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Artic{e history: Increasing yield has emerged as the most prominent element in strategies to deal with growing global
Received 14 November 2012 demand for food and fibre. It is usually acknowledged that this needs to be done while minimising harm to
Received in revised form 9 April 2013 the environment, but historically land-use intensification has been a major driver of biodiversity loss. The
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Available online 9 May 2013 risk is now great that a singular focus on increasing yields will divert attention from the linked problem

of biodiversity decline, and the historical pattern will continue. There are options that increase yields
while reducing harm to biodiversity, which should be the focus of future strategies. The solutions are

Ié?l/_l ‘;V:rrj:t"ion not universal, but are locally specific. This is because landscapes vary greatly in inherent biodiversity, the
Ecosystem services production systems they can support, and the potential for them to be adopted by landholders. While new
Food production techniques might apply at local scale, biodiversity conservation inevitably requires strategies
Agriculture at landscape and larger scales.
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1. Introduction

Feeding the world’s growing human population at escalating
rates of per capita food consumption is one of the pivotal societal
challenges for the coming decades. Doing so in an environmen-
tally sustainable manner while maintaining a global commitment
to the conservation of biodiversity will stretch trade-offs between
production and conservation to breaking point. Recent global
assessments (e.g. Bruinsma, 2009; Foley et al., 2011; Foresight,
2011; Godfray et al., 2010; Herrero et al., 2010) suggest that it will
be possible to meet this challenge and limit harm to biodiversity
because options exist to intensify food production per unit area,
while halting further expansion of the area of land under produc-
tion. The underlying principle is to close the “yield gap” (Lobell et al.,
2009) - the gap between realised and achievable yields across the
farms of the world. However, a yield growth prescription does not
in itself provide actions for reducing the negative impacts of agri-
cultural intensification on biodiversity. The problem, then, is that
while we rally scientific resources to meet the global food and fibre
production challenge, we risk falling even further behind on the
challenge of reducing the rate of biodiversity loss. In other words,
we might close the yield gap, but further widen the sustainability
gap (sensu Fischer et al., 2007).

It has long been recognised that productive land-use and the
practices we adopt to achieve this, are strong drivers of biodiver-
sity loss (e.g. Carson, 1963). But there are concerns that recent rates
of biodiversity loss from all causes, not just land-use, are so great
(Barnosky et al., 2011) that we might already have exceeded the
point where dangerous feedbacks on ecosystem capacity to sup-
port biodiversity are expected (Rockstrom et al., 2009). Moreover,
these pressures are intensifying (SCBD, 2010), particularly from the
direct and indirect effects of climate change on biodiversity (Bellard
et al,, 2012). Current rates of biodiversity loss are now considered
so severe that the goal must be not just to stabilise them, but to
reduce them (Butchart et al., 2010).

The emerging problem we see is that the scale of the global food
and fibre production challenge (and the implied risks it brings in
terms of social disruption, conflict and famine) is overwhelming
environmental concerns. Although the risks to biodiversity arising
from the food and fibre challenge are well recognised in the sci-
entific literature (e.g. Godfray et al., 2010; Tilman, 1999) there are
few signs that the size and scope of the problem, and the interlinked
nature of biodiversity and agriculture, are sufficiently appreciated
in broader society. Biodiversity loss continues to be treated as a
stand-alone problem, tackled independently from the food and
fibre problem. As a consequence, biodiversity conservation risks
being relegated to a secondary matter to be considered while solv-
ing the primary problem of supplying sufficient food and fibre to
the human population. History suggests that as long as we view
biodiversity conservation as a secondary consideration it will lose
out (Wood, 2000). Prescriptions for better conservation outcomes
will suffer from a lack of implementation, especially are if they are
perceived as complicated (Hall and Fleishman, 2010) or interfering
with other goals.

