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Global conservation needs far exceed the available resources, so scarce resources must be
used cost-effectively. Although many conservation priory-setting frameworks used by
NGO'’s or public agencies explicitly claim to emphasize efficiency or wise investment, none
actually incorporates costs in a formal return-on-investment (ROI) framework. We illus-
trate here how an ROI framework can be applied to real world resource allocation decisions
faced by conservation organizations. We present two examples: (1) allocating resources to
purchase land in 21 ecoregions that make up the Temperate Forest Habitat in the US; (2)

Keywords: allocating resources among a variety of conservation actions (not just land purchase) in
Conservation planning Mediterranean habitats, with rates of habitat loss factored into the analysis. An important
Cost feature of both case studies is that costs vary by orders of magnitude, depending on where
Benefit or how one is doing conservation. Second, because costs and biodiversity are not well cor-
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related, enormous savings are possible by applying an ROI analysis. Moreover, recom-
mended priorities after including costs in the calculations often deviate substantially
from priorities based solely on biodiversity measures. Hence we argue that a major effort
of conservationist biologists should be to include and record the costs of conservation
actions. If serious attention is not given to returns on investment, it implies that “money
is no object.”

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction (ROI) approach can be applied to conservation and to illus-

trate the approach with realistic, if somewhat simplified,

There is never enough time and money to do everything
worthwhile. This is certainly true for conservation where
the cost of undertaking important and useful projects far ex-
ceeds the available budget. When faced with an array of po-
tential projects and limited means to fund them, standard
advice from business and economics is to invest in projects
where the rates of return on investment are the highest.
Our aims are to show how such a return-on-investment
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examples. Applying ROI to conservation planning should im-
prove the decision-making process, generate better advice,
and produce more-effective conservation. It may also be sim-
pler to understand and easier to communicate to donors,
decision-makers and the general public than are current
approaches.

The academic literature includes hundreds of papers that
describe frameworks for priority-setting. Some of these
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frameworks are used by conservation NGO’s to guide resource
allocation, often by listing the top 25 or top 200 places to work
(http://www.biodiversityhotspots.org/xp/Hotspots/;http://www.
worldwildlife.org/science/ecoregions/g200.cfm; http://www.bird
life.org/action/science/sites/index.html.) Although approaches
used by NGOs and agencies seek some form of “efficiency”
(e.g., by focusing on areas with high concentrations of endemic
species), none explicitly includes costs (Brooks et al., 2006;
Groves et al., 2002), and efficiency is typically loosely defined.
Without estimates of cost, however, claims of “wise invest-
ment” or “efficient allocation of effort” are without support
(Naidoo et al., 2006).

2. Applying return-on-investment analyses to
conservation

Return on investment is an intuitively compelling idea with
an enormous variety of applications. With a clearly defined
and quantifiable objective and limited time, energy, or re-
sources, it makes sense to choose options that maximize
the return (defined in units of the objective) per unit invest-
ment (dollars, calories, people, time, etc.). In conservation
applications, ROI measures the increase in the conservation
objective per unit cost of the conservation action. Conserva-
tion actions might include land purchase or easements,
management of invasive species, fire management, pollu-
tion control, lobbying activities, conservation financing
aimed at sustainable forestry, and so on. ROI is already
used by the many conservation planners who use software,
such as MARXAN and SITES, to inform the design of net-
works of reserves to maximize the number of species pro-
tected for a given cost, or to minimize the cost of
conserving a fixed percentage of species and/or habitats
(Possingham et al., 2000; Sarkar et al., 2006). In ecology,
an ROI framework underlies all of optimal foraging theory,
which identifies behavioral choices on the basis of maxi-
mizing calories gained per unit time or energy expended
(Schoener, 1971).

There are several critical steps in applying ROI to resource
allocation and planning in conservation (Possingham et al,,
2001; Mace et al., 2006).

2.1. Identify a well-defined objective

At the outset we need a clearly stated conservation objective,
defined so that it can be measured quantitatively. For exam-
ple, the objective could be to conserve the maximum number
of species, or the value of ecosystem services. (Multiple objec-
tives, such as giving value to both species conservation and
the value of ecosystem services, can be accommodated by
defining weights for each single objective and maximizing
the weighted sum, or by defining a multi-attribute utility
function (Keeney and Raiffa, 1976)). In the applications below,
we will use number of species conserved as the objective. It is
important to note, however, that ROI analysis can be under-
taken with any clearly specified conservation objective and is
not restricted to maximizing the number of conserved
species.

Specifying the objective is not a scientific choice. The
objective reflects the values, mission, or legal mandate of

the organization producing the conservation plan. It is our
experience that organizations often are reluctant to specify
a clear objective, perhaps because by leaving objectives vague,
disagreements about values or goals do not need to be ad-
dressed or resolved. In general, formulation of an objective
is the most contentious step in applying an ROI framework
to conservation.

2.2.  Incorporate realistic estimates of benefits

We next need to estimate how different conservation actions
contribute to attaining the objective. For example, how will
the number of protected species increase with the addition
of a new nature reserve, or with changes in fire management
or other management actions?

It is often difficult to assess the benefits of conservation
actions because effective monitoring and good data are
lacking. In its summary of the current state of affairs on
biodiversity conservation, The Millennium Ecosystem
Assessment (MEA) stated that “Few well-designed empirical
analyses assess even the most common biodiversity conser-
vation measures” (MEA, 2005). At present, estimates of con-
servation benefits are often just educated guesses or
extrapolations based on species-area relationships, though
recent work has tried to predict how species conservation
changes as a function of how habitats are distributed across
the landscape (Cabeza and Moilanen, 2003; Polasky et al.,
2005; Moilanen et al., 2005; Nicholson et al.,, 2006). More
work is needed on understanding the biological benefits of
conservation actions. All conservation actions are of course
based on assumptions about conservation benefits, and
inaccurate estimates are not a valid argument against using
ROI in particular. Indeed, an ROI framework highlights the
importance of conservation monitoring programs and data
collection.

2.3.  Incorporate realistic estimates of costs

Considering only biological benefits while ignoring costs, or
considering costs as a filter only after ranking areas in terms
of benefits, results in inefficient use of scarce resources (Ando
et al., 1998; Balmford et al., 2000; Naidoo et al., 2006). In cur-
rent approaches used by NGOs it is common to use biology
alone to identify priorities (Brooks et al., 2006). This approach
will yield lower returns on investment; for example, sites or
strategies with moderate biodiversity levels, but yielding a
high return on investment because of very low costs, will be
overlooked.

