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Summary

1. There has long been a debate amongst conservation biologists about how agricultural land

use should be distributed spatially. Advocates of land sparing argue that high-intensity food

production on small units of land will conserve more natural habitat than low-intensity farm-

ing spread across larger areas. Others argue that less intensive production over a greater area

of land will reduce the overall load of human stressors upon ecosystems.

2. Although agricultural and urban systems have traditionally been considered as different

fields of research, there are strong parallels between the two landscapes in the patterns of

their spatial configuration and the trade-offs associated with their development. Continued

and rapid urbanization, with associated losses in vegetation, highlights the need for a uniting

spatial framework to assess the ecological impacts of urbanization. Here, we apply some of

the thinking emerging from the agricultural land-sparing debate to urbanization, review the

similarities and differences between the two systems and set out a research agenda.

3. Intensification of urban systems to increase housing density leads to buildings being inter-

spersed with small tracts of natural or semi-natural habitat patches (e.g. forest patches,

parks). Urban extensification, on the other hand, is characterized by sprawling suburbaniza-

tion with less concentrated, more distributed green space, often predominantly in the form of

backyard or streetscape vegetation. We argue that regional scale analyses are urgently needed

to determine which of these patterns of urban growth has a lower overall impact on biodiver-

sity and to explore the geographical and taxonomic variation in the most ecologically appro-

priate city layout.

4. Synthesis and applications. The spatial pattern of urban development will affect biodiver-

sity conservation within and beyond a city’s borders. We chart the early progress of empirical

work on the land-sparing debate in an urban context and suggest that to yield development

patterns that minimize overall ecological impact, urban planners must work at the scale of at

least the entire city rather than on a case-by-case basis.

Key-words: biodiversity, ecosystem services, landscape configuration, land-use transforma-

tion, mosaics, spatial models, urban densification

Introduction

About half of the Earth’s terrestrial surface has been

cleared or otherwise dominated by human activity

(Vitousek et al. 1997; Lambin 2003), precipitating a global

biodiversity crisis in which the rate of species extinction

far exceeds the background expectation (Pimm & Raven

2000; Pereira et al. 2010). While agriculture is by far the

most spatially extensive form of human land use, one of

the most ecologically destructive forms of global change is

urbanization, currently the fastest growing of any land-

use type globally (Antrop & Van Eetvelde 2000; Hansen

et al. 2005). Net human population growth is now occur-

ring almost entirely within towns and cities, and by 2050,

urban areas will need to accommodate an additional 2�6
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billion people (United Nations 2011). Urban development

results in rapid local extinctions, frequently eliminating

most native species (Marzluff, Bowman & Donnelly

2001), and so it is critical that future urban growth is

planned in a way that minimizes ecological harm.

Although the impact of anthropogenic land use is often

measured by its spatial extent, land uses vary markedly in

intensity from pressures that barely modify a natural eco-

system, such as selective harvesting of nontimber products

from a forest to intensive transformation that results in

complete ecological degradation, such as intensive wheat

production (Matson et al. 1997; Tscharntke et al. 2005).

As land-use intensity increases, extinctions accumulate

(Radford, Bennett & Cheers 2005; Maron et al. 2012) and

ecological function is compromised (Flynn et al. 2009).

This has led to a vigorous debate about how we should

arrange damaging land uses across landscapes.

Within agricultural landscapes, this debate has been well

characterized. At one end of the spectrum is recognition

that low-intensity forms of agriculture will deliver lower

local impacts upon biodiversity and ecosystem function

than more intensive transformations (Fischer et al. 2008).

However, low-intensity land uses often cover a larger area

than high-intensity land uses to deliver a similar overall

yield. At the other end of the spectrum is a recognition that

although intensive land use leads to greater local ecological

impacts, it might be efficient to construct a landscape in

which some parts are given over to intensive land use, while

others are spared from direct ecological degradation to

maintain the ecosystem services valuable to society (Fischer

et al. 2008; Phalan et al. 2011).

This debate, thus far, has focused primarily upon agricul-

tural land uses. In principle, we believe that many of the

same arguments apply to any form of land use that can

vary in intensity. Habitat conversion due to rapid human

population growth (8–10 billion by 2050) and the increasing

urbanization of society highlight the need to understand

biodiversity loss in and around cities (Grimm et al. 2008).

