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Landscape structure and fragmentation have important
effects on ecosystem services, with a common assump-
tion being that fragmentation reduces service provision.
This is based on fragmentation’s expected effects on
ecosystem service supply, but ignores how fragmenta-
tion influences the flow of services to people. Here we
develop a new conceptual framework that explicitly
considers the links between landscape fragmentation,
the supply of services, and the flow of services to people.
We argue that fragmentation’s effects on ecosystem
service flow can be positive or negative, and use our
framework to construct testable hypotheses about the
effects of fragmentation on final ecosystem service pro-
vision. Empirical efforts to apply and test this framework
are critical to improving landscape management for
multiple ecosystem services.

Landscape fragmentation: the need to reconceptualize

for ecosystem services

Humans continue to heavily modify natural ecosystems
around the world, with negative consequences for biodiver-
sity (see Glossary) and natural capital [1,2]. At the same
time, demand for ecosystems to provide benefits, or services,
to society is growing rapidly [3]. This has significantly in-
creased the need to understand and manage landscapes
simultaneously for ecosystem services and biodiversity. Re-
cently, the potential of managing landscape structure [4—6],
and in particular landscape fragmentation [7,8], for these
multiple goals has been highlighted. Interest in landscape
fragmentation — the breaking apart of areas of natural land
cover into smaller pieces independent of a change in the
amount of natural land cover — has a long history in ecology
[9]. Consequently, a well-developed understanding exists of
its effects on biodiversity and ecosystem functioning
[10]. However, the shift in research interest from biodiversity
toward the concept of ecosystem services has recast what
before were solely ecological questions into social-ecological
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Glossary

Benefit: the ways in which ecosystems improve human well-being via the
provision of ecosystem services. Constituents of human well-being include
materials essential for life and contributions to health, security, social relations,
and freedom of choice and action [76].

Biodiversity: the variability among living organisms from all sources
including, inter alia, terrestrial, marine, and other aquatic ecosystems and
the ecological complexes of which they are part; this includes diversity within
species, between species, and of ecosystems. Defined here following the
1993 Convention on Biological Diversity (CBD) meaning of ‘biological
diversity’, which we assume to be equivalent to ‘biodiversity’ (http:/www.
cbd.int/convention/articles).

Connectivity: the degree to which a landscape facilitates the movement of
organisms and matter [77]. We use the term to include both biotic connectivity
(movement of organisms) and abiotic connectivity (movement of water,
nutrients, and soil) across landscapes.

Ecosystem function: the flow of energy and materials through the arrange-
ment of biotic and abiotic components of an ecosystem that allows or could
allow natural systems to provide ecosystem services [78].

Ecosystem service: defined broadly, the biophysical and social conditions and
processes by which people, directly or indirectly, obtain benefits from
ecosystems that sustain and fulfill human life [76].

Ecosystem service demand: the level of service provision desired or required
by people. Demand is influenced by human needs, values, institutions, built
capital, and technology [15].

Ecosystem service flow: the delivery of an ecosystem service to people or its
realization. Ecosystem service flow depends on both the supply of and
demand for a service [14,15] as well as the movement of organisms, matter,
and people [4].

Ecosystem service supply: the full potential of ecological functions or
biophysical elements in an ecosystem to provide a given ecosystem service,
without consideration of whether humans recognize, use, or value that
function or element [14,15].

Landscape: a heterogeneous area comprising interacting ecosystems that are
repeated in similar form throughout, including both natural and anthropogenic
land cover, across which humans interact with their environment [79].
Landscape fragmentation: the breaking apart of areas of natural land cover
into several smaller areas within a human-dominated matrix, independent of
any change in the area of natural land cover [9].

Landscape heterogeneity: the amount of variation in landscape structure
(composition and configuration) at a particular spatial scale across a land-
scape. Landscape heterogeneity is affected by landscape fragmentation
through changes to patterns of spatial complexity.

Landscape matrix: the portion of the landscape that surrounds fragments of
natural land cover. In most cases we consider the matrix to be the human-
dominated or -disturbed areas of the landscape (e.g., agricultural fields, urban
areas, cleared land). Characteristics of the matrix can be important for
determining landscape connectivity and ecosystem service flow.

Landscape structure: the arrangement of land cover and land use across a
landscape. Broadly, it includes landscape composition (how much of each land
cover or land use that exists), configuration (the spatial pattern of these land
cover or land use types), and connectivity.

Natural capital: the stock of natural ecosystems, including all of their
biological and physical features that supply flows of ecosystem services to
people.
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ones [11-13]. This recasting means that predictions about
the ecological effects of landscape fragmentation on biodi-
versity and ecosystem functioning are unlikely to translate
directly into ecosystem service provision. This will be espe-
cially true if fragmentation has contrasting effects on people
and how they interact with ecosystems to produce ecosystem
services compared with biodiversity and ecosystem function-
ing. It is therefore critical to rethink how fragmentation
alters all of the components of ecosystem service provision
in order to improve landscape management for multiple
services.

Ecosystem service provision depends on three elements
— supply, demand, and flow (Figure 1) — each of which can
respond differently to landscape fragmentation. Ecosystem
service supply is the potential for natural capital to gener-
ate a benefit for people, irrespective of it being realized or
used [14]. In turn, ecosystem service demand is the level of
service provision desired or required by people and is
influenced by human needs, values, cultures, institutions,
and built capital [15]. Finally, for ecosystem service provi-
sion to be realized, people must interact with ecosystems to
gain a benefit. This interaction connects service supply
with demand to produce a service flow: the delivery of a
service to people to be used or enjoyed [15].