Land purchase costs often vary by orders of magnitude
across different potential conservation sites (e.g., Ando
et al., 1998; Polasky et al., 2001) so ROI is often more depen-
dent on differences in costs than in benefits (Ferraro, 2003).
The gains from including costs can be striking. In a study of
African conservation, Moore et al. (2004) found as much as a
66% gain in species coverage when costs were included versus
when they were not. At the global level, Balmford et al. (2000)
found that up to twice as many species could be conserved for
the same budget when costs were included in the analysis
(see Naidoo et al, 2006, for a recent summary of this
literature).
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Conservationists frequently believe that estimating costs
is the major hurdle to cost-effective conservation, but in fact
it is usually easier to estimate costs than benefits (e.g., Naidoo
et al.,, 2006; Wilson et al., 2007). Cost estimates for actions
other than land purchase can be generated once the action
is defined in sufficient detail.

2.4. Use optimal resource allocation rules rather than
ranking schemes in setting priorities and informing
decisions

Simple ranking schemes yield fewer benefits per dollar than
an ROI approach (Wilson et al., 2006). First, in virtually all
cases of interest, conservation actions are not independent
of each other, and conservation planning is therefore a
“portfolio allocation” problem rather than a simple ranking
problem: the benefits or costs of an action depend upon
what other actions are taken. For example, the number of
species protected by purchase of a particular parcel of hab-
itat may well depend on whether the parcel is connected to
other parcels of habitat or is relatively isolated. When re-
turns are not independent across actions, the complete
allocation across all actions needs to be considered jointly
rather than considering the return on each action in
isolation.

Second, ranking schemes give no indication of how much
should be invested in the lower- versus higher-ranking areas.
It could be that the differences are negligible and essentially
everything on the list should receive equal funding. Alterna-
tively it could be that the highest ranking area should receive
70% of the resources and everything else only a small percent-
age. An ROI analysis provides guidance on differential rates of
investment, whereas ranking schemes are really no more
than a list of “what is in and what is out.”

2.5. Incorporate dynamic considerations into sequential
decision-making rather than using static maps for one-time
decisions

Consideration of points (1)-(4) is sufficient for a one-time (sta-
tic) conservation planning decision. Conservation planning,
however, is an on-going process in which current decisions
set the stage for those to be made in the future (Meir et al,,
2004; Costello and Polasky, 2004). Changes in land use, politics
and economic conditions alter constraints and opportunities
(Armsworth et al., 2006). Climate change and invasions alter
the biological landscape. Plans need to change to reflect
new realities. Static plans offering the best solution under
current conditions are less useful than methods that provide
advice for sequential decision-making. ROI analysis can be
tailored to fit into either a static or dynamic decision-making
framework.

In what follows, we develop two examples to show how
ROI analysis may be applied to conservation planning. Our
examples are realistic in using real data from areas of conser-
vation interest. The answers, however, are not a set of recom-
mendations. We sometimes simplify for purposes of
illustration; in addition, ROI should be used in collaboration
with the local conservation actors who know the current facts
on the ground.

3. Example 1: Application of ROI to land
acquisition for temperate broadleaf and mixed
forests in North America

Temperate broadleaf and mixed forests are the dominant
habitat type in 21 ecoregions in North America. These ecore-
gions represent over 2.8 million square kilometers in which
12.8% of the land area has been protected for biodiversity con-
servation and 31.3% has already been converted to agriculture
or development. Much of the remaining forested lands are at
risk due to development pressures and habitat fragmentation.
Large commercial timber holdings are being sold off at
unprecedented rates with a high risk that large forest tracts
will be subdivided for developments (Ginn, 2005). Conserva-
tion organizations often seek to buy or purchase easements
on these lands to restrict subdivision and development or
set up sustainable forestry (Rissman et al., 2007). Here we con-
sider the problem of resource allocation among the 21 differ-
ent ecoregions.

This application is deliberately kept simple to focus on a
few key points about cost and allocation of a conservation
budget. As a consequence, we exclude many factors impor-
tant in real conservation decisions. For example, we allow
conservation resources to be fully fungible across all ecore-
gions (i.e. there are no constraints on where the budget is
spent). We discuss how to address this constraint and other
important issues in the section “Incorporating other factors
in ROI analyses” that follows the examples. The primary data
in each ecoregion are species richness values (World Wildlife
Fund, 2005; Kier et al., 2005) and land values, by county, from
the US Department of Agriculture (Table 1). Using the county-
based data, we calculated an average land value for each eco-
region, thus ignoring spatial heterogeneity in land values and
biodiversity within ecoregions.

Notice that vertebrate and plant richness are only moder-
ately correlated (r*=0.39). This illustrates that it is almost
never possible to maximize conservation of all biodiversity
components simultaneously.

3.1.  The simplest ROI analysis

In all analyses in this paper we tally the number of species
protected in each ecoregion, without regard to whether some
or all of these species are already protected in a different eco-
region (i.e. we ignore complementarity). This simplification is
commonly made when species lists by region are absent,
which is true for many regions of the world for many taxo-
nomic groups, or where resources are allocated over large
scales where species overlap is relatively small. We do have
species lists for each US ecoregion and could take into ac-
count species identity and therefore the complementarity of
different ecoregions. We discuss the more complicated prob-
lem of species identity and complementarity at the end of the
paper.

As the simplest possible illustration of ROI, suppose that
conserving the same area of land in each ecoregion protects
the same fraction of species in each ecoregion; for example,
assume that conserving 100,000 acres in any ecoregion con-
serves 50% of the species in that ecoregion (Table 3 lists areas
in ecoregions). In this case, we calculate ROI by:
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Table 1 - Species richness and land value for 21 Temperate Forest ecoregions in the US. Ecoregions are ranked by plant and

vertebrate species-richness

Ecoregion Land value Vertebrate species Vertebrate richness Plant species Plant richness
($/acre) richness ranking richness ranking
Piedmont 1915 483 1 3363 1
Upper East Gulf Coastal Plain 830 453 3 3363 1
Cumberlands and Southern Ridge Valley 1215 444 4 2487 3
Western Allegheny Plateau 1248 401 14 2487 3
Central Appalachian Forest 1624 415 10 2398 5
Southern Blue Ridge 2234 404 12 2398 5
Interior Low Plateau 1184 440 6 2332 7
Ozarks 870 436 7 2332 7
North Central Tillplain 1615 388 16 2243 9
High Allegheny Plateau 1281 360 19 1883 10
Ouachita Mountains 822 419 9 1743 11
Lower New England/Northern Piedmont 5606 420 8 1695 12
North Atlantic Coast 9644 405 11 1695 12
Northern Appalachian-Boreal Forest 1100 366 18 1496 14
Chesapeake Bay Lowlands 2543 442 5 1488 15
Mississippi River Alluvial Plain 1087 464 2 1468 16
Great Lakes 1464 403 13 1459 17
Superior Mixed Forest 867 377 17 1459 17
Prairie-Forest Border 1414 389 15 1420 19
St. Lawrence/Champlain Valley 918 351 20 1381 20
Willamette Valley 3126 324 21 1067 21

The species richness data were drawn from WWF ecoregions, which in some cases have slightly different boundaries than TNC ecoregions. The
numbers in this table were extrapolated to TNC ecoregions by producing a GIS overlay of WWF and TNC ecoregions and calculating an area-

weighted average.

e calculating the benefit, which is the number of species con-
served by buying 100,000 acres (assumed to be 50% of the
ecoregion’s species);

e calculating the cost, which is 100,000 acres times the land
value per acre in the ecoregion;

¢ dividing the benefit by the cost.

