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Should farming and conservation policies aim broadly to separate land for nature and land for production
(land sparing) or integrate production and conservation on the same land (wildlife-friendly farming)?
Most studies that try to address this question suffer from flaws in sampling design, inappropriate metrics,
and/or failure to measure biodiversity baselines. We discuss how these failings can be addressed, and
what existing information tells us about the key debates on this topic. The evidence available suggests
that trade-offs between biodiversity and yield are prevalent. While there are some wildlife-friendly farm-
ing systems that support high species richness, a large proportion of wild species cannot survive in even
the most benign farming systems. To conserve those species, protection of wild lands will remain essen-
tial. Sustainable intensification could help to facilitate sparing of such lands, provided that as much atten-
tion is given to protecting habitats as to raising yields. We discuss the general circumstances under which
yield increases can facilitate land sparing, recognising that policies and social safeguards will need to be
context-specific. In some situations, bringing degraded lands into production could help reduce pressure
on wild lands, but much more information is needed on the biodiversity implications of using degraded
lands. We conclude that restricting human requirements for land globally will be important in limiting
the impacts on biodiversity of increasing food production. To achieve this, society will need to integrate
explicit conservation objectives into local, regional and international policies affecting the food system.

� 2010 Queen’s Printer and Controller of HMSO. Published by Elsevier Ltd. All rights reserved.
Introduction

Human demand for food and other agricultural products is
increasing rapidly (Godfray et al., 2010). Two consequences are
the conversion of natural habitats to anthropogenic land uses,
and the intensification of use of already-modified lands (Tilman
et al., 2001; Foley et al., 2005). The switch to increasingly intensive
land uses, often with detrimental impacts on wild species, has been
termed the land-use cascade (Terborgh and van Schaik, 1996)
(Fig. 1). From the perspective of biodiversity conservation, a key
question is: for a given level of agricultural production, what allo-
cation of area to different land uses allows the maximum level of
biodiversity to persist (Green et al., 2005a)? This needs to be sep-
arated from a second key question: what policy and regulatory
mechanisms are effective in influencing the allocation of land to
different land-use types? Here, we focus on the first of these
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questions, because understanding it is a necessary precursor to
devising policy solutions.

In this paper, we review different land-use strategies that have
been suggested as solutions. Next, we assess the models and
empirical data required to evaluate these strategies, explain why
recent studies fail to provide sufficient information, and suggest
how shortcomings in the existing evidence can be overcome. We
discuss the most important debates and provide an initial evalua-
tion of how different land-use strategies might be pursued in prac-
tice. We conclude with discussion of some of the wider
implications for food policy of our evaluation.
A spectrum of suggested solutions

Land sparing

Land sparing (Fig. 2) involves interventions to (1) meet food de-
mand by increasing yields (production per unit area) on existing
farmed lands and (2) prevent conversion (or enable restoration)
of natural or other desirable habitats (Green et al., 2005a). These
two sorts of interventions are linked because in practice protection
of natural habitats is likely to be ineffective if human requirements
for agricultural products are not being met, while increasing yields
hed by Elsevier Ltd. All rights reserved.
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Fig. 1. Simplified diagram of the land-use cascade. Over time, people tend to intensify land use and land management, generating increasing yields and other direct benefits,
while reducing populations of many wild species and often reducing indirect ecosystem benefits such as carbon storage. Unsustainably exploited land is eventually
abandoned as degraded land, which has the potential to revert to some sort of natural habitat, but with the consequence that land elsewhere will have to move along the
land-use cascade. Figure based loosely on Fig. 2.5 of Terborgh and Van Schaik (1996) and Fig. 1 of Grainger (2009).

Fig. 2. Cartoon illustrating how land sparing or wildlife-friendly farming strategies
could be used to meet an increase in food demand, in this example starting from a
region with equal areas of natural habitats, low-yield farmland and high-yield
farmland (top). Land sparing (centre) involves increasing yields in the production
landscape while protecting or restoring natural habitats. Wildlife-friendly farming
(bottom) involves expanding the area of low-yield farmland at the expense of
natural habitats.
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is unlikely to spare much land for nature unless it is coupled with
constraints on land conversion (Ewers et al., 2009). Habitat con-
version can be prevented in several ways, e.g. formal protected
areas, community-managed reserves and conservation conces-
sions. In situations where extensive land clearance has already ta-
ken place, restoration of habitats may be appropriate (Roberts
et al., 2009). Likewise, yield increases can be achieved in many
ways. ‘‘Sustainable intensification’’, increasing yields without com-
promising resources such as soils and water (Royal Society, 2009),
will be needed if land degradation (leading to shortfalls in produc-
tion and further pressure on natural habitats) is to be avoided.
Furthermore, agricultural methods that cause negative effects on
biodiversity (e.g. through pollution) outside the boundaries of the
farmed landscape will diminish the potential land-sparing benefits
to biodiversity of high-yield agriculture (Daly et al., 2007).
High-yield agriculture need not consist of chemical-drenched,
mechanically-harvested monocultures with no associated bio-
diversity, although it might often mean some use of chemicals,
high-yielding crop varieties, mechanisation and ecologically simpli-
fied systems.
Wildlife-friendly farming

