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a b s t r a c t

Specific land uses, many of them considered as traditional practices, have contributed to nature conser-
vation in that they have given rise to a valued landscape and a high degree of biological and cultural
diversity. The result is the rural cultural landscape, also characterised by its multi-functionality, stability
and adaptation to local conditions. Nonetheless, the abandonment of rural cultural landscapes constitutes
the current trend in many regions.

Although one way to preserve rural cultural landscapes involves establishing protected areas, manage-
ment often forgets, or even restricts, the traditional rural activities that had contributed to the high con-
servation values recognised in these areas.

In the present paper we applied a quantitative model to examine changes in rural cultural landscapes
and in the socioeconomy of local populations following the establishment of a protected area. We forma-
lised the relationship of dependence between landscape change and socioeconomy by means of multivar-
iate ordination analysis and multiple regression calculation. The simple equation obtained shows the
socioeconomic parameters that best account for change in the landscape and indicate their sign and
importance. The results show that providing Regional Park protection status has not prevented the
decline of traditional farming activities and, in turn, ecological succession has led to an intense shrub
encroachment process. Such a change could be considered to be the result of a nature protection policy
inspired by ideas of naturalness and wilderness. Our model also helps us to establish and formalise the
dependence of the cultural landscape upon a socio-cultural system, which is currently undergoing rapid
change, and brings us to consider the parameters of this change as indicators for management.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Rural cultural landscapes often result from the long-term co-
evolution of natural and anthropogenic factors (Lacitignola et al.,
2007; O’Rourke, 2006). These landscapes currently cover most of
the Earth’s terrestrial surface and emerge from the interaction be-
tween society and nature (Bernáldez, 1995; Calvo-Iglesias et al.,
2006; Halladay and Gilmour, 1995; Palang et al., 2005; Solymosi,
2011). These secular relationships, which can give rise to tradi-
tional practices and knowledge of the sustainable use of natural re-
sources and ecosystem dynamics, have brought about a great
variety of ‘socio-ecological production landscapes’ (Bélair et al.,
2010) with a high recognised conservation value (Berkes et al.,
2000; Berkes, 2004; Convention on Biological Diversity, 1992;
Olsson et al., 2004). Thus, different authors have found more biodi-
versity in agrosilvopastoral systems and other human-dominated
rural landscapes than in some natural ones (Casado et al., 2004;
Pineda et al., 1981; Pineda and Montalvo, 1995). This legacy is

currently in need of suitable protection and management (Bunce
et al., 2001; Council of Europe, 2000–2006) because economic
and societal changes now constitute intense driving forces, with
evident effects on the landscape (De Aranzabal et al., 2008; Farina,
2000; Petanidou et al., 2008; Schmitz et al., 2003, among others).

In Europe, cultural landscapes are considered as part of the
common heritage (Antrop, 2005; Council of Europe, 2000–2006;
Schmitz et al., 2007a). European rural systems have historically
been multifunctional, i.e. areas containing multiple landscape
functions which have the capacity to provide a broad range of ser-
vices to society. Although not all rural areas are equally suitable for
multifunctional land (Willemen et al., 2010), in reality many tradi-
tional landscapes provide a broad variety of functions currently
more highly valued than mere agricultural production (i.e. food
and fibre). Among these are biodiversity, cultural identity, preser-
vation of natural resources and regulation of environmental qual-
ity, including aesthetic and recreational values (Farina, 2000;
Kienast et al., 2009; Willemen et al., 2010). These services consti-
tute the flows of benefits to society and directly contribute to the
socioeconomic viability of rural areas (Millennium Ecosystem
Assessment, 2003, 2005; Renting et al., 2009). In these landscapes,
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the evolution and maintenance of ecological processes, such as
spatial heterogeneity or ecological connectivity (Pineda and
Schmitz, 2011), depend strongly on the dynamics of historical
forms of land use (Bernáldez, 1991; Burel et al., 1998; Halladay
and Gilmour, 1995; Lindborg and Eriksson, 2004; Rescia et al.,
1994; Schmitz et al., 2007a; Thenail, 2002; Young et al., 2005).
Abandonment of rural cultural landscapes is, nonetheless, an
habitual trend which also involves significant loss of local knowl-
edge (Millennium Ecosystem Assessment, 2003, 2005; O’Rourke,
2006; Petanidou et al., 2008). This is the case of the Mediterranean
basin (Fernández-Alés et al., 1992; Lasanta et al., 2005, 2006;
Molinillo et al., 1997; Plieninger, 2006).