Here we argue that the effects of fragmentation on
ecosystem service supply and flow can either complement
or oppose each other, leading to contrasting net effects on
service provision. Ecosystem service supply depends on the
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presence of particular species, ecosystems, or ecological
processes that are often negatively affected by fragmenta-
tion. In contrast, most ecosystem service flows depend on the
distribution and movement of organisms, matter, and peo-
ple between areas of natural and anthropogenic land cover.
For example, fragmentation of forests from logging, road
construction, or agricultural and urban expansion can
alter plant species composition and growth, negatively af-
fecting water quality regulation and carbon sequestration
[16,17]. Simultaneously, this fragmentation can improve
forest access, increasing timber harvesting, hunting, wild
food foraging, and park visits [18,19]. Thus, by altering the
arrangement of areas of service supply and demand, or
humans and natural capital across a landscape, fragmenta-
tion can modify ecosystem service supply, movements criti-
cal for service flow, and, ultimately, service provision.
That landscape fragmentation simultaneously affects
ecosystem service supply and flow has not thus far been
widely acknowledged in the development and application
of the ecosystem service concept. Most ecosystem service
studies that consider fragmentation focus on service sup-
ply only [4,20] and disregard demand and flow. Similarly,
most ecosystem service decision-support and quantifica-
tion tools focus on service supply and have limited
ability to determine flow [21]. While tools such as InVEST
(http:/maturalcapitalproject.org/InVEST.html) and ARIES
(http://ariesonline.org) aim to better quantify service
flows across landscapes, integration of this information into
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Figure 1. A conceptual diagram of the effects of landscape fragmentation on the provision of ecosystem services. Fragmentation alters ecosystem service supply by
affecting natural capital. This occurs when fragmentation affects the movement and distribution of organisms, matter, and energy across a landscape, with consequences
for the biodiversity and ecosystem functions that are important for service provision. Fragmentation also affects patterns of human distribution, activities, and movement
across the landscape. Combined, these effects influence the magnitude and spatial pattern of ecosystem service flows that connect areas of service supply to areas of
demand. Thus, ecosystem service flows, and ultimately service provision, depend on how landscape fragmentation and the resulting landscape structure affect the
movement and distribution of both ecosystems and people. In turn, the benefit derived from an ecosystem service affects service demand by altering human well-being and
needs. This demand then drives human activities that alter landscape fragmentation (broken arrow). Ecosystem service provision can also directly affect natural capital

(broken arrow) through overexploitation. Adapted from [14].
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decision making remains limited and mainly focused on
service supply. Consequently, predictions about how land-
scape fragmentation will affect ecosystem service provision
are likely to be incorrect. This has important implications for
landscape planning to optimize service provision.

To spur research in this area, we present a conceptual
framework that links fragmentation explicitly with eco-
system service supply and flow and use it to make testable
predictions about the effects of landscape fragmentation
on ecosystem service provision. We discuss how fragmen-
tation could drive trade-offs and synergies among services,
highlighting the implications for policy and planning,
and identify future research priorities for investigating
the role of landscape fragmentation in ecosystem service
provision.

Linking fragmentation to ecosystem service supply and
flow

Here we identify specific mechanisms by which landscape
fragmentation, independent of the loss of natural land
cover, affects service supply and flow (Figure 1) and the
ultimate consequences of these relationships for service
provision. A planning issue of critical importance in many
human-dominated landscapes is how to spatially arrange
areas of natural land cover within the human-dominated
matrix [22,23]. While we recognize that alteration of the
spatial arrangement of natural land cover also has impor-
tant consequences for landscape heterogeneity, our frame-
work simplifies this complexity by focusing on
fragmentation of natural land cover. We feel this is a
necessary first step to better develop a spatially explicit
landscape-scale understanding of ecosystem services.

Fragmentation and ecosystem service supply
Fragmentation tends to drive biodiversity loss and shifts in
ecosystem function [24,25], although various responses can
occur, especially at low or intermediate levels of fragmen-
tation [9]. Fragmentation often reduces the ability of plant
and animal species to move across landscapes, interrupt-
ing daily movements between foraging and breeding habi-
tat, dispersal events, and migration [10]. In addition,
smaller habitat patches support fewer species, contain
smaller populations that are at greater risk of extinction
[26], and have increased edge effects that can negatively
affect the persistence of native species [27]. Each of these
different effects of fragmentation can result in degradation
of the natural capital and biodiversity that contribute to
service supply (Figure 1).

There is widespread evidence that biodiversity influ-
ences or is strongly correlated with the supply of many
ecosystem services [28,29]. For example, increased tree
species richness [30] and plant diversity [6] are each
associated with an increased supply of multiple ecosystem
services. In particular, biodiversity is increasingly impor-
tant as the number of services considered increases
[31]. Thus, if biodiversity declines with landscape fragmen-
tation, as is commonly observed [10], ecosystem service
supply is also likely to be lost.

Pollination and pest regulation are among the best-
studied examples where landscape fragmentation drives
this relationship. Increased species and functional diversity
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in pollinator or arthropod predator communities can in-
crease service supply [32,33]. In turn, this diversity can be
enhanced by increased forest and grassland connectivity
or increased landscape complexity (smaller fields, more
hedgerows) across agricultural landscapes [34,35]. Frag-
mentation can also affect forest plant diversity and the
supply of carbon storage and sequestration [17,36], al-
though this effect is not universal [37]. Similarly, frag-
mentation of marine ecosystems and rivers can have
significant effects on aquatic biodiversity and the fish
abundance important for commercial fisheries [38,39]. Un-
fortunately, most of these examples only quantify service
supply and not flows to people, which might be affected
very differently by fragmentation.

