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Abstract

Context While the concept of ecosystem services
(ES) is well established in the scientific and policy
arenas, its operationalization faces many challenges.
Indeed, ES supply, demand and flow are related to
ecological and social processes at multiple space and
time scales, leading to complex interactions in the
provision of multiple ES.

Objectives To develop a conceptual framework (CF)
to facilitate the study and governance of multiple ES in
agricultural social-ecological landscapes.

Method We examined the ecological and social
literatures to identify how approaches at the landscape
level contribute to a better understanding of ES
supply, demand and flow in agricultural systems.
After detailing our CF, we use a case study to illustrate
how methods from different disciplines can be com-
bined to operationalize our CF.
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Results The literature suggests that the landscape
level is likely to be the level of organization that will
make it possible to (i) integrate different components
of ES co-production, i.e. ecological processes, agri-
cultural practices and social structures, (ii) understand
interactions between stakeholders, including ES co-
producers and beneficiaries, (iii) explicit ES trade-
offs, i.e. social choices between ES.

Conclusion The production of multiple ES at the
landscape level involves different types of interde-
pendencies among ES co-producers and beneficiaries.
These need to be addressed in concerted and integrated
ways to achieve sustainable and equitable governance
of agricultural landscapes.

Keywords Agricultural practices - Biodiversity -
Companion modeling - Ecological functions -
Mapping - Remote sensing - Social interactions -
Stakeholders - Spatio-temporal scales - Trade-offs

Introduction

The concept of ecosystem services (ES), broadly
defined as nature’s benefits to people, is now well
established in both scientific and policy arenas (e.g.
Daily et al. 2009; Burkhard et al. 2013; Braat et al.
2018; Peterson et al. 2018 but see Diaz et al. 2018). ES
provision results from three processes: ES supply (the
potential of ecosystems to produce ES), ES demand
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(the level of ES provision desired or required by
people) and ES flow (the connection between ES
supply and ES demand; Fisher et al. 2009; Villamagna
et al. 2013). Because it connects social and ecological
dynamics, the concept of ES has been advocated to
better understand social-ecological systems and to
provide recommendations for their sustainable man-
agement. Numerous conceptual frameworks (CF) on
ES provision have been developed over the years (e.g.
MEA 2005; Larigauderie and Mooney 2010; Collins
et al. 2011; Potschin and Haines-Young 2013; Fedele
et al. 2017; Dendoncker et al. 2018). These CF have
considerably improved the integration of the ecolog-
ical and social components of ES provision. However,
few have developed an integrative approach that
simultaneously considers multiple ES, multiple
ecosystems and multiple stakeholders.

A truly integrative approach to multiple ES gover-
nance needs to take several key challenges into
account. First, it needs to consider that ES provision
results from the combination of ES supply, demand
and flow (Fischer and Eastwood 2016). For instance,
ES flow, i.e., the fact that many ES are supplied by one
ecosystem but in demand in other ecosystems remains
overlooked. Second, it needs to consider that multiple
space and time scales and levels are involved in ES
supply and demand (Hein et al. 2006; Wu 2013). For
instance, there is a need to account for the fact that ES
demand may vary among stakeholders who act at
different geographical and organizational levels, e.g.,
provisioning ES is more likely to be important for
local stakeholders, while nature conservation may be
more important for national and international stake-
holders (Hein et al. 2006). Third, it needs to consider
interactions between multiple ES (Bennett et al. 2009;
Howe et al. 2014). In terms of ES supply, synergies/
antagonisms between ES imply that the supply of one
or several ES increases/decreases the supply of one or
several others. Antagonisms among ES may generate
conflicts between stakeholders with diverging ES
demands (King et al. 2015; Turkelboom et al. 2018).
Although there is a growing literature on these topics,
few CF consider ES trade-offs in space, i.e., trade-offs
across multiple ecosystems. Fourth, it needs to con-
sider that some ecological processes result in per-
ceived or actual nuisances to people, i.e., in ecosystem
disservices (EDS, Shackleton et al. 2016). Beyond
EDS trade-offs, trade-offs between ES and EDS may
play a significant role in people’s behaviors towards a
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given ecosystem and may reinforce conflicts between
stakeholders who are differently affected by EDS
(Blanco et al. 2019). Lastly, from a governance
perspective, agricultural and environmental policies
are often designed and implemented separately, and
there is thus a need for coherence between policies
(Primmer and Furman, 2012).

Landscape ecology has been proposed as a pivotal
discipline to achieve truly integrative ES research
(Miiller et al. 2010; Wu 2013). First, landscape
ecology defines “landscape” as an organizational
level where different ecosystems and stakeholders
interact. It is therefore an appropriate level to under-
stand how ecological and social processes jointly
contribute to ES provision. Second, landscape ecology
typically considers the role of multiple space and time
scales (scale being the extent or grain considered;
Allen and Starr 1982). It considers that “landscape
services”, i.e., ES provided by multiple ecosystems in
combination, are an emergent property of landscapes
(Termorshuizen and Opdam 2009; Wu 2013; Bastian
et al. 2014). Finally, today landscape ecology is
increasingly focused on multifunctionality and the
provision of multiple ES (e.g., Raudsepp-Hearne et al.
2010). Yet, there have been few attempts to develop
and implement a truly integrative ES framework that
simultaneously includes multiple ecosystems, stake-
holders, ES and EDS. In this paper, we posit that an
integrative landscape-based ES framework can sup-
port the operationalization of the ES concept for more
sustainable and equitable governance of the agroeco-
logical transition.

