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An increasing number of studies demonstrate the need of applying a social-ecological system approach for landscape planning. However, there is a lack of empirical research that operationalizes the concept of social-ecological system for landscape planning through the characterization of social-ecological interactions. In this study, we
develop a methodological framework to delineate the boundaries of social-ecological systems and to characterize their main social-ecological units in a spatially explicit way. Social-ecological units represent the interactions
between the biophysical and socio-economic sub-systems at local scale. The methodology is structured in four
phases: (1) ecological regionalization, i.e. identification and mapping of consistent ecological units based on biophysical variables; (2) socio-economic regionalization, i.e. identification and mapping of homogeneous groups of
municipalities based on socio-economic variables; (3) identification of social-ecological systems boundaries and
characterization of social-ecological units; and (4) validation of the social-ecological systems boundaries with key
informants through participatory mapping. By applying the proposed methodological framework to three different Mediterranean cultural landscapes, we define the boundaries of social-ecological systems and illustrate how
social and ecological sub-systems interact at local scale. We conclude that the proposed methodological framework is useful to operationalize the concept of social-ecological systems in landscape planning.

1. Introduction

Many recent studies have recognized that human systems and
ecosystems are inextricably linked, forming social-ecological systems
(SES) or coupled natural and human systems (e.g. Berkes and Folke,
1998; Liu et al., 2007; Ostrom, 2009). SES are complex adaptive systems in which social and biophysical components are interacting at
multiple temporal and spatial scales (Liu et al., 2007). On one hand,

biophysical components influence ecosystem properties across temporal and spatial scales in a hierarchical way (Bailey, 1987, 2009; Klijn
and Udo de Haes, 1994). Factors, such as geomorphology or climate,
operate at large scales determining ecosystem properties from regional
to global spatial scales. These factors influence slow-changing variables
that remain relatively constant over decades to centuries, such as hydrology (Carpenter and Turner, 2000; Chapin et al., 2006), that ultimately determine ecosystem properties at local spatial scales, such as
the soil capacity to recharge water (Fig. 1). The spatial scale at which
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Fig. 1. Conceptual model of ecological and social components that define social-ecological units used to operationalize the delineation of social-ecological systems (SES) at local scale.
The ecological subsystem is represented in the left side and the social subsystem is represented in the right side. The interactions between components and across temporal and spatial
scales are represented through arrows.

each of these factors control ecological properties hierarchically determine the size of ecosystems at different scales (Table 1). Thus, although
the boundaries of ecosystems are open to transfer energy and material
to or from their surrounding ecosystems (Bailey, 1987, 2009), they are
nested, i.e., the boundaries of an ecosystem are entirely enclosed by the
boundaries of another ecosystem (Fig. 1) (Allen and Starr, 1982). On the
other hand, social systems can be viewed as a hierarchy of systems interconnected by cross-scale interactions from global to local (Chapin et al.,
2006). At broader spatial scales, the globalized economy and predominant governance system determine the functioning of social systems at
regional scales, which in turn influences the way people, at a local scale,
interact to create a shared set of understandings, practices or behaviors
that shape interactions among humans and between humans and nature
(Ostrom, 2009; Díaz et al., 2015). Analogous to ecological systems, social systems operate hierarchically, where the social system at one scale
is nested within another at larger scale (Fig. 1) (Janssen and Ostrom,
2007).

Biophysical and socio-economic variables interact across spatial
scales. These linkages include the ecosystem services provided by
ecosystems to society and the human actions, mediated by institutions,
which affect ecological and social sub-systems (Fig. 1) (Berkes and
Folke, 1998; Díaz et al., 2015). Therefore, the identification and characterization of SES cannot be developed by analyzing a narrow set
of biophysical or socio-economic variables in isolation, but needs to
take into account its whole complexity (Ostrom, 2009). Although the
analysis of SES is an emerging field that has received increasing attention in scientific forums from a diversity of methodological frameworks
(Binder et al., 2013; Cumming, 2011; Glaser et al., 2012); spatially explicit exercises for mapping SES boundaries are still scarce (Castellarini
et al., 2014; Hamann et al., 2015). Whereas some methodological approaches have been suggested for mapping interactions between ecological and social sub-systems at global and regional scales, through
the identification, for example, of ‘anthropogenic biomes’ (or ‘an

Table 1
The relationship between ecological classification and the relevant biophysical factors operating at various spatial scales. Based on Bailey (1985, 1987) and Klijn and Udo de Haes (1994).
Ecological
classification
Ecozone
Ecoprovince

Mapping scale

Surface of mapping
unit

Relevant biophysical factors

Spatial scale

1:>50 000 000
1: 10 000 000–50 000
000
1: 2 000 000–10 000
000
1: 500 000–2 000 000

>62 500
2500–62 500 km2

Clime
Clime and geomorphology

Global
Global-Regional

100–2500 km2

Lithology and geomorphology

Regional

625–10 000 ha

Hydrology (groundwater and surface water) and topology

1: 100 000–500 000

25–625 ha

Ecoseries

1: 25 000–100 000

1.5–25 ha

Ecotope
Eco-element

1: 5000–25 000
1:<5000

0.25-1–5 ha
<0.25 ha

Soil, topology, and hydrology (groundwater and surface
water)
Soil and hydrology (variables that directly affect vegetation
growth)
Vegetation
Fauna

RegionalSubregional
Subregional

Ecoregion
Ecodistrict
Ecosection

km2

2

Local
Local
Local
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maximizing the spatial similarities using socio-economic variables; (3)
spatially identified SES boundaries and the social-ecological units embedded; and (4) validated the applicability of the methodological approach by conducting participatory mapping. The methodological approach was tested in three different cultural landscapes of the Spanish Mediterranean region: the Doñana protected area, the Sierra Nevada
protected area and the Adra River watershed. Given the co-evolution of
social and ecological sub-systems in cultural landscapes of the Mediterranean Basin (Blondel, 2006), a methodological approach to define the
boundaries of social-ecological systems is required to better understand
the interactions between ecological and socio-economic sub-systems.
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thromes’) (Ellis and Ramankutty, 2008), land system archetypes
(Václavík et al., 2013), identification of ecoregions (Castellarini et al.,
2014) or bundles of ecosystem services use (Hamann et al., 2015); at
local scale, few studies have simultaneously considered social and ecological components in order to characterize social-ecological dynamics. Alessa et al. (2008) identified geographical areas where both human-perceived landscape values and physically measured ecological
values overlap. Sinare et al. (2016) identified social-ecological patches
that represent landscape units corresponding to the words used by local
people when describing the landscape. Hanspach et al. (2016) identified social-ecological units that represent different types of villages with
distinct species diversity patterns. Despite these developments, methodological approaches able to define SES at local scale is considered one
of the limitations of the SES framework (Alessa et al., 2009; Hanspach
et al., 2016) and can be a critical shortcoming to operationalize the concept of SES in landscape planning.
Because the fractal nature of SES, we argue that social-ecological dynamics can be spatially represented at different nested scales
(Brunckhorst et al., 2006). Yet, much research on social-ecological systems has focused at the regional scale, typically spanning hundreds to
thousands of square kilometers (Fischer et al., 2015). Whilst the identification of SES at regional scale is useful for landscape planning because it represents the space where interests and problems relevant to
local stakeholders connect with decision-makers (Wu, 2013; Fischer et
al., 2015); the characterization of SES at local scales (typically including from field- and farm- to municipality level) also matters because
any landscape planning decision has a direct effect on the provision of
ecosystem services and wellbeing of local stakeholders (Scholes et al.,
2013). In fact, SES are nested systems that can be analyzed from local
to regional to global scales (Boillat et al., 2017). In this study, we apply the term of SES at the regional scale and social-ecological units at
the local scale. Thus, social-ecological units represent the particular configurations of the biophysical and socio-economic sub-systems and their
interactions at local scale (see Table 2).
The goal of this study is to develop a comprehensive methodology
to delineate SES boundaries through the definition of social-ecological units at local scale. Specifically, we (1) identified and characterized
ecodistricts by maximizing the spatial similarities based on biophysical variables; (2) identified and characterized socio-economic units by