Wildlife-friendly farming (Fig. 2) involves interventions to
maintain or enhance populations of wild species within production
landscapes by modifying or restraining agricultural practice. Exam-
ples of wildlife-friendly interventions include agri-environment
measures, some forms of agroforestry, and retention of small
patches of semi-natural habitat or fallow in mosaic croplands
(Benton et al., 2003; Kleijn and Sutherland, 2003; Schroth et al.,
2004; Bengtsson et al., 2005; Scherr and McNeely, 2007; Scales
and Marsden, 2008; Webb and Kabir, 2009). Where such interven-
tions do not reduce yields per unit area of the production land-
scape, which includes any unfarmed patches, they will increase
biodiversity overall. However, there is a considerable body of
evidence suggesting that yield penalties are prevalent, with
wildlife-friendly interventions tending to reduce actual or poten-
tial farmland yields (Donald, 2004; Green et al., 2005a,b). Popula-
tions of some wild species in production landscapes depend
upon the retention of small fragments of natural habitat, which
tend to reduce yields across the entire production landscape. Even
for wild species that use cropland and pasture, their tendency to
compete with or feed on domesticated plant species will often
lower yields, as would enhancing their populations by reducing
the frequency of agricultural operations that disturb soil and
vegetation. If wildlife-friendly farming demands more land than
high-yield farming, it will leave less land available for natural
habitats, and thus might not be the best option for biodiversity
overall.

Mixed strategies

The land-sparing vs. wildlife-friendly farming dichotomy is a
heuristic for thinking about trade-offs, but in reality there is a com-
plex range of options in between. Strategies combining elements of
both land sparing and wildlife-friendly farming have been sug-
gested, e.g. the design of landscapes that incorporate high-yield
farmland as well as buffers of wildlife-friendly agroforestry sys-
tems around forest fragments (Cullen et al., 2004). Such solutions
might be intuitively appealing, but there has been no rigorous eval-
uation of their merits relative to other possible strategies. Wildlife-
friendly farming and land sparing are uneasy bedfellows: pursuing
either strategy can constrain overall production by reducing poten-
tial yields or making land unavailable for farming, and is likely to
compromise the other.

Conceptual and analytic models

Despite the urgent need to identify the most promising ways to
increase food production with least impact on wild species, there
have been few attempts to combine empirical data with sound
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theoretical models, especially in the biodiversity-rich tropics. To
evaluate which type of strategy for reconciling increased food pro-
duction and biodiversity conservation is likely to be most effective,
some form of model is required, together with appropriate data.

Simple trade-offs model

A useful starting point for such evaluations is the trade-offs
model developed by Green et al. (2005a). This model requires a
description of the relationship between population density and
agricultural yield for each species (but does not depend on any
prior assumption about its shape). From this function one can
determine whether the total population of the species in a region
(comprising both the production landscape and natural habitats)
will be larger under a high-yield land-sparing strategy, under the
lowest yield consistent with meeting any given target for agricul-
tural production, or under some intermediate strategy. For exam-
ple, species with a convex density-yield function (as in Fig. 3b)
will have larger total populations under a land-sparing strategy,
while those with a concave function (Fig. 4b) will have larger total
populations with wildlife-friendly farming.

Model improvements

The simple trade-offs model captures the most fundamental
elements for designing better land-use strategies. However, there
is considerable potential to extend and improve the simple model
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Fig. 4. Proxy measures such as nitrogen fertiliser application (a) will not give the qua
between nitrogen application and yield is not linear. In this example, yields saturate ab
wildlife-friendly farming will be the best option overall for this set of four species (b).
to make it more realistic. More sophisticated approaches could use
multiple land-use types with a number of different farming or non-
farming land uses, each with a different yield. Optimisation proce-
dures could be applied to maximise some metric of biodiversity
(see below) for a specified level of production from agriculture or
other land uses (e.g. Polasky et al., 2008; Nelson et al., 2009; Watts
et al., 2009; Wilson et al., 2010). Spatially explicit versions of the
trade-offs model could be developed to account for the effects of
farmland on species’ densities in unfarmed areas (e.g. because of
transport of pollutants), and effects of habitat configuration (patch
size and distribution) on species’ dispersal and metapopulation
dynamics (Opdam and Wascher, 2004; Perfecto et al., 2009).
Empirical data required