Agricultural landscapes dominate 40% of the
world’s terrestrial area and are highly heterogeneous
and dynamic. Agricultural landscapes are usually
composed of a mosaic of crops, grasslands, freshwater
and forested systems and result from agro-sylvo-
pastoral activities conducted by multiple stakeholders.
These activities are related to ES in two ways. On the
one hand, agricultural activities depend on the provi-
sion of multiple ES, such as soil fertility or pollination.
They can also be affected by EDS that are unfavorable
to human well-being, such as crop pests or livestock
diseases (Shackleton et al. 2016). On the other hand,
these agricultural activities shape ecosystems and
contribute to the supply of multiple ES (and EDS) that
benefit (or affect) society as a whole (Zhang et al.
2007). Recent changes in agricultural practices asso-
ciated with the industrialization of food production
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systems have dramatically undermined the capacity of
agricultural landscapes to provide the many ES that
are keys to both agricultural sustainability and society.
As a result, there is now growing awareness of the
need to design agricultural landscapes that are (i) mul-
tifunctional, i.e., produce biomass (food, wood, fiber
or fuel), contribute to biodiversity conservation and
deliver multiple other ES (e.g., carbon sequestration,
aesthetic landscapes) and (ii) limit ecological pro-
cesses that are unfavorable to agriculture and society
(e.g., the spread of pests). Several authors have
explored the role of the ES concept for agriculture,
mainly by focusing on field or farm levels and in a
payment for services way (e.g., Swinton et al. 2007;
Robertson et al. 2014).

In this paper, we first examine the ecological and
social science literature to see how the landscape
approach can contribute to a better understanding of
multiple ES provision in agricultural landscapes. We
then develop a conceptual framework to facilitate an
integrative landscape-based approach for ES gover-
nance in agricultural landscapes. In the third section,
we use a case study to illustrate how methods from
different disciplines can be combined in order to
operationalize this CF.

Contributions of the landscape approach to multi-
ES research

In this section, we first explain how the landscape
approach can contribute to a better understanding of
multiple ES supply and flow in agricultural land-
scapes. We then explain how this approach also makes
it possible to consider the multiple stakeholders
involved in ES co-production and ES demand.

Contributions of the landscape approach
to the understanding of multiple ES supply
and flow

The role of space and time heterogeneity

The ecological literature on agricultural landscapes
provides significant evidence that some ES supplies
result from processes occurring at multiple space and
time levels, and that they are often provided by
multiple ecosystems. This is particularly true in the
case of ES that rely on ecological processes that rely

on ecological processes ensured by mobile organisms.
Such processes include pollination and biological
control (Kremen et al. 2007; Duru et al. 2015), both
crucial for the ecological intensification of agriculture
(Pimentel et al. 1997; Costanza et al. 1999; Losey and
Vaughan 2006; Federico et al. 2008; Maine and
Boyles 2015). Indeed, most of the species involved
require a combination of resources, i.e., feeding,
reproduction and overwintering sites that may not
necessarily be found within the same agro or ecosys-
tem. This is also true in the case of large ungulates
(e.g., deer), which may modulate nitrogen and nutrient
cycling depending on landscape composition (Thomp-
son Hobbs 1996). Additionally, ES supply depends on
the continuity of resources within the home range of
individuals over time (Schellhorn et al. 2015). For
example, temporal variations in food resources avail-
ability over time due to crop phenology can influence
the spillover of natural enemies and pollinators from
semi-natural habitats to crops (Rand et al. 2006;
Blitzer et al. 2012). However, these space and time
variations also influence EDS supply, thereby com-
plicating the landscape effect. For example, spillover
can also concern pathogen fluxes from semi-natural
habitats to crops, and ungulates can limit forest
regrowth and crop production (Irby et al. 1996;
Putman and Moore 2002; Boulanger et al. 2015).
Additionally, the abundance of specific crop types
may have a negative effect on predation and/or
pollination in a given year (e.g., through a dilution
effect) but a positive effect the following year due to
the positive effect of resource availability on pollina-
tor or predator population dynamics (Marrec et al.
2017).

The role of practices at field and landscape levels

The abundance, diversity and continuity of resources
used by organisms depend not only on land cover, i.e.,
the composition and configuration of land cover types
(Fahrig et al. 2011), but also on land use, i.e.,
agricultural, forestry and water management practices,
at different levels in space (Ricci et al. 2009; Pelosi
et al. 2010). While there is ample evidence of the
effects of land cover on ES supply (see meta-analyses
by Bianchi et al. 2006; Chaplin-Kramer et al. 2011;
Garibaldi et al. 2011; Veres et al. 2013; De Palma et al.
2016), relatively little attention has been paid to the
effects of practices on ES supply. However, practices
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at both field and landscape level are likely to influence
ES supply, with possible non-linear and interacting
effects between practices and land cover (Batary et al.
2011). At the landscape level, practices result in what
is called hidden landscape heterogeneity, which
strongly influences biodiversity and associated ES
and EDS—hereafter jointly referred to as E(D)S
(Maalouly et al. 2013; Monteiro et al. 2013; Vasseur
et al. 2013; Puech et al. 2015; Carrié et al. 2017a). For
instance, biological control in a given field is known to
be influenced by agricultural practices in adjacent
fields (Maalouly et al. 2013; Monteiro et al. 2013). The
dynamics of practices, mainly due to crop rotation,
also strongly influences E(D)S supply levels (Vialatte
et al. 2006; Bertrand et al. 2016; Marrec et al. 2017) as
well as their temporal stability over time (Allan et al.
2014). Finally, at the field level, practices may
influence ES supply through their effect on adjacent
landscape elements. For instance, the combination of
pesticides and fertilizers applied in the field strongly
influences wild plants growing within the field mar-
gins (Schmitz et al. 2014). This may in turn influence
resources available for beneficial organisms like
pollinators (Bretagnolle and Gaba 2015), and as a
result, the quantity and quality of crop production
(Holzschuh et al. 2012).