Fragmentation and ecosystem service flow

For most ecosystem services, their flow depends on the
movement of organisms, matter, energy, and/or people
across landscapes to connect spatially separate locations
of supply and demand (Figure 1) [20]. For example, polli-
nation depends on the movement of native pollinators from
fragments of non-crop vegetation into fields [40], drinking
water provision relies on the flow of above- and below-
ground water to areas of collection or consumption [41],
and the movement of people to fishing locations or parks is
needed for fisheries and recreation [42]. Conversely, some
services depend on ecosystems restricting flows of organ-
isms or matter. For example, flood regulation is provided
when ecosystems restrict or delay water flow [43], disease
regulation when the movements of disease vectors to

Box 1. What is landscape fragmentation and how does it
affect ecosystem service flow?

Landscape fragmentation is the breaking up of larger areas of
natural land cover into smaller, more isolated patches, independent
of a change in the total area of natural land cover (see Figure 2 in
main text). Landscape fragmentation causes three main intercon-
nected changes to patches of natural land cover across a landscape:
(i) an increase in the isolation of patches and their interspersion with
the surrounding human-dominated land (e.g., agricultural or urban
areas); (ii) an increase in the number of patches and the amount of
patch edge; and (iii) a decrease in average patch area [9]. Simulta-
neously, the surrounding human-dominated portion of the land-
scape can become more connected as fragmentation proceeds, with
important consequences for the movement and abundance of
species that inhabit this portion of the landscape [52,80].

Thus, landscape fragmentation results in numerous interrelated
effects on landscape structure, including changes to landscape
configuration and heterogeneity. This means that various mechan-
isms of and effects on ecosystem service flow are possible (see
Figure 2 in main text). Fragmentation affects ecosystem service
flows by facilitating or interrupting movement of organisms, matter,
energy, and people across landscapes. This includes the daily
movements of mobile organisms like pollinators and insect
predators across agricultural landscapes, long-distance migrations,
directional overland flows of water and the nutrients, pollutants, and
eroded soil it contains; ocean and atmospheric currents at multiple
spatial scales, and the movement of people across landscapes. The
final effect of fragmentation on service provision will depend
heavily on these processes and the key species, ecosystem
functions, biophysical flows, and human activities that underlie
each service, as well as the exact form and amount of landscape
fragmentation that takes place. Additionally, the scale at which
fragmentation occurs relative to ecosystem service flow will also
change how it affects service provision.



people are limited [44], and water quality regulation when
ecosystems capture or transform excess nutrients, sedi-
ments, or pollutants [41].

Because ecosystem service flow relies on facilitating or
restricting movement, landscape fragmentation can affect
the magnitude and spatial pattern of these flows (Box 1)
[20]. Importantly, fragmentation increases the intersper-
sion of natural and anthropogenic land, reducing distances
between areas of service supply and demand and poten-
tially increasing service flow. Simultaneously, fragmenta-
tion affects the number, size, shape, spatial arrangement,
and isolation of patches of natural land cover, which in turn
can positively or negatively affect the flow of soil, water,
energy, and organisms across landscapes [4]. Thus, frag-
mentation can have either negative or positive effects on
service flow depending on the service in question, the
process of landscape fragmentation, and the resulting
landscape structure (Box 1). In addition, the flow of some
ecosystem services will be insensitive to fragmentation.
For example, carbon sequestration and storage provides
climate regulation globally regardless of'its spatial location
or the location of beneficiaries.
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How fragmentation affects ecosystem service flow
Increased interspersion of natural and anthropogenic
land
Expansion of human land use resulting in the fragmenta-
tion of natural land cover can place areas of service supply
and demand in closer proximity to one another. For ser-
vices that rely on the juxtaposition of ecosystems and
people, this can increase service flows (Figure 2A). Services
provided by mobile organisms often fall into this category.
For example, interspersion of remnant forests and grass-
lands with cropland can maximize both pollination and
pest regulation services [45]. Small reservoirs of regularly
placed natural land cover that provide shelter and nesting
resources can more evenly distribute pollinators across
agricultural landscapes and are predicted to maximize
the flow of pollination services [22]. Similarly, regularly
spaced forest patch and hedgerow reservoirs of arthropod
predators are needed to ensure an even flow of pest regu-
lation to agricultural fields [46,47].

Increased fragmentation can also improve people’s
access to ecosystems to obtain recreational and health
benefits. Increased visitation to parks and previously
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Figure 2. The mechanisms by which landscape fragmentation, independent of a change in the area of natural land cover, can affect ecosystem service flow. Locations of
natural land cover and ecosystem service supply (green areas) provide ecosystem service flows (red arrows) and benefits (red areas) to the human-dominated matrix (light-
brown areas) that are affected by landscape fragmentation. Ecosystem service flows of organisms and people (arrows) can depend on proximity to natural areas (A) and will
therefore be influenced by the interspersion of natural and anthropogenic land cover across the landscape (e.g., recreation, pollination, waste treatment, pest regulation).
Simultaneously, increased isolation of patches and reduced connectivity (B), as well as decreased patch size (C), can decrease service flow in fragmented landscapes (e.g.,
pollination, seed dispersal, cultural services, watercourse recreation, water provision and regulation). Finally, for services that depend on restricting movement across
landscapes, increased edge amounts with fragmentation (D) can have positive (e.g., storm protection, air quality regulation) or negative (e.g., water quality or soil erosion
regulation) effects on ecosystem service flow. In each panel, the area of natural land cover and ecosystem service supply is unchanged between intact and fragmented
landscapes. Adapted from [66].
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inaccessible wilderness areas when roads and trails are
built can increase fishing, hunting, timber harvesting, and
land clearing [18,19]. Similarly, in urban areas having
nearby green spaces increases accessibility and can
improve human health and well-being [48,49]. We predict
that these effects of fragmentation on patterns of human
movement, while often overlooked in the literature [4], will
be as common and important for ecosystem service flow as
those on the movement of other organisms.