The first risk of the “closing the yield gap” strategy is that it will
fail to prevent further expansion of agriculture. Growth in food
production in the past has been strongly correlated with growth
in agricultural land area (Pretty, 2008). While opportunities to
expand the areal extent of agriculture in some regions are limited
because the best land is already developed (Young, 1999), there
are other regions where agriculture has expanded dramatically in
recent times. Significantly, some of this expansion has occurred in
high biodiversity tropical regions, such as for soybean production
in South America (Grau et al., 2005) and palm oil in Southeast Asia
(Koh and Wilcove, 2007). Moreover, history shows that increas-
ing yield does not by itself prevent expansion of the area under
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Fig. 1. A global typology of agricultural landscapes, and the top priorities for the
management of local biodiversity in a context of increasing demand for agricultural
products (dot points). The y-axis represents the degree to which the production
system extends across the landscape of interest. If production has a relatively low
extent then there are many and widespread places in the landscape where endemic
biodiversity can persist without coming into conflict with production practice. The
x-axis represents the degree to which the production system contrasts with the
pre-conversion ecosystem in structural traits and disturbance regimes. Thus, a low
contrast production system mimics endogenous structural complexity and disturb-
ance regimes. High contrast production systems share little in common with the
pre-conversion ecosystem and often involve high levels of inputs and mechanisa-
tion. The landscape types are chosen to represent the extremes of the gradients, but
in reality intermediates will be common.

production (Angelsen and Kaimowitz, 2001; Ewers et al., 2009),
and is only likely to do so where regulation supports this outcome
(Matson and Vitousek, 2006). The second risk of the closing the
yield gap strategy, however, is even more difficult to solve. The
danger is that the technical solutions to closing the yield gap will
increase harm to biodiversity. This problem is typically framed as
a trade-off between land-use intensification (LUI) and biodiversity
conservation.

Here we aim to provide context for the challenges of achieving
biodiversity conservation goals while meeting demand for food and
fibre production. We examine the way in which good solutions for
both biodiversity and production are shaped by understanding and
accommodating differences among landscapes in biodiversity, pro-
ductive potential, and human populations. To help understand the
diversity of landscapes we present a typology that is structured
around two axes that are critical to the relationship between pro-
duction and biodiversity (Fig. 1). The first axis describes the extent
to which productive land use occupies the landscape of interest, the
second axis describes the degree to which the production system
contrasts with the properties of the pre-agricultural ecosystem.
The first axis recognises the critical impact of land use conver-
sion, and the second axis reflects that different agricultural systems
have different potential to support elements of endemic biodiver-
sity. Replacement of endemic diversity with widespread species
is the pattern at the heart of global biodiversity decline. We dis-
cuss some archetypal agricultural systems to illustrate landscape
diversity and explore these axes. Finally, we consider strategies for
attaining better outcomes for biodiversity and production systems
that reflect this diversity.

2. Land-use intensification and cross-scale effects

It is widely acknowledged that past LUI has been a primary
driver of global biodiversity decline (Foley et al., 2005; Gibson et al.,
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Fig. 2. Intensive dairy farming in New Zealand.
©iStockphoto.com/jvdwolf.

2011; Tilman, 1999; Tilman et al., 2002), but there are different
views on what precisely constitutes LUI. Some have defined LUI
as the degree to which humans appropriate an increasing frac-
tion of potential net primary productivity (Erb et al., 2009; Krebs
et al.,, 1999). This simple concept focuses on production and is neu-
tral on the issue of land area, whereas other definitions emphasise
the difference between increasing the land area under agriculture
and intensification as the means by which gains are made using
increased inputs per unit land area (Moller et al., 2008). By contrast,
the Food and Agriculture Organisation treats land area as just one
of many ‘inputs’ to the farming enterprise, and defines intensifica-
tion in terms of the economic efficiency of production output per
unit input (FAO, 2004), thereby removing the distinction between
area occupied and intensification.

