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Summary

The effectiveness of land sharing and land sparing (LS/LS) approaches to conservation in the
face of rising agricultural demands has been widely debated. While numerous studies have
investigated the LS/LS framework from an ecological lens (yield-biodiversity relationship)
the relevance of the framework to real life depends on broader considerations. Some of the
key caveats include: 1) limited knowledge regarding the feasibility of interventions given
diverse stakeholders’ interests, ii) the social acceptability (uptake) of these contrasting
strategies to direct land users, and iii) limited knowledge regarding their impacts on
individuals’ livelihoods and food security. Without considering these social science
dimensions proponents of the framework risk an incomplete picture that is not grounded in
local realities and can paradoxically force into opposition the very conservation and
development interests they seek to reconcile. Using a Companion Modelling approach, which
comprises the development of a role-playing game (RPG) and an agent-based model (ABM),
this thesis addressed these caveats. The research was based in the Nilgiris of Western Ghats
India, a tropical agricultural system at the forest frontier.

The main findings show that through engaging local stakeholders in a participatory process,
plausible land use strategies that align with their objectives could be identified. Stakeholders
proposed three land use interventions. Two of them resemble a form of land sparing
(‘monofunctional’ landscapes) on the farms: sparing land for Wildflower Meadows or Tree
Plantations while increasing yield on the remaining land. The third intervention asks farmers
to accept yield penalties for Intercropping more trees on their farms, a form of land sharing
(‘integrated’ landscapes).

In terms of decision-making regarding the adoption of these three interventions by direct land
users, the study reveals several findings. Firstly there are three main types of motivations that
influence farmers’ decision to adopt interventions, in order of importance: monetary benefits,
pro-environmental motivations and social norms. Secondly, land use, the type of management
preferred on the farm and whether land users accept trees on the farm or not are factors that
influence what type of interventions is socially acceptable on individual farms. These factors
have been detected in the in-depth household survey and also validated by the RPG. When
assessing the adoption of the three interventions, ex ante their implementation, using an
ABM, there are some important differences observed between the interventions. Wildflower
Meadows is the intervention adopted by the largest number of households, whereas
Intercropping is adopted across the largest area of land. Forest Plantations is significantly
more unpopular then the other two interventions.

The third line of investigation, about the outcomes of adoption, has important policy
implications. Adding a socioeconomic dimension to the ecological one adds a level of
complexity and creates a less straightforward choice between the LS/LS strategies. None of
the three interventions can provide optimal outcomes for production, aspects of biodiversity
conservation, livelihoods and food security. Each intervention has indicators that score better
compared to the other two interventions.

The findings demonstrate that the ecological focus of the LS/LS framework is insufficient to
deal with real world complexities and lends itself to overly simplistic policy prescriptions.
More meaningful policies could be achieved when bridging natural and social sciences to
better understand the merits and limitations of the LS/LS approaches.
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Acronyms

Agent-based model(s) or agent-based modelling

Companion Modelling

Food Consumption Score

Human Development Index

Indian Rupee

Land sharing and land sparing

Land use and land cover

Nilgiris Biosphere Reserve

Public Distribution System

Policy Land Use Socio-Economic Simulator
Role-playing game(s)

Scheduled Castes

Self-help group(s)

Sustainable Livelihoods Framework

Scheduled Tribes

United Planters’ Association of Southern India

Working Group of the relevant stakeholders
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PART I

Chapter 1

Integrated or monofunctional landscapes?
Unpacking the food-biodiversity nexus

1.1 Feeding a hungry world

The global human population is projected to reach 9.8 billion by 2050 (UN, 2017) and already
795 million people are estimated to be chronically hungry (FAO et al., 2015). In absolute
terms, the highest burden of hunger is experienced in Southern Asia, followed by Sub-
Saharan Africa. Most areas of the world have seen improvements, but regions such as Central
Africa and Western Asia are moving away from the hunger targets, with a higher proportion
of undernourished in the population now than in 1990-92 (FAO et al., 2015). While it has
been argued that there is sufficient food globally for everyone to lead healthy and active lives
(Alexandratos, 1999, Alexandratos, 2009), widespread inequality means the current world’s
food system is not adequately equipped to ensure equitable distribution for everyone
(Conway, 2012, FAO et al., 2015).

