994, 1996; see also Cocks et al. 1995).
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While Bateman et al. (2013) claimed to demonstrate
“the benefits of spatially explicit decision-making”,
important lessons appear to have been missed from those
studies 20 years before. Bateman et al. made a surprising
assumption that “difficult-to-monetize impacts, such as
those on wild species, should be incorporated through the
imposition of sustainability constraints.” In contrast, the
Bateman’s Bay studies established regional scale multicriteria analyses as a pathway to exploring trade-offs
and synergies among different needs of society, including
biodiversity. I will argue below that it is Bateman’s Bay,
not Bateman et al., that provides the framework that we
need for integrating ecosystem services and local/regional
biodiversity conservation.
Below, I review the framework developed and explored
in the Bateman’s Bay studies. This also provides a
convenient launching point for my extension of those
studies. This new analysis provides some fresh lessons
related to my “dangerous idea”.

Two early Bateman’s Bay NSW planning
studies
A number of land use planning techniques have been
developed and trialed in the Bateman’s Bay area, including
the SIRO-PLAN (Cocks et al., 1983) method for land use
planning, and the related spatial decision-support package
LUPIS (Ive and Cocks, 1988). In applications of these
methods, plans are evaluated in terms of the extent that
guidelines, expressing the values of different stakeholders
or interest groups, are satisfied. SIRO-PLAN and LUPIS
allow the exploration of land-use plans in which an area
is assigned the land-use for which it has highest suitability.
These relative suitabilities depend in part on nominated
weights assigned to the user-defined guidelines, and so
the method amounts to a form of multi-criteria analysis.
Cocks and Ive (1996; see also Cocks et al. 1995) described
the results of an extensive demonstration of the SIROPLAN and LUPIS methods in a case study that began in
1990 in the Bateman’s Bay region. This region includes
an extensive area of native eucalyptus forest, which in
the early 90s was at the centre of conflict over land use.
Faith et al. (1996) summarized the land-use issues in
these native eucalyptus forests: “conservationists were
concerned that those parts of the forest with particular
value for biological conservation, recreation and aesthetic
appreciation were protected from logging operations”, and
“the timber industry sought on-going access to the forest
resources of the area for sawlogs and pulpwood.”
The suggested protected areas emerging from the Cocks
and Ive (1996) study were recognized as satisfying
guidelines relating not only to biodiversity, but also
to what we would now call ecosystem services: fresh
water, recreation, wilderness value, and so on. Critically,
conservation of an area could gain priority based on
multiple guidelines:
“Any suggested allocation of forest lands between
competing uses can be evaluated as to how well it satisfies
a range of land allocation guidelines representing the
preferences of different stakeholders in relation to the
issues that made planning necessary” (Cocks and Ive
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1996; see also Cocks et al. 1995). Thus, a conservation
(or related land use) option for a place gains credit for
not only its biodiversity contribution, but also fresh water,
recreation, and other benefits. This combined benefit
could be enough to create preference for that use over
some other conversion use providing other benefits.
This early 90s Bateman’s Bay regional case study was
perhaps the first planning exercise to demonstrate the
use of ecosystem services to boost the conservation case
for localities in a region. This study largely has been
ignored in the literature, but even today can provide
planning guidance. In embracing a flexible form of multicriteria analysis that includes both ecosystem services
and biodiversity goals, this old study is perhaps a better
implementation of the approach attempted by Bateman
et al. (2013), where the land use that best combines
ecosystem services and biodiversity benefits is to be
preferred over a conversion use having lesser benefits.