Our interest, however, is not in settling on a definition of LUI, but
rather to identify the features of land use change that impact bio-
diversity. Increased area of land in production is one crucial driver
(Fig. 1). However, biodiversity loss does not have to be directly
coupled with higher production per area. Rather, it is the specific
processes or methods used to produce high yield that can be inim-
ical to biodiversity. For example, simplification of habitats when
monocultural production dominates the land area impacts at local
and landscape scales (Fig. 1, quadrant B). Pesticides intended to kill
unwanted organisms can reduce within-field biodiversity, but also
cause larger scale or “spillover” effects. For example, the spillover
of agricultural chemicals can dramatically affect neighbouring non-
agricultural land or waterways, and non-native species that prosper
on production lands can become competitive invaders in adjacent
non-agricultural land (Rand et al., 2006). Inefficiencies in the utili-
sation of inputs can cause excess nutrients to accumulate, causing
eutrophication of environments adapted to low nutrient conditions
(Kleijn et al., 2009).

Another kind of off-site effect comes from the environmental
costs of producing the inputs that themselves go into the pro-
duction of food and fibre yields. For example, the manufacture of
fertilisers comes at a significant energy cost (West and Marland,
2002), and the production of imported livestock feed requires
land and other inputs of its own. Consider the case of the New
Zealand dairy industry, which now produces over one-third of
global dairy commodities (Baskaran et al., 2009, Fig. 2). Historically,
intensification was underpinned by on-farm increases in energy
and resource use. Increasingly though, production is now supple-
mented by feed imports. In the last 30 years, the proportion of
farmers using externally grown feed supplements has increased
from 20% to 80% (Holmes and Roche, 2007), with a shift in the
last decade from feed grown locally to imported feed stocks from
overseas. Imports of palm kernel expeller (PKE) from southeast
Asia increased from ~1 t to ~1 million t per annum between

1999 and 2009. New Zealand now uses one-quarter to one-half
of global PKE production for livestock feed. Imported feed stocks
increase New Zealand’s agricultural land-base without the need
to convert more land to agriculture. Consequently, the apparent
ratio of local production to environmental impact (i.e. the sus-
tainability of production) increases favourably, but occurs at the
expense of ‘exporting’ environmental damage because high PKE
demand increases the profitability of oil palm plantations, provid-
ing further market incentive to convert rainforest to oil palm. This
example underlines the point that when considering the drivers
and consequences of LUI, it is essential to understand cross-scale
dependencies and the coupling of local environmental damage to
global market pressures during the life-cycle of the product. Ulti-
mately these cross-scale impacts can be assessed at the global level
by assessing sustainability of production in terms of the total flow
of energy and materials between humans and their environment
(Burger et al., 2012).

But not all technologies for closing the yield gap need to increase
pressure on biodiversity. We recognise three different classes of
strategy that can lead to better biodiversity outcomes. The first
is to better target inputs in space and time so that the agricul-
tural system gets the maximum benefit while reducing spillover
and unintended impacts. For example, better application of fer-
tiliser through precision-agriculture (Cassman, 1999) can optimise
nutrient uptake by crops and thereby reduce eutrophication of soil
and water. Similarly, target-specific pesticides reduce unintended
impacts on other animals. The second class of strategies focuses on
maximising efficiency benefits by harnessing ecosystem services
(Barrios, 2007; Bommarco et al., 2013; Mediene et al., 2011). For
example, natural enemies can reduce pest outbreaks (Thompson
etal.,, 2011) and integration of nitrogen-fixing plants in production
systems can increase yields (e.g. Akinnifesi et al., 2010). The third
class of strategies focuses on spatial planning of land use, recogni-
sing that in some landscapes optimising land use decisions at large
scales appears likely to lead to real biodiversity gains without com-
promising landscape wide levels of production (e.g. Polasky et al.,
2008; Hodgson et al., 2010; Barraquand and Martinet, 2011).

These strategies give reason for optimism that there are
‘win-win’ approaches. From the perspective of biodiversity con-
servation, the critical question is whether we can break the nexus
between LUI and biodiversity loss by adopting methods that close
the yield gap while simultaneously benefiting biodiversity. The
alternative is to continue down the same historical pathway in
which pursuing increased yield in the short term comes at a great
biodiversity cost, and with negative consequences for yield in the
long run.