Food security is described by the FAO (1996) as ‘when everyone has physical and economic
access to sufficient, safe and nutritious food’ (FAO, 1996). Although this definition has been
contested it still remains the most commonly used (Jones et al., 2013). Achieving global food
security, within the context of a burgeoning global population requires ‘major
transformations’ of the planet's food systems on multiple fronts (FAO, 2017a). Some of the
key leverage points include: reducing inequality and poverty, addressing climate change,
promoting dietary shifts, more efficient use of fertilisers and water, closing yield gaps,
reducing food waste (particularly in developed countries) and ensuring a sustainable natural
resource base or targeting food for direct consumption (Fedoroff et al., 2010, Gustavsson et
al., 2011, Cordell and White, 2014, West et al., 2014, Alexander et al., 2017, Bennett, 2017,
FAO, 2017, Fischer et al., 2017a, Myers et al., 2017). For example, estimates indicate that by
reducing food waste in the United Sates of America, India and China an additional 413

million people per year could be fed (West et al., 2014).
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Global food demand is partially driven by changing diets in increasingly wealthy nations,
largely feeding the wants of the wealthy, not the needs of the poor (Tilman et al., 2011,
Fischer et al., 2017a). As a result, growing demand for food is often taken as unalterable.
Whilst changing existing production and consumption norms can reduce global food
insecurity, meeting the dietary needs of everybody is unlikely without an increase in food
production. Models indicate a need to increase food production by between 60 and 110% by

2050, largely in developing countries (Tilman et al., 2011, Valin et al., 2014, FAO, 2017a).

Of the estimated population that is not able to meet basic dietary needs approximately 80%
live in rural areas and about half are smallholder farmers, commonly farming two hectares of
land or less (FAO et al., 2015). These smallholders are currently the backbone of food
production in the developing world. Managing approximately 500 million small farms they
provide over 80% of the food consumed in large parts of the developing world, particularly
Southern Asia and sub-Saharan Africa (IFAD-UNEP, 2013, Tscharntke et al., 2012, Graeub
et al., 2016). There are multiple barriers that prevent these farms from achieving increases in
production, including; competing land demands, climate change threats, water scarcity, land
tenure rights, soil degradation, limited access to credit and capital for investment, unfair
competition and restricted access to markets, extension services and inputs (Lee and Barrett,

2001, World Bank, 2008, FAO, 2017a).

1.2 A complicated relationship: agriculture and biodiversity

In the past, increases in global food production have resulted from an expansion in the area of
arable land, a pressure that was partially alleviated with the advancement of technologies that
allowed for intensification, leading to what came to be known as the Green Revolution
(WCED, 1987, Borlaug, 2007). Many countries are now seeing a slowing down of farmland
expansion. In others, yet to undergo an agricultural revolution, such as many African states,
the conversion of natural habitat to agriculture is expected to continue (Pretty, 2008, Fedoroff
et al., 2010, McLaughlin, 2011, Hertel et al., 2014). Impacts on biodiversity have been most
noticeable in the tropics where over 55% of the land opened for agriculture between 1980 and
2000 came at the expanse of intact, tropical forests (Geist and Lambin, 2002, Gibbs et al.,
2010). Such forests only cover approximately 5% of the global land surface yet they contain
over 50% of the world’s biodiversity. Tropical forests also represent a vital food security and

livelihoods resource to many people (Wilkie et al., 2011, Vira et al., 2015, FAO et al., 2016).