Applying these calculations for plant and for vertebrate
species generates an ROI for the two taxonomic groups by
ecoregion (Table 2). Note that in this simple example, we have
analyzed a single level of investment rather than how ROI
changes with levels of investment in any ecoregion.

Even this very simple analysis immediately demonstrates
several useful points. First, priority rankings are different
when using only species richness (benefits alone) versus using
ROI (benefits and costs). Piedmont is the highest ranked ecore-
gion in terms of species richness for both vertebrates and
plants, but only 15th in terms of vertebrates conserved per
$1 million and 7th in terms of plants conserved per $1 million.
Superior Mixed Forest is 17th in terms of vertebrate richness
but 4th in terms of vertebrates conserved per $1 million. This
illustrates the danger of first ranking by biodiversity and then
applying a cost filter: in a list of 21 ecoregions ranked by bio-
diversity, Superior Mixed Forest would have been culled from
any plausible short list of ecoregions to work in. On the other
hand, no matter how you slice it, the Upper East Gulf Coast
Plain is a high priority, ranking 1stin terms of both vertebrates
and plants conserved per $1 million, tied for 1st in terms of
plant richness and 3rd in terms of vertebrate richness.

Second, the example shows the fundamental role played
by costs. Costs vary by more than an order of magnitude, from
a low of $822 per acre in the Ouachita Mountains to a high of

$9644 on the North Atlantic Plain. By contrast, vertebrate spe-
cies richness varies by less than 50% and plants by threefold.
The greater variation in costs makes it of great importance to
include costs from the beginning. The top three ecoregions
ranked in terms of ROI for plants or vertebrates are those with
the lowest land values. Two of the three (Ozarks and Ouachita
Mountains) have only intermediate rank in terms of
biodiversity.

3.2.  Adding diminishing returns to the ROI analysis

The preceding analysis treated the return on investment in
each ecoregion as a constant when, in reality, we expect a
lower marginal conservation return for each additional invest-
ment in an ecoregion as the baseline area protected increases.
In particular, we accumulate many species when we first be-
gin to conserve habitat, and with further conservation of hab-
itat we accumulate fewer additional novel species. Here we
undertake an incremental ROI analysis that takes this fact
into account using the concept of a species-area curve, and
apply the concept to plant diversity. This approach incorpo-
rates information about the amount of land already protected
within an ecoregion.

The relationship between species richness, S, and area, A,
can be described by the familiar equation for a species-area
curve, S = «A? where o is a constant and z < 1, so that species
are accumulated more slowly as area increases. An estimate
of zis crucial if one wants to predict the impact of habitat pro-
tection on diversity. Values of z are typically estimated to be
between 0.15 and 0.4 depending on the type of habitat, as well
as the distribution and dispersal abilities of the species under
consideration. Larger z values are typical of true oceanic is-
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Table 2 - ROI by ecoregion

Ecoregion Vertebrates conserved Ranking Plants conserved Ranking
per $1 million per $1 million
Upper East Gulf Coastal Plain 2.73 1 20.26 1
Ozarks 2,51 3 13.40 2
Ouachita Mountains 2.55 2 10.60 3
Cumberlands and Southern Ridge Valley 1.83 8 10.23 4
Western Allegheny Plateau 1.61 10 9.96 5
Interior Low Plateau 1.86 7 9.85 6
Piedmont 1.26 15 8.78 7
Superior Mixed Forest 2.17 4 8.41 8
St. Lawrence/Champlain Valley 191 6 7.52 9
Central Appalachian Forest 1.28 14 7.38 10
High Allegheny Plateau 1.41! 11 7.35 11
North Central Tillplain 1.20 16 6.94 12
Northern Appalachian-Boreal Forest 1.66 9 6.80 13
Mississippi River Alluvial Plain 2.13 5 6.75 14
Southern Blue Ridge 0.90 17 5.37 15
Prairie-Forest Border 1.38 13 5.02 16
Great Lakes 1.38 12 4.98 17
Chesapeake Bay Lowlands 0.87 18 2.93 18
Willamette Valley 0.52 19 1.71 19
Lower New England/Northern Piedmont 0.37 20 1.51 20
North Atlantic Coast 0.21 21 0.88 21

lands and for species with relatively limited movement,
whereas smaller values are common for highly mobile spe-
cies and for pseudo-islands that are actually patches of habi-
tat embedded within a continuous landscape (such as nature
reserves). For the example worked here, we use a z=0.2,
which has commonly been reported for plants in mainland
habitats.

Fig. 1 shows species-area curves for five of the US ecore-
gions. Each curve starts out steeply, indicating a rapid initial
increase of protected species per unit area of acquired land,
and then one obtains progressively smaller gains as addi-
tional lands are protected and the curve gradually flattens
out. If we know the area currently protected in the ecoregion,
we can then determine the incremental benefit with each
addition to the total protected area. For the equation used
in Fig. 1, the marginal increase in species protected is the
derivative of the species-area equation with respect to A,

1400 -
12001
1000 A
800 1
600 -

400

Number of Plant Species

2004

0 ‘ ‘

4 — z44""". Thus, the marginal gain in species declines as A in-
creases. Note that such estimates do not address the question
of population viability: the number of species protected in an
isolated small area is likely to be overestimated because some
“expected” species populations will not be viable.

If we have an estimated species-area curve, and a cost per
unit area of land, we can easily produce a species-investment
curve, where the area conserved has been translated into a
dollar value (Fig. 2) (Naidoo and Adamowicz, 2005). The spe-
cies-investment curves indicate how many species could be
conserved if land has to be purchased at the average land va-
lue in the ecoregion. Ecoregions with expensive land are ad-
justed downward relative to ecoregions with inexpensive
land (e.g., North Atlantic Coast falls below Superior Forest in
Fig. 2 while being well above it in Fig. 1).