Meaningful assessments of land-use strategies require data
which meet a basic minimum set of criteria (Green et al., 2005).
We outline four such criteria: (1) adequate design and scale of
sampling; (2) appropriate quantitative measurements of biodiver-
sity; (3) appropriate quantitative measurements of crop yields;
and (4) measurements for natural or baseline habitats, in addition
to those for a range of farming systems. Despite evaluating all 113
papers that had cited Green et al. (2005) up to February 2010, we
could not find any study that satisfied all four criteria. In this sec-
tion, we suggest how this failure might be overcome in future
studies.
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when in fact, populations of all four species will be higher if land sparing is adopted.
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Sampling design

Frequent flaws and limitations in sampling design include: (1)
lack of replication; (2) unrepresentative survey sites or no informa-
tion on how representative they are; (3) sampling soon after hab-
itat conversion, when some species committed to extinction are
still present; (4) bias in sampling completeness, with modified
habitats likely to be sampled more thoroughly as they tend to have
less structural complexity and lower beta diversity; (5) lack of clar-
ity on selection of the set of species studied, especially as to
whether they are to be considered representative of a wider
assemblage; and (6) selection of sites close to other habitats, so
that local land use effects might be swamped by edge and spillover
effects from adjacent land uses (Ricketts et al., 2001; Gardner et al.,
2007). As well as addressing these concerns, studies need to be
conducted at scales which are both biologically relevant to the fo-
cal species, and practically relevant to decision-making. Study sites
that are small relative to the size of the home ranges or functional
units of the focal species are unlikely to give reliable results. Sim-
ilarly, study sites that are small relative to the size of farm enter-
prises might be inadequate unless well-replicated, and might
have little bearing on strategic land-use decisions. In many cases,
this will require well-spaced sample sites of the order of 1 km2,
and study areas of tens to thousands of km2.
Quantitative biodiversity information

Simple aggregate measures of biodiversity value such as species
richness, diversity indices and combined abundance do not provide
sufficient information to be useful in evaluating different land-use
strategies (Fig. 3). Biodiversity metrics should, at a minimum, cap-
ture information about: (1) the value of a habitat to the species
using it, and (2) species’ identities. A straightforward measure of
the value of a land use to a species is that species’ abundance or
population density (Fig. 3b). At a landscape scale, measuring spe-
cies’ population densities in different land uses of known yield pro-
vides a measure of the value of those land uses to those species,
and implicitly takes into account the local impacts of agrochemical
use. However, as source-sink population studies have shown, high
densities of a species can occur in habitats where reproduction and
survival are insufficient for population persistence without immi-
gration from other habitats. Other metrics could be used to allow
for this, such as breeding success, or the reproductive value of indi-
viduals occupying an area (Mukherjee et al., 2002; Searcy and Shaf-
fer, 2008), but the weaknesses of population density as a metric
should be weighed against the advantage that it can be collected
inexpensively for a large number of species.

Species’ identities are important because not all species are
equally threatened, nor are they interchangeable culturally and
economically. A local rise in species richness can disguise a fall in
conservation value, e.g. if endemics are replaced by widespread
species. It is therefore essential to evaluate the impacts of different
land-use strategies for each species individually and then combine
results across species. Evaluations for single species are relatively
straightforward. The population size and/or geographical distribu-
tion of a species can be modelled. Optimising the agricultural sys-
tem for the species, at a given level of production, might then
consist of maximising, or keeping within acceptable bounds, the
species’ population or range size, or some derived quantity like
the probability of long-term persistence. Where there are several
species of concern, a community-wide metric is required taking
into account that optimal farming solutions may differ among spe-
cies. Possibilities for such a metric depend on conservation objec-
tives (see below), but could include the proportions of species
with population sizes maintained above acceptable thresholds, or
of species estimated to be committed to extinction within some
specified time (e.g. Thomas et al., 2004).

Quantitative information on yield

An element often lacking from studies of the effects of agricul-
tural systems on wild species is some quantitative measure of crop
yield or economic value (but see Makowski et al., 2007). When
yields are considered at all by ecologists, proxies such as manage-
ment intensity indices, percentage canopy cover or nitrogen inputs
are typically used (Steffan-Dewenter et al., 2007; Firbank et al.,
2008). These are interesting in their own right, but direct informa-
tion on nutritional or economic output is required to answer the
question of how to optimise the trade-off between that and biodi-
versity conservation (Fig. 4). For studies at landscape scales, yield
should be expressed in terms of total output per unit time per unit
area averaged across the whole production landscape, including
output of all crops grown, and any rotations, unproductive fallow
periods or establishment times before a crop is produced. Standard
currencies, such as food energy or money, are needed to combine
and compare information from different crops. Food energy has
the advantage that it is not affected by market fluctuations, and is
directly relevant to human nutritional requirements, but is not
appropriate for some kinds of crops, such as tea. For combining food
and non-food products, monetary currencies are more appropriate,
and permit inclusion of input costs. Measures of net profit can be
considered metrics of the opportunity cost if agriculture is foregone.