The second Bateman’s Bay regional planning
study
The early Bateman’s Bay and recent Bateman et al.
studies do have something in common: both focused
on the status of the biodiversity within localities and
did not use complementarity in order to maximize the
biodiversity represented in the final set of protected
areas. Another early 90s Bateman’s Bay case study (Faith
et al. 1994; 1996) was designed to illustrate the potential
gains in integrating biodiversity complementarity into the
planning framework explored by Cocks and Ive (1996).
Such a complementarity-based approach resembles the
early minimum set approaches for reserved selection
(Margules and Pressey 2000), but importantly differs in
also using opportunity costs of conservation that vary
among areas. This extension of multi-criteria analysis
methods to incorporate the principle of complementarity
for regional land-use planning builds on the development
of methods in the DIVERSITY software package by
Faith and Walker (1993, 1996; see also the “Regional
Sustainability Analysis” of Faith 1995). In this iterative
approach, a locality is assigned to conservation if its
biodiversity complementarity value exceeds its weighted
opportunity cost. Varying the weights over multiple
analyses produces an efficiency frontier curve (for
examples, see Faith 1995; Faith et al. 1996). This
DIVERSITY procedure (as applied in the PNG study
referred to above) serves as an exemplar for Systematic
Conservation Planning (Margules and Pressey 2000).
This second Bateman’s Bay regional case study (Faith
et al. 1994, 1996) applied the DIVERSITY procedure
to the 2914 grid cells of the Bateman’s Bay region
falling within the forest province (Cocks et al. 1995).
These defined the basic “areas” for land-use allocations.
A 6-dimensional ordination space formed regional
biodiversity surrogate information, covering the 2914
forest localities. The ordination captures patterns of
biodiversity differences among the areas and is the basis
for estimating representativeness of subsets of areas and
biodiversity complementarity values (for methods details
see Faith and Walker 1996; Faith et al. 1996).
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This case study extended the earlier study of Cocks et al.
(1996) which used the LUPIS decision support package
to explore allocations in the Bateman’s Bay region. The
DIVERSITY procedure (Faith and Walker 1993, 1996)
was integrated with the LUPIS (Ive and Cocks. 1988),
so that the “opportunity costs” of conservation reflected
different weightings on the guidelines or criteria underlying
competing land uses. The value of any area for Forestry
was taken as being the highest suitability score of the
four forestry-oriented land uses from the previous study.
These forestry suitabilities derived by LUPIS for input
to DIVERSITY reflect consideration of 47 guidelines
(reflecting factors such as distance to saw mill, regeneration
potential and site productivity). The final suitability values
depended on the relative weights on these guidelines,
produced in the previous study (Cocks et al. 1996). These
values amount to forestry production opportunity costs of
conservation in the DIVERSITY procedure.
The new study varied weights on the forestry production
opportunity costs (relative to biodiversity complementarity
values) to derive an efficiency frontier curve (see Faith et al.
1996). This trade-offs planning strategy also was compared
to planning that simply optimized biodiversity protection
for a given number of protected areas. The effective tradeoffs planning balanced biodiversity protection and nonconservation forestry production, and would allow, at the
same cost, a greater take-up of non-conservation forestry
production for about the same biodiversity achievement
level. This was a first study to demonstrate the advantages
of including variable opportunity costs of conservation in
regional planning for biodiversity conservation.
This study balanced biodiversity conservation and a nonconservation ecosystem service (forestry production); for
simplicity, the study did not consider other ecosystem
services that would support conservation. In the next
section, I describe new analyses that fill in this gap in the
Bateman’s Bay studies, by combining the implementation
of complementarity with the ecosystem services
conservation values.

Bateman’s Bay revisited, again
The few existing studies that have integrated ecosystem
services conservation goals into SCP suggest that
conservation of ecosystem services localities can promote
regional biodiversity outcomes. For example, Barton et
al. (2009) examined ecosystem services in localities that
were assumed also to contribute complementarity values
for regional biodiversity protection. They found that,
for about the same cost (in lost forestry or agriculture
conversion) incurred when using only biodiversity goals,
they could achieve ecosystem services and about the same
biodiversity protection level when both were optimized
(see also Faith 1995; Venter 2009; Nelson et al. 2009;
Egoh et al. 2007, 2010; Chan et al. 2006, 2011; Goldman
et al. 2010; Cimon-Morin et al. 2013).
I now describe new analyses for the Bateman’s Bay
region, incorporating opportunity costs and ecosystem
services and biodiversity conservation benefits, revealing
some surprising limitations in using ecosystem services to
support biodiversity conservation.
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For these new analyses, I used the existing data sets, SCP
methods, and DIVERSITY software described in the earlier
study (Faith et al. 1994, 1996). Again, a 6-dimensional
ordination space formed regional biodiversity surrogate
information, covering 2914 forest localities. I calculated
SCP efficiency-frontier curves, with and without inclusion
of ecosystem services, using the available information on
ecosystem services, regional biodiversity, and opportunity
costs (forestry production values). As a first analysis,
I extended that original SCP analysis from Faith et al
(1996) to produce a range of solutions for varying weights,
resulting in the dotted frontier curve (Fig 1a). Each point
along the frontier curve results from a different relative
weighting on biodiversity as compared to opportunity cost.
Further analyses repeat this process of varying weights
on opportunity costs to derive an efficiency frontier
curve, but now also include other ecosystem services
contributing to conservation benefits. Thus, I retain the
outcomes where ecosystem services benefits can exceed
the benefits from conversion to forestry production (from
Cocks et al. 1995), but also have complementarity (as
in Faith et al. 1994; 1996). Adjusted opportunity costs
take these ecosystem services values into account. The
adjusted opportunity costs of conservation now consider
forestry conversion benefits minus the ecosystem services
benefits of the non-converted land.
In order to estimate these ecosystem services benefits of
conserved land, I used the ecosystem services maps from
the original Bateman’s Bay study (Cocks et al. 1995).
These maps indicated that essentially all forested areas
in the region have one or more recognized ecosystem