Increased interspersion of people, their activities, and
ecosystems can also increase flows of ecosystem disservices
(damages or costs to people from ecosystems). For example,
the spread of human diseases via biotic vectors is often
greater when human habitation occurs in close proximity
to natural areas. For Lyme disease in North America,
increased interspersion of people and forests is highly
correlated with disease prevalence [50,51].

Increased isolation of patches of natural land cover

By isolating patches of natural land cover and reducing
patch sizes, fragmentation can have negative effects on the
movement of organisms and matter (Figure 2B). This is
especially true if the intervening matrix impedes move-
ment between patches. For services provided by mobile
organisms [52], including pollination and seed dispersal,
isolation can negatively affect service flow. For example,
seed dispersal can be highly sensitive to forest fragmenta-
tion by agriculture, especially the loss of small forest
patches that maintain landscape connectivity [53]. Services
that rely on the movement of water can also be dispropor-
tionately affected. The presence of dams has fragmented
most of Earth’s major river systems, reducing water flow
and the movement of people along these rivers, altering
water provision to people, water quality regulation [54],
and opportunities for recreation [55,56].

Decreased patch size and increased edge
Reduced patch size can decrease visitation rates and
ecosystem service flows for both organisms and people
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(Figure 2C). For example, smaller fields often experience
less pollinator visitation compared with larger fields, with
consequences for pollination and other services provided
by mobile organisms [34,57]. Similarly, small parks attract
fewer visitors from surrounding urban areas [58], reducing
recreation [59] and other cultural services.

For those services that depend on restricting movement,
increases in edge and edge:area ratio can have various
effects, either reducing or increasing service flow to people
(Figure 2D). For example, fragmentation of areas of
natural land cover by agriculture can result in greater
vegetation-field edge and increased soil erosion [60,61]
and nutrient loss [62,63], with consequences for down-
stream water quality. Contrastingly, linear patches of
vegetation such as hedgerows can fragment the cropland
matrix of agricultural landscapes, intercepting pesticides
and odors and increasing air quality regulation
[64,65]. Other directionally-provided ecosystem services
such as storm protection and flood regulation might also
be improved by more linear wetlands [66].

Consequences for ecosystem service provision
The varied processes by which fragmentation affects land-
scape structure and heterogeneity, and thereby service
flow, means that fragmentation’s effects on supply and
flow can be in parallel or opposition. We argue that this
will result in various landscape-scale fragmentation effects
on the provision of different services and hypothesize that
three broad categories of effects are possible (Box 2). For
example, when the effects of fragmentation on supply and
flow oppose each other, service provision will peak at
intermediate levels of fragmentation (Figure 3F). These
three categories of relationships provide testable predic-
tions of the effects of fragmentation on service provision.
The diverse effects of fragmentation on service provision
will also drive positive and negative relationships between
services in fragmented landscapes as each responds differ-
ently to the modified landscape structure, even if the ser-
vices themselves do not interact strongly [67]. Importantly,

Box 2. Combining the effects of fragmentation on ecosystem service supply and flow

Our conceptual framework predicts that a range of relationships
between landscape fragmentation and final ecosystem service
provision are possible depending on the specific processes by which
fragmentation affects service supply and flow (see Figure 3 in main
text). While a range of effects is likely, we identify three general
categories of effect.

e Double whammy: Fragmentation negatively affects both supply
and flow, resulting most often in rapid and dramatic decreases in
ecosystem service provision with fragmentation. We predict this
relationship for services where reduced connectivity and decreased
patch size drive reductions in service flow (e.g., water provision and
regulation, watercourse recreation, and pollination and pest
regulation at high levels of landscape fragmentation).

e Compensating: The effects of fragmentation on flow oppose those
on supply, resulting in increased service provision at intermediate
levels of fragmentation. The exact level of fragmentation that
maximizes service provision depends on the strength and shape of
the relationship between fragmentation and service flow. Services
where interspersion of natural land cover and human-dominated
areas determines service flow should respond in this way (e.g.,
recreation, cultural and aesthetic services, genetic resources,
pollination, pest regulation).
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e Supply driven: Ecosystem service flows are insensitive to fragmen-
tation; therefore, final service provision is simply a function of the
effects of fragmentation on service supply. Examples include
carbon sequestration, carbon storage, and the existence value of
biodiversity.

Because there is a wide range of possible patterns of ecosystem
service provision with fragmentation, this will drive synergies and
trade-offs between services in fragmented landscapes. For example,
services that respond in double-whammy or supply-driven ways to
fragmentation might show positive relationships across landscapes
as fragmentation varies. Of course, variation in the strength of these
relationships will also occur (e.g., blue versus red lines in Figure 3E in
main text). Contrastingly, trade-offs might occur among services
following a compensating relationship. Here, the strength of the
trade-offs between services will depend on the level of fragmentation
and resulting landscape structure. Trade-offs and synergies between
services and switches between the two could also occur within the
compensating category as levels of fragmentation vary (e.g., green
broken versus blue unbroken lines in Figure 3F in main text). Thus,
our framework predicts that trade-offs and synergies between
services might not always be unidirectional or constant but will vary
depending on the level of landscape fragmentation.
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Figure 3. Effects of landscape fragmentation on the supply and flow of ecosystem services will affect the final relationship between landscape fragmentation and
ecosystem service provision. Landscape fragmentation, by reducing biodiversity and ecosystem function, is (A) predicted to reduce ecosystem service supply (three
alternative possible trajectories are shown by the red, green, and blue lines). Simultaneously, the amount of flow per unit of ecosystem service supply to beneficiaries can
also be (B) affected negatively, (C) affected positively, or (D) insensitive to landscape fragmentation (e.g., carbon sequestration), with a range of relationships possible (e.g.,
unbroken, broken, and dotted lines). Combining ecosystem service supply and flow multiplicatively (E,F,G) will result in distinct relationships between landscape
fragmentation and ecosystem service provision. Each of the trend lines in (E,F,G) is a combination of the lines in the plots above. Note that some lines overlap in (E) and for
clarity not all possible combinations of supply and flow are shown; the grey lines in (E) show what provision would be if flow was insensitive to fragmentation.

our framework predicts that trade-offs and synergies be-
tween ecosystem services might not always be unidirection-
al or constant, but could vary depending on the level of
landscape fragmentation. Thus, we predict that managing
landscape structure for ecosystem services does not simply
involve minimizing fragmentation but requires a much
more complete understanding of the effects of landscape
structure on service provision.