2. Methods

2.1. Study area
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We selected three sites located in the south of Spain (Fig. 2), covering the only two national parks of Andalusia (Doñana and Sierra Nevada
protected areas) and the Adra River watershed, the only river in the Andalusian semi-arid region with water all year round. The three sites are
located in the Mediterranean basin (Fig. 2), where co-evolution of social
and ecological sub-systems has acted for millennia resulting in cultural
landscapes. Cultural landscapes in the Mediterranean basin are the result of a long-established land-use pattern, characterized by highly efficient use of ecosystem services through the adaptation to energy and
nutrient cycles (Blondel, 2006). These landscapes were largely stable
until the mid-twentieth century (Antrop, 2005) but, since the 1960s,
have been subject to agricultural intensification or rural abandonment,
as well as urbanization (García-Llorente et al., 2015; Zorrilla-Miras et
al., 2014). The intensity of these changes is mainly determined by socio-economic factors, such as population growth, rural depopulation,
agricultural subsidies and markets, new technology and infrastructures.
Although the three sites are Mediterranean cultural landscapes, they
vary in their biophysical and socio-economic characteristics. Doñana
protected area extends along the coastal plain of Gulf of Cadiz from
the left bank of the estuary of the Guadalquivir River to the estuary
of the Tinto River, in the south-west of Andalusia (Fig. 2). Doñana
protected area covers 16 municipalities in the provinces of Huelva,

Table 2
Comparison between social-ecological units and other concepts used in the research of social-ecological systems.

Concept
Land use

Service
providing
unit
Socialecological
hotspot
Socialecological
patch
Socialecological
unit

Inclusion
of
biophysical
variables

Inclusion of
socioeconomic
variables

Inclusion of
ecosystem
services

Inclusion
of landuse

The activities and inputs people undertake in a certain land
cover type to change or maintain it.

Yes
(indirectly
via landcover)

No

No

Yes

The collection of individuals from a given species or the
smallest distinct physical unit necessary to deliver an
ecosystem service at the desired level.

Yes

No

Yes

No

Geographical areas where human-perceived and physically
measured ecological values overlap

Yes

Yes
(indirectly
via human
perceptions)

No

Landscape units that correspond with the words that local
people use when describing their landscapes

Yes

No

Yes
(indirectly
via
landscape
values)
Yes

Areas where ecodistricts and socio-economic units interact at
local scale that are relevant for landscape planning

Yes

Yes

Yes

Yes

Definition

3

Yes

Main
reference
Di
Gregorio
and
Jansen
(2000)
Luck et al.
(2009),
Andersson
et al.
(2015)
Alessa et
al. (2008)

Sinare et
al. (2016)
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Fig. 2. Location of the three sites: the Doñana and Sierra Nevada protected areas and the Adra River watershed.

Seville and Cadiz. Its conservation importance relies on the high diversity of species, many of them highly endangered such as the Iberian
lynx (Lynx pardinus), the white headed duck (Oxyura leucocephala) or
the Spanish imperial eagle (Aquila adalberti). Because of this ecological
relevance, Doñana has been recognized by different national and international conservation agreements, such as the UNESCO Biosphere Reserve Program, the Ramsar Convention or the World Heritage Convention. However, despite this legal protection, Doñana is currently facing
the pressures of agriculture intensification, urbanization, infrastructure
developments and tourism (Martín-López et al., 2011).
Sierra Nevada protected area extends along the Sierra Nevada mountain system, which is located parallel to the Mediterranean coast in
the south-east of Andalusia and covers 73 municipalities in Almeria
and Granada provinces (Fig. 2). The great altitude range of Sierra
Nevada and the long history of human land-use have supported the
most important conservation area of vegetation in the Mediterranean
Basin (Blanca et al., 1998). Various conservation agreements recognize

the conservation importance of Sierra Nevada, such as the UNESCO
Biosphere Reserve Program. In the high summits, the most important
human pressure is related with the snow tourism; whereas intensification of agriculture is the main problem in the lowlands.
The Adra River watershed is located in the south-east of the Sierra
Nevada mountain system (Fig. 2). It covers 14 municipalities in Granada
and Almeria provinces. The upper area of the Adra River watershed
is part of the Sierra Nevada protected area, where rural abandonment has taken place since the rural exodus in the 1970s. The consequences of this rural abandonment include erosion problems, abandonment of traditional irrigation ditches, and loss of local ecological knowledge (Iniesta-Arandia et al., 2015; García-Llorente et al., 2015). The
lower area is characterized by the expansion of greenhouses from the
1980s, which has had negative consequences in terms of pollution, water over-exploitation and the abandonment of local environmental management practices (García-Llorente et al., 2015).
Appendix A provides more details about the social and ecological
characteristics of the three sites.