One manner of preserving rural cultural landscapes entails
establishing determined categories of protected areas with effec-
tive management. Such areas must constitute references and
instruments for sustainable regional development, particularly
for the advancement of peripheral rural areas, as well as links be-
tween nature protection and rural economic improvement (BOE,
2007; Convention on Biological Diversity, 1992; Council of Europe,
2000; IUCN, 1994; Kalamandeen and Gillson, 2007; Kušová et al.,
2008; Millennium Ecosystem Assessment, 2003, 2005; Mose and
Weixlbaumer, 2007; UNESCO-World Heritage Center, 2005). Thus,
it is important to establish to what extent the idea of nature con-
servation through the establishment of protected areas also con-
tributes to maintaining cultural landscapes and the improvement
of local economies. But, to what extent does cultural rural land-
scape depend on the local socioeconomic structure? How is the
landscape affected by changes in the characteristics of this struc-
ture? Is this landscape well protected by the establishment of a Re-
gional Park (a clear commitment by the Administration to promote
cultural rural landscape)? Does this nature protection system af-
fect local socioeconomics?

The present paper empirically examines the evolution of Medi-
terranean rural cultural landscapes inside and outside the bound-
aries of a protected area, as well as the influence of nature
protection on the economic development of local populations. To
this end, we applied a numerical procedure that enables us to
quantify the mutual relationship between socioeconomic and
landscape structures and to establish any possible variation therein
arising from the protection status.

2. Study area

The study area comprises the Cuenca Alta del Manzanares Regio-
nal Park, in Central Spain, covering 52,796 ha, and a peripheral belt
of 39,204 ha known as the area of influence (BOE, 1989). The terri-
tory comprises 25 municipalities, 13 totally or partially included
within the Park and 12 in the peripheral belt (Fig. 1; Appendix
A). The Regional Park was designated by the Madrid Regional Gov-
ernment in 1985 (BOCM, 1985), a protection status similar to the
IUCN VI protected area management category (IUCN, 1994). Wide-
spread housing development and population growth are seen as
the main threats to this space, which is close to the city of Madrid.

The area has unique and high natural, landscape, cultural and
agricultural values; a fact recognised by the scientific community,
particularly that associated with the speciality of animal and plant
biology, as well as by the Regional Government and by users in
general (BOCM, 1985; García Delgado, 2007; Schmitz et al.,
2007b). The climate is continental Mediterranean, with a notewor-
thy altitudinal variation, from 600 m to 2383 m asl. This gives rise
to different types of natural vegetation: Holm oak, oak and Scots
pine forests, mountainside and high altitude scrub and Mediterra-
nean and alpine-like grasslands. There is also a notable presence of
different types of rural cultural landscapes, such as ‘dehesas’ (open
savannah-like woodlands used as pastures; Humbert, 1980; Martín
Vicente and Fernández Alés, 2006; Pineda and Montalvo, 1995) at

low and medium altitudes and countryside such as ‘bocage’, with
networks of hedgerows and fences appearing as unique linear
landscape elements (Schmitz et al., 2007a). The uplands of the Park
have traditionally constituted summer pastures (‘puertos’) of na-
tive livestock breeds (‘avileña’ black cow) in a territory that has
traditionally presented drove roads (Bunce et al., 2004).

Agrosilvopastoral uses in open woodlands have constituted the
main traditional economic activity in this territory for centuries
and have represented the most important human influence in the
configuration of the current landscape. Conservation of dehesa sys-
tems depends on the maintenance of the traditional land uses and
management that created them. Thus, the main objectives of the
Regional Park involve recovery and implementation of traditional
agrosilvopastoral activities as a means of protection and conserva-
tion of rural systems (Madrid Regional Government, 1997). In
terms of zoning and land use compatibilities, agrarian uses and
livestock farming are permitted in 44% of the Regional Park. The
core zone of the protected territory covers a further 45% of the area,
this category restricting land uses to forest existing prior to the
declaration and recreation and environmental education activities.
The remaining 11% is classified as transition areas–areas of protec-
tion of valuable and fragile sites- and periurban areas surrounding
villages where a certain housing development is permitted. In the
latter two zones protection and promotion of traditional uses is
also considered.