A) Frontier curves for the Bateman’s Bay Region, NSW,
Australia

services, including water, recreation, and wilderness
values. I examined scenarios where the total ecosystem
services values exceeded low forestry production benefits,
supporting conservation of ecosystem services and local
biodiversity for those localities.
In the absence of economic valuations for these services,
the various scenarios assumed that the economic valuation
of such services in a given site would produce values
that exceeded some nominated threshold value, T, of
forestry production benefits. Different scenarios therefore
corresponded to different assumed magnitudes of locality’s
ecosystem services benefits (by varying T). If T is large,
then the economic value of the ecosystem services is high,
and more areas are supported for conservation; if T is
small, then the economic value of the ecosystem services
is low (only areas with small forestry benefits can be
preferred for conservation based on ecosystem services).
Any locality where ecosystem services benefits exceed T will
be allocated to conservation in these solutions (providing
both ecosystem services and biodiversity, as compared to an
alternative, smaller, forestry production benefit). Thus, for a
given SCP analysis, all localities with forestry production values
less than T had negative opportunity costs of conservation
and in effect were allocated at the outset of the analysis to
conservation (of ecosystem services and local biodiversity).
For each analysis, I applied DIVERSITY software (Faith and
Walker 1993, 1996; Faith et al. 2004), with varying weights
on opportunity costs and then allocated the remainder of
areas/cells to either forestry or biodiversity conservation. This
produced a final efficiency frontier curve for a given value
of T. Solutions along each frontier curve balanced forestry

B) Regional sustainability tipping point

Fig. 1. Efficiency-frontier curves reflecting biodiversity conservation level (ordinate) and opportunity costs of conservation
(abscissa). Allocations offering both high biodiversity conservation and high forestry production would be in the upper right
corner. A) Dotted curves ignore ecosystem services values; solid curves integrate ecosystem services values, with double solid
curve for the scenarios where magnitude of ecosystem services values is greater. Solid squares = 100 conserved areas. Hollow
squares (1-3) = 240 conserved areas. B) For a target of 240 conserved areas, biodiversity conservation levels remain high as
ecosystem services magnitude increases (abscissa), until a tipping point is reached. Solutions 1-3 shown from A).
2014
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opportunities, ecosystem services benefits, and biodiversity
conservation. Note that DIVERSITY output indicates level
of biodiversity conservation as an index of number of species
not-conserved (Fig. 1; Faith and Walker 1996).
In Fig. 1a, when T is 0.0 we have the previous dotted
frontier curve. It follows that, for the original dotted curve,
no cells gain this immediate allocation to conservation.
When T is 5.6, we obtain the solid-line curve, and when
T is 6.0, we obtain the double-line curve. When T is larger
more cells are immediately allocated to conservation.
I highlight the variation in the solutions for a fixed total
number of protected areas, by noting solutions for 100
conserved areas (solid squares) and 240 conserved areas
(hollow squares, numbered 1-3). I next focus further on
solutions with 240 areas, to explore the consequences
of increased magnitude of ecosystem services benefits
(Fig. 1B). I varied the threshold value, T, to range over
the set of values: {0.0, 5.6, 5.8, 5.9, 6.0, 6.1}. The
DIVERSITY software in each case was used to identify
solutions having 240 conserved localities, providing the
6 solutions in Fig. 1B.
The analyses reveal steep reductions in regional
biodiversity conservation when SCP includes higher
valuations of ecosystem services benefits (Fig. 1B). Some
achievement levels for regional forestry production
and for total area conserved now yield solutions on
the steep-reductions part of the new efficiency-frontier
curves (Fig. 1B). Critically, increases in the magnitude
of estimated ecosystem services benefits can move initial
high-biodiversity SCP solutions towards a tipping point
in which best-possible regional biodiversity conservation
levels collapse (Fig. 1B). Moving along this curve from
left to right, the assumed benefits of ecosystem services
(horizontal axis) increase (at each forest site). For initial
increases, the total regional biodiversity represented
(vertical axis) remains high; conserved ecosystem services
areas may not represent regional biodiversity well on their
own, but selection of additional areas compensates for
this. However, at some point the supposed high benefits of
ecosystem services mean that so many areas are selected
on this basis that there is little scope to select any other
areas to increase overall biodiversity representativeness of
conserved areas for the region. The dangerous reliance on
local win-win areas for conservation results in a collapse
in representation of regional biodiversity.

Discussion
I briefly reviewed the popular prescription for the use of
ecosystem services in a powerful strategy to address the
biodiversity crisis: if estimated ecosystem services benefits
for an area exceed its conversion benefits, then conserve
the area and also gain local conservation of biodiversity.
My “dangerous idea” is that, far from being a positive
outcome, this local win-win can be a negative outcome
for regional biodiversity conservation. The re-visited
Bateman’s Bay case study dramatically illustrates these
dangers. It also casts doubt on the confidant statements
(reviewed above) that any estimated ecosystem services
benefits will be helpful for decision-making. If the estimates
are inflated, then the regional may unnecessarily be driven
6