3. Why conserve biodiversity in agricultural landscapes?

The historical pattern, in which increasing agricultural produc-
tion has come at a cost of reduced biodiversity, suggests that the
desire to protect biodiversity has consistently been outweighed by
the desire to produce more food and fibre. Perhaps this is unsurpris-
ing given the central role of agricultural productivity in generating
wealth and human wellbeing. However, the continuing degrada-
tion of biodiversity has exposed two different kinds of risk for future
generations. The first is that we lose species (or other elements of
biodiversity) that are in fact widely valued by society, not because
people do not care, but because the mechanisms to protect biodi-
versity are ineffective. The second risk focuses on utilitarian values,
in that the loss of biodiversity can threaten the provision of ecosys-
tem services to humans (MEA, 2005; Naeem et al., 2009). In this
way, biodiversity loss can actually undermine the goal of increased
food production, or create other risks to human welfare that exceed
any benefits of increased food production (Rands et al., 2010). This
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is a difficult risk to manage because the negative consequences
are often not monitored (Lindenmayer et al., 2012a) and, even if
they are, then the link back to fundamental causes is often not
made.

Biodiversity is understood to support many ecosystem func-
tions, including many that directly benefit humans (Hooper et al.,
2005), so we can make a generic prediction that biodiversity loss is
expected to have areal cost to society (Daily, 1997). It is critical that
we understand how these feedbacks impinge on food and fibre pro-
duction in particular. For example, a recent review of four decades
of data on 99 crops with varying levels of dependence on pollina-
tion, found that crops with greater dependence on this ecosystem
service had lower rates of yield growth, and a greater increase in
the area planted (Garibaldi et al., 2011). This pattern suggests that
yield growth is constrained because the provision of crop pollina-
tion as a free ecosystem service is diminishing in the agricultural
landscape. Growth in the land area under these crops may help
to meet demand, but at the risk of further eroding the ecosystem
service. It is critical to establish how general this pattern is for
other ecosystem services linked to food and fibre production, and
to develop production systems that avoid creating these unwanted
trade-offs.

4. Defining better targets

Defining better targets for more environmentally sustainable
intensification of production must address the whole food produc-
tion and distribution system. Although we focus primarily on the
production sector, it is also critical to recognise that other efficien-
cies in the global food system could boost food availability, and
some at lower cost to biodiversity than LUI. For example, significant
amounts of food are lost in storage or distribution, so that improve-
ments in these areas will in some cases provide benefits that exceed
what is possible from closing the yield gap (Cook et al., 2011). In
practice, however, we are not choosing between more sustainable
LUI or better food storage and distribution; both strategies should
be adopted.

In the production sector, the yield growth prescription has been
motivated primarily by the shortage of productive land, but has
also been linked to the goal of reducing the negative environmental
impacts of production (e.g. Godfray et al., 2010; Tilman et al., 2002).
The driving assumption is that the negative impacts of agriculture
are proportional to the area in use. A more detailed assessment
of agricultural practices, however, reveals that different forms of
agriculture vary greatly in their impact on biodiversity. Some pro-
ductive land-uses support relatively high biodiversity while others
host very low biodiversity, so the relationship between area of
productive land use and impact is complex. To accommodate this
diversity of systems, we should not assess impact simply by area,
but instead favour production practices that support high levels
of production with least impact on biodiversity, assessed across
the whole extent of the production system (e.g. Hodgson et al.,
2010). The science question then becomes one of determining
which practices lead to the best outcomes in different landscapes.
This question is at the heart of a current debate on different solu-
tions to the production-conservation trade-off, which has been
framed around the ideas that there is a spectrum of options which
range from integrating conservation and production goals across
the whole landscape (land sharing) through to segregating pro-
duction and conservation goals into different land parcels (land
sparing)(e.g. Phalan et al.,2011; Tscharntke et al., 2012). Better bio-
diversity outcomes will require a more explicit recognition of the
particular scales of assessment and the scale on which important
processes naturally occur, and clarity in the framework for analysis
(Pelosi et al., 2010).
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Fig. 3. Temperate eucalypt woodland replaced by grain cropping in Australia.
©CSIRO, photograph by John Coppi.