30



Increasing productivity can in theory relieve the pressure on land requirements, however
short-term improvements in productivity can create different forms of ecological stress, with
extensive evidence linking conventional intensification with biodiversity loss (Foster et al.,
1999, Lambin and Meyfroidt, 2011, Adams, 2012, Ceddia et al., 2014, Venter et al., 2016).
Thus, achieving ‘win-win’ policy solutions is challenging given the multifaceted relationship
between biodiversity and agriculture (Dudley and Alexander, 2017).

Biodiversity maintains global level ecological services in addition to a number of much more
localized services of specific relevance to agricultural production, including: the operation of
hydrological cycles, the recycling of nutrients, the conservation and regeneration of soils, and
the pollination of crops (MEA, 2005, Turner et al., 2007). These ecosystem services influence
the productivity of an agricultural system and its capacity to maintain production over a range
of environmental conditions. Such services occur at the on and off farm scale. For example
watershed protection offers a range of services from surface runoff regulation to erosion
control and localized climatic effects (Daily, 1997). Biodiversity therefore plays a key
function in the sustainability of agriculture through its role in maintaining the provision of
vital services (Perrings et al., 2006, Glamann et al., 2017). It has also been argued that food is
biodiversity, so biodiversity comes through both as a final good and as a supporting service,
thus often creating confusion as to how biodiversity and ecosystem services fit together
(Mace et al., 2012).

Whilst of substantial importance, biodiversity is often undervalued (MEA, 2005), a factor
which drives its rapid loss (Daily et al., 2009, Dudley and Alexander, 2017). The global
Living Planet Index, a measure of the state of the world’s biological diversity based on the
population trends of terrestrial, freshwater and marine vertebrate species, declined by almost
30 per cent between 1970 and 2008 (WWF, 2012). The global tropical index, a measure of
biodiversity in the tropics, declined by 60 per cent during the same period, with agriculture

playing a major role in this outcome (WWF, 2012, Laurance et al., 2014).

There are many ways in which agriculture impacts biodiversity. The conversion of land to
agriculture can fragment or isolate habitats, changing connectivity patterns (Fischer and
Lindenmayer, 2007, Dudley and Alexander, 2017). Many rare, endemic, or specialized
species, especially those that require large expanses of wild habitats to survive, cannot persist
in such fragmented landscapes and subsequent trophic cascades and other ecosystem-wide

effects can lead to rapid species loss (Price et al., 1999, Gibson et al., 2013). For other
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species, agricultural systems can represent suitable habitat and high-quality agroecosystems
have been shown to be important for the movement of forest organisms among patches of
natural vegetation (Ricketts, 2004, Perfecto and Vandermeer, 2008, Franklin and
Lindenmayer, 2009, Mendenhall et al., 2014).

Agriculture can also be the source of changes to hydrological and biogeochemical cycles
leading to nutrient runoff, sedimentation of waterways and/or soil leaching causing changes in
species compositions in more distant locations (Tilman et al., 2001, Power, 2010). At a more
localized level, facilitating an optimum growing environment for a single target crop often
requires altering in situ biodiversity such as simplifying ecosystems by reducing competition
with other species or substituting the roles of functional biodiversity and natural system
dynamics with chemical and mechanical inputs (Jackson et al., 2005, Omer et al., 2007). The
alteration of ecological systems may result in a cascade of extinctions and co-extinctions
along the trophic chain (Cowlishaw, 1999).

The impacts of agriculture can feed back to have negative impacts on agricultural systems
themselves (MEA, 2005, Norris, 2008, Chaudhary et al., 2015, Chaudhary et al., 2016). The
‘optimization’ of agriculture has been shown to cause declines in crop genetic diversity, the
number of natural pest predators and soil biota with associated negative impacts on soil
fertility, pollination, and the resilience of production (Perrings et al., 2006, Chiron et al.,

2014, Dudley and Alexander, 2017).