Challenges for ecosystem service science and policy

The challenge of incorporating the ecosystem services
paradigm into environmental policy and landscape plan-
ning is increasingly being recognized [68,69]. The next
major challenge is to develop a body of predictive theory
to support policy and planning activities, similar to that
currently present in biodiversity-fragmentation research.
In this context, ecosystem service research needs to move
away from simply quantifying and mapping the biophysi-
cal supply of services [70] and toward identifying locations
of service demand and potential pathways and magnitudes
of service flow [15,20]. Understanding these different
aspects of service provision and what features of landscape
structure, fragmentation, and heterogeneity control them

will significantly improve our ability to manage landscapes
for ecosystem services. Our framework is a first step
toward a more robust theory linking landscape structure
with ecosystem services.

We propose that ecosystem service supply will decline
with increasing fragmentation but that the flow of ecosys-
tem services to beneficiaries can increase or decrease.
Thus, fragmentation of the landscape can either enhance
or degrade ecosystem service provision (Box 2). We also
argue that the responses of ecosystem service flow to
fragmentation are driven by: (i) increased interspersion
of anthropogenic and natural land; (ii) increased isolation
of patches of natural land cover; and (iii) reduced patch size
and increased amounts of edge. These predictions reflect
several important gaps in current knowledge and highlight
numerous key research questions that will best address
them (Box 3). In particular, testing our hypotheses across
landscape gradients of fragmentation by quantifying the
supply, demand, and flow of multiple services is an essen-
tial next step. Only in this way will the mechanisms by
which fragmentation drives both service provision and
trade-offs between services be identified. Describing the
precise form of the relationships between fragmentation
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Box 3. Outstanding questions

e What are the specific relationships between landscape fragmenta-
tion and ecosystem service supply and flow for different services?
While there is likely to be wide variation in the form of these
relationships, this remains to be quantified. This is a key first step
to creating landscape management tools for ecosystem services
that deal with fragmentation.

e What are the important mechanisms by which fragmentation
affects service flow for different ecosystem services and do these
vary depending on the spatial scale considered? We identify four
potential mechanisms, but their relative importance across different
services is largely unknown. Understanding these mechanisms is
key to creating a predictive framework for the effects of landscape
fragmentation on ecosystem service provision.

e Can the relationships between fragmentation and ecosystem
service flow and final provision be generalized for specific
categories of service? While we identify three broad potential
categories (see Figure 3 in main text), there might be additional
categories or there might be instances where relationships between
services and fragmentation are idiosyncratic depending on the
scale of fragmentation or other biophysical or social factors. While
we hypothesize that this is unlikely, it remains to be tested.

e How are positive or negative relationships between ecosystem
services affected by landscape fragmentation? Our framework
predicts that these relationships might not be constant but could
vary across gradients of fragmentation or landscape structure.
The prevalence and form of these relationships need to be tested
in real landscapes.

e How can the effects of fragmentation on ecosystem service
provision be effectively integrated into decision making? The
causes of fragmentation across landscapes are varied and it can
often be driven by external factors such as demand for ecosystem
services from distant locations. Therefore, effectively integrating
knowledge about the effects of fragmentation into landscape
planning is likely to be difficult and effective paths to do this
remain to be explored.
What is the most important component of ecosystem service
provision (i.e., supply or flow) to understand with respect to
landscape planning? With limited resources available to investi-
gate how fragmentation affects both service supply and flow,
determining which is most important for landscape management
is critical for efficient decision-making.

and service provision, and identifying whether distinct
classes of relationship exist, similar to those in our frame-
work, are also critical questions for future research.
Landscape planning almost always involves decisions
about the spatial arrangement of conflicting land uses that
influence the level of landscape fragmentation (e.g., [71]).
Urban and rural landscape planning could benefit substan-
tially from a more nuanced understanding of the relation-
ships between landscape fragmentation and heterogeneity
and ecosystem service provision. Yet implications for other
globally relevant policy challenges are equally important.
Understanding when and why fragmentation inhibits or
enhances ecosystem service provision is central to the land-
sparing versus land-sharing (or wildlife-friendly farming)
debate [23,72]. This is also true for designing rules to
improve the effectiveness of and co-benefits from trades
in carbon markets [e.g., Reducing Emissions from Defor-
estation and Forest Degradation (REDD)+] [73], biodiver-
sity (e.g., offsetting, agri-environment schemes) [5,74], and
other ecosystem services (e.g., water quality). Market-
based approaches to stimulate desirable land-use out-
comes are also increasingly incorporating effects of spatial
configuration [75] but currently incorporate only a simple
understanding of the consequences of fragmentation.
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Thus, understanding the effects of fragmentation on eco-
system services is of critical importance for the develop-
ment of effective policy mechanisms.

