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a  b  s  t  r  a  c  t

At both  local  and  landscape  levels,  farm  management  is  the  main  driver  of  land  cover  change  influenc-
ing  ecosystem  functions,  processes  and  traits.  In  Mediterranean  large-scale  silvo-pastoral  systems  these
changes can  have  serious  implications  in  the provision  of valuable  ecosystem  services  (ES).  Current  ES
assessment,  mapping  and  valuation  are  still focused  in representing  the state  and  trends  of  ES provi-
sion,  often  missing  the  link  to actual  farm  management  and  farm  management  systems.  We  propose  an
approach  that,  at  the farm  level,  combines  the  classification  of  farm  management  systems  with  indicators
of  ES provision.  This  is  illustrated  for soil  erosion  prevention,  a  key ES in  mitigating  current  and  future
impacts  in  Mediterranean  regions  and  the  proposed  approach  is  tested  in Southern  Portugal.  We  charac-
terize  thirty-eight  large-scale  farm  management  units  (FMU)  regarding  their  management  system  and
environmental  traits.  Each  FMU was  then  classified  according  to their  management  system  and  a  set of
ES indicators  was  calculated.  To  classify  the  FMU,  data  on  livestock  composition  and  grazing  density,  pas-
tures,  and  soil  mobilization  practices  were  object  of  a cluster  analysis  and  the  result  was  tested  against  a
set of  ES  indicators.  The  results  highlight  the  implications  and  challenges  for the  provision  of  soil erosion
prevention  under  different  farm  management  systems  and  draw  a  clear  relation  between  more  intensive
management  practices  and  the  degradation  of service  provision.  Our  results  can  also  be used  to support
land management  and  policy  design  through  the  definition  of  intensity  thresholds  that  consider  the  local
environmental  and  ecological  conditions.

© 2015  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Mediterranean silvo-pastoral systems like the montado
(Portugal) and the dehesa (Spain) are dynamic social-ecological
systems with a high diversity of management and ecological
conditions (Pinto-Correia, 2000). They are characterized by open
formations of cork and holm oaks in varying densities (between
100% and 10% coverage), combined with a rotation of cereal
crops and fallow, and pastures which can be natural, improved
or cultivated (Castro et al., 2010). These social-ecological systems
are estimated to cover an area of about 3.5–4.0 Mha in the South-
western Iberian Peninsula, thus being of large relevance in the
Southern European context (Pinto-Correia et al., 2011).
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Both socially and economically these are key social-ecological
systems that significantly contribute for the regional food produc-
tion (i.e., meat based outputs; Nunes, 2007) and goods extraction
(e.g., wood, cork; Ribeiro et al., 2004; Costa et al., 2014a), as well
as the production of externalities as mushrooms and honey. Due
to their extensive character and heterogeneous land cover, these
systems are rich in game, and traditionally they have been used
as highly valued hunting ground (Bugalho et al., 2011). Recently
many other leisure and touristic activities are taking place in the
montado, as bird watching, hiking, bicycle tours, horse riding, land-
scape painting, etc. (Surová and Pinto-Correia, 2008; Acácio and
Holmgren, 2012). From the ecological point of view, these systems
play an important role on the maintenance of most fundamental
ecosystem functions, and are considered as hotspots of both the
regional and European farmland biodiversity (Pinto-Correia et al.,
2011; Bugalho et al., 2011; Pereira et al., 2012). The extensive land
use result in a heterogeneous mosaic creating specific habitats
that support a high species diversity (Pinto-Correia, 2000; Castro
et al., 2010), as well as important ecosystem services (Bugalho
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et al., 2011; Almeida et al., 2013; Ribeiro et al., 2014; Guerra et al.,
2014). The adaptive human intervention that allows to maintain the
balance between the different components of the system is funda-
mental in preserving this multifunctionality (Moreno et al., 2014;
Almeida et al., 2015). The montado is thus a system that cannot
be fully understood if not conceived as a socio-ecological system
(McGinnis and Ostrom, 2014). Its diversified combination of man-
agement and ecological traits also justifies the classification of the
montado as High Nature Value (HNV) farming system (Paracchini
et al., 2008; Almeida et al., 2013; Lomba et al., 2014).

As a consequence of a progressively globalized market, pol-
icy mechanisms that only target specific system components (e.g.,
livestock production support), and of the industrial and social-
demographic changes of the last decades (Schröder, 2011; Jones
et al., 2011), the montado multifunctional land use practices are
being gradually transformed into more specialised systems (Pe’er
et al., 2014; Ribeiro et al., 2014). This has been a gradual change
in recent years and the implications of these transformations for
ecosystems, for the landscape, but also for the long term sustain-
ability of the system are still little understood (Castro et al., 2010;
Costa et al., 2011; Acácio and Holmgren, 2012). In these silvo-
pastoral systems the more significant transformations are related
to: (a) an increase of livestock density, even if keeping livestock
outside the all year round; (b) changes in the type of cattle breed,
from endogenous light and little demanding breeds to widely used
more heavy and demanding breeds; (c) the introduction of new,
often more intensive, shrub cleaning methods (e.g., soil disking, soil
mobilization); and (d) the expansion of fodder crop areas and irri-
gated pastures (Pinto-Correia and Vos, 2004; Almeida et al., 2015).