5. Different landscapes, different options

Different places around the globe vary in their inherent biodi-
versity value and production potential. They also differ in current
composition of native and agricultural elements, which create dis-
tinct patterns of landscape heterogeneity (Fahrigetal.,2011). While
the normal expectation is that increased production comes at a
cost to biodiversity, the functional form of this trade-off relation-
ship will differ from place to place (Perfecto et al., 2005). The
history of land-use also determines the potential outcomes in both
the production and biodiversity dimensions. Landscapes with a
long history of intensive land-use may have relatively little scope
for further productivity gains through LUI, and might be among
the most difficult landscapes in which to achieve wins for bio-
diversity conservation. In contrast, newly developed production
landscapes begin with the greatest potential for biodiversity con-
servation (Fig. 1, quadrant C), but if conservation planning fails then
the cost might be severe (Gibson et al., 2011). This problem is seen
in the oil palm landscapes of tropical Asia, where a productive agri-
cultural system replaces high biodiversity tropical forest (Koh and
Wilcove, 2007).

Two examples illustrate our point about the contrasting options
available for production and biodiversity in different landscapes of
the world. First, cereals are the mainstay of the human diet and
global population growth is expected to drive on-going intensifica-
tion of their production (Cassman, 1999). Production is responsive
to world trading markets rather than local needs (Reganold et al.,
2011). Cereal production is often associated with the most cleared
and homogenised of all the world’s landscapes (Matthews, 1983:
Fig. 1, quadrant B). Consider the relatively short history of cereal
production in Australia, where large areas have been transformed
from temperate native woodlands into grain production or grain-
and-grazing rotation, with native vegetation sometimes reduced to
10% of the plains landscape (Sivertsen and Metcalfe, 1995; Driscoll,
2005: Fig. 3). As a consequence, woodland species are now over-
represented on Australian threatened and endangered lists. The
contrast between the biodiversity on agricultural land versus adja-
cent native remnant vegetation is stark (McIntyre et al., 2002a),
to the extent that there is little compatibility between the agricul-
tural habitat and native biodiversity. Maintaining connectivity for
movement of organisms among remnants when there are so few
remaining is also difficult. Restoration to achieve better connectiv-
ity can be expensive where loss of production land incurs market
costs. In short, the history and economics of these highly frag-
mented landscapes greatly constrains the potential for improved
biodiversity outcomes.

Tropical agroforestry systems, on the other hand, offer a stark
contrast to the cereal landscapes of warm temperate regions.
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Fig. 4. A structurally complex coffee agroforestry farm in Chiapas, Mexico.
Photograph by John Vandermeer.

Although many agroforestry commodities like coffee and choco-
late are not essential food staples, like basic grains or vegetables,
they nevertheless represent an important part of the economies
of many poor countries, supporting millions of people through-
out the tropics. From an ecological perspective, coffee and cacao
are special in that both occur as understory plants and grow
well under shade trees, creating an “agroforest” that structurally
resembles the forests they replaced (Fig. 4: Fig. 1 quadrants A
and C). Coffee and cacao agroecosystems are becoming emblems
of managed ecosystems that can be planned to contribute to
sustainable agriculture in a variety of contexts. First, as a reposi-
tory for biodiversity, they sometimes house levels of biodiversity
that rival nearby native systems (Perfecto et al., 1996). Second,
shaded coffee and cacao systems can contribute a high quality
matrix element in landscapes where biodiversity is maintained
through dispersal dynamics that promote the persistence in rem-
nant patches (Perfecto and Vandermeer, 2008). Third, because the
physical structure of agroforests mimics that of native forests,
they are thought to provide a buffer to some of the negative
impacts expected under global climate change (Vandermeer et al.,
2010). Fourth, the biodiversity harboured within these agroecosys-
tems and the adjacent native habitats contribute to ecosystem
services such as pollination and pest control (Vandermeer et al.,
2010).