The complexity of the interdependencies between biodiversity and agriculture remains poorly
understood. On-going ambiguity often leads to divisive, sometimes antagonistic research and
policy stances (Jackson et al., 2005, Mace et al., 2012, Mertz and Mertens, 2017). A lot of this
controversy is about how best to reconcile trade-offs between agriculture and biodiversity
conservation. The land sharing-land sparing (LS/LS) framework is one of the most
contentious examples within the current literature. It has attracted a lot of attention and
engaged researchers in a heated debate that has now unfolded over more than a decade

without leading to a clear conservation consensus.
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1.3 The land sharing-land sparing framework

Green et al. (2005) introduced a debate on the advantages and disadvantages, for
conservation, of wildlife-friendly farming in relation to a land sparing strategy. This was soon
reframed as ‘land sparing versus land sharing’, or the LS/LS framework. The debate looks at
whether high yield agriculture on a small land foot print (land sparing) or low-yielding,
wildlife-friendly farming on a larger foot print (land sharing) will promote better outcomes
for local and global biodiversity. Thus, the central element of the debate concerns how
biodiversity reacts to increasing agricultural pressure (or yield). If the biodiversity/yield
response follows a convex negative curve (Figure 1.1.1) it means that the loss of either
unfarmed or very extensively managed habitats is the most detrimental to biodiversity. In this
case the preferred strategy is taken to be ‘land sparing’, in which intensive farming in some
areas is coupled with land ‘spared’ for nature conservation elsewhere.

In contrast, if the biodiversity/yield response follows a concave curve, meaning that
biodiversity declines slowly as intensity starts to increase, but becomes severely impacted at
high-intensity levels, the ‘land sharing’ strategy is taken to be the most efficient (Figure
1.1.1). The land would be farmed with moderate farming intensity, reconciling both

agricultural production performance and biodiversity conservation criteria.

Concave relationship: Convex relationship:
Land sharing best Land sparing best

W

Species density
Species density

Agricultural yield Agricultural yield

Figure 1.1.1 Land sparing and sharing model applied to tropical and temperate ecosystems adapted from Salles et al. (2017)
as originally formalized by Green et al. (2005) and further applied by Phalan et al. (2011b)

The colour gradient shows the unexploited land uses (in dark green) all the way to the highest level of agricultural intensity (in
dark red). For those species whose density increases with land conversion, so-called ‘winners’ (W), sharing is the best
strategy. For species whose density always decreases when land is converted to agriculture, so-called ‘losers’ (L), sparing is
the best strategy to ensure sufficient existing habitat. The sum between loser and winner [(W+ L)/2, dotted lines] is not
constant along the intensity gradient. If the sum is concave then land sharing is the best strategy, if the sum is convex, than
land sparing is best.
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The debate around agriculture and biodiversity trade-offs has a long history in the literature
(see Salles et al., 2017) and the new conceptual framework presented by Green et al. (2005)
led, initially, to a modest increase in the number of publications (Figure 1.2). This was
followed by a rapid increase with the publication of the Phalan et al. (2011a) study which
presented evidence and arguments in favour of land sparing and ignited global debate (Figure

1.2).

Land sharing-land sparing articles published over time
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Figure 1.2 Land sharing-land sparing articles published over time. In red is the year when the framework was conceptualized
by Green et al. (2005) and in yellow the year of Phalan et al. (2011a), one of the most quoted articles of the debate. Source:
Scopus (keyword search “land sharing” OR “land sparing”, 14" of December 2017)