Synergies and antagonisms in ES supply

The supply of multiple E(D)S may be strongly
interdependent across both space and time. For
instance, the cascading effect of some ecological
processes on other processes may result in synergies.
In this sense, the density of ungulates (e.g., roe deer)
influences N cycling, which may in turn influence the
composition of plant communities and, possibly,
pollination and biological control. Similarly, the fact
that different ecological processes may be driven by
the same factors may also result in antagonisms. For
instance, an increase in ungulate density may affect N
cycling while increasing crop damage (Fuller and Gill
2001; Coté et al. 2004). In addition, management
practices may simultaneously orient the supply of
multiple E(D)S, either within the same ecosystem or
within two adjacent ecosystems. For instance, early
sowing often increases water use efficiency by crops in
a given field, but increases pest colonization from
adjacent ecosystems (McLeod et al. 1992; Vialatte
et al. 2006; Raymond et al. 2014). Finally, forest
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management practices may influence the biological
control of both forest pests (Guyot et al. 2016) and
crop pests in adjacent fields (Sarthou et al. 2005;
Roume et al. 2011).

The ecological literature shows that space and time
spatio-temporal heterogeneity, practices, synergies
and antagonisms between E(D)S play a key role in
ES supply and flow in agricultural landscapes. Such
complex ecological interactions have crucial implica-
tions for stakeholders, both in terms of E(D)S co-
production and E(D)S demand, and for agricultural
landscape governance.

Contributions of the landscape approach
to the understanding of ES co-production and ES
demand

The European Landscape Convention has defined
landscape as “an area, as perceived by people, whose
character is the result of action and interaction of
natural and/or human factors” (European Landscape
Convention 2000). This definition stresses two impor-
tant contributions of the landscape approach to E(D)S
research. First, the idea that landscapes result from
both human and natural factors means that people are
not just E(D)S beneficiaries but also co-producers of
E(D)S. Second, by stressing that people have inher-
ently subjective perceptions of landscapes, this defi-
nition highlights the immaterial and subjective
dimension of E(D)S derived from landscapes. The
next two sub-sections are dedicated to these two
contributions, and in each, we highlight the implica-
tions for E(D)S governance.

ES co-production

Land users as ES co-producers Landscape research
emphasizes that landscapes are shaped by stakeholders
such as farmers and foresters, whose activities and
practices directly modify ecosystems (Plieninger et al.
2015). This implies that E(D)S are not produced by
ecosystems alone, and that we should consider these
stakeholders as E(D)S co-producers (Spangenberg
et al. 2014; Bennett et al. 2015; Lescourret et al. 2015;
Fischer and Eastwood 2016). Farmers are obviously
key stakeholders of agricultural landscapes, not only
as E(D)S co-producers but also as beneficiaries. Their
work consists in shaping ecosystems so that they
supply provisioning ES (e.g., crop production, fodder),
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and they are among the local stakeholders who interact
most directly with regulation and maintenance ES
(e.g., soil fertility and pollination) and are most
directly affected by E(D)S (e.g., insect pests and
crop raiding by mammals; Zhang et al. 2007).
Sustainable and equitable governance of agricultural
landscapes will inevitably rely on farmers’ practices,
and will require understanding their constraints,
interests, values, representations and knowledge
(Smith and Sullivan 2014). Some authors suggest
that conventional agriculture has tended to give more
importance to provisioning ES, which has had
negative effects on regulating ES (Carpenter et al.
2006; Palomo et al. 2016). Yet, farmers should not be
considered as a homogeneous group. A diversity of
farming systems, with different practices, generally
coexist in a given agricultural landscape (Choisis et al.
2012; Cochet 2012). These different farming systems
and practices shape ecosystems differently, and
therefore contribute to the supply of diverse sets of
E(D)S (Gibon 2005). As a consequence, external
driving forces, including agricultural policies, the
economic context (e.g., market prices), public opinion
(e.g., alarming discourses on biodiversity loss), or
rapid demographic changes, influence farmers’
strategies and practices differently, with diverse
consequences for E(D)S supply (Verburg et al. 2010).

Implications for landscape governance: collaboration
for ES supply at the landscape level Most
agricultural landscapes are used and shaped by
multiple land users (Selman 2006)—although
exceptions can be found in places like the Pampas in
Argentina where very large farms are managed
extensively by single owners or managers (Manuel-
Navarrete et al. 2009). When E(D)S depend on the
landscape structure, e.g., for pollination, flood control
or pest control, their supply results from the actions
and practices of multiple stakeholders, often with no
premeditated coordination among them. There is an
increasing literature stressing the need to encourage
collaboration among farmers and other rural land users
for a more efficient ES supply at the landscape level
(Goldman et al. 2007; Franks 2011; Stallman 2011;
Prager et al. 2012; Prager 2015; Opdam et al. 2016).
Yet, in Europe, most current agri-environmental
schemes involve contracts with individual land
owners at the farm level, while promoting collective
contracts and incentives would be required for

adequate agri-environmental management at the
landscape level (Prager et al. 2012). The seminal
work of Ostrom on collective action for common-pool
resource management provides key insights into such
collaborative processes (Ostrom 1990; Ostrom et al.
1994). Many E(D)S are indeed public or common
goods (Stallman 2011; Muradian and Rival 2012) that
require polycentric governance mechanisms (Ostrom
2010) combining instruments based on the markets,
the state and collective action. However, collective
action may not necessarily be relevant for all E(D)S
because of the transaction costs of collaboration, and
because people engage in collective action only if they
foresee higher benefits than with individual action
(Olson 1971). For example, several obstacles have
been identified as impeding the emergence of
landscape scale collaboration for pest control, such
as the high uncertainties underlying the ecological
processes, the existence of an integrated vertical
supply chain focused on pesticide use, and the
availability of less risky individual alternatives
(Salliou and Barnaud 2017; Salliou et al. 2019).