4
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order to identify the ecological boundaries of the SES. This was done
because some interactions among ecological components may occur
within hydrosystems in two fundamental ways: the upstream-downstream progression defined by water-surface drainage and the relationships between ground and surface waters (Fig. 1).
For Sierra Nevada and Doñana sites, we used previous ecological regionalizations based on the relevant factors controlling the configuration of ecodistricts (Jiménez-Olivencia, 2000; Montes et al., 1998). For
the Adra River watershed, we used multivariate analysis techniques to
identify the boundaries of ecodistricts, an inductive approach that has
been previously demonstrated useful for the ecological regionalization
of semiarid watersheds in Spain (Calvo et al., 1992; Castro et al., 2014)
(Fig. 3). First, we divided the watershed into 1 km grid cells and for
each cell we calculated the climatic, topological, lithological, and geomorphological variables using the Environmental Information Network
(REDIAM) of Andalusia (see Table S1 in Appendix B). The dataset consisted of 25 variables that occupied columns of the spreadsheet with a
value per variable for each of the 746 pixels (pixel = 1 km2 ) that occupied rows. To identify the ecodistricts, we carried out a principal component analysis (PCA) to extract dominant relationships between biophysical variables. Then, we used those PCA components with eigenvalue higher than 1 (i.e., Kaiser criterion) in a hierarchical cluster analysis (HCA) in order to aggregate each pixel into similar ecodistrict types.
We used Euclidean distance and Ward’s method to minimize the error accumulated in the sum of squares (variance) resulting from the

2.2. Data source and analysis
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The methodology was structured in four phases (Fig. 3): (1) ecological regionalization, i.e. identification and characterization of homogeneous spatial units based on climate, topology, lithology, and geomorphology; (2) socio-economic regionalization, i.e. identification and characterization of homogeneous municipalities based on social, economic,
demographic, and ecosystem services use variables; (3) delineation of
SES boundaries and characterization of social-ecological units; and (4)
validation of SES boundaries by conducting participatory mapping with
key experts.
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2.2.1. Phase 1: ecological regionalization
To define and characterize consistent ecological units, we used the
nomenclature for hierarchical ecosystem classification proposed by Klijn
and Udo de Haes (1994). Each ecosystem class was directly related
to relevant biophysical factors that influence the ecosystem configuration at a given scale of analysis (Table 1). We considered the ecodistrict class because it has been the most commonly used class in previous studies regarding ecosystem services (e.g., Castro et al., 2014;
Martín-López et al., 2011). Therefore, we used climatic, geomorphological, lithological, topological, and hydrological variables to delimitate
the boundaries of ecodistricts (Table 1). To complete the analysis, we
considered the hydrosystems in which the ecodistricts are embedded in

Fig. 3. Methodological approach used to delineate the boundaries of social-ecological units. It is worth noting that the boundaries and spatial extent of the ecological and the socio-economic regionalizations are not the same because they represent different properties and processes: biophysical and socio-economic respectively. Accordingly, the units of analysis are also
different: 1 km2 pixels in the ecological regionalization and municipalities in the socio-economic regionalization.
5
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ritorial Information System (http://www.juntadeandalucia.es:9002/
sima/) (see Table S2 in Appendix B). Values for these variables in each
municipality were used in a PCA to extract components in order to guarantee a standard measurement system and the absence of correlations
between factorial scores. Extracted components with eigenvalue higher
than 1 (i.e. Kaiser criteria) were used in the HCA, using the Euclidean distance and the Ward’s method as agglomerative hierarchical techniques (Ward 1963). The selection of the number of clusters in each
HCA was based on the entropy criterion in order to get groups of municipalities (i.e., socio-economic units) as homogeneous as possible.
ANOVA and Kruskal-Wallis tests were used to analyze differences
among the socio-economic units obtained by the HCA when variables
were normally and not normally distributed, respectively. The
Shapiro–Wilk test was used to check normality (Shapiro and Wilk,
1965). Finally, when the ANOVA and Kruskal-Wallis tests achieved 90%
significance, we used post hoc Bonferroni and Dunn's pairwise comparison tests, respectively, to evaluate differences between socio-economic
units.
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clustering (Ward, 1963). To identify the suitable number of classes (i.e.,
ecodistricts), we used the automatic truncation based on the entropy
criterion that stops aggregating clusters when dissimilarity significantly
decreased (Li et al., 2004). All the statistical analyses were conducted
with the XLSTAT software (version 19.01).
2.2.2. Phase 2: socio-economic regionalization
Different approaches have been used in literature to define areas that
are socially or economically similar. For example, while Zhang et al.
(2011) carried out a combination of multivariate statistical analysis to
regionalize the Chinese Loess Plateau based on socio-economic indicators; Kušová et al. (2008) combined qualitative and quantitative methods in three Biosphere Reserves of the Czech Republic to classify municipalities. Other authors used social surveys to identify patterns of use
and value of ecosystems (Brunckhorst et al., 2006; Alessa et al., 2008).
Here, we used a multivariate analysis to identify socio-economic
units with consistent socio-economic and demographic characteristics,
land-use types and ecosystem services use. We used land-use types and
use of ecosystem services because they were found to represent the most
important interaction between social and ecological sub-systems in cultural landscapes (Hamman et al., 2015; Hanspach et al., 2016). To do
so, we considered the municipality as the suitable organizational scale
to compile data. This was motivated by three reasons: (1) it is the more
detailed administrative level at which official statistics are compiled, (2)
this is the smallest level at which decision making takes place in Spain,
and (3) this level was legitimated by the local population. To deal with
this third point, direct face-to-face questionnaires were used to determine the place attachment of local people, measured as the sense of social belonging to one geographic place (Höppner et al., 2008). In the
questionnaire, we asked for the respondents’ place attachment by considering different scales, i.e. from municipality to national administrative level. Local people were randomly selected. A total of 183 local respondents were surveyed in Doñana (March 2009), 352 respondents in
Sierra Nevada (April–July 2011), and 113 respondents in the Adra River
watershed (May 2009–February 2010). According to responses, most respondents considered that they belong to the municipality level (Table
3). On the basis of these results, we considered it suitable to identify homogeneous socio-economic units using the municipality as the unit of
analysis. Then, we chose the municipalities that meet the following criteria: (1) lying completely or intersecting within the biophysical borders
identified in the ecological regionalization, (2) intersecting with the borders of the protected area, or (3) having a historical dependence on the
ecosystem services provided by the ecodistricts identified in the ecological regionalization. According to these criteria, we selected 16 municipalities in Doñana, 73 municipalities in Sierra Nevada, and 14 municipalities in the Adra River watershed.
Data of demographic, economic, land-use, and ecosystem services
use for each municipality was obtained from the Andalusian Multi-Ter
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2.2.3. Phase 3: identification of SES boundaries and characterization of
social-ecological units
We layered the borders of ecodistricts identified in the ecological regionalization and the borders of the socio-economic units identified in
the socio-economic regionalization. The external limits of the ecological
and socio-economic borders determine the boundaries of SES and therefore, the SES boundaries are a combination of the borders of ecodistricts
and socio-economic units. In the case of Doñana, we did not consider
the north-eastern part of the Guadalquivir River as part of the SES because this area was completely drained and transformed to artificial areas (Zorrilla-Miras et al., 2014) and, therefore, it does not represent any
type of social-ecological interaction.
We identified social-ecological units by determining the spatial
co-occurrence between ecodistricts and socio-economic units. A similar method was used by Alessa et al. (2008) to identify social-ecological hotspots, which represented the overlap between the human-perceived and physically measured ecological values. We also conducted
Chi-square contingency tables and Fisher’s exact test to determine the
level of association between ecodistricts and socio-economic units.
We introduce here the concept of social-ecological unit to characterize how ecodistricts and socio-economic units interact at local scale.
The social-ecological unit concept differs from other classifications commonly used in SES research, such as ‘land-use’ (Di Gregorio and Jansen,
2000), ‘service providing unit’ (Luck et al., 2009; Andersson et al.,
2015), ‘social-ecological hotspots’ (Alessa et al., 2008) or ‘social-ecological patches’ (Sinare et al., 2016). Table 2 provides a synthetic comparison between the concept of social-ecological unit (as it is used in
this paper) and other concepts used in SES research. Although Hanspach
et al. (2016) formerly used the concept of ‘social-ecological unit’ based
on land-use patterns of villages and their surrounding landscapes; here
we conceptualize them as homogeneous spatial units of so