The consequences of the changing farm management practices
are reflected in the increase of several environmental degradation
processes (Costa et al., 2014b; Godinho et al., 2014). This is for
example reflected in a higher fragmentation at the landscape level,
the reduction of vegetation cover in late summer critical periods
and an increase of soil degradation processes, including increasing
desertification, compaction, soil erosion, and decreasing soil fertil-
ity (Costa et al., 2010, 2014b; Godinho et al., 2014). These changes
ultimately result in less resilient ecosystems that are more sensi-
tive to changes in environmental conditions (e.g., an increase on
rainfall intensity; Alpert et al., 2002).

In this context, to produce information that can support man-
agement decisions in these complex systems, the assessment of
ecosystem services (ES) provision, particularly regulating services,
is key to evaluate and monitor their sustainability (Acácio and
Holmgren, 2012; Almeida et al., 2013). Regulating services are
related to the main ecosystem processes associated to impact mit-
igation from current and future environmental hazards (ten Brink
et al., 2012; Santos-Martín et al., 2013). At the same time, they con-
tribute for local biodiversity and habitat conservation (Fitter et al.,
2010; Mace et al., 2012). The provision dynamics of this group of
ES can be influenced by a number of factors, namely the pres-
ence and intensity of environmental impacts, the existence and
extension of the ES providers, and the farm management system
implemented, which in turn influences and is influenced by the
ES providers (Pinto-Correia and Godinho, 2013; Pinto-Correia and
Kristensen, 2013) (Fig. 1). The farm management system can deter-
mine the effective ES provision by minimising or potentiating the
capacity for ES provision in a given place and time. These changes
are particularly relevant for the montado silvo-pastoral systems
where the overall production system can be the same, while there
are significant differences in its level of intensity and specialisation
(Pinto-Correia et al., 2011; Almeida et al., 2015). This is the result
of more or less integration of environmental mitigation and con-
servation awareness and practices in management options (e.g., in
the case of soil erosion prevention by promoting a better vegetation
cover in heavy rain periods).

Fig. 1. Conceptual framework of ecosystem regulating service provision, as depen-
dent on both the local biophysical structure and the farm management (adapted
from Guerra et al., 2014). The farm manager takes decision as to the orientation of
its farm management practices and these options therefore determine the land use.
In  turn the land use shapes the local land cover and contributes, at a larger scale, to
the local landscape. The interaction between this landscape and the local biophysical
and climatic conditions ecosystem services are provided, and ultimately they ben-
efit the farm and consequently the farm manager that produces new management
decisions.

At the same time, the main beneficiary of the ES provision is the
farm manager, which benefits from better conditions (e.g., better
soil fertility, increased pollination) for its options of land use (e.g.,
agricultural production) (Darnhofer, 2014). This cycle of benefits
is often interrupted or degraded by farm management practices
directed specially to increase short-term production, which in turn
are most often driven by sectoral policies and increased globalized
markets pushing for short term competitiveness.

Considering the importance of soil erosion prevention (SEP) in
European Mediterranean systems (c.f. Van-Camp et al., 2004) we
will critically examine the influence of farm management on the
provision of SEP by vegetation cover in selected Mediterranean
silvo-pastoral social-ecological systems. Our objective is to demon-
strate and quantify the relations between the ES provision and the
farmer’s management options. This will allow to discuss the main
management and policy challenges associated with the provision of
the SEP in Mediterranean silvo-pastoral social-ecological systems.

2. Methods

The relation between farm management and ES provision can
only be correctly attained at the farm level allowing to grasp the
effects from the decision made by each farmer (Darnhofer et al.,
2010; Pinto-Correia and Kristensen, 2013; Darnhofer, 2014). This
implies that farm management data has to be collected and com-
piled at this level, allowing to define the whole farmland area under
the same farm manager as a farm management unit (FMU), which
can then be related to the provision of specific ecosystem services.
Based on a survey of montado farm managers in the Alentejo region,
Portugal (e.g., Almeida et al., 2013, 2015), a set of thirty-eight FMU
belonging to similar environmental conditions was selected to pre-
form the analysis (Fig. 2; Table 1). These are all FMU  with more
then 50 ha and characterized by having a predominance of mon-
tado land cover. They are differentiated by the type and intensity
of grazing (mainly related to cattle and sheep), shrub control prac-
tices (mainly shrub cutting and soil disking), and the type of soil
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