ES demand

Landscape values and ES preferences A branch of
landscape research focuses on the many reasons why
people value landscapes, from non-material
dimensions like aesthetic and place attachment to
more tangible benefits like outdoor recreational
activities, water regulation or food production
(Plieninger et al. 2015). Following the seminal work
of Costanza et al. (1997), monetary valuations of ES
have long dominated the literature on ES valuation.
Although these approaches can provide a pragmatic
demonstration of the value of ecosystems and
biodiversity, especially for decision makers, they
have been highly criticized for paving the way for
the commodification of nature (Gémez-Baggethun
and Ruiz-Pérez 2011), and for failing to capture the
diversity and complexity of people-nature
relationships (Raymond et al. 2015). Numerous
authors advocated the need to integrate a plurality of
values, and to combine biophysical, monetary and
socio-cultural valuations of ES (e.g., Dendoncker et al.
2013; Martin-Lopez et al. 2014). Socio cultural
valuations of ES aims at revealing “the importance
people, as individuals or as a group, assign to (bundles
of) ES” (Scholte et al. 2015, p. 68). The idea is to
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capture how and why different people value various
landscape services differently, depending on their
livelihoods, interests, personal history and cultural
background, as well as their access to these services
(Maass et al. 2005; Bieling et al. 2014; Da Ponte et al.
2017; Garrido et al. 2017). However, landscape values
and ES preferences constantly evolve, depending for
instance on changing individual circumstances,
changing contexts, or access to new information
(Kumar and Kumar 2008). In many cases, people are
actually not aware of the whole range of benefits they
get from ecosystems, for instance in the case of poorly
visible ES like pollination or insect pest regulation
(Salliou and Barnaud 2017), but access to relevant and
actionable knowledge on these processes might
increase their awareness (Opdam et al. 2016).
People’s preferences can also evolve through social
interactions and group discussions (Raymond et al.
2015). Changes in ES perceptions and preferences can
thus be referred to as social learning processes (Roling
and Wagemakers 1998; Pahl-Wostl et al. 2007).

Implications for landscape governance: ES trade-offs
and social choices Managing multiple ES in
agricultural landscapes requires dealing with trade-
offs among antagonist ES, i.e., when the supply of a
given ES is detrimental to the supply of another ES
(Rodriguez et al. 2006). In other words, this means that
“we cannot have it all” (Turkelboom et al. 2018), and
results in conflicts of interest between stakeholders
with different ES preferences (Martin-Lopez et al.
2012). In addition, maintaining some ecosystems for
the ES they provide may lead to the maintenance of
EDS. This means that “everything has a cost” (Blanco
et al. accepted), and results in a balance between ES
and EDS that is operated by stakeholders at individual
and collective levels. In many cases, trade-offs arise
without the stakeholders being aware of them
(Rodriguez et al. 2006). For instance, the
industrialization of agriculture has progressively
increased ES provisioning to the detriment of
regulating ES since the 1950s, but it was only in the
1990s that society became aware of it (Rodriguez et al.
2006; Blanco et al. 2018). Yet, these trade-offs
generate winners and losers (Daw et al. 2011). They
are therefore related to social choices that should be
made explicit and collectively negotiated (Barnaud
and Antona 2014). Analytical tools such as multi-
criteria analysis and cost-benefit analysis can be

@ Springer

useful to assess such trade-offs objectively (Koschke
et al. 2012), but there is also a need to develop
deliberative approaches to capture the different
perceptions and knowledge and foster social learning
processes (Galafassi et al. 2017; Moreau et al. 2019).
Such deliberative processes should not be undermined
by the power asymmetries in E(D)S related conflicts
(Felipe-Lucia et al. 2015; Berbés-Blazquez et al. 2016;
Barnaud et al. 2018).

The literature suggests that the landscape level is
likely to be the level of organization that will make it
possible to (i) integrate different components of E(D)S
co-production, i.e., ecological processes, agricultural
practices and social structures, (ii) understand inter-
actions between stakeholders, including E(D)S co-
producers and beneficiaries, (iii) explain trade-offs,
i.e., social choices between E(D)S. Recently, there
have been some attempts to better account for the role
of landscape composition and configuration as well as
the role of synergies and antagonisms between ES. For
instance, Kremen et al. (2007) developed a CF
integrating the role of landscape structure in ES
produced by mobile organisms. Lescourret et al.
(2015) proposed a CF integrating the ecological and
social dimensions of multi-ES provision in agricul-
tural landscapes. Barnaud et al. (2018) developed a CF
highlighting interdependencies among multiple stake-
holders and the role of collective action in ES co-
production and multi-ES governance. However, these
frameworks fail to integrate all the dimensions of ES
provision, namely the multi-ecosystem, multi-stake-
holder and multi-ES dimensions.

An integrative landscape-based framework
for multi-ES governance

To tackle this conceptual challenge, we propose a CF
that promotes an integrative landscape-based
approach to multi-ES governance in agricultural
social-ecological systems (Fig. 1). This CF is com-
posed of four main components leading to the
provision of multiple E(D)S: an ecological compo-
nent, a social component, the institutions that influ-
ence social and social-ecological interactions, and the
agricultural landscape resulting from land cover and
practices. These components are characterized by
internal interactions, e.g., competition and predation
between taxonomic groups, conflicts and cooperation
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Fig. 1 Conceptual framework for an integrative landscape-based approach to ES governance in agricultural landscapes. (Color

figure online)

between stakeholders, complementation or edge
effects between socio-ecosystems. Institutions shape
social interactions as well as social-ecological inter-
actions. These components are affected by the
sociopolitical and economic context, discourses and
other external drivers of change such as migration,
urbanization or climate change. These components are
connected through several processes (1) the landscape
provides resources to multiple taxonomic groups that
support multi-ES supply, (2) ES beneficiaries interact
with ES co-producers to influence their management
of the landscape, (3) institutions play a key role in the
governance of ES by influencing social and social-
ecological interactions, and (4) individual and collec-
tive management, together with ecological functions,
co-produce E(D)S at the landscape level. The follow-
ing subsections discuss the four processes of this CF
and how they are affected by social-ecological inter-
actions at the level of the landscape.