Table 3
Percentage of people that feel their place attachment at different social organizational levels.
Level of organization

Local

Regional
National

Belonging to a community associated with…

Municipality
The Doñana protected area
The Sierra Nevada protected area
The Adra River watershed
The Alpujarra region
Andalusia
Spain

6

Doñana

Sierra Nevada

The Adra River watershed

(N = 109)

(N = 352)

(N = 113)

62%
59%
3%
–
–
–
23%
15%

58%
43%
–
2%
–
13%
26%
16%

61%
36%
–
–
2%
23%
23%
16%
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proach did not contribute to validate the identification of the social-ecological units that comprise the SES of Doñana and Sierra Nevada, but
the borders of SES as well as the ecodistricts and socio-economic units.
Finally, participants jointly discussed the usefulness of identifying SES
for landscape planning in protected areas.
Appendix C provides the material used in both workshops and some
photographs of the participatory mapping exercise.
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cial-ecological interactions. In doing so, we do not only consider
land-use patterns, but also those biophysical variables that define
ecodistricts, those socio-economic and demographic variables that influence how the landscape is used and managed by humans, as well as how
particular ecosystem services are used in socio-economic units (Table 2).
2.2.4. Phase 4: validation of the identified SES boundaries
To validate the results obtained in the identification of SES boundaries, we conducted two-day workshops in Sierra Nevada and Doñana
in June and September 2011, respectively. These workshops brought together 20 and 21 scientists and environmental managers of Doñana and
Sierra Nevada protected areas, respectively.
In these workshops, participants first individually identified the relevant biophysical and socio-economic factors that determine the SES of
Doñana or Sierra Nevada. For this purpose, we provided a questionnaire,
which was structured in the following way: (1) reflection on the biophysical and socio-economic information used for landscape planning in
the respective protected area, (2) identification of the biophysical factors that influence the ecosystem properties in the respective protected
area, and the spatial scale at which each of these factors operate, (3)
identification of the socio-economic factors that influence the landscape
dynamics in the respective protected area, and the spatial scale at which
each of these factors operate, and (4) reflections on the relevance of simultaneously considering biophysical and socio-economic components,
as well as their interactions, for the management of protected areas. The
questionnaire content is presented in Appendix C.
Second, through deliberation in groups (five groups of four or five
people), participants agreed upon the biophysical and socio-economic
factors determining the SES dynamics in the respective protected area.
Third, participants mapped the boundaries of ecodistricts and the socio-economic units in order to identify the boundaries of SES. For delineating ecodistricts, we asked participants to identify areas that share
similar conditions according to the biophysical factors identified in
the previous step. For delineating the boundaries of socio-economic
units, we asked participants to identify groups of municipalities that
share similar socio-economic characteristics, taking into account the socio-economic factors ascertained in the previous step. Therefore, this ap

3. Results

3.1. Ecological regionalization
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The ecological regionalization of the three sites is presented in Fig.
4. Montes et al. (1998) identified four ecodistricts in Doñana: (1) aeolian sheets (505 km2 ) which consist on active or semi-stable dunes and
stabilized dunes by vegetation, (2) marshes (1591 km2 ), created as a result of the filling of the former Guadalquivir estuary, (3) coastal system (39 km2 ), which comprises a coastal band of current and former
beaches, and (4) the Guadalquivir estuary (69 km2 ), which is a non-stratified system with gradual change of water salinity because of the penetration of sea water flow (on average 32 km).
In Sierra Nevada, Jiménez-Olivencia (2000) defined five ecodistricts:
(1) summits and high mountain system (559 km2 ), comprising a variety of xeric grasslands and piornal formations as well as glacier geomorphologies at high altitudes; (2) metamorphic medium-size mountain ranges (898 km2 ), comprising Mediterranean forests, reforested pine
forests and irrigated agroecosystems; (3) calcareous medium-size mountain ranges (371 km2 ), characterized by soft slopes and arid soils with
xeric shrublands and reforested pine forests; (4) sub-humid lowland piedmont (121 km2 ), characterized by calcareous landforms with Mediterranean shrublands; and (5) arid lowland piedmont (281 km2 ), which presents arid conditions.
In the Adra River watershed, the PCA identified eight components
with eigenvalue >1 that explained 77.6% of the variability (Table S3
in Appendix D). Then, by using these PCA components in the HCA,
we identified three ecodistricts (Fig. S1 in Appendix D): (1) metamorphic mountain lines (244 km2 ), characterized by high elevation, high
slopes, and metamorphic rocks of quartzite and schist, (2) metamorphic
hills (349 km2 ), characterized by high slopes and metamorphic lithology

Fig. 4. Ecological regionalization of (a) Doñana, (b) Sierra Nevada, and (c) the Adra River watershed at the scale of ecodistrict.
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with predominance of slates and schist, and (3) sedimentary depressions
(153 km2 ), characterized by soft slopes, and sedimentary sands.