close to the tipping point exemplified in Fig 1b.
It is worth noting that some aspects of this problem should
not be surprising. It makes sense that conserving a set of
areas for ecosystem services is not a recipe for producing
a set that is representative of regional biodiversity. I noted
above the Millennium Ecosystem Assessment (2005)
warning that ecosystem services may value exactly what
makes that place similar to many others, even though this
amounts to biodiversity redundancy at the regional scale
(see also Faith 2005). I also highlighted the PNG country
study (Faith et al. 2001a, b) where the large number
of existing protected areas selected for their ecosystem
services were found to be poor in representation of the
country’s total biodiversity.
Thus, it should not be surprising that biodiversity would
not fare well on any occasions when biodiversity is not
measured and integrated into regional planning. This
problem is apparent also when biodiversity is measured,
but the measure of “biodiversity” merely reflects local
ecosystem properties related to ecosystem services. For
example, Bateman et al. (2013) use a measure that reflected
local abundance of different species. While they boldly
claim to have a novel regional planning method that “also
conserves wild-species diversity”, in fact, their “biodiversity”
measure, in focusing on relative abundance of local species,
could look good even when 99% of the U.K.’s species were
lost. The Bateman et al study is not atypical; it reflects the
popular within-ecosystems focus in current research on
synergies and trade-offs between biodiversity and ecosystem
services (e.g. Balvanera et al. 2014).
More surprising is my finding that integration of both
ecosystem services and biodiversity into SCP, with its
explicit goal of maximizing representativeness, and
use of complementarity, does not automatically avoid
these problems (Fig.1). SCP tries to maximize regional
biodiversity conservation, but is hindered by having
many cases where the areas selected for conservation
are determined by ecosystem services and have low
complementarity. For example, consider the comparison of
outcomes for 240 conserved areas (Fig. 1b). Over different
scenarios, the biodiversity conservation levels remain high
as the magnitude of the benefits from ecosystem services
increases (abscissa), until a tipping point is reached. For
a while, the areas conserved based on ecosystem services
can be complemented by additional SCP-selected areas, so
that the total representation of biodiversity is good. But,
at some point, the number of largely redundant ecosystem
services areas cannot be adequately complemented by a
small number of additional conserved areas.
Consideration of a fixed number of conserved areas
is timely and appropriate. A region/nation that has a
conventional conservation target equivalent to some
total number (or area coverage) of protected area may
be fooled into thinking that they are doing a good
job for biodiversity conservation by reaching its area
target. I referred above to the UNEP recommendations
to identify places where multiple benefits of ecosystem
services and biodiversity co-exist, and to the take-up
of ecosystem services by the Convention on Biological
Diversity (CBD). The new Strategic Plan of the CBD
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has 20 key targets, including Target 11: “By 2020, at
least 17 per cent of terrestrial and inland water, and
10 per cent of coastal and marine areas, especially
areas of particular importance for biodiversity and
ecosystem services, are conserved through effectively
and equitably managed, ecologically representative
and well connected systems of protected areas and
other effective area-based conservation measures, and
integrated into the wider land.”
Ecosystem services conservation may achieve primary
attention in addressing this target, with the assumption
that biodiversity gains follow. A recent review (Schroter et
al. 2014) concluded that the CBD’s targets comprise “the
principle that biodiversity can be, directly or indirectly,
safeguarded by managing, restoring or enhancing ES
[ecosystem services] provision.” To extend my example, a
country seeking 240 conservation areas to satisfy Target 11
could be satisfied with 240 areas of key ecosystem services
that also each protect their local biodiversity – but in fact,
the country may have a very low representation of its total
biodiversity conserved (Fig. 1).
When ecosystem services and biodiversity are integrated
into SCP, it may be possible to anticipate these problems
and make adjustments. When candidate SCP solutions
are identified on the steep part of an efficiency-frontier
curve, a small increase in total area conserved or increase
in opportunity costs (moving to point b, Fig 2), or small
decrease in magnitude of ecosystem services benefits
values (moving towards point c, Fig 2), yield improved
biodiversity conservation outcomes.