Biodiversity, functions, ES supply and flow
in agricultural landscapes

Multiple interacting ecosystems

Our CF takes into account the fact that the agricultural
social-ecological landscape is composed of multiple
interacting ecosystems. Landscape structure, resulting
from land cover and practices, influences ES supply
through its effects on biodiversity and functions.
Indeed, the availability in space and time of diverse
resources necessary for organisms is crucial for their
persistence in agricultural landscapes. Many ecolog-
ical processes are influenced by landscape structure,
e.g., crop colonization by pests (Vialatte et al. 20006),
competition for limited resources (Vialatte et al.
2017), pollination of crops and natural vegetation
(Holzschuh et al. 2012) or predation of phytophagous
species (Alignier et al. 2014; Raymond et al. 2014).
The dynamics of biodiversity and its functions imply
different dimensions of ES supply in space and over
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time, that may result in antagonisms and synergies
(see examples in the previous section).

Multiple interacting taxonomic groups and functions

Our CF takes into account the fact that ES supply
depends on multiple interacting taxonomic groups and
functions. In some cases, several taxonomic groups
contribute to a single ES, as illustrated by the joint
contribution of wild bees and adult hoverflies to
pollination. In other cases, a single taxonomic group
contributes to several ES. For instance, adult hover-
flies contribute to pollination while the larvae of some
hoverfly species prey on aphids thereby contributing to
biological control. Moreover, taxonomic groups are
interconnected through trophic networks, resulting in
complex cascading effects. For instance, bird and bat
species are predators of both insect crop pests and of
their natural enemies. Our CF therefore stresses the
importance of using a multi-taxa approach in order to
better understand the supply and flow of multiple ES.

Interacting landscape level and regional level
processes

Our CF takes into account the fact that ES supply/flow
is not only influenced by processes at landscape level,
e.g., landscape complementation and spillover, but
also by regional processes, e.g., large-scale organismal
movements and resource flows. Indeed, potential
biodiversity at the landscape level strongly depends
on biogeography patterns that define the regional
species pool (Begg et al. 2017). Regional species pools
may be influenced by large scale processes such as
climate change, dispersal, and species invasion.
Landscape level and regional level processes may
interact and have additive or non-additive effects on
biodiversity and E(D)S, and should therefore be
studied simultaneously as far as possible (Sirami
etal. 2017). As aresult, our CF stresses the importance
of including both types of processes, in particular
when studying changes in biodiversity and E(D)S over
time.
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From ES demand to ES co-production: social
interactions among ES beneficiaries and ES co-
producers in agricultural landscapes

Multiple ES beneficiaries

Various stakeholders profit from direct or indirect
benefits or are harmed by ES and EDS depending on
their own livelihoods, interests and preferences (e.g.,
Monteiro et al. 2013; Maalouly et al. 2013). These
beneficiaries can be identified at both the landscape
and regional level. Our CF aims to capture which ES
or bundles of ES are important for which type of
stakeholders, and why these ES are important to them
(Barnaud et al. 2015; Blanco et al. 2018; Moreau et al.
2019; Blanco et al. accepted). Our assessment goes
beyond the utilitarian values of ES and incorporates
existence values, i.e., the fact that some stakeholders
value a component of ecosystems (e.g., a given
species) for its own existence rather than because it
is useful to them. Moreover, following Daw et al.
(2015), our CF distinguishes between ES demand and
ES provision, which only occurs when ES demand and
ES supply/flow are met (Egarter Vigl et al. 2017). For
instance, the provision of ES associated with the
aesthetic value of landscape in a National Park only
occurs when tourists both value the aesthetic of this
landscape and are able to afford the entrance fee to the
National Park. Finally, our CF accounts for the fact
that ES demand does not automatically translate into
ES co-production, even when the co-producers of a
given ES are also the beneficiaries of the same ES.
Indeed, the translation of ES demand into ES co-
production is mediated by individual and collective
decisions that are influenced by complex social
interdependencies among ES beneficiaries and ES
co-producers.

Multiple interdependencies among ES beneficiaries
and ES co-producers

Our CF highlights three types of social interdepen-
dencies among stakeholders involved in multi-ES
governance: (i) between ES beneficiaries and ES co-
producers, (ii) among ES beneficiaries, and (iii)
among ES co-producers (Barnaud et al. 2018). All
these interdependencies can be positive or negative,
collaborative or conflicting, and occur in more or less
formalized action arenas. Interdependencies between
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ES beneficiaries and ES co-producers include situa-
tions where ES co-producers, e.g., farmers who plant
hedgerows, positively contribute to ES supply, e.g.,
biodiversity conservation, which benefits other ES
beneficiaries, e.g., society as a whole (Prager 2015).
Interdependencies among ES beneficiaries are related
to antagonisms and synergies among ES. For example,
chemical inputs used by a farmer to increase his crop
yield may negatively affect the pollinators of his
neighbor’s apple trees, resulting in an antagonistic
relationship between these two ES (crop production
and apple tree pollination), which generates a conflict
of interest between their respective beneficiaries (the
crop farmer and the apple producer). Our CF looks at
how these antagonisms are dealt with and how social
choices (trade-offs) are made, in more or less explicit
and concerted ways, in the context of power relation-
ships (Barnaud et al. 2018). Interdependencies among
ES co-producers are of crucial importance in our
landscape approach. Many ES are produced at the
landscape level, and their production depends on the
actions of multiple ES co-producers who contribute to
shaping, degrading, or managing these landscapes
(Lescourret et al. 2015). For instance, rangelands in
mountain areas are often collective rangelands, used
and managed by several herders who collectively
establish rules and norms that frame the way range-
lands are managed (Balent and Gibon 2011). Collab-
oration among ES co-producers therefore has the
potential to increase ES supplies (Prager 2015; Salliou
and Barnaud 2017; Salliou et al. 2017). Our CF
accounts for the social conditions that facilitate or
impede such collaboration. For instance, a case study
in south-western France showed that local farmers
were not interested in collective action because they
were not aware of the role of landscape in pest
regulation (Salliou et al. 2017), and consequently not
aware of their interdependencies with neighboring
farmers, a key pre-condition for collective action
(Leeuwis and van den Ban 2004). Similarly, there is a
strong societal demand for climate and water quality
regulation ES whereas these are provided by the
combination of multiple ecosystems managed by
multiple stakeholders who are not necessarily the
main beneficiaries of these ES. For many farmers,
agricultural practices favoring these ES (e.g., the
maintenance of hedgerows and grassy strips, the use of
diversified crops and reduced chemical inputs) appear
too constraining for such small individual benefits, as