However, the intensity of human settlement can vary enor-

mously from low-density residential plots in which much of

the original vegetation is left intact to complete coverage by

high-density built form and total destruction of the original

vegetation (Fuller & Gaston 2009; Jenks & Jones 2010).

The pattern of spatial fragmentation of vegetation will

significantly affect conservation at local and regional scales,

and this behoves us to characterize the patterns of develop-

ment that have the least overall impact on ecological

systems. Here, we (i) chart the history of the agricultural

land-use debate, (ii) consider how this way of thinking

might usefully be applied in the context of urbanization

and (iii) outline a research prospectus.

History of the land-use debate in agricultural
development

Crop production, as the primary goal of agricultural land-

scapes, has significantly increased through intensification

(Matson et al. 1997). Increasing demand for food and fuel

has expanded and intensified agricultural systems around

the world (Millennium Ecosystem Assessment, 2005), pro-

viding a growing global per capita food supply (United

Nations 2011).

Although there have been tremendous gains in produc-

tion from land-use conversion and management intensifica-

tion, it remains a major challenge to meet the ever-growing

demand for agricultural products while conserving bio-

diversity, providing crucial ecosystem services and main-

taining rural livelihoods (Harvey et al. 2008). There are

many examples of native species declines from agricultural

land-use intensification (Aebischer 1991; Sotherton 1998;

Benton et al. 2002), and there is often a corresponding loss

in functional diversity (Flynn et al. 2009). For example, in

postwar Europe, reductions in farmland bird populations

followed soon after the onset of agricultural intensification,

with reductions closely associated with increased cereal

yield and fertilizer use (Donald, Green & Heath 2001).

Land-use changes have also been linked to losses of ecosys-

tem services because simplified landscapes disrupt many

natural processes such as pest management, carbon seques-

tration, and water and soil conservation (Tscharntke et al.

2005).

There are two major agricultural land-use policy models

that attempt to maintain agricultural production while

minimizing ecological damage. Although the goals are

similar, the outcomes are structurally and spatially quite

different. The first model is that of land sparing where

agricultural land is farmed as intensively as possible in

order to maximize food production, while other land is

set aside purely for conservation (Phalan et al. 2011).

Here, we term these remnants biodiversity-supporting

vegetation. In this model, agricultural systems become

intensified through mechanization, concentrated water use

and the application of agrochemicals, and often result in

large increases in the production of goods per unit area of

farmed land (Matson et al. 1997). In theory, land sparing

allows for the retention of large, albeit isolated, patches

of habitat across the landscape that contribute to conser-

vation goals. Conservation areas emerge as islands within

the otherwise intensive landscape and are spatially sepa-

rated from agricultural systems (Fig. 1a).

The second model is that of land sharing, also known

as nature or wildlife farming, where greater areas of land

are used for agriculture, but the landscape is managed at

a lower intensity to allow the coexistence of biodiversity-

supporting vegetation and production in a mosaic across

the landscape (Fischer et al. 2008). Typically, such

systems yield lower levels of production per unit of

farmed area, but because the ecological quality of the

landscape is more evenly degraded at a lesser extent, eco-

system services are supported and biodiversity is not

restricted entirely to interstitial habitat patches (Fischer

et al. 2008). In this system, farmland and conservation

land are integrated across the landscape as a continuous

unit (Fig. 1b).
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These two models represent endpoints of a continuum

of land-use strategies, with a spectrum of land-use compo-

sitions in between corresponding to various resolutions

of the trade-off between conservation and production

(Fischer et al. 2008). Arguments for and against both

models have been made based on divergent beliefs about

how best to design landscapes that support high levels of

biodiversity per unit production. Crucially though, both

aim to optimize the production landscape in a manner

that allows for conservation while permitting the necessary

production.

Although the debate has not yet reached consensus, an

obvious benefit of having sparing–sharing models to

underpin discussion is that they provide a spatial frame-

work in which to evaluate trade-offs between production

and conservation across the agricultural landscape. Con-

sidering the extent of urbanization in recent history and

the expected acceleration of change in the near future, an

equivalent spatial framework for urban land use would be

useful to assess how changes in landscape design and

infrastructure may affect natural system persistence and

ecosystem service provision in cities. Certainly, there are

clear parallels between the two environments in terms of

their potential spatial configurations (Fig. 1).