Since 2005 empirical studies comparing LS/LS strategies have looked at a variety of response
variables, including wildlife population density, species abundance and richness at local and
regional level and species turnover. These studies have been carried out across a range of
taxonomic groups including birds, insects, trees, plants, primates and big cats, sampled across
different biomes, continents, spatial scales and farming systems, including those spanning
thousands of years of cultivation (Ranganathan et al., 2008, Clough et al., 2011, Chandler et
al., 2013, Gilroy et al., 2014, Edwards et al., 2014, von Wehrden et al., 2014, Vongvisouk et
al., 2016, Jiang et al., 2017, J6hannesdéttir et al., 2017, Rahman et al., 2017, Thaler, 2017).
The debate has also transitioned from a pure agriculture and biodiversity focus to incorporate
other land uses including forestry, housing, aquatic ecosystems and seascapes (Edwards et al.,
2014, White and Costello, 2014, Collas et al., 2017, Koning et al., 2017). This thesis refers
primarily to the original trade-off between terrestrial agriculture and biodiversity
conservation. The viewpoints presented in the published literature so far have been quite

divisive and almost entirely based on ecological evidence, meaning the debate lacks social

34



dimensions. Groups have advocated for one strategy over the other, or for the use of both
strategies (Kremen, 2015). Others have called for the creation of entirely new theoretical
frameworks (Kremen, 2015, Mertz and Mertens, 2017).

The next section presents a short history of the evolution of the debate to date (Section 1.3.1)
and some of the controversies related to the scale and terminology of LS/LS (Section 1.3.2),

before moving to the limitations of the framework (Section 1.4).

1.3.1 A brief history of the LS/LS debate based on ecological evidence

Monofunctional landscapes-the case for and against land sparing

In a review of the studies comparing LS/LS, Kremen, (2015) considers measuring individual
species densities along an intensification gradient to be the best practice for the ecological
evaluation of the two strategies. Individual species densities are preferable to aggregate
measures, such as species richness or species diversity, as they can mask underlying patterns,
particularly for disturbance-sensitive species of greater conservation concern (Phalan et al.,
2011a, Balmford et al., 2015). Studies utilizing this research design (Hodgson et al., 2010,
Phalan et al., 2011a, Phalan et al., 2011b, Hulme et al., 2013, Edwards et al., 2014, Williams
et al., 2017) have generally concluded that, since the majority of species in the world can’t
survive in farming systems of even the lowest management intensity, land sparing is the best

strategy, at least in theory, for conserving the most biodiversity.

To various degrees intensification has been shown to spare conservation land (Ramankutty
and Rhemtulla, 2012, Stevenson et al., 2013, Hertel et al., 2014). The Borlaug hypothesis
states that intensified agriculture cuts deforestation as it concentrates production on a limited
area of land, removing the need to convert additional land to agriculture to achieve the same
level of production (Waggoner, 1996, Ausubel et al., 2013). It emanates from the proposed
win-win solutions of the Green Revolution, which is claimed to have spared several hundred

million hectares of land from agricultural conversion as a result of intensification (Borlaug,

2007).

Land sparing strategies envision that biodiversity conservation should occur primarily in
protected areas by spatially segregating conservation and production functions. In the extreme
vision the world would be separated into ‘monofunctional’ entities — one optimized for

agricultural production and one for biodiversity conservation (Fischer et al., 2017b). From a
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conservation point of view, undisturbed areas of habitat are considered to be more effective at
protecting biodiversity than conserving only elements of nature by integration on farms (Grau
et al., 2013). Other benefits of protected areas include: extinction prevention, maintaining
ecological services and protection against human impacts such as land clearing (Terborgh,
1974, Bruner et al., 2001, Nagendra, 2008, Gibson et al., 2013, Cumming, 2016). From an
aesthetic view, increasing farm yields under land sparing would probably diminish people’s
enjoyment of farmscapes but may offer greater prospects of experiencing vast and diverse

natural habitats (Balmford et al., 2015).

Despite evidence that land sparing has value as a tool for conserving biodiversity (Cohn et al.,
2014) studies have also explored the unintended consequences of pursuing this strategy.
Market forces, land claims and economic development continue to stimulate land expansion
even in scenarios that promote high productivity agriculture (Angelsen and Kaimowitz, 2001,
Ewers et al., 2009, Rudel et al., 2009, Lambin and Meyfroidt, 2011, Hertel et al., 2014, Busch
and Ferretti-Gallon, 2017). It is therefore unlikely that intensification alone can lead to land

sparing in the future.