they generate extra costs for the farmers (Blanco et al.
in press). In cases in which ES beneficiaries and ES co-
producers are not mutually interdependent, collective
action alone may not suffice. Unless the multifunc-
tionality of agroecological infrastructures for crop
production at landscape scale is a sufficient incentive
for farmers, the translation of ES demand into ES co-
production may require monetary subsidies.

Institutions

Interactions among social components, as well as
between ecological and social components are shaped
by institutions, i.e., the “prescriptions that humans use
to organize all forms of repetitive and structured
interactions” (Ostrom 2005). Institutions include both
formal and informal rules-in-use, norms and strate-
gies. A landscape based approach makes it possible to
move beyond individual incentives for farm level
management, as currently emphasized by the Com-
mon Agricultural Policy (CAP) (Lefebvre et al. 2015).
In turn, it is particularly relevant to guide the design
and to support ‘bricolage’ (Cleaver 2002) by institu-
tions for collective ES management involving both ES
beneficiaries and ES co-producers by providing
incentives and constraints for initiating and sustaining
effective collective action (Ostrom 1990, 2005). Yet
the right ‘institutional fit’, i.e., the right set of
institutions for a given social-ecological system, may
not be sufficient to address social-ecological problems
unless institutions are supported by contextual ele-
ments within and beyond the landscape, such as social
relations (Mosse 1997; Cleaver 2002), environmental
discourses and the political and economic context
(Clement 2013). Lastly, institutions provide the basis
for inclusive deliberative processes that allow stake-
holders to debate the benefits and trade-offs of
different options for landscape management (Robards
et al. 2011).

Landscape management and ES co-production
in agricultural landscapes

Multiple interacting ecosystems and stakeholders
Our CF takes into account the fact that the agricultural
social-ecological landscape is composed of multiple

interacting ecosystems and stakeholders. Ecosystems
include different types of agricultural land cover, i.e.,
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crops and meadows, semi-natural cover, i.e., patches
of forest or grassland, as well as linear semi-natural
elements such as hedgerows, rivers, grassy margins,
and human-dominated cover types, i.e., urban areas
and roads. Stakeholders who manage these ecosys-
tems include farmers, foresters, hunters, landscape
planners, and residents. We consider them as ES co-
producers. Stakeholders who benefit from ES in these
landscapes include farmers, foresters, hunters, land-
scape planners, and residents as well as tourists. A
single stakeholder often manages several components
of the landscape. For instance, farmers usually manage
several patches of the same type of land cover, e.g.,
crop fields, or several patches of different types of land
cover, e.g., crop fields, meadows and woodland.
Conversely, some landscape components are managed
by several stakeholders, either with similar or diverg-
ing interests, e.g., collective rangelands in mountain
areas used and managed by several herders. While
some ES beneficiaries may mainly benefit from one
type of ecosystem, e.g., foresters benefit from forest
patches, most ES beneficiaries are likely to benefit
from several ecosystems or a combination of
ecosystems.

Land cover and practices

Stakeholders manage land cover by taking decisions
such as crop rotation, grouping fields, wood cutting or
removing hedgerows. These practices influence both
landscape composition, i.e., the type of ecosystems
occurring in the landscape, and landscape configura-
tion, i.e., the spatial organization of these ecosystems.
Moreover, stakeholders influence the land use within
each landscape component through the nature, fre-
quency and intensity of their practices. These distur-
bances affect the quality of all the ecosystems that
make up the landscape. Both land cover and practices
influence the resources that are available in space and
over time for the many taxonomic groups present in
the landscape (see examples in the previous section).
The availability of resources will in turn shape the
ecological functions that contribute to the supply of
multiple ES at the landscape level. Our CF enables the
integration of both land cover and practices to
understand the co-production of ES.

@ Springer

Understanding ES co-producers’ decision making

Stakeholders’ decisions regarding land cover and
practices depend on multiple factors. Our CF explicitly
integrates the following dimensions of decision mak-
ing. First, stakeholders’ decisions depend on their
representation of the social-ecological system (i.e.,
their mental model), which is itself linked to their
interests, values and preferences (e.g., the need for
wood for fuel, the need for grassland to feed the cattle;
Vuillot et al. 2016; Salliou and Barnaud 2017). These
representations and stakeholders’ perceptions of their
interests and preferences can be studied using dis-
course analysis, i.e., “a specific ensemble of ideas,
concepts, and categorizations that is produced, repro-
duced, and transformed in a particular set of practices
and through which meaning is given to physical and
social realities” (Hajer 1995, p. 60). Discourses shape
how environmental problems are framed around
specific storylines and narratives. A discursive analysis
of landscape representations can reveal the gaps
between local perceptions of landscape and ES
changes and the dominant discourses in Europe that
influence the policy drivers of those changes (Quétier
et al. 2010).

