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The wood pastures or hardwood rangelands of the southwestern Iberian Peninsula are complex social-ecological
systems created from the long-term interaction of society and the landscape. Dehesa, oak woodlands managed for
grazing, cropping, and other forms of production, is the most common rangeland system and one of the most dis-
tinctive landscapes. Traditionally characterized by multifunctional low-intensity management that enhances a
wide range of ecosystem services, current management has shifted from the traditional toward more intensified
models. This paper assesses the coproduction of ecosystem services on dehesa properties by exploring the rela-
tionship between biophysical and sociocultural factors and dehesa management practices. Based on 42 surveys
we analyze 16 quantitative indicators using multivariate techniques. The results indicate that there are four
main dehesa types as defined by their characteristics and management: large heterogeneous operations with di-
verse products; small and homogeneous operations focused on a reduced number of products; medium-large
properties focused on crop production; and midsized properties with easy public access. Management is the re-
sult of the dynamics of interacting biophysical and sociocultural factors that influence manager priorities and in-
vestments. Management decisions group around the degree of multifunctionality of the operation, the relative
importance of crop production, the degree of grazing pressure in the system, and how restrictive public access
policy is. We find that in the study area, interactions between all the previously mentioned elements covary con-
sistently, generating bundles of ecosystem services associated with each of three management models based on
the intensity of management.
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Introduction

In Europe, wood pasture is a historical land management system in
which open woodland provides shelter and forage for grazing animals,
as well as providing for the production of a variety of woodland prod-
ucts. These rangelands, with their scattered trees and shrubs
(Bergmeier et al., 2010), have an important role in European rural land-
scapes (Jergensen and Quelch, 2014). Wood pastures are especially
abundant in Mediterranean countries and Eastern Europe, and in total
they cover an area of 203,000 km?, approximately 4.7% of the 27 coun-
tries of the European Union (EU) (Plieninger et al., 2015). In the south-
western Iberian Peninsula, wood pastures are most often oak
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woodlands, hardwood rangelands managed for diverse products in-
cluding livestock and game, generally referred to as dehesa (Huntsinger
and Oviedo, 2014).

The long-term interaction between these wooded rangelands and
the people living among them is an archetype of coupled social-
ecological systems (SESs), where ecosystems and society have shaped
one another (Huntsinger and Oviedo, 2014). As such, they are an impor-
tant part of European cultural heritage and host rich local ecological
knowledge (Plieninger et al., 2015). The traditional management of
wood pastures, typically characterized by low-intensity management
practices (Halada et al., 2011) and multifunctionality (understood as
the ability to generate multiple products and diverse activities in the
same management unit), in combination with high temporal and spatial
heterogeneity, enhances biodiversity and ecosystem service provision
(Diaz et al., 2013; Torralba et al., 2016). Therefore, dehesa and other
wooded rangelands are considered prime examples of high nature
value farming systems by European policy makers and scholars
(Oppermann et al., 2012), as they enhance biodiversity through low-
intensity management (Mountford and Peterken, 2003; Fischer et al.,
2010) and habitat diversity (Moreno et al., 2016).
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In Spain, holm oak (Quercus ilex) dehesas are the main rangeland
type. Livestock graze the abundant understory grasses, and the oaks
are a supplementary source of feed, providing acorns and tree fodder
to a range of livestock including beef cattle, Iberian pigs, sheep, and
goats and supporting a secondary industry in firewood and charcoal.
Tree density is managed to create a microclimate that allows pasture
vegetation, mostly annual grasses, to survive for a longer period into
the hot summer drought (Moreno et al., 2013; Lépez-Sanchez et al.,
2016) and provide shelter for livestock (Ruiz and Gonzalez-Bernaldez,
1983). Dehesas traditionally incorporate crop production (mainly ce-
reals for fodder production) and game habitat management within
rangelands dominated by livestock grazing, creating an integrated and
diverse agroecosystem.