Appropriate natural landscapes and baselines

In addition to quantifying biodiversity value and yield across a
range of farming systems, studies need to include measurements
within natural or baseline habitats (Fig. 5). Deciding what baseline
to use can be a nontrivial question: they might be natural habitats,
habitats elsewhere that are similar to lost natural habitats, or even
restored habitats. The choice of baseline is not just a matter of aes-
thetics or deciding on an arbitrary ‘‘golden age’’, but has conse-
quences for the less subjective issue of long-term persistence of
species or populations. Suppose that it was possible to reconstruct
the extent and distribution of habitats in a large area throughout a
long period such as the Pleistocene. This would give an idea of the
magnitude and fluctuations of species’ population sizes over a per-
iod in which the effect of human land use has been slight for all but
the most recent millennia. Since all species extant today have sur-
vived this long period, such an assessment would identify which
species have current and modelled future abundances likely to
compromise or enhance their prospects for long-term persistence.
For example, if today’s ‘‘farmland birds’’ associated with open hab-
itats persisted for long periods in a largely forested Europe, their
current population sizes might be larger than they were during
much of the Pleistocene. If so, current populations might be more
than adequate for long-term persistence. Birds of the Brazilian
Atlantic forests, in contrast, might currently have lower popula-
tions than at any previous time (Brooks and Balmford, 1996).
Key debates

Yield differences between farming systems

There is evidence that some forms of ‘‘alternative’’ agriculture
(an umbrella term for a wide range of non-conventional systems
and practices, including organic farming) can achieve high yields
(Pretty, 2005; Pretty et al., 2006; Badgley and Perfecto, 2007;
Badgley et al., 2007). However, this evidence has been criticised
because in most cases, alternative technologies might not have
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Fig. 5. Omission of baseline habitat (a) can lead to incorrect conclusions about the relationship between population density of a species and agricultural yield (b). In this
example, wildlife-friendly farmland supports this species, while high-yielding farmland does not, demonstrating that wildlife-friendly farming has merit. However, baseline
habitat supports a far higher population density still, and overall, a land-sparing strategy will give a larger population of the species, for any production target.
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been compared against appropriate control systems: e.g. organic
best practices vs. conventional best practices (Avery, 2007;
Cassman, 2007; Hendrix, 2007; Phalan et al., 2007). Also, very
broad definitions of ‘‘alternative’’ systems were used, and yields
reported from organic farms do not always take into account rota-
tions or fallow periods (Kirchmann et al., 2008). These criticisms
are important, because while there is considerable scope to
increase yields of developing-world farms, alternative agriculture
is not necessarily the best option, and might constrain potential
yields. For example, organic yields are typically lower than conven-
tional yields in developed countries, which are closer to their
potential yields (although the latter are not necessarily sustain-
able) (Stanhill, 1990; Mäder et al., 2002; Cassman, 2003; Lobell
et al., 2009; Godfray et al., 2010).

Information needed to decide whether high-yielding alternative
farming systems are wildlife-friendly is limited. Many technologies
and practices are lumped under the heading ‘‘alternative’’, without
guaranteeing that they support increased populations of wildlife
(Fischer et al., 2009a). In some cases, alternative agricultural tech-
nologies might actually be detrimental to biodiversity: agrofor-
estry or green manure systems that introduce invasive alien
species, for example (Sanchez, 1999; Richardson et al., 2004). We
concur with Pretty (2008) that while many alternative technolo-
gies appear to offer considerable promise, they should be evaluated
according to their ability to deliver desired outcomes, rather than
on the basis of ideologies.
Externalities

Objections to high-yield farming often focus on the impacts of
fertilisers and pesticides (Matson and Vitousek, 2006; Fischer
et al., 2008; Perfecto and Vandermeer, 2008; Pretty, 2008). These
impacts can be considerable: fertiliser runoff contributes to eutro-
phication of freshwater ecosystems and formation of ‘‘dead zones’’
in shallow coastal waters (Diaz and Rosenberg, 2008; Robertson
and Vitousek, 2009); pesticides have a range of impacts, from di-
rect mortality of organisms to immunosuppression (Daly et al.,
2007; Rohr et al., 2008); fossil fuels and fertilisers produce green-
house gases including carbon dioxide and nitrous oxide, which
contribute to climate change (Crutzen et al., 2008); and agrochem-
icals and physical disturbance contribute to edge effects on adja-
cent habitats (Ewers and Didham, 2008).