Concluding remarks

Our conceptual framework highlights the vital importance of
understanding how fragmentation of natural land cover
affects service supply and flow and the different ecological
and social components of ecosystem service provision. Incor-
porating these effects into ecosystem service assessments is
critical to the development of effective tools that can help
structure landscapes to provide multiple ecosystem services.
Inmanyways, the field of ecosystem services is ideally placed
to address this challenge; many studies already work at
large spatial scales across landscapes with different levels
of fragmentation and incorporate data from a diversity of
sources, including ecological, remote sensing, and social
survey data. What is needed now is increased empirical
research into the exact nature of the relationships between
fragmentation and ecosystem service supply and flow. As the
ecosystem services concept is increasingly incorporated into
decision-making and planning activities, the need to
improve understanding of ecosystem service provision at
the landscape scale is fundamentally important.

Acknowledgments

The authors thank Kerrie Wilson, Fleur Maseyk, Jessie Wells, Marta
Pascual Altares, Rhiannon Caynes, the Environmental Decision Group’s
Ecosystem Services discussion group, and four anonymous reviewers for
helpful comments. This work was supported by an Australian Research
Council Discovery Project (DP130100218), the Australian Research
Council’s Centre of Excellence for Environmental Decisions, a Natural
Environment Research Council Grant (NE/J015237/1) to K.J.G., Chile
Ministry of Education and CSIRO Integrative Natural Resource Manage-
ment postgraduate fellowships to M.M.H., and a COLCIENCIAS grant
to AF.S.C.

References
1 Butchart, S.H.M. et al. (2010) Global biodiversity: indicators of recent
declines. Science 328, 1164-1168
2 Foley, J.A. et al. (2011) Solutions for a cultivated planet. Nature 478,
337-342
3 Carpenter, S.R. et al. (2009) Science for managing ecosystem services:
beyond the Millennium Ecosystem Assessment. Proc. Natl. Acad. Sci.
U.S.A. 106, 1305-1312
4 Mitchell, M.G. et al. (2013) Linking landscape connectivity and
ecosystem service provision: current knowledge and research gaps.
Ecosystems 16, 894-908
5 Ekroos, J. et al. (2014) Optimizing agri-environment schemes for
biodiversity, ecosystem services or both? Biol. Conserv. 172, 65-71
6 Werling, B.P. et al. (2014) Perennial grasslands enhance biodiversity
and multiple ecosystem services in bioenergy landscapes. Proc. Natl.
Acad. Sci. U.S.A. 111, 1652-1657
7 Ziter, C. et al. (2013) Functional diversity and management mediate
aboveground carbon stocks in small forest fragments. Ecosphere 4, art85
8 Dobbs, C. et al. (2014) Multiple ecosystem services and disservices of
the urban forest establishing their connections with landscape
structure and sociodemographics. Ecol. Indic. 43, 44-55
9 Fahrig, L. (2003) Effects of habitat fragmentation on biodiversity.
Annu. Rev. Ecol. Evol. Syst. 34, 487-515
10 Fischer, J. and Lindenmayer, D.B. (2007) Landscape modification and
habitat fragmentation: a synthesis. Global Ecol. Biogeogr. 16, 265-280
11 Hughes, T.P. et al. (2005) New paradigms for supporting the resilience
of marine ecosystems. Trends Ecol. Evol. 20, 380-386
12 Chapin, F.S. et al. (2010) Ecosystem stewardship: sustainability
strategies for a rapidly changing planet. Trends Ecol. Evol. 25,241-249
13 Mace, G.M. (2014) Whose conservation? Science 345, 1558—-1560


http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0405
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0405
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0410
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0410
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0415
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0415
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0415
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0420
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0420
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0420
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0425
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0425
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0430
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0430
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0430
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0435
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0435
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0440
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0440
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0440
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0445
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0445
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0450
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0450
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0455
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0455
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0460
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0460
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0465

14 Tallis, H. et al. (2012) A global system for monitoring ecosystem service
change. Bioscience 62, 977-986

15 Villamagna, A.M. et al. (2013) Capacity, pressure, demand, and flow: a
conceptual framework for analyzing ecosystem service provision and
delivery. Ecol. Complex. 15, 114-121

16 Edwards, D.P. et al. (2014) Maintaining ecosystem function and
services in logged tropical forests. Trends Ecol. Evol. 29, 511-520

17 Piitz, S. et al. (2014) Long-term carbon loss in fragmented neotropical
forests. Nat. Commun. 5, 5037

18 Peres, C.A. and Lake, I.LR. (2003) Extent of nontimber resource
extraction in tropical forests: accessibility to game vertebrates by
hunters in the Amazon basin. Conserv. Biol. 17, 521-535

19 Trombulak, S.C. and Frissell, C.A. (2000) Review of ecological effects of
roads on terrestrial and aquatic communities. Conserv. Biol. 14, 18-30

20 Bagstad, K.J. et al. (2013) Spatial dynamics of ecosystem service flows:
a comprehensive approach to quantifying actual services. Ecosyst.
Serv. 4, 117-125

21 Bagstad, K.J. et al. (2013) A comparative assessment of decision-
support tools for ecosystem services quantification and valuation.
Ecosyst. Serv. 5, 27-39

22 Brosi, B.J. et al. (2008) Optimal design of agricultural landscapes for
pollination services. Conserv. Lett. 1, 27-36

23 Lin, B.B. and Fuller, R.A. (2013) Sharing or sparing? How should we
grow the world’s cities? /. Appl. Ecol. 50, 1161-1168

24 Leibold, M.A. et al. (2004) The metacommunity concept: a framework
for multi-scale community ecology. Ecol. Lett. 7, 601-613

25 Gonzalez, A. et al. (2009) Biodiversity as spatial insurance: the effects
of habitat fragmentation and dispersal on ecosystem functioning. In
Biodiversity, Ecosystem Functioning, and Human Wellbeing (Naeem,
S. et al., eds), pp. 134-146, Oxford University Press