3. Methods

We focus on trajectories of changes in cultural landscapes and
upon the socioeconomy of local populations following the estab-
lishment of a protected area. Thus, we considered variables charac-
terising both the rural cultural landscape (Appendix B) and the
socioeconomic structure (Appendix C) of the area. The reference
units consisted of a set of municipalities (Appendix A) at which
scale the socioeconomic information was registered. An overview
of the procedure followed is presented in Fig. 2.

3.1. Quantifying the evolution of landscape and socioeconomy

We recorded quantitative information referring to 22 landscape
variables, mainly centred on visual descriptors of vegetation (Sch-
mitz et al., 2007b; SIGA, 1978–2005), and 19 socioeconomic ones
(IECM, 1987–2005; INE, 1975–2005) pertaining to the 25 munici-
palities of the study area (Appendices B and C), 10 years before
(1975) and 20 years after (2005) the establishment of the Regional
Park in 1985. We analysed 13 municipalities falling wholly or par-
tially (>25% of the municipal area) within the boundaries of the Re-
gional Park and 12 neighbouring ones – not included within its
boundaries and identified by the Protected Area Management
Board as the area of influence of the Regional Park.

We made use of two matrices of quantitative data describing
the municipalities in the two time periods by means of the 22 land-
scape and 19 socioeconomic variables, respectively (Appendices B
and C; Fig. 2). We used a GIS as a spatial analysis tool and designed
a numerical matrix in which, in each municipality, each landscape
variable was quantified as % of the area occupied inside and out-
side the boundaries of the Park (ESRI, 2009). Socioeconomic data
were recorded at the municipal level. The use of administrative
units corresponds to census information (De Aranzabal et al.,
2008; Schmitz et al., 2003; Verburg et al., 2010).

In order to satisfy analytical requirements of normality and
homoscedasticity, we previously standardised and transformed
the data by means of log (x + 1), where x represents the value of
each descriptive variable in each municipality. We performed
two multivariate ordination analyses (PCAs), which enabled the
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municipalities to be projected on two planes. The dimensions of
each plane represent, in accordance with the loadings of the
descriptive variables, the main tendencies of variation of the rural
landscape and the socioeconomic structure of the territory,
respectively.

On each plane we calculated the centroids of the coordinates of
the municipalities in the two time periods, wholly or partially in-
side, and outside the boundaries of the protected area. Thus, four
centre points were calculated from the mean values of the coordi-
nates of the groups of observations considered. We also calculated
vectors D~C, connecting the two centroid positions (initial centroid,
C, defined by its position vector ~V , and final centroid, C0, defined by
its position vector ~V 0) in the two sets of coordinates on the planes,
inside and outside the Park (1),

D~C ¼ C0 � C ð1Þ
where

~V ¼ xi þ yj

and
~V 0 ¼ x0i þ y0j

thus,

D~C ¼ ðx0 � xÞi þ ðy0 � yÞj

kD~Ck ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx0i � xiÞ2 þ ðy0i � yiÞ

2
q

ð2Þ

h ¼ tan�1 ðy0i � yiÞ
ðx0i � xiÞ

� �
ð3Þ

The magnitude (2) and direction (3) of the displacement vectors, D~C,
represent the overall trajectories of change of the landscape in space
and time, as will the socioeconomic change in the municipalities of

the region, following the establishment of the Regional Park. To iden-
tify the intensity and direction of the territorial change, we also calcu-
lated Euclidean distance matrices of the observations on the
ordination plane, which enabled us to quantify the overall ‘gains’
and ‘losses’ over time in the study area (Rocchini et al., 2006). The
intensity of the change equals the modules of the displacement vec-
tors between the coordinates of the municipalities from time t to time
t + 1. The statistical significance of the displacement intensity inside
and outside the protected area boundaries was tested by means of
Student’s t-test. The angle of displacement vectors with respect to
the reference Cartesian system enabled us to determine the direction
of change in time of each municipality. Hotelling’s T2 test was used to
determine the significance of the directional tendencies inside versus
outside the protected area.