Applying a spatial framework to the urban
land-use context

A dramatic shift to urbanization with more people and

resources concentrating in cities has formed economies of

scale that accelerate innovation and wealth creation

(Bettencourt et al. 2007; Batty 2008). Productive values in

urban systems include the ability to create efficiencies,

knowledge and economic output through the focusing of

information and skills (Carlino, Chatterjee & Hunt 2007).

Urban dwellers now exceed 50% of the global population,

and by 2050, there will be 2�6 billion more town and city-

dwellers on the planet (United Nations 2011). Individual

cities are growing to unprecedented sizes with many

megacities of greater than 10 million people emerging in the

developing world (Grimm et al. 2008). The responsibility

for planning future urban development is spread inequita-

bly across the world, and it may be in these rapidly

growing population epicentres that the opportunity for a

land-sparing debate to influence future urban development

is greatest, and where potential for averting poor out-

comes for biodiversity still remains. There may also be a

case for exploring how more affluent countries can assist

if any mitigation measures are required as a result of

more biodiversity conscious urban development. Clearly,

urbanized land will have to provide both environmental

and human well-being needs under increasing land-use

constraints (Grimm et al. 2008) and incentivizing urban

forms that support a wide range of socio-ecological func-

tions will be increasingly important to future cities.

Maintaining natural systems within the urban bound-

ary yields a number of benefits for human society. Urban

ecosystems (e.g. street trees, lawns, parks, forests, wet-

lands) provide microclimate regulation of urban heat

stress through increased vegetation, with benefits for both

human health and biodiversity (McPherson 1994). Vege-

tation buffers residential areas from urban noise pollu-

tion, and green spaces reduce peak flood discharge by

allowing greater levels of infiltration and recharge within

the urban system (Bolund & Hunhammar 1999). Less

tangible services such as increased psychological well-

being result from exposure to urban green spaces (Ulrich

1984; Fuller et al. 2007) and opportunities to experience

nature close to where people live and work (Pyle 2003;

Miller 2005).

(a) (b)

(c) (d)

Fig. 1. Spatial patterns of land-use intensity for (a, b) agricultural

landscapes and (c, d) urban landscapes. For all grids, a cell size

of 200 9 200 m is used, and the green shading darkens with

increasing extent of tree cover, which we consider to be the key

biodiversity-supporting vegetation in these landscapes. The figures

highlight two ends of the land-use spectrum from the isolated

patches of vegetation cover associated with a land-sparing model

to the spatial continuity of a mosaic of low-intensity land uses

associated with land sharing. Many intermediates exist between

these endpoints yielding great variation in ecological impacts.
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There is increasing interest in the ecological conse-

quences of alternative patterns of urbanization, not least

because the most dense, populous and fastest growing

cities are in areas where species richness is naturally the

highest (Cincotta 2000; Luck 2007). Although agricultural

and urban systems have traditionally been considered as

different fields of research, there are strong parallels

between the two landscapes in their spatial configuration

and the trade-offs associated with their development

(Fig. 1). We believe that the sparing–sharing framework

developed to understand the ecological impacts of agricul-

ture could be usefully applied to urban systems to charac-

terize and better understand the trade-offs in urban

settings, and many similarities in land-use change patterns

and spatial structure will allow for the transfer of this

framework to urban systems.

Urban growth and intensification, like agricultural

intensification, drive extinctions and ecosystem service

degradation in and around cities, and biodiversity impacts

vary depending on the degree of conversion (McDonald,

Kareiva & Forman 2008; Hahs et al. 2009; Nelson et al.

2009). Urbanization and suburbanization have been

shown to affect biodiversity and ecological integrity at

local scales across most biotic communities, disrupting

both species richness and evenness (McKinney 2002),

although the magnitude of these effects varies taxonomi-

cally and geographically (Chace & Walsh 2006; Gaston

2010). For example, moderate levels of urbanization (e.g.

suburbanization) more severely affect nonavian vertebrate

and invertebrate taxonomic groups than plants (McKinney

2008). There are some observations of increases in the

abundance and biomass of birds (Chace & Walsh 2006)

and arthropods (Faeth et al. 2005) as a result of urbaniza-

tion, but mammals can be greatly affected when patch

connectivity is degraded (FitzGibbon, Putland & Goldizen

2007).