The striking differences between the systems (i.e. cereals in a
cleared woodland and coffee in an agroforest), illustrate the point
that options for better biodiversity outcomes in agriculture depend
on the inherent contrast between the productive land-use options
and the pre-agricultural ecosystem (Fig. 1). In regions where trees
have made way for annual cropping systems the contrast is so great
that there will be few options for significant biodiversity outcomes
in the agricultural matrix, because the endemic forest or woodland-
dependent biodiversity is not supported by the agricultural habitat.
It becomes especially important in these circumstances to ensure
that interpatch dispersal can occur, to sustain the remnant popula-
tions (Perfecto et al., 2009). In contrast, where complex agroforests
replace native forest, it is more likely that agriculture can approx-
imate structurally and spatially complex environments that are
productive and support biodiversity (Clough et al., 2011; Perfecto
and Vandermeer, 2008). Explicit recognition of the diversity of rela-
tionships between production and biodiversity is the first step in
balancing trade-offs in different agro-ecological systems. Clearly,
not all land-use options or technologies are equivalent in their
impact (on production or biodiversity) under different social, eco-
nomic, biogeographic and ecological contexts (Tscharntke et al.,
2011).

Fig. 5. Small scale faming in the Eastern Himalayas.
Photograph by Pashupati Chaudhary.

6. Landscapes of people

The examples we have discussed so far treat land-use options
as if the only relevant dimensions were productivity and biodiver-
sity. In practice, of course, productive landscapes are also home
to people. In spite of the global trend towards urbanisation, it
remains the case that many millions of people live in rural land-
scapes and practice small holder agriculture. Worldwide, there
are 500 million small landholders, with the majority (87%) in Asia
(World Bank, 2007). Millions of small farms dot these sometimes
biodiversity-rich landscapes, and most of the landowners practice
subsistence-level farming that is insufficient to meet basic family
needs. For example, on the Singalila range on the eastern border
between India and Nepal, small farms, less than half a ha in extent,
are interspersed within aremnant forest mosaic (Fig. 5: Fig. 1 quad-
rant A). The landscape, as a part of the Himalayas biodiversity
hotspot, has high biodiversity, and is typical of many landscapes
in biodiversity hotspots in Asia.

Conventional LUI is neither desirable nor feasible in this context
because inputs are too expensive for landholders. Moreover, such
inputs could endanger surrounding biodiversity, and have already
done so in many places. Setting aside land for conservation without
drastically altering the socio-ecological system is seldom possi-
ble. In fact, in many areas of the Himalayas and other regions, the
establishment of protected areas with centralised management has
created social, economic and political problems. A viable option to
enhance rural incomes and conserve biodiversity is for the farmer
to sustainably generate a diversified portfolio of goods and services
from their lands and local ecosystems (Bawa et al., 2012). Exploita-
tion of resources from the non-farmed part of the landscape is an
opportunity, but one that must be managed to avoid unsustainable
harvesting (Kangalawe and Noe, 2012).

In a landscape of small-holder subsistence farmers a decline in
productivity could have immediate and dire impacts on human
welfare. At the same time, if most production is consumed locally
rather than traded, the role of policy or market mechanisms to
shape land-use choices is limited unless those policies are directed
at local institutions. Likewise, if LUI diminishes ecosystem services
and resilience, poorer agriculturalists are likely to be more affected
by this loss (MEA, 2005).

Even beyond the smallholder landscape, food production is
intimately linked to culture (Boogaard et al., 2008). Many food pro-
duction systems have cultural values that make them important
regardless of whether or not they offer the most efficient pro-
duction option in terms of nutrition. These values create another
constraint to the rapid transformation of agriculture towards high
efficiency options, and offer another important set of values that
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need to be accommodated in land-use planning for biodiversity
conservation.