Fig. 2. Extending Fig. 1B, the solution at point a has low
biodiversity conservation. A small increase in total area
conserved or an increase in opportunity costs of conservation
(moving to point b), or a small decrease in magnitude of
ecosystem services values (moving towards point c), yield
much-improved biodiversity conservation outcomes.
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This need to anticipate tipping points, and make
adjustments, extends to other CBD targets. For example,
Target 5 is intended to reduce direct pressures on
biodiversity: “By 2020, the rate of loss of all natural
habitats, including forests, is at least halved and where
feasible brought close to zero, and degradation and
fragmentation is significantly reduced”. Among the
relevant policy contexts is carbon sequestration in forests
through “Reduced Emissions from Deforestation and
Degradation” (REDD) programs. So-called “REDD+”
programs select carbon sequestration areas in order to
integrate this ecosystem service with conservation of
biodiversity. This basic strategy has been integrated into
systematic conservation planning for some time (Faith
et al., 2001a; Venter et al. 2009), but further work is
needed if we are to avoid what amounts to “REDD–”,
where over-focus on local carbon/biodiversity win-wins
could mean that the regional capacity to conserve
biodiversity in fact collapses.
Countries presently have the flexibility to modify these
CBD targets. Without such efforts to analyze trade-offs
and adjust individual targets, conservation planning or
other decision-making that is strongly influenced by
ecosystem services valuations could be accompanied by
a tipping point delivering poor outcomes for regional
biodiversity conservation.
I finish by noting that this tipping point, as illustrated
in Fig.1, is one example of a more general “sustainability
tipping point” problem (see Faith 2011). In all such
cases, the tipping point means that the region has lost its
capacity to achieve solutions along a good frontier curve.
In order to find balanced plans, SCP depends the flexibility
found in the universe of possible land allocations; it is this
flexibility that is lost (for discussion, see Faith 2011).
Understanding these problems requires consideration of
multiple scenarios in trade-offs (sustainability) space. It
also requires new socio-economic – biodiversity models
that can help to anticipate a sustainability tipping point
and guide decisions that may help the region stay a safe
distance away from that tipping point.
My conclusion is that the guidelines and foundations for
this approach are best found in the old Bateman’s Bay
studies, not the new Bateman et al. (2013) study. These
early Bateman’s Bay studies (Cocks et al. 1995; Cocks and
Ive 1996; Faith et al. 1994, 1996) illustrate multi-criteria
analyses, incorporating a range of land uses, offering a
range of degrees of satisfaction of guidelines for multiple
stakeholders. Ecosystem services benefits represent just
one aspect of this link between different land uses and
possible benefits or dis-benefits for multiple stake-holders.
Importantly for biodiversity conservation, this flexible
approach includes biodiversity complementarity as a
basis for investigating regional trade-offs and synergies,
ensuring that ecosystem services and biodiversity provide
more than just a win-win story within localities.

Australian
Zoologist

7

Faith

Acknowledgements
I am grateful for helpful feedback on my presentations
of this study at the Royal Zoological Society of NSW’s
Dangerous Ideas Forum, the TEEB Leipzig meeting, the
London Planet Under Pressure conference, the Bonito,

References
Anderson, B.J., Armsworth, P.R., Eigenbrod, F., Thomas,
C.D., Gillings, S., Heinemeyer, A., Roy D.B. and Gaston,
K.J. 2009. Spatial covariance between biodiversity and other
ecosystem service priorities. Journal of Applied Ecology 46:
888–896. DOI: 10.1111/j.1365-2664.2009.01666.x
Armsworth, P.R. Chan, K.M A., Daily, G.C., Ehrlich,
P.R., Kremen, C., Ricketts, T.H. and Sanjayan, M.A.
2007. Ecosystem-Service Science and the Way Forward for
Conservation. Conservation Biology 21: 1383-1384. DOI:
10.1111/j.1523-1739.2007.00821.x
Balmford, A., Bruner, A., Cooper, P., Costanza, R., Farber, S.,
Green, R.E., Jenkins, M., Jefferiss, P., Jessamy, V., Madden,
J., Munro, K., Myers, N., Naeem, S., Paavola, J., Rayment,
M., Rosendo, S., Roughgarden, J., Trumper, K., Turner, R.K.
2002. Economic Reasons for Conserving Wild Nature. Science
297: 950=953. DOI: 10.1126/science.1073947
Balvanera, P., Daily, G.C., Ehrlich, P.R., Ricketts, T.H.,
Bailey, S.,Kark, S., Kremen, C .and Pereira H. 2001.
Conserving Biodiversity and Ecosystem Services Science 291:
2047-2051. DOI: 10.1126/science.291.5511.2047
Balvanera, P., Siddique, I., Dee, L., Paquette, A., Isbell, F.,
Gonzalez, A., Byrnes, J., O’Connor, M.I., Hungate, B.A.,
and Griffin, J.N. 2014. Linking Biodiversity and Ecosystem
Services: Current Uncertainties and the Necessary Next Steps.
BioScience 64: 49-57. DOI: 10.1093/biosci/bit003
Bateman, I.J., Harwood, A.R., Mace, G.M., Watson, R.T.,
Abson, D.J., Andrews, B., Binner, A., Crowe, A., Day, B.H.,
Dugdale, S., Fezzi, C., Foden, J., Hadley, D., Haines-Young,
R., Hulme, M., Kontoleon, A., Lovett, A.A., Munday, P.,
Pascual, U., Paterson, J., Perino, G., Sen, A., Siriwardena,
G., van Soest, D., Termansen, M. 2013. Bringing Ecosystem
Services into Economic Decision-Making: Land Use in
the United Kingdom. Science 341: 45-50. DOI: 10.1126/
science.1234379
Barton, D., Faith D.P., Rusch G.M., Acevedo H., Paniagua L.,
Castro M. 2009. Environmental service payments: Evaluating
biodiversity conservation trade-offs and cost-efficiency in the
Osa Conservation Area, Costa Rica. Journal of Environmental
Management 90: 901-911. DOI: 10.1016/j.jenvman.2008.02.010
Bennett, E.M., Peterson, G.D. and Gordon, L.J. 2009.
Understanding relationships among multiple ecosystem services.
Ecology Letters 12: 1–11. DOI: 10.1111/j.1461-0248.2009.01387
Butchart, S.H., Walpole, M., Collen, B., van Strien, A.,
Scharlemann, J.P., Almond, R.E., Baillie, J.E., Bomhard, B.,
Brown, C., Bruno, J., Carpenter, K.E., Carr, G.M., Chanson,
J., Chenery, A.M., Csirke, J., Davidson, N.C., Dentener, F.,
Foster, M., Galli, A., Galloway, J.N., Genovesi, P., Gregory,
R.D., Hockings, M., Kapos, V., Lamarque, J.F., Leverington,
F., Loh, J., McGeoch, M.A., McRae, L., Minasyan, A.,
Hernández Morcillo, M., Oldfield, T.E., Pauly, D., Quader,
S., Revenga, C., Sauer, J.R., Skolnik, B., Spear, D., StanwellSmith, D., Stuart, S.N., Symes, A., Tierney, M., Tyrrell, T.D.,
Vié, J.C., Watson, R. 2010. Global Biodiversity: Indicators
of Recent Declines. Science 328: 1164-1168. DOI: 10.1126/
science.1187512