26 Dobson, A. et al. (2006) Habitat loss, trophic collapse, and the decline of
ecosystem services. Ecology 87, 1915-1924

27 Harper, K.A. et al. (2005) Edge influence on forest structure and
composition in fragmented landscapes. Conserv. Biol. 19, 768-782

28 Cardinale, B.J. et al. (2012) Biodiversity loss and its impact on
humanity. Nature 486, 59-67

29 Balvanera, P. et al. (2006) Quantifying the evidence for biodiversity
effects on ecosystem functioning and services. Ecol. Lett. 9, 1146-1156

30 Gamfeldt, L. et al. (2013) Higher levels of multiple ecosystem services
are found in forests with more tree species. Nat. Commun. 4, 1340

31 Isbell, F. et al. (2011) High plant diversity is needed to maintain
ecosystem services. Nature 477, 199-202

32 Hoehn, P. et al. (2008) Functional group diversity of bee pollinators
increases crop yield. Proc. Biol. Sci. 275, 2283—-2291

33 Letourneau, D.K. et al. (2009) Effects of natural enemy biodiversity on
the suppression of arthropod herbivores in terrestrial ecosystems.
Annu. Rev. Ecol. Evol. Syst. 40, 573-592

34 Klein, A-M. et al. (2012) Wild pollination services to California almond
rely on semi-natural habitat. J. Appl. Ecol. 49, 723-732

35 Chaplin-Kramer, R. et al. (2011) A meta-analysis of crop pest and
natural enemy response to landscape complexity. Ecol. Lett. 14, 922—
932

36 Numata, I. et al. (2011) Carbon emissions from deforestation and forest
fragmentation in the Brazilian Amazon. Environ. Res. Lett. 6, 044003

37 Ziter, C. et al. (2014) Temperate forest fragments maintain
aboveground carbon stocks out to the forest edge despite changes in
community composition. Oecologia 176, 893-902

38 Ziv, G. et al. (2012) Trading-off fish biodiversity, food security, and
hydropower in the Mekong River Basin. Proc. Natl. Acad. Sci. U.S.A.
109, 5609-5614

39 Edwards, H. et al. (2010) Incorporating ontogenetic dispersal,
ecological processes and conservation zoning into reserve design.
Biol. Conserv. 143, 457-470

40 Ricketts, T.H. et al. (2008) Landscape effects on crop pollination
services: are there general patterns? Ecol. Lett. 11, 499-515

41 Brauman, K.A. et al. (2007) The nature and value of ecosystem services:
an overview highlighting hydrologic services. Annu. Rev. Env. Resour.
32, 67-98

42 Bagstad, K.J. et al. (2014) From theoretical to actual ecosystem
services: mapping beneficiaries and spatial flows in ecosystem
service assessments. Ecol. Soc. 19, 64

43 Luck, G.W. et al. (2009) Protecting ecosystem services and biodiversity
in the world’s watersheds. Conserv. Lett. 2, 179-188

Trends in Ecology & Evolution April 2015, Vol. 30, No. 4

44 Plantegenest, M. et al. (2007) Landscape epidemiology of plant
diseases. JJ. Roy. Soc. Interface 4, 963-972

45 Tscharntke, T. et al. (2005) Landscape perspectives on agricultural
intensification and biodiversity — ecosystem service management. Ecol.
Lett. 8, 857-874

46 Bianchi, F.J.J.A. et al. (2010) Spatial variability in ecosystem services:
simple rules for predator-mediated pest suppression. Ecol. Appl. 20,
2322-2333

47 Otieno, M. et al. (2011) Local management and landscape drivers of
pollination and biological control services in a Kenyan agro-ecosystem.
Biol. Conserv. 144, 2424-2431

48 Takano, T. et al. (2002) Urban residential environments and senior
citizens’ longevity in megacity areas: the importance of walkable green
spaces. J. Epidemiol. Community Health 56, 913-918

49 Wolch, J. et al. (2011) Childhood obesity and proximity to urban parks
and recreational resources: a longitudinal cohort study. Health Place
17, 207-214

50 Jackson, L.E. et al. (2006) Towards landscape design guidelines for
reducing Lyme disease risk. Int. J. Epidemiol. 35, 315-322

51 Li, S. et al. (2012) Consequences of landscape fragmentation on Lyme
disease risk: a cellular automata approach. PLoS ONE 7, e39612

52 Kremen, C. et al. (2007) Pollination and other ecosystem services
produced by mobile organisms: a conceptual framework for the
effects of land-use change. Ecol. Lett. 10, 299-314

53 Bodin, O. et al. (2006) The value of small size: loss of forest patches and
ecological thresholds in southern Madagascar. Ecol. Appl. 16, 440-451

54 Nilsson, C. et al. (2005) Fragmentation and flow regulation of the
world’s large river systems. Science 308, 405-408

55 Loomis, J. (2002) Quantifying recreation use values from removing
dams and restoring free-flowing rivers: a contingent behavior travel
cost demand model for the Lower Snake River. Water Resour. Res. 38,
2-1-2-8

56 Whittaker, D. and Shelby, B. (2002) Evaluating instream flows for
recreation: applying the structural norm approach to biophysical
conditions. Leisure Sci. 24, 363-374

57 Isaacs, R. and Kirk, A.K. (2010) Pollination services provided to small
and large highbush blueberry fields by wild and managed bees. J. Appl.
Ecol. 47, 841-849

58 Cohen, D.A. et al. (2010) Parks and physical activity: why are some
parks used more than others? Prev. Med. 50, S9—-S12

59 Van Dyck, D. et al. (2013) Associations of neighborhood characteristics
with active park use: an observational study in two cities in the USA
and Belgium. Int. J. Health Geogr. 12, 26-34