In the Adra River watershed, the HCA identified three classes of
municipalities (Fig. 5c; Table 6). Classes 1 and 2 correspond to those
municipalities characterized by rural abandonment, showing the lowest
population density and the highest rate of elderly people. These two socio-economic units also present the highest rate of unemployed inhabitants. The main difference between classes 1 and 2 is their land-use.
Whilst class 1 is allocated on the upper watershed, characterized by
forested land, class 2 is composed by unirrigated woody crops and a
heterogeneous mosaic of croplands. Finally, municipalities of class 3 are
characterized by presenting the highest population density, the highest
rate of young people and people employed in the primary sector, as well
as the highest annual income per inhabitant. They are devoted to intensive agriculture under greenhouses, entailing the highest rate of water
consumption and urban solid waste. This class also shows the highest
percentage of deforested land.
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3.2. Socio-economic regionalization
More than 45% of the variability of socio-economic data was accounted by the first three components of the PCA for each site. The distribution of eigenvalues and variability explained by each PCA component for each case study is presented in Table S4 in Appendix D.
In Doñana, the HCA identified four socio-economic units illustrated
in Fig. 5a (see also Table 4). Class 1 grouped municipalities localized
at the left bank of the Guadalquivir River, characterized by the lowest
percentage of foreign population, the highest rate of people employed
in the tertiary sector (i.e., construction, transport and services) and one
of the highest annual income per capita (together with class 2). Municipalities of class 2 are characterized by the highest percentage of foreign
population, working in the strawberry greenhouse industry. These municipalities present the highest annual income per inhabitant. Municipalities of class 3 are characterized by having wetland territory, where
the main activity is rice-based agriculture. Finally, class 4 grouped municipalities with the lowest annual income per inhabitant and the highest rate of elderly people. In this socio-economic unit, the main activities are agriculture associated with woody crops and cattle farming.
In Sierra Nevada, the HCA determined nine classes of municipalities (Fig. 5b; Table 5). Classes 1 and 2 correspond with Granada city
and its dormitory municipalities (i.e., municipalities that mainly provide
a home location for the working population of Granada), respectively.
They are characterized by the highest population density, composed by
young people with studies reaching the university level, employed in the
tertiary sector, and with the highest annual income. Both classes showed
the highest rate of urban solid waste generation and urban areas. Whilst
the territory of class 1 (i.e., Granada municipality) is partially comprised
by grasslands that permit cattle farming; the territory of class 2 is mostly
comprised by heterogeneous agriculture. Class 3 is composed by western mountain municipalities, characterized by forests, grasslands and
open spaces (corresponding to the high summits) and with the highest
rate of surface inside the Sierra Nevada protected area. Similar characteristics are presented in the municipalities comprising class 9, which
corresponds to the municipalities placed in the central mountainous system of Sierra Nevada. Class 9 is also characterized by having most of
its surface inside the protected area, with forested lands, grasslands and
open spaces. The main difference between class 3 and class 9 is that
population of class 3 is mainly made up by young people, representing neo-rural residents. Municipalities of class 4 are highly influenced
by Granada city, with a high percentage of its territory transformed to
urban areas, and characterized by young people with high annual incomes. Municipalities of class 5 belong to the Lecrin Valley, which is
a landscape mainly composed of irrigated woody crops. These municipalities have one of the highest rates of elderly people. Class 6 is composed by agricultural municipalities at the north of the Sierra Nevada
Mountain massif. Their population is characterized by high rates of elderly people with low annual incomes, mainly employed in the primary
sector (i.e., agriculture and forestry), particularly in unirrigated herbaceous crops, heterogeneous agriculture or cattle farming. Classes 7 and
8 are composed by those municipalities characterized by high rates of
elderly and illiterate people, who also have the lowest annual income.
Whilst land-use in municipalities of class 7 is mainly devoted to unirrigated woody crops; forests and open spaces are the main land-uses of
municipalities in class 8. Municipalities of class 7 are also located at the
south of the Sierra Nevada Mountain massif, whereas municipalities in
class 8 are located in the semiarid steppes of Almería.

3.3. Identification of boundaries of SES and characterization of
social-ecological units
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The integration of the borders of ecodistricts and socio-economic
units determined the SES boundaries for each site (Fig. 6). It is important to note that some socio-economic units are allocated outside the
identified borders of ecodistricts because: (1) the administrative limits of municipalities intersect with the identified borders of ecodistricts
(e.g., classes 1 and 2 in Doñana or classes 6 and 8 in Sierra Nevada; Fig.
6), (2) the administrative limits of municipalities are allocated on the
Almonte-Marismas aquifer, which has an extraordinary influence on the
ecological properties of the Doñana protected area (Suso and Llamas,
1993) and the ecosystem services derived from it (Martín-López et al.,
2011) (e.g., class 4 of Doñana; Fig. 6); or (3) municipalities have a historical dependence on the ecosystem services provided by the ecodistricts in Doñana (e.g. Gómez-Bagghetun et al., 2013; Martín-López et al.,
2011; Palomo et al., 2013) and Sierra Nevada (e.g. García-Nieto et al.,
2013; Palomo et al., 2013), although they can be allocated outside their
ecodistricts (e.g., class 4 of Doñana and class 1 of Sierra Nevada; Fig. 6).
The congruence found between ecodistricts and socio-economic
units determines the social-ecological units (Fig. 6). We found a significant association between ecodistricts and socio-economic units in
Doñana (χ2 = 2454.3; df = 16, p < 0.0001), Sierra Nevada
(χ2 = 3569.3; df = 45, p < 0.0001) and the Adra River watershed
(χ2 = 356.0; df = 4, p < 0.0001) (Fig. 7).
In Doñana, the Guadalquivir estuary and coastal system ecodistricts
were significantly associated with the socio-economic unit identified as
class 1, the ecodistrict of marshes was associated with classes 1 and 3,
and the aeolian sheets with class 2 (Fig. 7A). The socio-economic unit of
class 4 was significantly associated with the area outside the limits defined by the ecodistricts, but located over the Almonte-Marismas aquifer
(Fig. 7A).
In Sierra Nevada, we found a North-South and West-East gradient in the definition of social-ecological units (Fig. 6). The ecodistrict
of summits and high mountain system was significantly associated with
the socio-economic units identified as classes 3 and 9 (Fig. 7B), which
also share similar socio-economic characteristics (see Section 3.2.). The
sub-humid lowland piedmont ecodistrict was significantly associated with
classes 2 and 4, which correspond to those socio-economic units highly
influenced by Granada city. The arid lowland piedmont ecodistrict was
significantly associated with class 8, which represents the semi-arid
steppes of Almeria (Fig. 7B). Whilst the ecodistrict of metamorphic
medium-size mountain ranges was associated with classes 6 and 9; calcareous medium-size mountain ranges was related with classes 3, 4, 5 and
7. Finally, the socio-economic unit representing Granada city (class 1)
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Fig. 5. Socio-economic regionalization of (a) Doñana, (b) Sierra Nevada, and (c) the Adra River watershed. Maps of the socio-economic units are presented in the left side and the dendrograms resulted from the Hierarchical Cluster Analysis (HCA) are displayed in the right side of the figure. For more a more detailed illustration of dendograms, consult Figs. S2-S4 in
Appendix D.

is allocated over the area outside the limits of ecodistricts identified by
Jiménez-Olivencia (2000).
In the Adra River watershed, there was a North-South (upstream-downstream) gradient in the definition of social-ecological units
(Fig. 7C). Class 1 was associated with the ecodistrict of metamorphic
moun
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Table 4
Mean values and statistical differences for socio-economic variables in each group of municipalities in the Doñana. (PA: protected area). Significance level at 1% (***), 5% (**) and 10%
(*). Mean values with different letters (a, b or c) indicate significant differences from one another (Dunn's multiple comparison test (p < 0.01) or pairwise comparison t-test with Bonferroni correction (p < 0.01). Bold values represent the classes with the highest mean values for each of the variables.
Class 1