8

Brazil meeting of the Association for Tropical Biology and
Conservation (ATBC), and the University of Melbourne.
I thank BioGENESIS/DIVERSITAS for support and
travel funding.

CCI and BirdLife International 2011. Measuring and
monitoring ecosystem services at the site scale. Cambridge, UK:
Cambridge Conservation Initiative and BirdLife International.
Chan, K.M., Shaw, M.R., Cameron, D.R., Underwood, E.C.,
Daily, G.C. 2006. Conservation Planning for Ecosystem Services.
PLoS Biology 4: e379. DOI: 10.1371/journal.pbio.0040379
Chan, K.M., Hoshizaki, L. and Klinkenberg, B. 2011.
Ecosystem Services in Conservation Planning: Targeted Benefits
vs. Co-Benefits or Costs? PLoS One 6: e24378. DOI: 10.1371/
journal.pone.0024378
Cimon-Morin, J., Darveau, M. and Poulin, M. 2013.
Fostering synergies between ecosystem services and biodiversity
in conservation planning: A review. Biological Conservation 166:
144–154. DOI: 10.1016/j.biocon.2013.06.023
Cocks, K.D., Ive, J.R. Davis, J.R. and Baird, I.A. 1983.
SIROPLAN and LUPLAN: An Australian approach to landuse planning 1. The SIRO-PLAN land-use planning method.
Environment and Planning B: Planning and Design 10: 331-345.
DOI: 10.1068/b100331
Cocks, K.D. 1984. “A Systematic method of public use zoning
of the Great Barrier Reef Marine Park, Australia”. Coastal zone
management journal (New York) (0090-8339), 12: 359-383. DOI:
10.1080/08920758409361971
Cocks, K.D. and Ive, J.R. 1996. Mediation Support for
Forest Land Allocation: The SIRO-MED System. Environmental
Management 20: 41-52. DOI: 10.1007/PL00006701
Cocks, K.D., Ive, J. R. and Clark, J.L. (eds.). 1995. Forest
issues: Processes and tools for inventory, evaluation, mediation
and al location. CSIRO Division of Wildlife and Ecology,
Divisional Project Report 7.
Convention on Biological Diversity. 2010. Strategic Plan
(2011-2020) www.cbd.int/sp2010p.
Daily, G.C. editor: 1997. Nature’s Services: Societal Dependence
on Natural Ecosystems. Washington, DC: Island Press. 392
p.
http://www.amazon.com/Natures-Services-SocietalDependence-Ecosystems/dp/1559634766/ref=sr_1_1?s=books
&ie=UTF8&qid=1324452097&sr=1-1
Egoh, B., Rouget, M., Reyers, B.B., Knight, A.T.,
Cowling, R.M., van Jaarsveld, A.S. and Welz, A. 2007.
Integrating ecosystem services into conservation assessments:
a review. Ecological Economics 63: 714–721. DOI: 10.1016/j.
ecolecon.2007.04.007
Egoh, B.N., Reyers, B., Carwardine, J., Bode, M., O’Farrell,
P.J., Wilson, K.A., Possingham, H.P., Rouget, M., de Lange,
W., Richardson, D.M., Cowling, R.M. 2010. Safeguarding
Biodiversity and Ecosystem Services in the Little Karoo, South
Africa. Conservation Biology 24: 1021-1030. DOI: 10.1111/j.15231739.2009.01442.x.
Faith, D.P. 1995. Regional Sustainability Analysis, (CSIRO,
Canberra
http://australianmuseum.net.au/document/
Biodiversity-and-regional-sustainability-analysis/
Faith, D.P. 2005. Global biodiversity assessment: integrating
global and local values and human dimensions. Global