Using graphs such as those illustrated in Fig. 2 for every
ecoregion in our analysis, we can calculate the increase in

Upper East Gulf Coastal Plain
Piedmont

North Central Tillplain
North Atlantic Coast

Superior Forest

0 20 40 60

Habitat Area (1 x 10° ha)

80 100

Fig. 1 - Species—-area curves for five US ecoregions. The number of plant species in the ecoregion, S, increases with area, A,
following the standard formulation S = «A* with z = 0.2; we solved for « using the plant data from each ecoregion.
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Fig. 2 - Species-investment curves for the five US ecoregions shown in Fig. 1. Now the number of species protected increases
with the amount invested, which translates into area protected. Each curve thus gives a cost (expenditure) to benefit
(additional species protected) ratio for any possible conservation investment. That cost:benefit ratio depends on the
underlying species area curve, the cost of the land, and the starting conditions (how much land is already protected).

species conserved per million dollars invested. Table 3 shows
this measure for each ecoregion, evaluated by starting from
the current amount of protected area within each ecoregion.
Clearly, the starting point (the amount of area already pro-
tected) influences the return on investment one obtains.
The ecoregions that rank highly in this analysis have rela-
tively little existing protected area (which makes incremental
returns high) and tend also to be highly ranked in the analysis
shown in Table 2 (i.e., have high species-per-dollar rankings).
The Upper East Gulf Coast continues to rank highly, as does
the Ouachita Mountains. The North Central Tillplain jumps
to the top of the list because none of it is currently protected.

Protecting some area in the North Central Tillplain is extre-
mely valuable in this context, precisely because no area is
currently protected and the marginal increase in species con-
served with an increase in protected area is therefore high. In
reality, this benefit is no doubt overestimated because there is
some protected area, in local parks for example, and, as
noted, the species-area curve may overestimate population
viability in small areas. Other ecoregions move up or down
the list relative to Table 2 depending upon how much area
is currently protected within the ecoregion. The marginal
ROI for each ecoregion will decline as investment proceeds.
For example, as shown in Fig. 2, the first $10 million invested

Table 3 - Marginal ROI analysis

Ecoregion Plant Total area Current  Exponent, o Land Increase in plant
richness (million hectares) protected value ($/ha) species conserved
area (ha) per $1 million
investment
North Central Tillplain 2243 12.316 0 85.65 3990.75 258.54
Upper East Gulf Coastal Plain 3363 13.708 49,348 125.70 2050.97 2.15
Ouachita Mountains 1743 4.647 29,742 80.88 2031.21 2.09
Western Allegheny Plateau 2487 10.782 33,425 97.53 3083.88 1.51
Piedmont 3363 17.137 25,705 120.21 4732.07 1.50
Cumberlands and Southern 2487 12.566 35,185 94.59 3002.33 1.45
Ridge Valley
High Allegheny Plateau 1883 6.826 34,131 80.91 3165.42 1.20
St. Lawrence/Champlain Valley 1381 6.146 42,409 60.60 2268.43 1.06
Willamette Valley 1067 1.485 10,097 62.21 7724.51 1.00
Chesapeake Bay Lowlands 1488 4.396 22,418 69.82 6283.89 0.73
Interior Low Plateau 2332 19.329 110,175 81.37 2925.73 0.51
Ozarks 2332 13.892 219,500 86.93 2149.82 0.43
Mississippi River Alluvial Plain 1468 10.972 141,538 57.37 2686.04 0.32
Central Appalachian Forest 2398 9.656 207,604 96.14 4012.99 0.27
Prairie-Forest Border 1420 15.833 134,580 51.57 3494.07 0.23
Southern Blue Ridge 2398 3.809 276,547 115.79 5520.33 0.19
Lower New England/Northern 1695 9.401 50,763 68.32 13852.73 0.17
Piedmont
North Atlantic Coast 1695 5.138 39,561 77.09 23830.84 0.14
Superior Mixed Forest 1459 20.760 1,123,097 50.19 2142.40 0.07
Northern Appalachian-Boreal Forest 1496 33.454 1,361,569 46.78 2718.16 0.04
Great Lakes 1459 57.519 1,000,831 40.94 3617.62 0.04
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in North Central Tillplain protects almost 410 species,
whereas the next $10 million protects an additional 60 spe-
cies. Allocating a conservation budget across ecoregions, tak-
ing into account changing incremental ROI values, requires a
slightly more sophisticated analysis, which we cover next.

3.3.  Optimal allocation of a conservation budget across
ecoregions

We extend the approach of the previous section to provide the
result we have been building towards: the optimal allocation of a
fixed budget across all ecoregions, where the objective is to maxi-
mize the total number of species conserved. We assume, again,
that the number of species conserved by ecoregion, summed
over all ecoregions, equals the number of species conserved
overall. A more sophisticated analysis would take account
of which species are conserved in each ecoregion and place
higher value on conserving species not conserved elsewhere
(see below).

Allocation of resources depends on the total funds avail-
able, and we show this by considering various budget levels,
starting at $100 million and going up to $500 million in $100
million increments (Table 4). At the initial budget level,
investments are made in only 6 of the 21 ecoregions, with
large investments made in only three: North Central Tillplain,
Upper East Gulf Coastal Plain, and Ouchita Mountains. The
North Central Tillplain gets the most investment in part be-
cause it begins with no protected area, making initial invest-
ments in conservation highly productive. Both the Upper East
Gulf Coastal Plain and the Ouchita Mountains rank highly be-
cause they have relatively little protected area, high species
richness, and low land values. As the budget is increased,
investments are made in more ecoregions (9 out of 21) and

now the ecoregion getting the most investment is the Upper
East Gulf Coastal Plain. If the budget were expanded further,
more ecoregions would receive investments, and there would
be continued expansion in those ecoregions already receiving
investments. The total amount of money available can dra-
matically shift the proportional resource allocation patterns
among ecoregions (Table 4). Thus, when there is only $100
million to spend, North Central Tillplain receives 37.7% of
the budget; but when there is $500 million to spend, North
Central Tillplain receives only 16%.

Clearly, conservation is not as simple as an application of
species—area curves, land costs, and an optimization algo-
rithm. To succeed in the real world, conservationists have
to deal with public attitudes, possibility of government
funding, landowners unwilling to sell, the need to raise
money around some compelling project, and threats that
cannot be addressed simply by land acquisition (e.g., inva-
sive species). Nevertheless, for all its simplifications, this
example illustrates the importance of evaluating informa-
tion that is rarely explicitly examined by conservation plan-
ners, and doing so in an analytical framework. Conservation
planners routinely quantify benefits (some measure of spe-
cies or habitats protected), and routinely apply species-area
curves. But economic costs rarely, if ever, find their way into
prioritization schemes, and the effect of initial conditions
(amount already protected) is not analyzed quantitatively.
For example, a recent review of nine different global priori-
tization frameworks for allocation of funds revealed that
none explicitly includes costs and that, although initial con-
ditions may be considered, that consideration does not en-
tail a formal application of species-area curves and
diminishing returns as the area protected increases (Brooks
et al., 2006).