Second, stakeholders’ decisions are also dependent
on their constraints, which can be bio-physical (e.g.,
slope, elevation), socio-economic (e.g., labor force)
and/or? institutional (e.g., land tenure; Gibon et al.
2006). External social, political and economic drivers
such as the CAP also play a key role in their decisions
(Blanco et al. ref a venir). The proposed landscape based
framework provides a single lens to analyze all these
processes. For instance, urbanization can affect the co-
production of ES and EDS in remote rural locations and
this can best be comprehended at the landscape level
(Antrop 2000). Our CF therefore integrates social and
ecological, as well as internal and external factors that
influence the individual decisions and practices of ES
co-producers. It also takes into account the fact that
these decision-making processes are influenced by
social interactions with other stakeholders, i.e., other
ES co-producers and ES beneficiaries, and that the
dynamics of decision making processes plays a key role
in ES governance in agricultural social-ecological
systems (Isaac et al. 2007).
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Case study: applying the landscape-based
framework to a French agricultural region

Our case study focuses on the Vallées et Coteaux de
Gascogne, which is part of the Long Term Socio-
Ecological Research site ZA PYGAR (Deconchat
et al. 2007). Located in south-western France, this
hilly region (250-400 m a.s.l.) covers 220 km?>
(43°17'N, 0°54'E) and the climate is sub-Atlantic
with slight Mediterranean influences (mean annual
temperature, 12.5 °C; mean annual precipitation,
750 mm).

Land cover and practices

The region is dominated by mixed crop-livestock
farming systems and is therefore characterized by a
mosaic of small patches of woodland, grasslands and
crop fields (Fig. 2a). Permanent grasslands tend to be
located on steep slopes while annual crop fields
(winter cereals, rapeseed, corn and sunflower) are
located in the most productive, drained and irrigable
valleys (Choisis et al. 2012; Thierry et al. 2017). Other
farms are more specialized, either in cash crops or
cattle production, with practices based mainly on
chemical inputs. Farm territory may be in one block or
highly fragmented and interspersed within other farm
territories (Fig. 2b).

Stakeholders: co-producers and beneficiaries of ES

Farmers are the main stakeholders of social-ecological
landscapes in this rural region with a low population
density. Using in-depth interviews and focus groups
for socio-cultural valuation of ES among farmers, we
showed that they manage their farm for crop produc-
tion but also take ethical and social biodiversity values
into consideration (Kelemen et al. 2013). Four main
types of discourses on ES related to livestock farming
were identified among local stakeholders: the first
three types of discourses emphasize respectively the
productive and economic dimensions of livestock
farming, the biodiversity of permanent grassland
ecosystems, and the heritage and cultural identity of
traditional mixed farming landscapes, while the fourth
one questions the need to continue livestock farming
(Barnaud et al. 2015). Regarding the perception of
ecological processes, beyond the importance of habitat
and species diversity, farmers also acknowledge wider

landscape processes and value the complexity of
ecological systems. By comparing agricultural prac-
tices and mental models, we showed that farmers’
ways of farming partly relate to farmers’ ways of
thinking about the landscape: the farmers who are the
most aware of ecological interdependencies also
manage diverse non-cultivated habitats like perma-
nent grasslands, hedgerows and woodlands in the most
ecological way (Vuillot et al. 2016). In addition, we
found that farmers had contrasting perceptions of the
E(D)S related to rural forests (i.e., farm forests and
trees outside forests) depending on the nature of their
farming system, which was closely linked to con-
trasted attitudes towards CAP greening measures
(Blanco et al. in press). Permanent grasslands are well
integrated in the local mixed crop-livestock farming
systems because they provide fodder. Our analysis of
historical aerial photos showed that hedgerows have
declined but with contrasted trends depending on their
location and adjacent land uses (Fig. 2a and c). In-
farm hedgerows that were an obstacle to mechaniza-
tion have declined, whereas boundary hedgerows that
provided protection against the wind and served as
farm boundaries were reinforced (Sourdril et al. 2012;
Blanco et al. 2018). Interviews revealed that farmers
also perceived different E(D)S depending on the type
of wooded area. For example, they associated 16 ES
and 6 EDS with hedgerows, 14 ES and 6 EDS with
woods and 8 ES and 7 EDS with isolated trees
(Teixeira et al. 2019). In the context of mechanized
agriculture, forested areas were particularly resented
as they hinder working with tractors. These detrimen-
tal effects of rural forests were offset by several ES,
such as firewood production for self-consumption or
for sale, erosion control or landscape scenic value
(Elyakime and Cabanettes 2013; Teixeira et al. 2019).
In addition, our research revealed a shift from family-
based to market-oriented forest management that
contributed to the homogenization of forest manage-
ment practices in this region (Blanco et al. 2018). The
central social network of farmers is made up of land
owners who rent out their land to farmers; agricultural
advisers from local cooperatives (associated with
conventional food systems) and public authorities,
who respectively guide farmers in the use of chemical
inputs and agricultural practices to limit their negative
environmental impacts; river technicians who analyze
river water quality and authorize farmers to irrigate.
Other stakeholders who interact indirectly or less
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«Fig. 2 Illustrations of the work conducted for the French case
study Vallées et Coteaux de Gascogne, part of the Long Term
Ecological Research Network. a Agricultural intensification
between 1953 (BD ORTHO® Historique, IGN) and 2016 (BD
ORTHO®, IGN) affect biodiversity and E(D)S by simplifying
landscape structure (e.g., loss of semi-natural habitats except
woodlots, increasing the size of fields and farms) and changes in
farming practices (e.g., reduction of crop diversity and an
increase in the use of fertilizers and pesticides). b Spatial
configuration of agricultural parcels on six farms (one color per
farm, resulting from RPG_ANONYME_ASP_2014) showing
how they are intermingled. ¢ Spatial configuration of two ES
supported by hedgerows in agricultural landscapes: regulating
water flow, i.e., riparian hedgerows, and windbreaks, i.e.,
hedgerows facing the prevailing wind (hedgerows with only
water flow regulation potential are in blue, hedgerows acting
only as windbreaks are in orange, those with both water and
wind regulation potential are in pink, those that do not provide
these ES are in white). d Representation of the variability of
social-ecological perceptions by actors (here two farmers)
regarding the management of woodlot components (grey
circles) by stakeholders (blue circles) and associated ecosystem
services (green circles) and disservices (pink circles) (from
Blanco et al. 2018). (Color figure online)

frequently with farmers include mayors who are
responsible for local urban planning and infrastructure
including roads, and interact with public county level
institutions; naturalists who aim to preserve local
biodiversity; and finally hunters who use several
landscape elements to hunt and wish to preserve them
(unpublished data).