7. Conclusions

Considering the complex choices in different landscapes and dif-
ferent social and economic circumstances, it might be tempting to
think that conservation in production landscapes is too hard, and
that one is more likely to achieve good biodiversity outcomes in
other arenas. This strategy cannot succeed, however, because land-
use for food and fibre now occupies more than 50% of the earth’s
ice-free terrestrial surface (Ellis et al., 2010). At landscape scale the
potential to maintain biodiversity is greatest when productive land
useis limited in extent, or when production systems mimic features
of the pre-conversion ecosystem. As pressure grows to increase
production we need methods that do not further increase the extent
ofland under production, or that diminish the contrast between the
production system and the native ecosystem, or hybrids of these
elements. We are always constrained by the present day starting
point for a future trajectory of change, and by the social context of
land use and production. By appreciating these dimensions we can
better identify realistic strategies matched to the potential of each
landscape.

Biodiversity conservation requires that we manage for move-
ment of organisms or their propagules, recognizing that dispersal
might be achieved by allowing permeability of the matrix (espe-
cially in low contrast landscapes) or by facilitating connection
through the non-production patches (especially in high contrast
landscapes: Lindenmayer and Franklin, 2002; Perfecto et al., 2009).
The science challenge is to understand how this can be achieved in
a production context (Fahrig et al., 2011). In heavily cleared cereals
landscapes (Fig. 3), biodiversity outcomes rely on the protection
and restoration of the relatively small amount of remnant vegeta-
tion in the landscape. Small landscape features, such as scattered
trees can have a disproportionate benefit to biodiversity (Gibbons
and Boak, 2002), with little cost in agricultural area. As long as
spillover effects are managed, and some inter-patch dispersal is
possible, increasing yield from the farmed land need not increase
pressure on biodiversity. In less heavily cleared woodland areas
there is potential to manage a mosaic that includes a matrix of
woodland remnants with intensive grazing, lower impact grazing
of native vegetation, and areas of annual crops, creating a landscape
that supports woodland biodiversity and sustainable productive
agriculture (Mclntyre et al., 2002b, Fig. 1 quadrant D). By contrast,
the coffee or cacao agroforestry system (Fig. 4) can provide spatially
continuous biodiverse communities. Increasing yields from these
systems is not a requirement for food security reasons, because
the crops are not essential to human diet. Rather, the benefits
come from supporting local livelihoods and in a landscape of rela-
tively high biodiversity. In the Indian smallholder landscape (Fig. 5)
production is important to local food security and the existing land-
scape supports significant biodiversity. Techniques for improved
yield are only appropriate if they can be implemented in the small-
holder context, and avoid homogenisation of the diverse landscape.
Opportunities for improved human welfare come from diversifica-
tion of goods and services that smallholders can sell. Of course,
there are many other example landscapes, and not all of them will
offer true win-win opportunities, but we argue that in each case
it is likely that there are opportunities for production and biodi-
versity outcomes that are better than business as usual. Increased
production will be achievable in some contexts, and in others it
will be incompatible with good outcomes biodiversity and for local
people.

There are many reasons for optimism that good regional solu-
tions are possible, but they risk being overlooked if the solution to

the food and fibre production challenge is oversimplified to a sin-
gle goal, i.e. to increase yields. Maximising global human welfare
should be the underlying driver, with all its attendant complexity.
Forms of land-use intensification that ultimately undermine biodi-
versity and the ecosystem services that support agriculture will not,
in the long run, meet that goal. As with any real global challenge,
there cannot be a single recipe to solving the problem (Lindenmayer
etal.,2012b). The solutions must be tailored to different landscapes,
with different potential for productive land-use, different inherent
capacity for biodiversity, and different human populations. Out-
comes need to be assessed at the scale that really encompasses
most of the costs and benefits: goods are routinely transported long
distances, but biodiversity and its benefits are localised. Therefore
while regionally relevant solutions are required, impacts must be
understood at larger and more inclusive scales so that improved
production and biodiversity outcomes in one landscape do not
come at the cost of worse outcomes in another.
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