Class 2

Demographic

 2)
Population density (inhabitant km−
Foreign population (%)
People younger than 20 (%)
People older than 65 (%)
Illiterate people (%)
People with a university degree (%)
Ln (Annual income per inhabitant (€))
Inhabitants unemployed (%)
People employed in primary sector1 (%)
People employed in secondary sector2 (%)
People employed in tertiary sector3 (%)
 1 ha−
 1)
Urban solid waste (Ton year−
 1 ha−
 1)
Water consumption (m3 day−
 1)
Cattle (UGM ha−
Urban areas (%)
Unirrigated herbaceous crops (%)
Irrigated herbaceous crops (%)
Unirrigated woody crops (%)
Irrigated woody crops (%)
Greenhouses crops (%)
Rice fields (%)
Heterogeneous agriculture (%)
Forests (%)
Wetlands (%)
Aquaculture (%)
Surface of the municipality in the PA (%)

140.66a
1.31b
24.61
12.00a ,b
20.41a
5.01
8.21a
22.68
13.90
5.32
50.21a
1.17a
0.24
0.10b
3.25
36.17
13.65
5.80b
0.13b
1.02a ,b
11.47a ,b
2.31
5.42
13.84a ,b
4.84a
12.25

82.24a
13.28a
22.82
11.51b
12.86a
5.40
8.23a
25.41
22.87
7.21
44.52a ,b
0.46a
0.54
0.09b
6.37
4.49
4.03
3.97b
2.36a ,b
10.30a
0.00b
4.43
34.53
7.13a ,b
0.04a
15.00

Economic

Resource-use
Land use

Other
1
 i.e.,
2
 i.e.,

Class 3

Class 4

X2

PR
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F

Variable

23.64a
3.47a ,b
21.85
13.45a ,b
12.81a
4.10
7.90a ,b
35.24
23.67
6.96
34.13a ,b
0.90a
0.15
0.19b
0.65
7.22
3.39
5.01b
0.87a ,b
0.15b
31.95a
1.54
18.41
26.09a
0.00a
39.33

UN
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Type

180.44a
3.66a ,b
21.30
14.95a
16.59a
4.12
7.80b
27.34
21.65
6.79
30.50b
0.10a
0.40
0.44a
4.23
12.62
2.08
32.63a
3.78a
0.21b
0.00b
15.58
24.19
0.05b
0.00a
7.75

6.72*
11.85***
4.39
6.43*

6.67*
3.09
7.53*
5.92
5.58
3.06
6.80*
8.88**
10.52***
10.17**
3.87
7.12*
11.01**
8.15**
3.3

F-value

2.64*
1.10
5.80**
1.18
0.96
0.20
5.48**

agriculture, forestry and fisheries.
manufacturing and industry.3 i.e., construction, transport and services.

tain lines, whereas classes 2 and 3 were located in the metamorphic hills
and sedimentary depressions.

and socio-economic sub-systems; the Guadiamar River watershed
(northern area) and the marshes of the Odiel River (western area),
which were considered part of the biophysical sub-system (Fig. 8A).
In Sierra Nevada, the overlap between the ecodistricts empirically
identified and those determined by participants in the workshop comprised 79.1% of the surface. In the case of socio-economic units, the
overlap between the empirical exercise and the participatory exercise
included 90.4% of the surface. Overall, the overlap between the SES
identified through participatory mapping and the SES empirically defined included 87.0% of the surface. The main differences observed
between the SES maps obtained empirically and through participatory
mapping were: the presence of the Baza mountains (north of Sierra
Nevada) in the socio-economic sub-system, the valley between Sierra
Nevada and Baza mountains in both the biophysical and socio-economic
sub-systems, the Dilar River valley (western part) and the valley of the
Andarax River (south-eastern part) (Fig. 8B). Therefore, the main differences between the empirical exercise and the participatory mapping of
SES in Sierra Nevada were associated with the valleys of the watersheds
whose upper parts belong to the Sierra Nevada mountain system.

3.4. Validation of the identification of SES boundaries

The key biophysical and socio-economic factors defining Doñana and
Sierra Nevada SES according to the key informants matched the variables identified from the empirical exercise. The most important biophysical variables identified in Doñana by participants were: climate
(identified by 100% of participants), hydrology (100%) and geomorphology (60%). As for the socio-economic variables, participants identified specific economic activities such as agriculture (identified by 80%
of participants), cattle ranging (80%), and tourism (100%). Aspects such
as urbanization (60%), European policies (60%), and culture (60%)
were also stated as relevant. In Sierra Nevada, the key biophysical variables defining the ecosystems as identified by the participants were:
climate (identified by 100% of participants), geomorphology (100%),
topology (80%), lithology (60%) and hydrology (60%). Similarly, they
recognized that the most important factors influencing the socio-economic system were economic activities −agriculture (identified by 80%
of participants), forest uses (60%), cattle (60%), and tourism (80%)–,
employment (40%), urbanization and landscape intensification (40%),
as well as rural abandonment (60%).
In Doñana, the surface of ecodistricts, as identified by participants
in the workshop, overlapped in 86.4% with the ecodistricts surface obtained through the empirical exercise. Similarly, the surface occupied
by the socio-economic units identified by participants overlapped in
91.3% with the surface of socio-economic units empirically identified.
By layering the borders of ecodistricts with the borders of socio-economic units identified by participants in the workshop, the surface of
the SES identified through participatory mapping overlapped in 87.5%
with the SES surface determined empirically. The main differences observed between the SES maps obtained empirically and through participatory mapping were: the drained marshes in the north-eastern part of
the Guadalquivir River, which was considered part of the biophysical

4. Discussion and conclusions
The methodological framework presented in this study allows the
identification of SES boundaries. Taking into account the high percentage of overlap between the identification of SES boundaries by the multivariate analysis and through participatory mapping (see Section 3.4),
this study shows that the combination of multivariate analysis of both
biophysical and socio-economic variables with GIS techniques can be
a useful approach for delineating SES. However, it is noteworthy to
mention that we did not validate the identification of social-ecological
units in the participatory workshop and therefore the methodological
approach presented here can have some shortcomings. First, the size
of some social-ecological units in Sierra Nevada is less than 10 ha and
therefore they might not represent real social-ecological dynamics. Fur
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Table 5
Mean values and statistical differences for socio-economic variables in each group of municipalities in the Sierra Nevada protected area. (PA: protected area; n.d.: no data; C: class). Significance level at 1% (***), 5% (**) and 10% (*). Mean values with
different letters (a, b or c) indicate significant differences from one another (Dunn's multiple comparison test (p < 0.01) or pairwise comparison t-test with Bonferroni correction (p < 0.01). Bold values represent the classes with the highest mean values for
each of the variables.
Type