These issues have been shown to be particularly prevalent in so-called frontier areas such as
the Brazilian Amazon, where intensification is associated with forest clearance rather than
sparing (Barretto et al., 2013). This confirms the Jevon’s paradox or rebound effect by which
higher yields and associated higher profits increases motivations for further land clearance
(Chandler et al., 2013, Ceddia et al., 2014). In Peru, it was estimated that high-yielding farms
require 64% less total land to produce the same amount of product, but they would convert
58% more old-growth forest than smallholders (Gutiérrez-Vélez et al., 2011). Such trends
often occur when high-yielding agriculture, particularly of cash crops with rapidly expanding
global markets such as soy or oil palm, expand into primary forests rather than already cleared
lands (Grau et al., 2008, Gutiérrez-Vélez et al., 2011, Meyfroidt et al., 2014 Nepstad et al.,
2014). It has been predicted that a prospective Green Revolution in Africa could potentially
lead to similar outcomes (Hertel et al., 2014). The Global Land Outlook of the UN
Convention to Combat Desertification has concluded that intensification has failed to solve
the biodiversity crisis and has often accentuated it further, undermining the sustainability of
large areas of land (Dudley and Alexander, 2017). Another criticism of the land sparing

approach is that concentrating efforts to conserve nature in protected areas can result in a
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series of unwanted outcomes including poor governance and ineffective protection, species
loss and degradation of natural habitats, isolation of biodiversity, unrepresentative ecosystem
diversity and conflicts with wildlife (Hannah et al., 2007, Craigie et al., 2010, Stevens, 2014,
Cumming, 2016, Johansson et al., 2016).

Integrated landscapes-the case for and against land sharing

Land sharing is a strategy that encourages wildlife-friendly farming through the promotion of
crop growth alongside wild species within integrated landscapes (Green et al., 2005). It can
range from swidden agriculture, to the retention of small patches of semi-natural habitat on-
farm, to agroforestry systems (Kleijn and Sutherland, 2003, Schroth et al., 2004, Scales and
Marsden, 2008, Scherr and McNeely, 2008, Anand et al., 2010, Karanth et al., 2016). Land
sharing proposes multi-functional agricultural landscapes or mosaics that include a
combination of buffer zones, corridors and stepping stones in which agricultural land provides
resources to species and enables their migration between natural habitats (Perfecto and
Vandermeer, 2008). It creates opportunity for agricultural systems to benefit from ecological
processes, by utilising ecosystem services to partially achieve functions otherwise fulfilled by
chemical inputs, a field known as agro-ecology (Altieri, 1999). By focusing on the specific
agricultural practices utilized, some researchers consider that practices and systems such as
agroforestry, conservation biological control and conservation agriculture could outproduce
conventional systems, or be equally productive or profitable (Clough et al., 2011, Tscharntke
et al., 2012, Kremen, 2015). The benefits and importance of such systems are found in both
temperate climates (Paracchini et al., 2008, Johansson et al., 2016) and tropical landscapes
(Ranganathan et al., 2008, Anand et al., 2010, Ranganathan et al., 2010, Garcia et al., 2010,
Robbins et al., 2015, Karanth et al., 2016, Cordeiro et al., 2017).

Agroforestry is of particular importance, given that an estimated 90% of tropical forests exist
in human-modified landscapes outside of protected areas and about 43% of terrestrial species
are connected to landscapes that are being or have been used for agricultural purposes (Ferrier
et al., 2004, Bhagwat et al., 2008, Barthel et al., 2013). Moreover, there is evidence that when
low-intensity mosaic landscapes are present alongside old-growth forests, they exhibit
biodiversity as high as purely land sparing strategies (Ranganathan et al., 2008, Rerkasem et
al., 2009, Berry et al., 2010). If intensification or abandonment of agro-ecological

management practices occurs in such landscapes it may lead to an increase in invasive species
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richness (Cordeiro et al., 2017) and cause cascading effects on surrounding biodiversity

(Clough et al., 2011).