However, not all high-yield farming systems generate high lev-
els of externalities. There are ways of reducing externalities: using
technologies and practices such as integrated pest management,
integrated nutrient management (e.g. with biochar, appropriate
green manures and microfertilisation), banning the most harmful
pesticides, no-till methods, replacing annuals with perennials,
development of resource-efficient varieties using conventional
breeding or genetic engineering, more efficient use of water, etc.
(Aune et al., 2007; Scherr and McNeely, 2007; Pretty, 2008; Lal,
2008; McIntyre et al., 2009; Lele et al., 2010; Godfray et al.,
2010; Guo et al., 2010). Where such practices are introduced and
evaluated with the explicit aim of increasing and maintaining long
term yields – ‘‘sustainable intensification’’ – they can contribute
towards more sustainable agriculture, but there should be no
assumption that they will improve the value of farmland for biodi-
versity. More fundamental changes, such as substituting fossil fuel
with labour, for example, will depend on economic and social con-
texts (Wright, 2008).

Expressed per unit of output, low-yield farming can also have
high externalities. Probably the biggest externality of farming, at
least as far as biodiversity is concerned, is habitat loss. Comparisons
per unit of output, rather than per unit of area, are needed to know
whether other externalities such as greenhouse gas emissions are
greater from alternative than conventional farming systems
(Olesen et al., 2006). Full accounting of externalities is essential to
assess, for example, whether the net costs of replacing carbon-
and biodiversity-rich forests with low-yielding farms outweigh
those of sparing forests and increasing yields on existing croplands
with the aid of fossil fuel inputs (Crutzen et al., 2008; Burney et al.,
2010). Externalities can be included in land-use models either as
components of cost, which need to be minimised overall, or as con-
straints (e.g. by not accepting any solution that exceeds a certain
threshold of nitrogen runoff or greenhouse gas emissions).
Heterogeneity and scale

Although it might be tempting to think that wildlife-friendly
farming and land sparing are the same thing at different scales, this
is not the case (Fig. 6). For example, agri-environment buffer strips
might be viewed as land sparing at a field scale, but at scales rele-
vant to most species, this is wildlife-friendly farming. An important
question, therefore, is: what is the most appropriate scale (grain
size) at which to implement land sparing? Should different land
uses be aggregated in large blocks, small blocks, or blocks of
varying size? The answer is likely to depend on the species in ques-
tion. Ideally, areas of conserved habitat should be (1) sufficiently
large to support viable populations, whether independently or as
part of metapopulations; (2) sufficiently large to provide areas of
‘‘core’’ habitat, free from harmful edge effects; and (3) sufficiently
small and dispersed to represent the full range of species. These
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requirements suggest that if extinctions are to be avoided, some
very large areas of habitat will need to be protected within each
biome (Peres, 2005). Smaller patches might augment these large
patches, if there is evidence that they would be effective in captur-
ing beta diversity, providing stepping stones for dispersal or
increasing opportunities for people to interact with nature.

Some argue that wildlife-friendly farming is desirable because it
maximises habitat heterogeneity (Fischer et al., 2008). We ques-
tion this assumption. Wildlife-friendly farming often promotes
small-scale heterogeneity as perceived by humans, but it might of-
ten compromise: (1) heterogeneity at larger scales, and (2) hetero-
geneity as perceived by many wild species (Lim et al., 2008). For
example, a landscape converted to a mosaic of agroforestry plots
might appear to be more heterogeneous than one in which there
are large monoculture plantations and large forest reserves, but
the latter landscape might be more effective in conserving globally
scarce habitats and species, thus adding to global heterogeneity. To
herbivorous and canopy-dwelling insects, which make up the bulk
of animal species, the heterogeneity of host plants in a ‘‘homoge-
neous’’ block of natural forest could well provide niches for many
more species than the smaller number of plants in an apparently
‘‘heterogeneous’’ agricultural mosaic landscape.

Fischer et al. (2008) argue that land sparing involves the separa-
tion of humans and nature. In this, they hint at concerns that land
sparing will deprive people of contact with wild species and further
exaggerate the disconnect between people and nature (Miller,
2005). We share this concern, but wildlife-friendly farming is not
the only possible solution, for several reasons: (1) providing access
to nature might equally, or better, be achieved by a network of
accessible and well-interpreted reserves of natural habitats; (2)
protecting ecosystems in a relatively intact state will help to counter
the ‘‘shifting baseline’’ syndrome, whereby generations become
accustomed to increasingly modified and impoverished landscapes;
(3) more than half of the world’s human population now lives in ur-
ban areas, and that proportion is rising (United Nations, 2007): per-
haps urban parks would be a more efficient way of providing people
with access to nature than extensive agricultural land-uses?