Variable

Demographic

Population density (inhabitant km )
Foreign population (%)
People younger than 20 (%)
People older than 65 (%)
Illiterate people (%)
People with a university degree (%)
Ln (Annual income per inhabitant (€))
Inhabitants unemployed (%)
People employed in primary sector (%)
People employed in secondary sector
(%)
People employed in tertiary sector (%)
Hotel bedroom places
 1
 1
Urban solid waste (Ton year−
ha−
)
 1 ha−
 1)
Water consumption (m3 day−
 1)
Cattle (UGM ha−
Urban areas (%)
Unirrigated herbaceous crops (%)
Irrigated herbaceous crops (%)
Unirrigated woody crops (%)
Irrigated woody crops (%)
Greenhouses crops (%)
Heterogeneous agriculture (%)
Forests (%)
Grasslands (%)
Open and deforested spaces (%)
Wetlands (%)
Number of ADSL lines
Surface of the municipality in the PA

Economic

Resource-use
Land use

Other

C. 1
−
 2

C. 2

C. 3

C. 4

C. 5

C. 6

C. 7

2668.85
6.13
18.75a
17.77b
11.07b
21.70a
9.97a
6.49
1.27b
11.87a

2465.74
3.90
24.50a
10.79b
11.29b
17.28a
9.91a
3.65
1.36b
19.94a

39.27
7.35
19.77a
16.27b
21.09b
9.10a ,b
9.56a ,b
4.64
6.43b
23.90a

328.76
6.13
20.75a
12.90b
15.88b
11.53a ,b
9.71a
4.15
3.12b
24.13a

42.41
6.61
18.64a ,b
25.28a
36.20a ,b
5.27a ,b
9.27a ,b
3.25
6.78b
22.50a

13.74
3.17
14.69b
28.36a
26.92b
5.21b
9.18b
3.58
18.74a
20.27a

66.65a
1.52a
14.31a
8.07a
0.33a
26.58a
2.58a ,b
6.73
10.50a ,b
0.20b
0.00
19.33a ,b
33.08a ,b
1.38a
3.62b
0.66a
0.13a
0.00b

62.31a
0.10a ,b
12.73a
11.21a
0.09a ,b
51.05a
0.00b
0.00
0.14b
0.00b
0.00
43.55a
3.6b
0.00b
1.75b
0.00a
0.15a
0.50b

49.12b
0.08a ,b
0.20a ,b
0.61a
0.09a ,b
1.23a ,b
0.79b
0.03
2.99b
1.46b
0.00
6.43b
86.93a
1.53a
13.18a
0.11a
0.11a ,b
79.90a

50.47b
0.04a ,b
1.72a ,b
2.17a
0.13a ,b
8.19a
4.05a ,b
0.33
13.54a ,b
1.71b
0.00
14.16a ,b
58.37a ,b
0.13b
12.16a ,b
0.12a
0.17a
10.00b

34.78b
0.00b
0.23a ,b
0.30a
0.04b
2.25a ,b
0.29b
0.10
13.43a ,b
15.20a
0.00
7.91a ,b
59.35a ,b
0.27a ,b
8.15a ,b
1.48a
0.06b ,c
28.50a ,b

33.17b
0.01b
0.07b
0.11a
0.23a
1.55a ,b
19.59a
0.29
9.67a ,b
0.21b
0.00
22.56a
46.06a ,b
0.29a ,b
6.22b
0.09a
0.05b ,c
46.14a ,b

a


a


b


a


b


c
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C. 8

C. 9

X2

20.90
8.30
12.13b
32.88a
42.03a
7.60b
8.91b
8.52
19.02a
13.90a

16.57
4.74
11.60b
29.09a
38.34a
5.90b
9.08b
2.73
14.76a
15.83a

19.48
7.93
13.89a ,b
25.72a ,b
29.96b
6.81a ,b
9.19a ,b
3.61
10.04b
17.48a

27.78***
9.85

42.79b
0.00b
0.12b
0.20a
0.06a ,b
0.63b
0.71b
0.35
32.90a
2.25b
0.07
14.88a ,b
44.55a ,b
0.35a ,b
6.43b
0.07a
0.04c
2.20b

44.73b
0.00b
0.08b
1.98a
0.04b
0.49b
0.78b
0.16
1.74b
1.46b
0.05
9.89a ,b
85.16a
0.01b
8.15a
0.28a
0.03c
35.56a ,b

36.00b
0.10a ,b
0.10a ,b
0.94a
0.08a ,b
2.40b
1.15b
0.29
1.61b
0.15b
0.04
12.11a ,b
82.30a
0.66a
15.13a
0.02a
0.04b ,c
71.00a

27.36***
32.70***
27.57***
23.19***
23.07***
30.89***
25.23***
9.49
42.38***
30.10***
13.05
23.79***
43.63***
39.66***
50.55***
18.69**
40.68***
42.33***

b


c

b


32.03***
28.51***
44.11***
32.46***
21.42***

F-value

8.72***
13.95***

1.21
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Table 6
Mean values and statistical differences for socio-economic variables in each group of municipalities in the Adra River watershed. Significance level at 1% (***), 5% (**) and 10% (*). Mean
values with different letters (a, b) indicate significant differences from one another (Dunn's multiple comparison test (p < 0.01) or pairwise comparison t-test with Bonferroni correction
(p < 0.01). Bold values represent the classes with the highest mean values for each of the variables.
Class 1

Demographic

 2)
Population density (inhabitant km−
Foreign population (%)
People younger than 20 (%)
People older than 65 (%)
Illiterate people (%)
People with a university degree (%)
Ln (Annual income per inhabitant (€))
Inhabitants unemployed (%)
People employed in primary sector (%)
People employed in secondary sector (%)
People employed in tertiary sector (%)
 1 ha−
 1)
Urban solid waste (Ton year−
 1 ha−
 1)
Water consumption (m3 day−
 1)
Cattle (UGM ha−
Urban areas (%)
Unirrigated herbaceous crops (%)
Irrigated herbaceous crops (%)
Unirrigated woody crops (%)
Irrigated woody crops (%)
Greenhouses crops (%)
Heterogeneous agriculture (%)
Forests (%)
Grasslands (%)
Open and deforested spaces (%)

13.67b
3.61a
13.44b
28.07a
39.42
5.62
9.04a
40.46a
18.36b
4.87
76.77a
0.07b
0.08b
0.05
0.39
0.87
0.15
2.57a ,b
0.39
0.02b
8.03a ,b
35.39a
0.11
14.90a ,b

Economic

Resource-use
Land use

Class 2

Class 3

X2

PR
OO
F

Variable

22.56b
7.77a
14.61b
25.54a
41.35
6.68
9.04a
42.43a
30.97b
7.18
61.85a
0.15b
0.22b
0.03
0.59
1.39
0.18
28.15a
0.70
0.09b
16.15a
5.87b
0.03
5.82b

UN
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Type

119.23a
7.28a
23.50a
14.27b
28.36
7.53
9.30a
8.10b
43.06a
3.92
53.01a
0.57a
0.42a
0.05
1.57
0.54
0.50
3.83b
0.22
10.06a
2.97b
9.94a ,b
0.00
18.15a