Many dehesas have been affected by processes common to other
European wood pastures, as a consequence of two antagonistic trends:
land abandonment and agricultural intensification (Stoate et al., 2009;
Roellig et al., in revision). Both processes reduce the multifunctional
character of management and the heterogeneity of the landscape and
typically lead to a loss of biodiversity (Bugalho et al., 2011; Plieninger
et al., 2014, Queiroz et al., 2015). The drivers behind these processes
are complex, but the consequences are that the land is abandoned to
the dense shrubs that take over unmanaged dehesas, or under intensifi-
cation, management tends to become more monofunctional, focused on
meat production. As the secondary products of wood pastures (such as
charcoal or cork) have low profitability (Bugalho et al., 2011), produc-
tion tends to become less diverse. In particular, there is an increasing
tendency to import animal fodder instead of relying on local resources,
further exacerbating the disappearance of traditional practices such as
transhumance (Oteros-Rozas et al., 2014) or the use of trees as for fod-
der (Moreno and Pulido, 2009).

The challenges that wood pastures currently face may be threatening
their capacity to provide ecosystem services (ESs). The ES framework has
proved to be a useful tool for understanding the functioning of social-
ecological systems in general (Reyers et al., 2013) and of the multifunc-
tional role of wood pastures in enhancing biodiversity and ES provision
in particular (Huntsinger and Oviedo, 2014; Torralba et al., 2016). Howev-
er, as it has been pointed out in different literature reviews of ES provision
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in agroecosystems, biophysical and monetary valuation of ES is to date the
main area of research, which means that the sociocultural dimension of
ES provision is often neglected (Nieto-Romero et al., 2014; Fagerholm
etal,, 2016b). In addition, there is a need for a more thorough understand-
ing of the complex relationships between ES, particularly their interac-
tions in term of tradeoffs, synergies, and bundles (Mouchet et al., 2014),
and the relation between management practices and ES provision
(Andersson et al., 2015).

Current understanding of the linkages between the biophysical and so-
ciocultural components involved in ES provision is limited (Bennett et al,,
2015). Recently, Palomo et al. (2016) and Fischer and Eastwood (2016) of-
fered theoretical frameworks explaining how ESs are coproduced in social-
ecological systems through the interaction between an ecosystem compo-
nent and a social component. Here, we propose that the coproduction of ES
is based on feedback processes in which a social system actively shapes
and modifies an ecosystem through farm management (Fig. 1). At the
same time, the ecosystem provides the physical framework and limits or
increases the range of management options based on the ecosystem struc-
ture and the ecological processes underlying it.

On the one hand, management decisions are based on the natural re-
sources involved in coproduction, and their potential and limitations,
while, on the other hand, they are also shaped by sociocultural factors,
often external to the individual operation, such as the governance con-
text or markets. Typically, the perception and appreciation of ES vary
across stakeholder groups (Oteros-Rozas et al., 2014; Villamor et al.,
2014; Fagerholm et al., 2016a; Garrido et al., 2017). Sociocultural and
biophysical factors, such as land tenure and property size, influence
management decisions, perceptions, and perspectives (Huntsinger and
Oviedo, 2014; Hausner et al., 2015; Malinga et al., 2016).

The main objective of this paper is to explore how management influ-
ences the coproduction of ES. In particular, we identify and characterize
dehesas in relation to their management. We explore the synergies and
tradeoffs associated with management, analyzing how biophysical and so-
ciocultural factors influence the range of management models. Finally, we
identify how different management styles foster and promote different
management outcomes that result in the provision of different bundles
of ES.
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Figure 1. The two sides of the social-ecological system feed back into each other in the coproduction of ES. The social system shapes the ecosystem through management, while the
ecosystem sets the boundaries and limits the management through biophysical factors. Sociocultural factors also influence the management model. The interaction between all these
elements generates tradeoffs and synergies in ES that define the dehesa management model and result in the provision of management-associated bundles of ES.
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