Species dispersal and connectivity

Vandermeer and Perfecto (2007) argue that wildlife-friendly
farming can act as a benign matrix to allow animals to disperse be-
tween habitat patches. Manning et al. (2006) warn of extinction
lags in land-sparing landscapes. Some wildlife-friendly farming
systems are locally more benign for a range of species than some
high-yield systems, and can be more permeable to dispersing
organisms. However, many of the species at most risk of extinction
are restricted to the interior of natural habitats. Increasing the area
of core habitat could benefit the populations and even dispersal
abilities of these most vulnerable species more than modifying
the matrix (Falcy and Estades, 2007). As with other aspects of this
debate, quantitative information is required to assess the merits of
these alternative ways of enhancing dispersal and metapopulation
dynamics – whether by ensuring a relatively benign matrix, by
maintaining corridors or stepping stones of relatively intact habi-
tat, or by conserving large source populations. The extinction risk
of fragmented populations is a function of the extinction risk with-
in fragments and the colonisation rate between fragments. To con-
clude, as Perfecto et al. (2009) do, that we can do nothing about the
extinction risk in fragments, and should therefore focus on enhanc-
ing dispersal, is simply incorrect. Certainly, the matrix matters;
but focusing primarily on habitat area and quality could still be a
more effective conservation strategy (Hodgson et al., 2009).

Conservation and environmental objectives

The identification of land-use strategies that can best meet the
needs of both humans and other species depends to some extent
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on conservation objectives. While we have so far emphasised spe-
cies persistence and avoiding global extinctions (Ricketts et al.,
2005; Noss, 2010), other possible objectives include maintaining
a range of ecosystem functions and services, such as water quality,
cultural value and carbon storage, and their resilience in the face of
change (Scherr and McNeely, 2007; Fischer et al., 2008; Fisher
et al., 2009). Such objectives can be difficult to define in practice,
because our understanding of the roles species play in ecosystems
is limited, and because the resilience of ecosystems is difficult to
predict. However, some ecosystem function-based objectives can
be defined readily, e.g. carbon storage (Wade et al., 2010). For other
objectives, maintaining viable populations of most species is a
pragmatic, if imperfect proxy for ecosystem function. Trade-offs
as well as synergies between different conservation objectives
are likely to occur. For example, maximising pollination services
might demand a fine mosaic of farms and natural habitat areas,
which would be an unsuitable landscape configuration for the con-
servation of edge-sensitive habitat specialists (although here, a
more appropriate objective would be maximising overall long-
term production from the landscape rather than pollination ser-
vices per se). As the number of objectives increases, trade-offs be-
come almost inevitable (Pilgrim et al., 2010). Working towards
truly multifunctional landscapes will require us to identify and
navigate those trade-offs (Rodríguez et al., 2006).

Fischer et al. (2008) argue that ecosystem resilience is accorded
priority in wildlife-friendly farming schemes, while maximum effi-
ciency in the present moment is the priority of land sparing. We
disagree that this is necessarily so. Maximising local resilience over
the short-term by promoting wildlife-friendly farming could well
reduce resilience at larger temporal and spatial scales (e.g. if it in-
volves clearing more forests for agriculture). There is a need for
more explicit recognition of this potential trade-off. We can work
towards this by including explicit objectives for resilience, ecosys-
tem functions and ecosystem services in land-use models (Fischer
et al., 2009b).

Poverty, food sovereignty and other social questions

Some in the conservation and development communities argue
that traditional peasant systems of low-input, low-yielding agri-
culture are both wildlife-friendly and ‘‘pro-poor’’ (Perfecto and
Vandermeer, 2008; Perfecto et al., 2009). Others argue that devel-
oping countries need technology transfer: the sharing of the most
up to date scientific knowledge that can enable them to enhance
crop production (Wambugu, 1999). There are practical social risks
with either extreme: rejecting scientific advances in favour of
‘‘indigenous knowledge’’ risks denying farmers access to technolo-
gies that could lift them out of poverty (Cross et al., 2009), while
the practice of technology transfer can result in even greater disad-
vantage to poor farmers relative to wealthy elites (Durosomo,
1993).