Formal and informal institutions and consequences
for E(D)S production

While the strong promotion of farm specialization by
the CAP has marginalized mixed crop-livestock farms
in Europe, our analysis of historical farm trajectories
revealed that mixed crop-livestock farming persists in
the Vallées et Coteaux de Gascogne region (Choisis
etal. 2012). Anthropological surveys revealed that this
was partly linked to a local tradition of maintaining the
house centered self-sufficient mixed crop-livestock
system and hard environmental conditions (Sourdril
et al. 2012). However, under the influence of market
globalization and decreasing workforce availability,
half the farms in the region have become more
specialized, either in cash crops or cattle production,
and have relied on drainage, irrigation, increasing the
size of their fields and their use of chemical inputs. The
comparison of surveys on practices and GIS work

showed that these trends have had a considerably
impact on the landscape structure (Fig. 2a, Ryschawy
et al. 2013). Surveys conducted with mayors, public
county level agencies and river technicians showed
that they identify water pollution and mudslides as
major environmental issues, associated with high
public environmental, health and economic costs.
They call for changes in local agricultural practices,
with the (re)introduction of agroecological infrastruc-
tures such as hedges and grassy strips, crop diversi-
fication, the use of crop covers and reduced use of
chemical inputs. Whereas many farmers have changed
their practices and even created local farmers groups
to support the agroecological transition of their farms,
these initiatives will not result in significant ecological
benefits unless they are coordinated at the landscape
level (unpublished data).

Ecological processes in the landscapes
and the associated ES

Ecological studies conducted in our study area con-
firmed that cultivated and non-cultivated ecosystems
are ecologically connected. For instance, we showed
that many beneficial insect species spill over from
semi-natural habitats, where they overwinter, to crop
fields where they provide ES such as biological control
and pollination (Sarthou et al. 2005; Roume et al.
2011; Alignier et al. 2014; Raymond et al. 2014). Crop
fields also appear to be interconnected across years by
flows of pests and beneficial insects (Raymond et al.
2014; Marrec et al. 2017). Using individual movement
tracking, we showed that ungulates contribute to the
connectivity of nutrient cycles between woodlots,
hedgerows and fertilized croplands in this region
(Morellet et al. 2011; Abbas et al. 2012). We showed
that while local practices in semi-natural habitats (e.g.,
maintenance of woodland edges, woodlot structure) or
within fields, directly impact populations of ungulates,
beneficial insect communities and associated ES, their
effect depends on practices at landscape level and on
the structure and composition of the landscape
(Morellet et al. 2011; Andrieu et al. 2017; Carrié
et al. 2017b). Finally, studies conducted on pest-
predator networks confirmed that landscape level
processes interact with regional level processes and
jointly explain the provision of biological control
(Andrade et al. 2015).
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Multiple interdependencies among ES
beneficiaries and ES co-producers; consequences
for operationalizing ES in decision making

As exemplified by all the above mentioned studies and
results, rural landscapes in the Vallées et Coteaux de
Gascogne region are shaped and transformed by
interdependent social and ecological processes. As
illustrated in Fig. 3 with an example that emphasizes a
few E(D)S, stakeholders and ecological actors, our CF
can be applied to explore these complex processes and
their interplay.

In this region, farmers appear to be highly interde-
pendent for the production of multiple ES, including
food production, pollination, biological control or
hunting. Their management decisions concerning
agricultural practices and rural forest management
directly influence biodiversity and ES levels within
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interactions. Orange panels and arrows code for ecological
components and their interactions. Black arrows code for the
landscape-mediated interactions between ecological and social
actors. (Color figure online)

each ecosystem. Moreover, spatial interactions
between ecosystems as well as temporal interactions
across seasons and years also influence biodiversity
and ES levels at the landscape level. This is particu-
larly true for outbreaks of insect and mammal pests,
water pollution and mudslides. Interviews with farm-
ers highlighted their strong acknowledgement of
ethical and social biodiversity values and suggest that
soft policy tools could foster biodiversity-sensitive
farming methods (Kelemen et al. 2013). Several
studies of farmers’ mental models in the same region
(Vuillot et al. 2016; Blanco et al. 2018) suggest that
increasing stakeholders’ awareness of their multiple
social and ecological interdependencies would be the
first step in supporting effective collective action
toward agroecological transitions (Fig. 2d). All this
interdisciplinary work in the same study area has
greatly contributed to the development of a
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methodological approach to foster concerted manage-
ment of multiple ES at the landscape level in the
context of participatory action research, using the
approach proposed by Barnaud et al. (2018). Dynamic
E(D)S mapping in the Vallées et Coteaux de Gascogne
region based on remote sensing and ecological
assessments is also underway. This mapping should
help inform decisions both in space and over time,
which is indispensable for sustainable governance of
multiple ES in agricultural landscapes.

Conclusion

We propose a CF to operationalize integrative ES
research for multiple ES governance in agricultural
social-ecological systems. We posit that this CF will
also facilitate dialog between scientists and a large
spectrum of stakeholders, including farmers, land
managers, agricultural educators, environmental agen-
cies and policy makers.

We currently face two main challenges regarding
the assessment of sustainability of agricultural land-
scapes: long time frames and actual experimental
landscapes (Hamilton et al. 2015; Therond et al.
2017). Indeed, research on ES in agricultural land-
scapes has so far been conducted in landscapes
designed and used for many decades to optimize
conventional agriculture. Yet little is known about the
overall potentialities of multi-ES supply and crop
production in agroecological landscapes. Thus, like
Landis (2016), we emphasize the crucial need to
actually test design concepts at large spatial and
temporal scales.
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