5.21*
4.67*

4.47*

5.49*
2.7
5.93**
5.73*
6.25**

1.68
1.32
2.80
8.01**
0.34
7.45**
8.73**
9.24***
1.64
6.57**

F-value

7.80***
11.48***
2.00
0.60
5.85**

0.58

Fig. 6. Boundaries of the social-ecological systems of (A) Doñana, (B) Sierra Nevada, and (C) the Adra River watershed. Social-ecological units representing the interactions between
socio-economic units (represented by numbers) and ecodistricts are also displayed.

ther, we cannot guarantee that the social-ecological dynamics of these
small social-ecological units are different from those in their neighbored units. Second, the co-occurrence between specific ecodistricts
and socio-economic units is not statistically significant in several cases

in Sierra Nevada, showing that the borders between ecodistricts and socio-economic units do not match. This may have a twofold explanation:
first, the high range of variability in biophysical and socio-economic
variables in Sierra Nevada can overstate the number of social-ecologi
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cal units, although these units might not actually exhibit similar social-ecological dynamics and, second, that some of the identified social-ecological units can be the result of the datasets considered in the
ecological and socio-economic regionalization rather than representing
actual social-ecological dynamics at local scale. This explanation leads
to the need for acknowledging that the methodological framework presented in Fig. 3 cannot be squarely replicable in other places, but adaptable to their local contexts and the requirements for landscape planning.
Finally, the characterization of socio-economic units based on municipal
statistics (see Appendix B) can hinder the recognition that SES are organized by institutional and cultural relationships (Fabinyi et al., 2014).
Beyond the particular limitations of the methodological approach,
the general limitations of mapping SES should be also considered. First,
the delimitation of SES performed in this research was conducted and
validated at a regional scale, while SES are nested at multiple spatial
scales (Berkes and Folke, 1998). Second, our methodological approach
aims to delineate SES boundaries, but for many scientists, boundaries
are human constructs as lines on a map may not correspond with physical discontinuities in landscape (Bailey, 2009). Third, as maps are human constructs, perceptions of SES borders can vary among social actors and individuals and, thus, the SES boundaries identified by the suggested methodological framework may not correspond with the mental
maps constructed by social actors.
Despite the aforementioned shortcomings, the methodological
framework presented here could be used as a tool to generate hypotheses about the key socio-ecological interactions existing in SES at local
scale. For example, the close relations between some ecodistricts and socio-economic units in Doñana can reveal the historical adaptation in the
use of ecosystem services to the existing biophysical conditions, such
as the historical activity of fishing in the marshes ecodistrict. It can
also reveal recent events articulated by institutions at supra-local organizational levels, such as the development of intensive agriculture in
the ecodistrict of aeolian sheets promoted by the Common Agricultural
Policy for irrigated strawberry (Gómez-Bagghetun et al., 2013). Similarly, in the Adra River watershed, the association between socio-economic units and ecodistricts can be interpreted as an adaptation to the
different biophysical conditions in this upstream-downstream gradient
(Fig. 6). For example, the allocation of greenhouses in the lower watershed (i.e. sedimentary depression) can be explained by the high average annual temperature and low slopes of this ecodistrict. By contrast, in the upper watershed (metamorphic mountain lines), the biophysical conditions (i.e., low average annual temperature and high slopes)
do not permit the intensification of agriculture and, in fact, it allocates
forestland and nature-based tourism. In fact, the methodological frame

Fig. 7. Bar diagrams that displays the association between ecodistricts and socio-economic units for (A) Doñana, (B) Sierra Nevada, and (C) the Adra River watershed. For representation purposes, colors of socio-economic units are the same than in Fig. 5. ** denote
significant association at 5% significance level according to Fisher’s exact test.

Fig. 8. Spatial distribution of the overlap between the social-ecological boundaries defined empirically and through the participatory workshop for (A) Doñana and (B) Sierra Nevada.
Lack of overlap is represented at three levels: lack of biophysical match (green), lack of socio-economic match (grey) and lack of biophysical and socio-economic matches (orange). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Appendix A. Supplementary data
Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.landusepol.2017.04.040.
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work shows that a strong interaction exists between ecodistricts and socio-economic units in Doñana and the Adra River watershed.
The consideration of the interactions between ecodistricts and socio-economic units can contribute to landscape planning by assessing
the adequacy of previous boundaries established in environmental management, such as protected area borders. For example, whereas the SES
boundaries in Sierra Nevada match (in shape and size) to a reasonable
extent with the boundaries of the Sierra Nevada protected area; the limits of Doñana protected area cover only a portion of the whole SES. This
fact has resulted in several environmental issues such as the lowering of
the water table within the protected area due to the intensive agriculture located outside the protected area, but within its SES boundaries
(Martín-López et al., 2011). Therefore, the delimitation of SES boundaries can be used to inform the landscape planning associated with protected areas (Cumming, 2011; Palomo et al., 2014).
Finally, the proposed methodological framework can be useful to inform landscape planning for managing ecosystem services. Whilst the
identification of ecodistricts can contribute to explain the supply of specific ecosystem services, the identification of consistent socio-economic
units can represent similar patterns in their use. The consideration of
ecodistricts as homogeneous biophysical units able to provide ecosystem services can extend the concept of service providing units beyond
species populations, functional groups and communities (Luck et al.,
2009). For example, García-Llorente et al. (2015) showed that the biophysical capacity to provide ecosystem services in the Adra River watershed relies on the ecodistrict of metamorphic mountain lines. Similarly,
socio-economic units can be understood as those spatial units where
the ecosystem services are homogenously used or demanded by society,
i.e. ecosystem service benefiting areas (Palomo et al., 2013). In this research, ecosystem service benefiting areas can refer to those groups of
municipalities with the highest population density and ecosystem service-use. For example, García-Llorente et al. (2015) demonstrated that
the highest level of ecosystem services demand in the Adra River watershed occurs in the socio-economic unit defined as class 3. However,
the demand of ecosystem services in a particular socio-economic unit
can differ according to the different preferences, interests and needs
of multiple social actors. For example, in the Adra River watershed,
Iniesta-Arandia et al. (2014) found differences of the perceived importance of ecosystem services for human wellbeing among social actors. In
fact, recent literature has demonstrated that the ecosystem services demand largely differ between social actors (e.g., Agbenyega et al., 2009;
Castro et al., 2011; Niedziałkowski et al., 2014).
The methodological framework presented in this research transcends
the purely administrative criteria traditionally used in landscape planning by endorsing a social-ecological approach, in which interactions
between ecological and socio-economic sub-systems are considered
through the definition of social-ecological units. Although the full complexity of SES can never be characterized by maps (Hamann et al.,
2015), the definition of social-ecological units can help to contribute to
landscape planning by spatially characterizing social-ecological dynamics.
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