An emerging theme in the discourse on developing-world agri-
culture is that of ‘‘food sovereignty’’: the principle that farmers
should themselves be able to define their own food production sys-
tems (Rosset, 2008). This is sometimes associated with the pre-
sumption that a wildlife-friendly farming strategy is best for
both wildlife and for those concerned with food sovereignty
(Perfecto et al., 2009). That might be true in some situations, but
the evidence is not compelling; there might equally be cases where
both social and conservation objectives are better served by land
sparing, or where the two sets of objectives are in conflict. Given
the flexibility and variety of social institutions (Ostrom, 2007),
one approach is to assess potential solutions from a biophysical
perspective initially, before evaluating and developing equitable
ways to achieve them. An alternative approach would be to iden-
tify the range of solutions admissible in particular socio-economic
contexts, within the constraints imposed by land ownership pat-
terns and political systems, and evaluate their potential biodiver-
sity value and impacts.
From evidence to practice

Capacity of different farming systems to support biodiversity

Although species richness and other simple aggregate metrics
are insufficiently informative to help assess the biodiversity value
of modified habitats, they are commonly used for that purpose (e.g.
Perfecto et al., 2005; Dorrough et al., 2007; Wallis De Vries et al.,
2007; Steffan-Dewenter et al., 2007; Attwood et al., 2008; Firbank
et al., 2008). What is required is information on the abundances of
individually identified species in relation to crop yield. In the ab-
sence of that information, a somewhat informative, though still
crude, metric is the proportion of species found in natural habitats
but not in wildlife-friendly farmland (although this is likely to be
underestimated as a consequence of sampling biases, and because
it ignores species’ abundances and source-sink dynamics: Barlow
et al., 2010; see below). Evidence from modified tropical forest
landscapes suggests that many species (typically around half of
those found in natural habitats) do not occur in wildlife-friendly
farmland (Daily et al., 2001; Green et al., 2005a; Gardner et al.,
2010). For such species, conservation in wildlife-friendly farmland
is simply not possible.

The true number of species dependent on natural habitats is
likely to be even higher. Because of source-sink dynamics and
extinction lags, some of the species found in agricultural land-
scapes or habitat fragments are unlikely to persist in the long term
without immigration from nearby natural habitats (Brooks et al.,
1999). Mature shade-bearing trees, for example, might survive
for decades in complex agroforestry systems, but if unable to
reproduce, they will eventually disappear. Evidence suggests that
over time, farmers of agroforestry systems tend to favour a smaller
number of fast-growing, often exotic ‘‘useful’’ shade trees, whilst
killing and preventing the regeneration of unfavoured species
(Sonwa et al., 2007; Anand et al., 2008; Ambinakudige and Sathish,
2009; Cassano et al., 2009). A further issue is that of shifting base-
lines. The reference systems against which modified landscapes are
compared have themselves often been modified by human activi-
ties, so that comparisons might underestimate the difference be-
tween species’ abundances in wildlife-friendly farmland and
those in very well conserved or rehabilitated natural habitat
(Gardner et al., 2009).

There is considerable evidence that the species persisting in
wildlife-friendly farmland are not random subsets of species. For
birds, large-bodied species, understorey species, forest specialists
and restricted-range species are those least able to survive habitat
conversion, even to wildlife-friendly agroforestry (Thiollay, 1995;
Petit and Petit, 2003; Waltert et al., 2004, 2005; Abrahamczyk
et al., 2008). Similarly, in butterflies, the species unable to survive
in agroforestry systems are those with the smallest geographic
ranges (Bobo et al., 2006). These patterns suggest that increasing
the area of wildlife-friendly farmland leads to biotic homogenisa-
tion, as local endemics and habitat specialists are replaced by more
widespread species (McKinney and Lockwood, 1999).
What role for wildlife-friendly farming?

Initiatives which improve the wildlife value of farmland with-
out limiting yield increases are to be welcomed (Rosenzweig,
2003). In such cases, wildlife-friendly farming could form part of
a land-sparing strategy. Unfortunately, however, evidence suggests
that yield penalties are prevalent (Green et al., 2005a,b; Kirchmann



B. Phalan et al. / Food Policy 36 (2011) S62–S71 S69
et al., 2008), and thus that such opportunities are probably rare.
That said, there are some possibilities to reduce excess impacts
on biodiversity without lowering yields (e.g. through integrated
pest management with reduced use of pesticides): developing
and mainstreaming such practices remains an important challenge
for agro-ecologists.

There is also an argument for ‘‘sparing’’ wildlife-friendly farm-
land in cases where, even if low-yielding, farmland has comparable
biodiversity value to natural habitats. An example might be exten-
sive grazing lands in Europe, where cattle act as surrogates for ex-
tinct aurochsen (Marris, 2009). Such land use might be an option
for biodiversity conservation in some situations, whilst producing
some meat without dependence on cultivated feeds. On the other
hand, there is a question whether conservation objectives might
be better served by land sparing coupled with restoration of large
areas of habitat where reintroductions of native ungulates and top
predators might take place (Soulé, 2010).