3.2. Measurement of changes in landscape heterogeneity and
complexity

We calculated changes over time in the spatial configuration of
the landscape since the establishment of the protected area. To this
end we used the landscape heterogeneity index, H(l) (Rescia et al.,
1994),

HðlÞ ¼ H0ðluÞ=log2N ð4Þ
and a spatial complexity index, C(s) (Rescia et al., 1994),

CðsÞ ¼ H0ðluÞ:HðlÞ ¼ H0ðluÞ2=log2N ð5Þ

both measured in bits and based on the landscape diversity index,
H0(lu), also based on the Shannon–Wiener formula (Shanon and
Weaver, 1949),

H0ðluÞ ¼ �
X

pilog2pi ð6Þ

where pi is the proportion of the different types of land uses in the
study area, N.

Fig. 1. (a) Location of the study area in the region of Madrid (Central Spain). M: Metropolitan area of Madrid; (b) Cuenca Alta del Manzanares Regional Park (dark grey) and its
influence area (light grey). See Appendix A.
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H(l) ranges from 0 (uniform landscape) to 1 (landscape with as
many different units as possible). The value of C(s) depends on land
use diversity and landscape heterogeneity and with the same het-
erogeneity value, a landscape presenting greater land use diversity
will be more complex.

3.3. Quantifying the relationship between landscape and
socioeconomic structures

We applied the quantitative model followed by Schmitz et al.
(2003) and De Aranzabal et al. (2008). This model enabled us to
formalise the interdependence between landscape structure and
socioeconomy in the study area. To this end, we considered land-
scape change as the dependent variable in a stepwise multiple lin-
ear regression whose independent variables were the descriptors
of the socioeconomic changes identified in the municipalities
(Fig. 2),

y ¼ f ðs1; s2; s3; . . . ; snÞ ð7Þ

where y expresses the landscape change and si (i = 1, 2, 3, . . . ,19) the
socioeconomic changes, both from time t to time t + 1.

Landscape change was characterised by the modules of the dis-
placement vectors between the coordinates of the municipalities
on the ordination plane from t to t + 1. To quantify the socioeco-
nomic change we generated a transition matrix based on the incre-
ment (%) from time t to time t + 1 in the values of the
socioeconomic variables measured in the municipalities. Prior to

model fitting, the socioeconomic variables were examined individ-
ually and were log-transformed.

The stepwise regression selects the optimum number of socio-
economic variables whose change best related to the landscape
change in the area (the variables responsible for collinearity were
ignored in the regression). This procedure provides a dependence
model with a limited number of socioeconomic variables or
descriptors accounting for much of the variation in landscape
structure. The regression model was based on a forward selection
procedure – a method starting with a model with no explanatory
variables, and adding variables one by one until the model cannot
be significantly improved with the addition of another variable;
each of the available predictors is evaluated with respect to how
much R2 would be increased by adding it to the model. We used
the Durbin–Watson test to verify the random variation of the
residuals.

4. Results

4.1. Landscape dynamics

The PCA plane (Fig. 3) shows the landscape structure of the
study area and the trajectories of changes in land uses in their
municipalities, before and after the Regional Park was declared
as such. According to the loadings of the landscapes variables,
the first dimension of the plane shows the variation in landscape
structure from areas presenting developed traditional mixed

Fig. 2. Overview of the methodological procedure focusing on the effectiveness of the protected areas for conservation of cultural landscapes and of traditional rural activities
of local people.
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agricultural uses (permanent crops, shifting cultivation systems,
cereal crops integrated in open wooded areas, mainly dehesa and
Holm oak forests), to areas where natural vegetation and forest
land uses predominate (shrublands, pine plantations, high pas-
tures, forests of oaks and other native trees). The second axis
shows, from bottom to top of the ordination plane, a gradient from
pastoral landscapes (pasture systems and herbaceous crops) to
Mediterranean woody ‘monte’ (Humbert, 1980), characterised by
formations with varying degrees of naturalness (woodlands with
forests of Holm oak, juniper and different types of scrub). Table 1
indicates the loadings of the landscape variables on the first two
axes of the PCA.

The calculation on the ordination plane of the two vectors rep-
resenting the mean trajectories of the landscape variation enabled
us to determine a very similar change tendency, both in the pro-
tected area and in its influence zone, as indicated by the magnitude
and direction of their displacement vectors (the modules and an-
gles are 1.786, 83.53� and 1.715, 68.05�, inside and outside the pro-
tected area, respectively; t-test = 0.903, p = 0.376; Hotelling
test = 1.2044, p = 0.284).