Cities, like agricultural systems, are also large homoge-

nizing forces selecting for a small range of ‘urban-adapted’

species, although a subset of native species (usually species

adapted to edges) can become locally abundant at the

expense of other indigenous species (McKinney 2006).

Bird communities often shift to more granivorous species

at the expense of insectivorous species (Chace & Walsh

2006), and arthropod communities may shift from special-

ist to generalist (McIntyre et al. 2001). The transformation

of land cover also favours organisms that are capable of

rapid colonization (Alberti et al. 2003), and homogeniza-

tion of species proceeds at different rates in different

geographical areas depending on human population

growth and species composition (Olden 2006).

It has been argued that well-planned urban growth can

preserve large intact green spaces and maintain ecologi-

cally heterogeneous cities that support both urban-adapted

and urban-sensitive species (Bryant 2006; Sandstr€om,

Angelstam & Mikusi�nski 2006). However, it is difficult to

envision the overall result of such a pattern of develop-

ment without a spatial model that structurally analyses the

effects of different spatial configurations on biodiversity.

On the one hand, high-density, compact, bounded devel-

opment may have a severe impact on local biodiversity in

those built areas and might be predicted to result in a

relatively high rate of local extinctions if high-quality

interstitial green space is not maintained. However, the

loss of biodiversity-supporting vegetation would be limited

to a small area. Sprawling development, on the other

hand, creates low-density cities with moderately degraded

biodiversity-supporting vegetation spread over a much lar-

ger area, such that one may predict fewer local extinctions

within any given built area. However, the ecological

impact will be more spatially extensive because more green

space must be converted to urban land use (Rudd, Vala &

Schaefer 2002; Goddard, Dougill & Benton 2010).

Some attempts have been made to estimate the conse-

quences of these alternatives. Species distribution model-

ling of Brisbane’s birds suggests that high residential

densities with large interstitial green spaces and small

backyards will minimize the overall ecological impact of

that city in the future (Sushinsky et al. 2013). Another

study from Stockholm found that urban and suburban

areas with a sufficient number of mature and decaying

trees within the landscape allowed for habitat connectivity

and the maintenance of green corridors important for the

several red-listed bird species (M€ortberg & Wallentinus

2000). Because of the large amount of variation observed

in urban development patterns, there remain many ques-

tions regarding best practice in designing biodiversity

friendly cities. The resolution of this central trade-off in

urban design thus mirrors that of the land sparing–sharing

debate in agricultural systems (Fig. 1).

Another key similarity between agricultural and urban

landscapes is the huge spatial variation in land-use inten-

sity exhibited across both systems. The urban landscape,

like the agricultural landscape, represents a diverse mosaic

of human and ecological land uses, with a wide range of

density and development variability within and between

cities (Karathodorou, Graham & Noland 2010). Urban

areas have a rich spatial and temporal heterogeneity and

a complex mosaic of biological and physical patches

managed by social institutions, leading to continual changes

in the urban form (Machlis, Force & Burch 1997). Housing

density and green space provision vary by several orders of

magnitude amongst cities (Fuller & Gaston 2009) providing

substantial opportunity for urban design management. Such

diversity means that neighbourhoods will exhibit varying

levels of development intensity and potentially allow for

pockets of conservation lands that can be distributed across

the urban landscape. While this complex matrix may help

in minimizing the impact that urban development has on

the natural system by creating diverse disturbance

regimes, it may also thwart conservation and ecosystem

services that are in the midst of being rehabilitated within

the system.