Permanence is an important issue for both wildlife-friendly
farming and land-sparing strategies. Agricultural systems are dy-
namic and change over time, influenced by social, economic and
environmental conditions: thus, the biodiversity benefits of wild-
life-friendly farming are fragile unless protected by strong institu-
tions. Likewise, guaranteeing the long term conservation of
‘‘spared’’ habitats can be a challenge, and also requires strong
institutions coupled with the genuine involvement of local
communities.
Conditions under which policies to increase yields could facilitate land
sparing

In general, yield increases cannot be depended upon to result in
land sparing without active measures to protect natural habitats
(Rudel et al., 2009). However, there are some circumstances under
which yield-increasing technologies can facilitate land sparing: (1)
If new technologies are more appropriate for established (or aban-
doned) farmland than for conversion frontiers, farmers might be
attracted to consolidate production on already-cleared land rather
than carrying out further habitat conversion; (2) If high-yield farm-
ing is labour-intensive, it can draw labourers away from frontiers
of habitat conversion; and (3) If demand for food and other agricul-
tural products is relatively inelastic, as is the case with staples, and
is not distorted by subsidies, then high-yield farming reduces the
area required to meet that demand (Angelsen and Kaimowitz,
2001; Wunder, 2004; Ewers et al., 2009).

In addition to concerns about whether yield increases spare
land, it cannot be assumed that such land will be kept as natural
habitat. In the absence of deliberate protection measures, it is often
likely to be used for other purposes. Also, while ‘‘abandoned’’ or
‘‘degraded’’ farmland might often offer some potential for increas-
ing food production with fewer negative impacts on biodiversity
than converting natural habitats, there are large uncertainties sur-
rounding the definition, extent and production potential of such
lands (Plieninger and Gaertner, 2010). Developing them for food
production would in some cases have substantial negative impacts
on biodiversity (e.g. Edwards et al., 2011).
Wider food policy implications

Our assessment suggests that the physical footprint of food pro-
duction should be at the forefront of the debate about ‘‘ethical’’
food (Lang, 2010). If minimising the amount of land used is of par-
amount importance for biodiversity, wildlife-friendly production
methods might be less desirable than high-yield farming, even if
the former supports greater biodiversity on the farmland itself.
Further information is needed to understand whether this is true
in specific contexts, but where it is, an adjustment of incentives
will be required. In some circumstances, price premiums and sub-
sidies which currently go towards wildlife-friendly farming certifi-
cation or agri-environment schemes might be more effectively
spent on large-scale habitat protection and restoration. Thoughtful
application of ‘‘biodiversity banking’’ schemes is one way in which
this could be developed (Burgin, 2008). A key insight is that sus-
tainable intensification need not involve maintaining high levels
of in-field biodiversity for it to be part of an effective conservation
strategy.

Demand-side measures could also play an important role in
reducing the physical footprint of food. A switch towards diets
based on foods which use less land could help to create opportuni-
ties for stabilising and even reducing land demand for crops, as
could reducing food waste (Godfray et al., 2010). As previously
noted, explicit measures are needed to ensure that ‘‘spared’’ land
is allocated to nature conservation rather than, say, to the produc-
tion of biofuels or luxury foods and fibres, and land sparing seems
most likely to succeed where food and conservation policy are well
co-ordinated. We do not seek to downplay the risks of high-yield
agriculture, but if locally ‘‘sustainable’’ food systems do not add
up to a global food system capable of feeding humanity, whilst also
leaving enough space for wild species, then radical solutions must
be considered.

Conclusion

The data needed to inform decisions about the extent and scale
at which to separate or integrate food production and biodiversity
conservation are surprisingly scarce. Conceptualising the problem
in terms of trade-offs focuses attention on the real threats to biodi-
versity from an expanding food system. Based on available evi-
dence, and taking a global perspective, we cautiously advocate
better integration of food policy and conservation policy to limit
the amount of land used for food production, and to maintain or in-
crease the area of natural habitats. We recognise that translating
that broad strategy into local and regional policy objectives will
depend greatly on the local context. In some situations, reducing
food waste and unnecessary demand for land-hungry crops might
be as important as increasing yields. In other contexts, sustainable
intensification is needed to ensure sufficient food production
whilst avoiding a sprawl of low-yield farming at the expense of
wild lands. Careful assessments are needed of the biodiversity
implications of using degraded lands. If yield increases are har-
nessed not just to increase production, but to enable greater levels
of habitat protection, they could help much of the planet’s biodi-
versity to survive the coming century of unprecedented human
pressure.

Ultimately, neither wildlife-friendly farming nor land sparing is
a complete solution: they will only delay and not avert biodiversity
loss unless humans are able to limit their requirements for land.
Biodiversity conservation will fail if we expect it to be achieved so-
lely as a by-product of other policies such as sustainable intensifi-
cation. It can however succeed, if explicit objectives, and steps
needed to deliver them, are integrated throughout local, regional
and international policies affecting the food system.
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