Table 4 - Optimal budget allocation across ecoregions

Ecoregion

Total budget allocation

$100 Million

$200 Million

$300 Million $400 Million $500 Million

North Central Tillplain $37,651,522 $49,584,149 $59,853,018 $69,612,043 $79,371,069
Upper East Gulf Coastal Plain $30,862,887 $53,627,571 $73,218,189 $91,836,145 $110,454,101
Ouachita Mountains $17,036,561 $30,187,220 $41,504,291 $52,259,476 $63,014,661
Piedmont $5,880,874 $23,348,979 $38,381,517 $52,667,698 $66,953,880
Western Allegheny Plateau $5,530,982 $20,502,457 $33,386,468 $45,630,795 $57,875,123
Cumberlands and Southern Ridge Valley $3,037,174 $17,543,961 $30,028,075 $41,892,360 $53,756,645
High Allegheny Plateau $5,205,663 $15,339,848 $24,970,877 $34,601,907
St. Lawrence/Champlain Valley $5,826,109 $13,120,561 $20,415,012
Willamette Valley $2,462,485 $8,010,044 $13,557,603

Central Appalachian Forest
Chesapeake Bay Lowlands

Great Lakes

Interior Low Plateau

Lower New England/Northern Piedmont
Mississippi River Alluvial Plain
North Atlantic Coast

Northern Appalachian-Boreal Forest
Ozarks

Prairie-Forest Border

Southern Blue Ridge

Superior Mixed Forest
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4. Example 2: Application of ROI to a range of
conservation actions in the presence of threats

This example explores the allocation of funds among 17 Med-
iterranean ecoregions in Australia, Chile, California, and
South Africa (Table 5) (see Wilson et al., 2007). Mediterranean
habitats are rich in species, highly degraded throughout much
of the world, and a priority for many conservation organiza-
tions (Cowling et al., 1996; Myers et al., 2000; Hopper and Gio-
ia, 2004). Our question then is, how should money be
allocated among different places and different activities, given
the on-going loss of habitat?

We aim to solve here the problem, familiar to conserva-
tionists, of trying to choose between saving the most diverse
habitats and the most threatened. If we ignore threat inten-
sity, then in Year 1 we may protect a low-risk habitat that
yields the highest number of species protected per dollar
spent; in the meantime, however, we may have lost the
opportunity to protect a high-risk habitat where some irre-
versible change has occurred. By contrast, if we had first
saved the high-risk habitat in Year 1, the low-risk habitat
would likely still be available for action in Year 2 or even later.
(For those who like analogies: if we want to save all lives at an
accident scene we should work first on those most likely to
die.) Sites at higher risk, of course, may also be more costly.

Example 2 expands on Example 1 in two fundamental
ways.

1. Multiple threats and multiple actions: Land purchase is only
one of a number of actions we can take to protect biodiver-
sity, and in many cases it is neither feasible nor appropri-
ate. Here we begin by considering the threats to
biodiversity in each ecoregion and then consider a range
of conservation actions to abate the threats.

Table 5 - Ecoregions ranked by plant species richness

Ecoregion Plant and vertebrate
species richness
Montane fynbos and renosterveld 6805
Lowland fynbos and renosterveld 3468
Esperance mallee 3281
Chilean matorral 2806
Swan Coastal Plain Scrub and Woodlands 2658
Jarrah-Karri forest and shrublands 2487
Interior chaparral and woodlands 2473
Montane chaparral and woodlands 2421
Eyre and York mallee 2383
Mount Lofty woodlands 2393
Southwest Australia woodlands 2338
Southwest Australia savanna 2357
Coolgardie woodlands 2143
California coastal sage shrub 2088
Naracoorte woodlands 1874
Albany thickets 1616
Murray-Darling woodlands and mallee 1600

The five ecoregions receiving most funding in the ROI analysis are
in bold.

2. Dynamics of landscape and threats: Example 1 assumes that
all habitats will be available for action whenever we decide
to act, and will be lost if action is not taken. In reality, how-
ever, habitats or species are continually being lost as a
result of human activities, but not all face certain destruc-
tion within a given period. Our allocation of resources
takes account of these anticipated future losses. We incor-
porate into the analysis a predicted loss of unprotected
habitat in each time period, and we derive the expected
number of species lost using the species-area relationship.

The objective (as in Example 1) is to maximize the ex-
pected number of species remaining at the end of the plan-
ning period or, stated otherwise, to minimize the expected
loss of species. Taking explicit account of the threat of habitat
loss places a premium on ecoregions that face high threat of
loss, in addition to consideration of biological value and cost.
A static analysis that maximizes the number of species in the
set of protected sites can generate results that are inferior to
approaches that minimize the expected number of species
lost, taking explicit account of threats (Costello and Polasky,
2004; Meir et al., 2004; Wilson et al., 2006). The difference be-
tween approaches arises because not all habitats outside of
protected areas will be lost, as is implicitly assumed in the
static approach (Costello and Polasky, 2004).

Ecoregions differ in both the type and the intensity of
threats. We use a generic measure of human activity, the “Hu-
man Footprint,” developed by the Wildlife Conservation Soci-
ety (Sanderson et al., 2002), to predict the intensity of each
threat in each ecoregion, and hence the area of habitat that
will be lost owing to each threat if no action is taken (see Sup-
plementary material).

4.1. Implementation

Let’s assume we have $100 million to spend each year over 20
years. The objective is to allocate these funds to minimize the
expected loss of species (i.e., maximize the number of species
conserved) across all ecoregions at the end of 20 years. As in
Example 1, we allocate funds to the ecoregion(s) with the
highest benefit to cost ratio, but now the benefit is the ex-
pected number of species that we can prevent from being lost.

We use a simple rule, termed “minimize loss” (min loss), to
achieve this objective (Wilson et al., 2006). Each year, we cal-
culate the marginal benefit from investing in a particular ac-
tion in a particular ecoregion. The marginal benefit is the
number of species that can be saved per dollar, species that
would otherwise be lost if no action were taken. We then allo-
cate funds to the set of conservation actions that minimizes
the expected loss per dollar, until the annual budget has been
exhausted. Because this simple rule does not consider the full
set of options through time but looks only at a single period, it
does not necessarily result in an optimal solution. However,
the min loss rule has been shown to find optimal or near-opti-
mal solutions in small problems (Costello and Polasky, 2004)
and to perform well when there are substantial differences
in threat intensity among ecoregions (Wilson et al., 2006).

To apply the min loss rule in an ROI analysis we need to
know, for each ecoregion: the threats, the mitigating actions
available to abate each threat, their cost per unit area, the
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area over which each conservation action is required and the
area already receiving each action; the biodiversity benefit ob-
tained by abating each threat; and the predicted background
rate of species loss. Where the cost is annual and recurring,
(for example, feral predator control) we calculate the cost to
endow the action permanently. For this example, the threats,
mitigating actions, and associated cost for each threat that we
evaluate are in Table 6 (see Wilson et al., 2007 for details on
how these were obtained).