Finally, both agricultural and urban landscapes are

subject to local and regional planning controls that help

© 2013 The Authors. Journal of Applied Ecology © 2013 British Ecological Society, Journal of Applied Ecology, 50, 1161–1168

1164 B. B. Lin & R. A. Fuller



define patterns of development and conservation across

the landscape. The pattern of agricultural intensification is

largely controlled through regulatory mechanisms that

regulate crop production and management (Dowd, Press

& Huertos 2008; Matt et al. 2011), although many plan-

ning regulations and incentives are also aimed at biodiver-

sity conservation. For example, nearly four billion Euros

are paid annually in agri-environmental schemes to farm-

ers in Europe and North America to maintain environ-

mental improvements to their land, and such schemes

have reversed declines in farmland wildlife populations

and provided beneficial effects over large areas when

appropriately designed (Donald & Evans 2006). In the

Conservation Reserve Program scheme in the USA,

nearly 75% of participants reported increases in wildlife

populations from environmental improvements (Donald

& Evans 2006). Similar types of policies that incentivize

the greening of urban areas could be worthwhile. In

urban environments, planning controls may modify how

the conservation-production trade-off is resolved, yet just

as in agriculture, a complex array of social, economic and

political factors affect how such planning controls play

out. While there is some empirical evidence that policies

controlling urban form are effective in Europe (Dallimer

et al. 2011), this might not be true in many other parts of

the world, and because urban environments are character-

ized by many small landholders, the biodiversity quality

of an urban landscape is affected by many thousands of

individual management decisions rather than a few high-

level policy instruments. Such bottom-up processes can

also be important in agricultural settings, where land

transformation models suggest that in the absence of

direct planning control, changes in farm management can

lead to farmland abandonment with subsequent increases

in biodiversity (Pijanowski et al. 2002; Lakes, Muller &

Kruger 2009).

While our understanding of the ecological impact of

urbanization has improved in recent decades, it has not

kept pace with the rapid and widespread growth of cities

(Dye 2008; Zang et al. 2011). Improving our knowledge

of the trade-offs associated with particular urban spatial

configurations is crucial for managing environmental

health and ecosystem service delivery in expanding cities.

Like agricultural ecosystems, urban ecosystems must be

considered from a landscape perspective to minimize overall

biodiversity impacts. For example, are regional or national

conservation targets best served by a concentrated pattern

of urbanization that limits the spatial extent of cities or by

lower-density development that minimizes its local impact

albeit over a larger area of a nation? The answer to this

fundamental question is likely to vary depending on the

land-use history of a region, and the extent to which its

biodiversity is progressively degraded as urbanization

unfolds. A spatial framework such as that developed for

agricultural environments would help urban planners to

balance conservation trade-offs over the whole landscape,

not just that area within city boundaries.

Future research directions

Although the commonalities between the two landscapes

permit a relatively straightforward application of the shar-

ing–sparing paradigm to urban environments, there are

some key areas in which research effort could usefully be

focused.

First, it is crucial to improve our understanding of how

biodiversity responds to urbanization intensity, partic-

ularly at the low-intensity end of the spectrum. Land

sharing is more likely to be favoured in situations where

low-density housing allows a substantial component of

biodiversity to persist, yet the evidence on this issue is

scattered and somewhat contradictory. Some studies have

found substantial biodiversity persistence in low-density

exurban development (e.g. Maestas, Knight & Gilgert

2003; Williams et al. 2005; Daniels 2011), while others

identify rapid ecological perturbation as a result of low-

density sprawling development (Nilon, Long & Zipperer

1995; Bock et al. 2007; Sushinsky et al. 2012). We

urgently need to understand under what conditions biodi-

versity can persist within low-density urban development,

and how this changes amongst ecosystem types.

Second, we need to understand how the arrangement

and size of remaining fragments of habitat influences the

extinction probabilities of urban populations (Vandermeer

& Lin 2008; Shanahan et al. 2011). Extinction probabili-

ties increase as (i) intact habitat patches are made smaller,

(ii) patches become more isolated from one another and

(iii) the degree to which the matrix between habitat

patches traversed by organisms becomes increasingly dis-

turbed (Saunders, Hobbs & Margules 1991). Therefore,

patterns of direct and indirect loss may synergistically

have greater impacts on biodiversity than would be

expected if only direct loss was measured, yet these are

poorly understood.