Land sharing may also be more desirable in developing countries where smallholder farmers
utilize neither high levels of agro-inputs nor environmentally friendly practices. Examples
show that wildlife-friendly farming practices can considerably increase yields, in some cases
up to 200%, without the environmental and economic costs associated with conventional

monocultures (Altieri, 2002, Chappell and LaValle, 2011).

Land sharing envisions that biodiversity conservation strategies should extend beyond nature
reserves (Chappell and LaValle, 2011). This is of particular importance in areas where setting
aside the amount of land needed to conserve the habitat requirements of even relatively small
species can be unrealistic (Perfecto and Vandermeer, 2010), or where the positive effects of
expanding protected areas are counteracted by the negative outcomes of activities such as
illegal logging and harvesting, encroachment and clearing (Bruner et al., 2001, Cumming,

2016, Busch and Ferretti-Gallon, 2017).

Despite evidence of its benefits land sharing has also been criticised. There are two main
criticisms of the strategy. Firstly, environmental-friendly landscapes often provide a poor
substitute habitat. This can lead to biotic homogenisation, replacing local endemics and
sensitive species with generalist or common species (Edwards et al., 2010, Phalan et al.,
2011a). Those species that can occur in the matrix may still require areas of native habitat
above a given size at one point in their lifecycle to ensure their survival on long term (Homan
et al., 2004, Savilaakso et al., 2009). Secondly land sharing landscapes often produce lower
yields and therefore require more land to produce a given amount of food, potentially
stimulating the conversion of land to agriculture elsewhere to meet demand (Kleijn and

Sutherland, 2003, Jackson et al., 2007, Phalan et al., 2011a, Tittonell and Giller, 2013).

1.3.2 Debates over terminology and scale

It is important to reflect on the ‘sharing’ and ‘sparing’ terminology because it has often been
used imprecisely or in contradiction, in many cases creating confusion (Fischer et al., 2014).
For example, the term ‘land sparing’ is often used to imply nature conservation, but land
sparing is not the same as nature sparing (Kremen, 2015). Nature conservation as a result of

yield intensification (land-sparing process) may occur under certain circumstances while
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associated nature sparing commonly requires a form of enactment such as environmental
policies or formal declaration of protected areas (Matson and Vitousek, 2006, Lambin and
Meyfroidt, 2011, Ceddia et al., 2014).

Wildlife-friendly farming also comes with confusing characterizations. For some authors (e.g.
Phalan et al., 2011b, Williams et al., 2017) the level of wildlife-friendliness is established
based on yield levels, where low-yielding agriculture is assumed to be more wildlife friendly.
Other authors (e.g. Donald, 2004, Khan et al., 2011) use the type of farming practices (how
biodiversity-friendly a practice is) as a proxy. It has been suggested that confusion can be
dealt with if the LS/LS continuum were defined by the specific combination of agricultural
practices (which is likely to dictate both the yields and wildlife friendliness), rather than

yields alone (Kremen, 2015).

Another ambiguous aspect is the scale at which the two strategies are distinguished from one
another. In the land sparing strategy, areas of natural habitat should be contiguous and
sufficiently large to support viable populations, e.g. what constitutes enough land spared for a
beetle may not be enough to provide food and nesting habitats for a bird (Phalan et al.,
2011b). Therefore, grassy strips, hedges and forest patches could be considered as land
sparing at a field or farm scale, but at landscape scale they resemble land sharing. For the
conservation of most farmland species, such as birds or pollinators, the landscape level,
another loose concept, is considered to be the relevant scale (Phalan et al., 2011b). In an effort
to reduce ambiguity Balmford et al. (2015) proposed for the ‘landscape’ to be defined by the
scale at which major land-use decisions are made, typically that of landholdings through to
regions.