We estimated the potential biodiversity benefit from each
mitigating action in each ecoregion by using the IUCN red list
to determine the proportion of vertebrate and plant species
for which the threat being considered was listed as a major
source of extinction risk. This proportion was then multiplied
by the total number of vertebrate and plant species in the eco-
region as identified in the WWF Wildfinder database and by
Kier et al. (2005) respectively. Since there are more vascular
plants than vertebrates in Mediterranean ecoregions, the bio-
diversity benefit is dominated by plant species. The number
of at-risk species for each action-ecoregion combination is
in Supplementary material.

We have assumed that investing in an action aimed at a
specific threat will save the number of species otherwise ex-
pected to be lost to that threat. That is, we have not dealt with
the fact that some species face multiple threats.

4.2.  Optimal allocation of resources across ecoregions and
conservation actions

The expected number of at-risk species saved per dollar in-
vested is calculated in Year 1 for each of the 51 action-ecore-
gion combinations. The algorithm then prioritizes spending
that year on actions that deliver the biggest conservation
bang-for-buck. These calculations are repeated each year for
20 years. Fig. 3 shows the sequence of resource allocations
over the first 5 years.

In Year 1, invasive predator control in Swan Coastal Plain
Scrub Woodlands in Australia and the control of priority nox-
ious weeds on public lands in the Californian coastal sage

shrub receive the largest allocations of funds (Fig. 3). The
rates of habitat loss in these ecoregions are high and the area
of remaining habitat small. Because predator control (even
though it is endowed over 20 years) is cheap (about $7000/
km?), the marginal return on investment is very high: in the
Swan Coastal Plain, applying predator control to only
4600 km? protects 143 threatened species at a cost of about
$32 million. Fire management in the Chilean matorral also
has a very high ROL: the cost is only about $500/km?, and
500 species are predicted to be protected when this action is
applied to all the available area at a total cost of only about
$12 million. The gains from weed control in California coastal
sage are not fully realized until another large investment is
made in Year 2 (Fig. 3).

Allocations shift over time for several reasons. First, there
is a limit to the area available for a particular action in any
ecoregion (e.g., almost all the area available for predator con-
trol in Swan Coastal Plain Scrub Woodlands is covered in Year
1). Second, the marginal benefit to cost ratio of a particular ac-
tion declines as investment proceeds (due to diminishing re-
turns), so actions with initially lower benefit to cost ratios
typically become relatively more cost-effective as the first ac-
tions taken yield diminishing returns. Third, loss of habitat
due to human actions further limits the land available for
conservation and modifies the marginal benefit to cost ratio.

Fig. 4 (open bars) shows the cumulative amount of money
allocated to various actions in order to minimize the expected
loss of species across all ecoregions after 20 years. Of the 51
possible actions in the 17 ecoregions, only 16 receive funds
over 20 years. At the end of 20 years, the greatest amount of
money is allocated to invasive plant control in the Chilean
matorral (even though this action is not funded in the first 5
years). The rate of habitat loss in this ecoregion is high, the
benefit to cost ratio of this action is high, and currently this
conservation action is being applied over a limited area. We
discuss the solid bars in Fig. 4 below.

Table 5 shows that the five ecoregions (bolded) that receive
the most investment after 20 years have intermediate species
richness; the three ecoregions with the greatest species

Table 6 — Threats, mitigating actions, and associated costs for each threat in four Mediterranean ecoregions

Mediterranean Threat Action Cost (US$ per km?)
region
Australia Habitat fragmentation Revegetation 300,000
Introduced predators (cats and foxes) Invasive predator control and research 7000 (endowed)
Phytophthora cinnamomi Phytophthora cinnamomi management 515,000 (endowed)
Chile Invasive plants Invasive plant removal, herbicide 126,757

application and revegetation

Altered fire regimes
Conversion of natural habitat

South Africa Conservation of natural habitat

Invasive plants

California Invasive plants
Invasive plants
Conversion of natural habitat

Altered fire regimes

Fire suppression

516 (endowed)

Land acquisition and management 277,273
Land acquisition and management 53,000
Invasive plant removal, herbicide application, 92,900
and follow-up treatment

Control of priority noxious weeds on public land 3,300,000
Control of riparian invasives 4,447,897
Land protection 1,013,882
Fire suppression 1,633,358
Fuel reduction 526,765

Altered fire regimes
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Fig. 3 - Investments in each mitigating action (US$) during the first five years.
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Fig. 4 - Total investments over 20 years. Open bars are the results of the minimize-loss approach pursued in this paper in
Mediterranean ecoregions; solid bars are results obtained for the same data using the maximize-gain approach (see
Supplementary material for a list of the ecoactions designated by the codes on the X-axis).

richness receive no allocations over 20 years. In conventional
resource allocation frameworks, these three ecoregions with
the greatest species richness would invariably be selected as
high priority regions for conservation investment. That
conclusion is clearly unwarranted when one adopts the ROI
approach. The investment schedule is determined by the area
requiring investment, the benefit to cost ratio and the urgency
of the investment.

The main messages of Example 1 are reinforced: the most
species-rich ecoregions do not necessarily yield the best return on
investment, and ranking indices underperform relative to ROI
analysis.

4.3. Comparison with maximize-gain approach

Wilson et al. (2007) analyzed exactly the same data as we did
above, but ignored ongoing loss of habitat and instead applied
the maximize-gain approach of Example 1; their allocations
are represented by the solid bars in Fig. 4. While the two ap-
proaches generate somewhat similar allocations, there are
some striking differences.

The maximize-gain approach allocates the most to land
acquisition to abate agricultural conversion in the Montane
and Lowland Fynbos ecoregions of South Africa, because the

ecoregion contains large areas of arable land that are uncon-
verted but largely unprotected, and the biodiversity benefit is
high and the cost comparatively low (Wilson et al., 2007). But
this ecoaction receives no allocation in 20 years under the
minimize-loss because the predicted rate of habitat loss in
this ecoregion is zero. That is because the human population
in South Africa is predicted to decline, and hence the Human
Footprint calculation predicts no loss of habitat. (In reality,
some Fynbos habitat will no doubt be converted to agriculture
or urban use, which our analysis fails to capture; see Section
7).

5. Minimize loss versus maximize gain

Experienced NGO conservationists tend to fall into one of two
camps in setting priorities: (1) invest where we can gain the
most diversity or conservation value, versus (2) invest where
there is the greatest imminent threat, i.e. places we most ex-
pect to lose in the near future. Scientists and managers argue
about these two options, and develop top 10 or top 20 lists on
the basis of both approaches. These two views have formal
counterpoints in ROI analysis: maximize gain versus mini-
mize loss. Our Example 1 followed the first approach, Exam-
ple 2 followed the second. A major value of formal ROI
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analyses is that the similarities and differences between
these two priority-setting approaches become transparent,
as we illustrate in this section.