Australian
Zoologist

2014

Ecosystem services and conservation over conversion
Environmental Change: Human and Policy Dimensions 15: 5-8.
DOI:10.1016/j.gloenvcha.2004.12.003
Faith, D.P. 2008. “Biodiversity”, The Stanford Encyclopedia
of Philosophy (Fall 2008 Edition), Edward N. Zalta (ed.),
URL = <http://plato.stanford.edu/archives/fall2008/entries/
biodiversity/>.
Faith, D.P. 2010. Biodiversity transcends services. Science 330:
1745-1746. DOI: 10.1126/science.330.6012.1744-c.
Faith, D.P. 2011. Higher-Level Targets for Ecosystem Services
and Biodiversity Should Focus on Regional Capacity for Effective
Trade-Offs. Diversity 3: 1-7. doi:10.3390/d3010001
Faith, D.P. 2012. Common ground for biodiversity and
ecosystem services: the “partial protection” challenge [v1; ref
status: indexed, http://f1000r.es/QPrmmt] F1000Research 1: 30
DOI: 10.12688/f1000research.1-30.v1
Faith, D.P. 2012. Biodiversity and ecosystem services: similar but
different. Bioscience. 62: 785. DOI: http://dx.doi.org/10.1525/
bio.2012.62.9.17
Faith, D.P. and Walker, P.A. 1993. DIVERSITY: a software
package for sampling phylogenetic and environmental diversity.
Reference and user’s guide, v. 1.0. Canberra: CSIRO Division of
Wildlife and Ecology.
Faith, D.P. and Walker, P.A. 1996. Environmental diversity: on
the best-possible use of surrogate data for assessing the relative
biodiversity of sets of areas. Biodiversity and Conservation 5: 399415. DOI: 10.1007/BF00056387
Faith, D.P. Walker, P.A. Ive, J. and Belbin, L. 1996.
Integrating conservation and forestry production: exploring
trade-offs between biodiversity and production in regional landuse assessment. Forest Ecology and Management 85: 251-260.
DOI: 10.1016/S0378-1127(96)03762-0
Faith, D.P., Walker P.A. and Margules C.R. 2001a. Some
future prospects for systematic biodiversity planning in Papua
New Guinea – and for biodiversity planning in general. Pacific
Conservation Biology 6: 325-343.
Faith, D.P., Margules, C.R. and Walker, P.A., Stein, J.L.
and Natera, G. 2001b. Practical application of biodiversity
surrogates and percentage targets for conservation in Papua New
Guinea. Pacific Conservation Biology 6: 289-303.

Offs in Making Ecosystem Services and Human Well-Being
Conservation Priorities, in Trade-Offs in Conservation:
Deciding What to Save (eds N. Leader-Williams, W. M. Adams
and R. J. Smith), Wiley-Blackwell, Chichester, UK. DOI:
10.1002/9781444324907.ch4
Howe, C., Suich, H. Vira, B., and Mace, G.M. 2014.
Creating win-wins from trade-offs? Ecosystem services for
human well-being: A meta-analysis of ecosystem service tradeoffs and synergies in the real world. Global Environmental Change
28: 263–275. DOI: 10.1016/j.gloenvcha.2014.07.005
Ive, J.R. and Cocks, K.D. 1983. SIRO-PLAN and LUPLAN:
An Australian approach to land use planning. 2. The LUPLAN
land-use planning package. Environment and Planning B: Planning
and Design 10: 346-354. DOI:10.1068/b100347
Ive, J.R. and Cocks, K.D. 1988. LUPIS: A decision-support
system for land planners and managers. In: P.W. Newton.
M.A.P. Taylor and R. Sharpe (Editors), Desktop planning.
microcomputer applications for infrastructure and services
planning and management. Hargreen, Melbourne.
Margules, C.R. and Pressey, R.L. 2000. Systematic conservation
planning. Nature 405: 243-253. DOI:10.1038/35012251
McNeely, J.A., Faith, D.P., Albers, H.J., Dulloo, E., Goldstein,
W., Groombridge, B., Isozaki, H., Marco, D.E., Polasky, S.,
Redford, K., Robinson, E. and Schutyser F. 2005. Biodiversity.
In: Ecosystems and Human Well-Being, Policy Responses. K.
Chopra, et al., Eds. (Millennium Ecosystem Assessment, Island
Press, Washington, DC) 3: 119-172.
Millennium Ecosystem Assessment 2005. Millennium Ecosystem
Assessment Synthesis Report. Island Press, Washington DC.
Naidoo, R, and Ricketts, T.H. 2006. Mapping the economic
costs and benefits of conservation. PLoS Biology 4: e360. DOI:
10.1371/journal.pbio.0040360
Nelson E., Mendoza, G., Regetz, J., Polasky, S., Tallis, H.,
Cameron, D.R., Chan, K.M.A., Daily, G.C., Goldstein, J.,
Kareiva, P.M., Lonsdorf, E., Naidoo, R., Ricketts, T.H.,
and Shaw, M.R. 2009. Modeling multiple ecosystem services,
biodiversity conservation, commodity production, and tradeoffs
at landscape scales. Frontiers in Ecology and the Environment 7:
4-11. DOI: 10.1890/080023

Faith, D.P. and Walker, P.A. 1996. Environmental diversity:
On the best-possible use of surrogate data for assessing the
relative biodiversity of sets of areas. Biodiversity and Conservation
5: 399-415. DOI: 10.1007/BF00056387

Noss, R.F., E. Fleishman, D.A.DellaSala, J.M. Fitzgerald, M.
Gross, M.B. Main, F. Nagle, S. O’Malley, J. Rosales. 2009.
Priorities for improving the scientific foundation of conservation
policy in North America. Conservation Biology 23: 825-833.
DOI: 10.1111/j.1523-1739.2009.01282.x.