Nevertheless, scale becomes a plastic concept if we look from a different angle. Land spared
as a result of intensification could result in nature being spared at any scale or configuration,
including small, dispersed fragments, thus creating landscapes that would typically be
identified with land sharing (Edwards et al., 2010, Hodgson et al., 2010, Chandler et al.,

2013). These debates remain unresolved and important areas of contestation.

1.4 Limitations of the framework and the focus of this research

The LS/LS debate is essentially a new way to deal with an old issue, the relationship between
biodiversity conservation and agriculture. Is it more effective to focus conservation efforts on

biodiverse-rich areas, or to concentrate on preserving ecological systems and dynamics
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ubiquitously? Similarly to how the notion of ecosystem services provided a new framework
for thinking about the reliance of human societies on ecological processes and ecosystem
functions, the LS/LS debate has generated a space for the examination of future potential
trade-offs and synergies between agricultural and conservation policies (Salles et al., 2017).
Yet, in doing so, the biodiversity/yield curves (though insightful from an ecological
standpoint) offer no insights into the socioeconomic facets and context specific factors that

are important for developing effective interventions (Fischer et al., 2014, Bennett, 2017).

A failure to take a more interdisciplinary approach to evaluating the relative merits of LS/LS
has many implications. Additional factors that have been identified as influencing the choice
between the two strategies are numerous and include: land-use patterns (Henderson et al.,
2012), interactions between land-uses and species (Butsic et al., 2012, Mendenhall et al.,
2014), inclusion of uncertainty (Johnson et al., 2012), and spatial and temporal heterogeneity
(Piha et al., 2007, Mahood et al., 2012, Maskell et al., 2013, von Wehrden et al., 2014,
Macchi et al., 2016). For example, in a review of literature von Wehrden et al. (2014) found
that studies spanning the historical agricultural areas of Europe, Asia and the Americas have
shown that agricultural landscapes established centuries ago continue to influence current
land use schemes, species diversity and local species pools, ultimately influencing the choice

between what constitutes the appropriate land management locally (Wehrden et al., 2014).

Whether land sharing or land sparing is more desirable will also be affected by market factors
like labour wages, input and commodity prices, remoteness or distance to markets and land
tenure (Adams, 2012, Baudron & Giller, 2014). For example, land sparing is thought to be
ineffectual in areas of communal land ownership or where systems of land tenure are insecure
and is usually suited for larger commercial farms where secure land tenure systems could
facilitate investment in intensification (Adams, 2012, Baudron and Giller, 2014). Conversely,
land sharing has been linked to smallholder farms that rely less on technologies for
intensification and more on agro-ecological practices (Baudron and Giller, 2014). Access to
these services paired with land scarcity or availability will indicate the most appropriate

strategy of the two (Noltze et al., 2013).

Determining meaningful land use policy also requires the consideration of socioeconomic

aspects and the preferences of individuals or institutions. The impacts of different farming

40



systems on livelihoods and the inequality implications of proposed land use strategies are
likely to have strong regional impacts on the suitability of LS/LS initiatives (Perfecto and
Vandermeer, 2008, Balmford et al., 2015, Law and Wilson, 2015, Kremen, 2015). There are
also concerns that the LS/LS framework is not equipped to deal with aspects of food security
and focuses entirely on food production (Tscharntke et al., 2012, Fischer et al., 2014). As
discussed in Section 1.1 food production is only a means to an end while the implied societal
goal is to ensure food security. Policy feasibility will also be highly dependent on
stakeholders diverse interests, the governance systems, how well the policies are adapted to
local institutions, the capacity of the institutions to support implemented policies, and most
importantly it will depend on the uptake and social preferences of these policies to direct land
users (Angelsen and Kaimowitz, 2001, Barraquand and Martinet, 2011, Brady et al., 2012,
Ceddia et al., 2014).

This plethora of li