There is no fixed rule mandating when one should pursue
a minimize-loss rather than a maximize-gain approach to
conservation. In general, the minimize-loss approach is bet-
ter (i.e. closer to the true optimal solution) when rates of loss
of species vary markedly from one place to another (as in
Example 2), provided the losses can be both estimated, and
stemmed by conservation action. The maximize-gain ap-
proach is preferable when loss rates are low and uniform.

We emphasize the differences between the approaches
with a simple hypothetical example of two ecoregions in
which species losses are caused by habitat destruction, and
the only feasible conservation action is land purchase
(Fig. 5). As in Fig. 2, each species-investment curve is derived
from a species-area curve, which in this case would depict
the number of at-risk species accumulated as the amount of
habitat exposed to the particular threat increased: the right-
hand end of that curve would depict the total number of spe-
cies present in the at-risk habitat. In Fig. 5, the upper ecore-
gion (Ecoregion 1) is more species-rich. We assume land
costs are the same in the two ecoregions, so Ecoregion 1 also
has more habitat remaining and its total purchase would re-
quire a larger investment (the X-axis), and we assume no
existing land conserved in either ecoregion.

Suppose we are at the start of Year 1 and can spend $100
million. First, the maximize-gain strategy starts at the origin
of Fig. 5 and determines, for each ecoregion, how many spe-
cies will be saved by the first investment of $100 million.
The answers are shown by the vertical line at $100 million
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Fig. 5 - Contrasting maximize-gain (top graph) with
minimize-loss (bottom graph) ROI approaches for two
hypothetical ecoregions. See text for explanation of the two
different approaches, and why they indicate different
priorities.

in Fig. 5 (top): we would protect 181 species in Ecoregion 1
(ROI = 1.81 species per $1 million) and 131 species in Ecore-
gion 2 (ROI = 1.31 species per $1 million). This strategy tells
us to invest our $100 million in Ecoregion 1.

For the minimize-loss strategy we need to know the rate of
loss caused by habitat destruction. Let us assume the rate is
twice as high in Ecoregion 2 so, if we did nothing to prevent
it, this process would destroy in the next year $100 million
worth of Ecoregion 2 habitat and $50 million worth of Ecoregion
1habitat. If we did nothing to prevent the losses, the right-hand
end of each curve in Fig. 5 (bottom) would move left the dis-
tance indicated by the horizontal dotted line. Thus, in the min-
imize-loss strategy, we start at the right-hand end of the curve, rather
than the origin. The consequent loss of species in each ecoregion
isindicated by the vertical dotted line at the new potential end-
point of the curve. Under the minimize-loss approach the ROI
is the number of species whose extinction each dollar can be
expected to prevent. In this case we maximize ROl by investing
in Ecoregion 2 rather than Ecoregion 1. We can save 34 species
by spending $100 million in Ecoregion 2, giving a benefit:cost
ratio of 0.34 species per $1 million, compared with saving 13
species by spending $50 million in Ecoregion 1, which has a
benefit to costratio of 0.26 species per $1 million (see the dotted
horizontal and vertical lines in Fig. 5). Ecoregion 2 is preferred
for investment under the minimize-loss strategy for two
reasons. First, even though it is less species-rich, Ecoregion 2
is currently in a steeper part of the species-investment curve
(because there is less habitat left), so the marginal gain from
each dollar invested is greater. Second, Ecoregion 2 faces a
higher rate of potential habitat destruction, so there is more
urgency to protect the habitat remaining.

In general the two approaches will differ most when rates
of habitat loss are high and heterogeneous among ecoregions.
In those cases it matters a great deal whether you care most
about achieving the maximum gain or about achieving the
minimum loss. However, if rates of habitat loss are either
low, or relatively homogenous among different ecoregions,
then it does not really matter which prioritization model
one operates under.

6. Incorporating other factors in ROI analyses

To make central points clearly, the examples we have used in
previous sections exclude some aspects of conservation deci-
sion-making in the real world. Here we indicate briefly how to
expand the analysis to incorporate additional important
factors.

Complementarity and endemism: Because different ecore-
gions may share some species in common, a given species
may be protected in multiple ecoregions. If the goal is protect
the largest number of different species in at least one ecore-
gion, we need to make use of the fact that different ecore-
gions may have complementary sets of species, which
requires us to know the identity, not just the number, of spe-
cies. This problem is familiar in reserve design, and is han-
dled by software such as MARXAN and SITES (Possingham
et al.,, 2000). Optimal solutions providing maximum coverage
of species that incorporates complementarity can be found
even for relatively large problems (see, for example, Ando
etal., 1998; Church et al., 1996; Csuti et al., 1997). Complemen-
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tarity can be incorporated into the ROI approach by consider-
ing the number of species that occur in multiple ecoregions
separately from those that are endemic to an ecoregion, and
representing this information using separate species-area
curves. For example, if we have two ecoregions A and B, we
need to consider not only an ‘A species-area curve’ and a ‘B
species—area curve’ for species endemic to ecoregions A and
B respectively, but also an ‘AB curve’ for the species found
in both ecoregion A and ecoregion B. The number of spe-
cies-area curves thus increases combinatorially as the num-
ber of ecoregions increases. The ecoregion that will be
favored for investment is the one where for each dollar in-
vested, the sum of the additional species that would be pro-
tected across all of the species-area curves is greatest
(Underwood et al., unpublished manuscript).

Investment risk: Investment risk is the probability that a
“protected” species or habitat will in fact be lost in the future,
for example because of inadequate enforcement of laws (e.g.,
illegal logging) or because a future government decides to re-
nege on prior agreements. One way to include investment risk
is to “discount” the conservation benefit. For example, we
might expect to conserve 100 plant species by protecting
10,000 ha of forest in Sumatra. But if we think that, over the
next 50 years, it is likely that 5000 ha will be illegally logged,
we could reduce the expected area conserved to 5000 ha
and, using a species area curve, reduce the expected benefit
accordingly, to say 70 species conserved instead of 100. Alter-
natively, if the analysis considers particular sites, we can
introduce a loss rate of protected sites that reflects local
vulnerability.

Funds not fully fungible: We assumed there was no restric-
tion on where conservation resources could be allocated. In
US NGOs, however, funds are typically raised by and spent
in each state so that funds are not fully fungible across ecore-
gions. It is straightforward to incorporate constraints that
limit where funds can be spent. For example, in the case of
funds raised by state chapters that must be spent within that
state, there would be a constraint requiring at least a mini-
mum level of conservation expenditure within each state in
addition to the overall budget constraint.