60 Ouyang, W. et al. (2010) Soil erosion dynamics response to landscape
pattern. Sci. Total Environ. 408, 1358-1366

61 Ziegler, A.D. et al. (2007) Hydrological consequences of landscape
fragmentation in mountainous northern Vietnam: buffering of
Hortonian overland flow. J. Hydrol. 337, 52—67

62 Gergel, S.E. (2005) Spatial and non-spatial factors: when do they affect
landscape indicators of watershed loading? Landscape Ecol. 20, 177—
189

63 Gémesi, Z. et al. (2011) Effects of watershed configuration and
composition on downstream lake water quality. J. Environ. Qual.
40, 517-527

64 Lazzaro, L. et al. (2008) Role of hedgerows in intercepting spray drift:
evaluation and modelling of the effects. Agric. Ecosyst. Environ. 123,
317-327

65 Tyndall,J.and Colletti, d. (2007) Mitigating swine odor with strategically
designed shelterbelt systems: a review. Agroforest. Syst. 69, 45-65

66 Fisher, B. et al. (2009) Defining and classifying ecosystem services for
decision making. Ecol. Econ. 68, 643-653

67 Bennett, EM. et al. (2009) Understanding relationships among
multiple ecosystem services. Ecol. Lett. 12, 1394-1404

68 Bateman, I.J. et al. (2013) Bringing ecosystem services into economic
decision-making: land use in the United Kingdom. Science 341, 45-50

69 Perrings, C. et al. (2011) The biodiversity and ecosystem services
science—policy interface. Science 331, 1139-1140

70 Seppelt, R. et al. (2011) A quantitative review of ecosystem service
studies: approaches, shortcomings and the road ahead. J. Appl. Ecol.
48, 630-636

71 Phalan, B. et al. (2011) Reconciling food production and biodiversity
conservation: land sharing and land sparing compared. Science 333,
1289-1291

197


http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0470
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0470
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0475
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0475
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0475
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0480
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0480
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0485
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0485
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0490
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0490
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0490
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0495
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0495
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0500
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0500
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0500
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0505
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0505
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0505
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0510
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0510
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0515
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0515
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0520
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0520
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0525
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0525
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0525
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0525
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0530
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0530
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0535
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0535
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0540
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0540
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0545
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0545
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0550
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0550
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0555
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0555
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0560
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0560
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0565
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0565
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0565
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0570
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0570
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0575
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0575
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0575
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0580
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0580
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0585
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0585
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0585
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0590
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0590
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0590
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0595
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0595
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0595
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0600
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0600
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0605
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0605
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0605
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0610
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0610
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0610
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0615
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0615
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0620
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0620
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0625
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0625
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0625
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0630
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0630
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0630
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0635
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0635
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0635
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0640
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0640
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0640
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0645
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0645
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0645
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0650
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0650
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0655
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0655
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0660
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0660
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0660
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0665
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0665
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0670
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0670
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0675
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0675
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0675
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0675
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0680
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0680
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0680
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0685
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0685
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0685
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0690
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0690
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0695
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0695
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0695
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0700
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0700
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0705
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0705
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0705
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0710
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0710
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0710
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0715
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0715
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0715
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0720
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0720
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0720
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0725
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0725
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0730
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0730
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0735
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0735
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0740
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0740
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0745
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0745
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0750
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0750
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0750
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0755
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0755
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0755

72 Fischer, J. et al. (2014) Land sparing versus land sharing: moving
forward. Conserv. Lett. 7, 149-157

73 Jantz, P. et al. (2014) Carbon stock corridors to mitigate climate
change and promote biodiversity in the tropics. Nat. Clim. Change
4, 138-142

74 Wendland, K.J. et al. (2010) Targeting and implementing payments
for ecosystem services: opportunities for bundling biodiversity
conservation with carbon and water services in Madagascar. Ecol.
Econ. 69, 2093-2107

75 Polasky, S. et al. (2014) Implementing the optimal provision of
ecosystem services. Proc. Natl. Acad. Sci. U.S.A. 111, 6248-6253

198

Trends in Ecology & Evolution April 2015, Vol. 30, No. 4

76 Millennium Assessment (2005) Ecosystems and Human Well-being:
Synthesis, Island Press

77 Taylor, P.D. et al. (1993) Connectivity is a vital element of landscape
structure. Oikos 68, 571-573

78 Diaz, S. and Cabido, M. (2001) Vive la différence: plant functional
diversity matters to ecosystem processes. Trends Ecol. Evol. 16,646—655

79 Forman, R.T. and Godron, M. (1981) Patches and structural
components for a landscape ecology. Bioscience 31, 733-740

80 Watling, J.I. et al. (2011) Meta-analysis reveals the importance of
matrix composition for animals in fragmented habitat. Global Ecol.
Biogeogr. 20, 209-217


http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0760
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0760
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0765
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0765
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0765
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0770
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0770
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0770
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0770
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0775
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0775
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0780
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0780
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0785
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0785
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0790
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0790
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0795
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0795
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0800
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0800
http://refhub.elsevier.com/S0169-5347(15)00023-3/sbref0800

	Reframing landscape fragmentation's effects on ecosystem services
	Landscape fragmentation: the need to reconceptualize for ecosystem services
	Linking fragmentation to ecosystem service supply and flow
	Fragmentation and ecosystem service supply
	Fragmentation and ecosystem service flow

	How fragmentation affects ecosystem service flow
	Increased interspersion of natural and anthropogenic land
	Increased isolation of patches of natural land cover
	Decreased patch size and increased edge
	Consequences for ecosystem service provision

	Challenges for ecosystem service science and policy
	Concluding remarks
	Acknowledgments
	References