Faith, D.P. Ferrier, S. and Walker, P.A. 2004. The ED strategy:
How species-level surrogates indicate general biodiversity
patterns through an “environmental diversity” perspective
Journal of Biogeography 31: 1207-1217. DOI: 10.1111/j.13652699.2004.01145.x

Polasky, S., Johnson, K., Keeler, B., Kovacs, K., Nelson,
E., Pennington, D., Plantinga, A.J., Withey, J. 2012. Are
investments to promote biodiversity conservation and ecosystem
services aligned? Oxford Review of Economic Policy 28: 139-163.
DOI:10.1093/acprof:oso/9780199676880.003.0013

Faith, D.P., Walker, P.A., Ive, J.R. and Belbin, L. 1994.
Integrating conservation and forestry production: effective
trade-offs between biodiversity and production in regional landuse assessment. In: Anon (Ed.), Proceedings of International
Biodiversity Conference: Conserving Biological Diversity
in Temperate Forest Ecosystems— Towards Sustainable
Management. Centre for Resource and Environmental Studies.
Australian National University, Canberra, pp. 74-75.

Rands, M.R.W., Adams, W.M., Bennun, L., Butchart, S.H.,
Clements, A., Coomes, D., Entwistle, A., Hodge, I., Kapos,
V., Scharlemann, J.P., Sutherland, W.J., Vira, B. 2010.
Biodiversity Conservation: Challenges Beyond 2010. Science
329: 1298-1303. DOI: 10.1126/science.1189138

Goldman, R.L, Tallis, H., Kareiva, P., Daily, G.C. 2008. Field
evidence that ecosystem service projects support biodiversity
and diversify options. Proceedings of the National Academy of
Science 105: 9445-9448. DOI: 10.1073/pnas.0800208105
Goldman, R.L., Daily, G.C. and Kareiva, P. 2010. Trade-

2014

Ring, I., Hansjurgens, B., Elmqvist, T., Wittmer, H. and
Sukhdev, P. 2010. Challenges in framing the economics
of ecosystems and biodiversity: the TEEB initiative. Current
Opinion in Environmental Sustainability, 2: 1-12. DOI: 10.1016/j.
cosust.2010.03.005
Schroter, M., Schröter, M., van der Zanden, E.H., van
Oudenhoven, A.P.E., Remme, R.P., Serna-Chavez, H.M.,
de Groot R.S. and Opdam, P. 2014. Ecosystem services as a

Australian
Zoologist

9

Faith
contested concept: a synthesis of critique and counter-arguments.
Conservation Letters. 2014: 1-10. DOI: 10.1111/conl.12091
Tallis H. and Kareiva P. 2006. Ecosystem Services. Current
Biology 15: 746-748. DOI: http://dx.doi.org/10.1016/j.
cub.2005.09.007
Tallis, H. and Polasky, S. 2009. Mapping and Valuing Ecosystem
Services as an Approach for Conservation and Natural-Resource
Management. Annals of the New York Academy of Sciences. 1162:
265-283. doi: 10.1111/j.1749-6632.2009.04152.x.
TEEB 2010. The Economics of Ecosystems and Biodiversity:
Ecological and Economic Foundations. Edited by Pushpam
Kumar. Earthscan, London and Washington.
TEEB 2011. The Economics of Ecosystems and Biodiversity in
National and International Policy Making. Edited by Patrick ten
Brink. Earthscan, London and Washington.

10

TEEB 2012a. The Economics of Ecosystems and Biodiversity
in Local and Regional Policy and Management. Edited by Heidi
Wittmer and Haripriya Gundimeda. Earthscan. London and
Washington.
TEEB 2012b. The Economics of Ecosystems and Biodiversity
in Business and Enterprise. Edited by Joshua Bishop. Earthscan,
London and New York.
UNEP-WCMC and IEEP 2013. Incoporating biodiversity and
ecosystem service values into NBSAPs - Guidance document
and roadmap. UNEP-WCMC. Available at: http://www.unepwcmc.org/resources-and-data/incoporating-biodiversity-andecosystem-service-values-into-nbsaps
Venter, O., Laurance, W.F., Iwamura, T., Wilson, K.A., Fuller,
R.A. and Possingham, H.P. 2009. Harnessing carbon payments
to protect biodiversity Science 326: 1364-1368. DOI: 10.1126/
science.1180289

Australian
Zoologist

2014