Leverage: Investment may stimulate different amounts of
matching funds in different regions. Matching funds effec-
tively change the cost of making certain investments. For
example, if funds are matched on a one-for-one basis then
the cost to the NGO is reduced by 50%. More complex match-
ing formulas can also be incorporated into the analysis.

Start-up costs: There are costs to starting a new country or
regional program. A way to incorporate such costs into the
analysis is to add them to the first unit of conservation ef-
fort allocated to the country or region. Start-up costs add
some complexity to the analysis. Even though there often
will be high returns after the initial investment, we may
need to do the analysis with and without the new country
or program to determine if it makes sense to incur the
start-up cost.

Intangible benefits: NGOs often carry out conservation ac-
tions in part because it will encourage, empower, or guide po-
tential or actual local partners, or will lead to an improved
political climate. The only rational basis for such actions is
that they are expected to lead to greater benefits (e.g. more

species saved) or reduced costs (or investment risk) in the fu-
ture. These conservation actions could be included in an ROI
framework as a form of investment that builds capacity that
will yield future benefits. We still need, however, some esti-
mate of the future benefits.

Unpredictable loss of available sites: Because our examples
conserve at the level of the ecoregion, we simply protected gi-
ven amounts of land whose actual positions in the ecoregion
were unspecified. A new problem arises when we consider ac-
tual sites within ecoregions: although we can often predict
the approximate rate at which sites will be lost to human
development, we cannot necessarily predict which sites will
be lost. The formal machinery for calculating the optimal
budget allocation in this situation is stochastic dynamic pro-
gramming (SDP), which allocates funds each year while tak-
ing into account all possible future states of the system
(Costello and Polasky, 2004; Wilson et al., 2006). However, in
most real conservation situations, SDP cannot be used be-
cause there are too many sites and too many possible pat-
terns of potential loss. Fortunately, simple rules that can be
calculated quickly, such as min loss, have been shown to gen-
erate optimal or near-optimal results in such problems (Wil-
son et al., 2006).

7. Discussion

The ROI approach to conservation planning is a decision-sup-
port tool that provides practical guidance on how to allocate
funds across many potential projects or actions. Equally
important, this approach also can and should be used to ex-
plore alternative scenarios and for systematic learning.

In most real-world conservation decisions, unlike our
somewhat simplified examples, there will be large uncertain-
ties about the benefits and the costs of conservation actions.
It is important to realize that uncertainty should not be used
as an argument against the application of ROI. Conservation-
ists already apply sophisticated planning tools on the basis of
highly uncertain data, such as predicted species occurrences
as opposed to observed occurrences (Polasky et al., 2000;
Camm et al., 2002; Wilson et al., 2005; Moilanen et al., 2006).
Further, because the costs of conservation actions often vary
by two or three orders of magnitude across available options,
it will typically be better to accept estimation errors of even
50% than to exclude cost considerations.

In general, the most fundamental challenges facing ROI
analyses stem, not from estimating costs, but from incorpo-
rating threats and averted species losses, and accurate
assumptions about the effectiveness of conservation actions.
For example, the current ROI framework assumes that if a
species is protected by removing one threat, it is not going
to be lost due to other threats. This assumption tends to over-
estimate the number of species saved by a particular invest-
ment when there are multiple threats. It is also difficult to
predict future rates of habitat loss. The data we have used
as a proxy for habitat loss rates are obviously too generic
for this purpose; to be precise we need data on the predicted
loss of species owing to each threat. For example, because our
estimates are driven largely by changes in human population,
ecoregions with expected population declines are predicted to
lose no species, regardless of conservation activity. Thus, in
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our Mediterranean habitat case study, we predicted there
would be zero loss of species in the Mountain Fynbos and
Lowland Fynbos of South Africa due to anticipated human
population declines in these areas. A more detailed analysis
of local threats would likely yield a different conclusion.
Lastly, when proposing a conservation action, rarely is there
any discussion of the real possibility of failure, which should
be used to discount the return on the investment. All of these
challenges for ROI are also challenges for more conventional
resource allocation approaches - they are simply more trans-
parent when formally calculating a ROL

ROI is not just about giving answers - it provides a struc-
tured way of learning. For example, the ROI approach allows
us to carry out sensitivity analyses and pinpoint which addi-
tional data we need most. This learning property is in con-
trast to alternative approaches, such as the use of expert
panels. While expert opinion is useful, the only way to im-
prove it is to get “better” experts. Experts tell us what they
know; ROI analyses can tell us we need information in areas
the experts might not have considered. Finally, ROI analyses
are transparent, whereas experts reach conclusions via an
internal decision-making process. Indeed, by being explicit,
transparent and quantitative, the ROI approach forces us to
specify factors that are wusually at best incompletely
acknowledged.

We focused here on the ecoregion as the conservation unit,
but could have used smaller (or larger) spatial scales, for exam-
ple allocating resources among sites within or across ecore-
gions. In other words, ROI analyses are completely scalable.
Of course analyses at a different scale are likely to yield a differ-
ent blend of recommended allocations. Our analyses effec-
tively assume each ecoregion is homogeneous with respect
to species richness, costs, etc. This assumption is certainly
false. Some sites in an ecoregion will be unusually species-rich,
others unusually species-poor, and costs will vary in space, so
we expect different allocations if we analyze at different spa-
tial scales. Analyses at smaller scales can consider explicitly is-
sues such as habitat-requirements for different species,
connectivity of parcels, the need for multiple sites, etc.

Most conservation practitioners are aware of most or all of
the issues discussed in this paper. They know costs are crucial,
that urgency needs to be traded off against availability, and so
on. They also are aware of many local factors - e.g. landowner
sentiment and connections between sites and funding oppor-
tunities - that may be complicated and possibly (though not
necessarily) hard to quantify. Practitioners factor this knowl-
edge, informed by their experience, into their decisions. Never-
theless, while mentally trading off various factors may lead to
good decisions, this is a fallible process, opaque in its opera-
tion, and ultimately not capable of computingbenefit to costra-
tios affected by many interdependent components.

This is not to say that ROl is a stand-alone tool for reaching
decisions. Obviously, the ROI approach will not provide per-
fect solutions nor, in many cases, ready-to-use answers. But
it can and should inform decisions. And where the final deci-
sion is different from that suggested by ROI, clarity will be
gained by an explicit statement of the reasons.

We view ROI as a natural next step in the evolution of con-
servation planning and priority-setting. Twenty years ago for-
mal tools for conservation planning did not exist, and land

acquisition was often opportunistic, albeit valuable. Now con-
servation groups around the world use conservation planning
tools and rigorous site-selection algorithms (Sarkar et al,,
2006). All of these improvements in planning are motivated
by a desire to be more effective and to use our money and ef-
fort more wisely, goals for which ROI is precisely designed.
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