Third, we need to better understand which urban eco-

systems and designs are especially useful in supporting

biodiversity, population persistence and ecosystem services

in fragmented urban landscapes. Increasing fragmentation

in agricultural landscapes has led to changes in biodiver-

sity (Goheen et al. 2003), and interfragment movement

has become increasingly important as a way to manage

local extinctions (Vandermeer & Perfecto 2007). Species

will be incapable of persisting in landscapes where

fragmentation and matrix degradation has reduced the

carrying capacity below that necessary to sustain a meta-

population (Honnay et al. 2002; Opdam & Wascher

2004). The challenge has therefore been to develop matrix

systems that allow for movement between fragments and

create pathways compatible with the land use (Cullen,

Alger & Rambaldi 2005). Urban systems comprise many

different types of built form (e.g. residential, commercial,

industrial) and green spaces (e.g. parks, urban gardens,

urban forests, vacant lots) which in combination create a

huge array of varying matrix and fragment quality.

Future work to identify landscape configurations that
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support interfragment movement could provide clearer

guidance on landscape level urban planning for minimum

biodiversity impact. ‘Softening’ the matrix in urban sys-

tems to facilitate interfragment movement, such as restor-

ing riparian and aquatic habitat (Bernhardt & Palmer

2007) or maintaining natural drainage systems, can

increase the provision of ecosystem services to the urban

population (Chocat et al. 2001). The range of built form

and green space configurations that can exist within the

urban landscape will lead to a range of different ecologi-

cal outcomes. However, this range also presents an oppor-

tunity to investigate which configurations can provide for

both high urban production and minimum biodiversity

harm.

Fourth, there is an urgent need for whole-of-city analy-

ses of ecological impact if we are to understand how

urban development affects biodiversity at the landscape

scale. Assessing biodiversity effects at a housing or devel-

opment unit scale individually throughout an urban land-

scape will likely underestimate the effect of land-use

change on biodiversity persistence. Only by understanding

the overall effects over a landscape can decisions be made

effectively to protect biodiversity and ecosystem services.

It is only possible to resolve a sharing–sparing decision

for a particular landscape if both alternatives can be eval-

uated at a scale that is broad enough to be meaningful.

Information about the response of biodiversity to urbani-

zation at fine scales is not necessarily generalizable to

larger-scale analyses and will not be helpful for determin-

ing how a range of land used should be arranged across a

landscape (Polasky et al. 2008). The extent to which the

ecological impact of a city differs between a compact,

high-density growth form and a low-density sprawling

growth form is poorly understood because there are few

city-scale analyses addressing the impact of urban form

upon biodiversity (McDonnell, Hahs & Breuste 2009;

Gaston 2010). A related issue in making a sparing–sharing

judgment is the question of whether the peri-urban fringes

into which cities might expand are already degraded as a

result of agricultural land uses. In some cases, peri-urban

areas are critically important habitat, for example 50% of

Australia’s threatened species occur within the urban

fringe (Yencken & Wilkinson 2000).

Lastly, we currently know little about how the wider

ecological footprint of a city depends on its urban form.

The density and concentration of cities require them to

draw resources (food, water, materials) from outside their

boundaries, such that the ecological footprint of a city is

far greater than the actual city extent. For example, urban

inhabitants within the Baltic Sea drainage depend on for-

est, agriculture, wetland, lake and marine systems that

constitute an area about 1000 times larger than that of

the urban area proper (Folke et al. 1997). However, in

the context of spatial configuration of land-use intensity,

the appropriate measure of the ecological footprint of a

city should be calculated as a per capita value, rather than

an area multiplier to accurately compare the consequences

of shared and spared urban configurations. An efficient,

highly compact city could have a large area multiplier,

but a relatively low per capita ecological footprint beyond

its boundaries. Thorough analysis of these issues is

urgently required to better understand the potential posi-

tive and negative consequences of designing cities with

reduced ecological footprints within and beyond city

boundaries.

Closing remarks

Competition for land is becoming increasingly intense as the

world’s population continues to urbanize. Decades of

research in agriculture have generated a useful paradigm for

exploring the trade-offs associated with how different types

of land use are organized spatially, and we encourage their

adoption by those studying the ecological consequences of

urbanization. Only through clear analyses of the impacts of

alternative urban designs both within cities and beyond

their borders will we understand how best to grow our cities

in a way that correctly balances environmental harm with

all the benefits that cities bring to society.
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