The tendency of change identified in the spatial configuration
of the landscape also shows a process of homogenisation, simpli-
fication and a decrease in land use diversity (Table 2). A similar
(successional) development can be identified, in fact, in both
areas. The homogenisation is more serious in the protected area,

which loses its spatial heterogeneity and complexity (the land-
scape spatial indices are given in bits). The phenomenon results
from abandonment of traditional agrosilvopastoral activities and
the substitution of open woodlands with crops and pastures by
shrublands and forests. Such a transformation is linked to a
notable process of encroachment by scrub and trees (woody
monte).

The map in Fig. 4 shows the direction and intensity of the land-
scape change identified in the study area over time. The landscape
presents a notable change towards naturalness, both in the Park
and in the surrounding area, as can be deduced from the angles
of the displacement vectors. The modules indicate high variability
in the trajectories of landscape changes: there is a clear gradient
across the Park, from zones with low intensity of changes to areas
where the dynamics have been quite intense.

The relative increase in shrublands and woodlands after the
establishment of the Park totalled 17% within its boundaries and
16% in the surrounding area (Fig. 5). Coniferous formations did
not exhibit significant changes (an increment of 1% and �0.8% in-
side and outside the protected area boundaries, respectively). Most
of the agricultural systems show a decrease in the Park, whereas in
the rest of the territory, they remain largely unchanged (increment
of �4.7% and 1.6%, respectively). Pasture systems, comprising pas-
turelands and open formations with a mixture of pastures and iso-
lated trees (dehesas), constituted the most affected land uses. In

Fig. 3. Coordinates of the municipalities of the study area on the landscape PCA plane and trajectories of change in land uses before and after establishment of the Regional
Park. The main descriptors of the landscape are at the ends of the axes. The arrows shows the direction of the displacement vectors from time t to time t + 1. The length of the
lines is scaled according to the magnitude of the change inside (continuous line) and outside (dashed line) the Park. Initial and final centroids and displacement vectors (thick
arrow) of the two zones are indicated.
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Table 1
Loadings of the landscape variables on the ordination plane (the variance absorption of the two first axes of the PCA is shown in brackets). Italics indicate the variables identified
as key descriptors of the landscape (Fig. 3).

Land uses Axis 1 (20.61%) Axis 2 (16.46%)

Factor loadings Contribution to the axis (%) Factor loadings Contribution to the axis (%)

Ash forests 0.151 0.526 0.466 6.287
Dehesas 0.185 0.791 �0.145 0.606
Dehesas with scrub �0.186 0.799 �0.305 2.690
Dry farming herbaceous crops �0.747 12.885 �0.446 5.744
High pastures 0.662 10.126 �0.229 1.512
Holm oak forests �0.406 3.815 0.505 7.378
Irrigated herbaceous crops �0.496 5.686 �0.480 6.653
Juniper forests �0.084 0.165 0.527 8.048
Mixed forests of deciduous native trees 0.548 6.951 �0.036 0.038
Mixed forests of Holm oak and Juniper 0.023 0.012 0.602 10.477
Oak forests 0.653 9.843 �0.361 3.781
Pasture systems �0.199 0.913 �0.503 7.331
Pine forest of Pinus sylvestris 0.672 10.431 �0.259 1.939
Pine plantations 0.285 1.872 0.185 0.995
Poplar plantations �0.618 8.829 �0.256 1.896
Scrub with deciduous native trees �0.084 0.162 0.698 14.093
Scrub with Holm oak and Junipers �0.284 1.862 0.690 13.778
Scrub with pastures 0.038 0.033 �0.285 2.347
Shrublands 0.749 12.957 �0.053 0.082
Traditional shifting cultivation systems �0.571 7.538 0.029 0.025
Woody crops �0.406 3.805 �0.386 4.301

Table 2
Variations in the spatial configuration of the landscape in the study area before and after establishment of the Regional Park. The analysis was based on calculation of land use
diversity, H’(lu), landscape heterogeneity, H(l), and spatial complexity, C(s). Values are expressed in bits.

Landscape spatial configuration Protected area Surrounding area

Before After Change Before After Change

H0(lu) 2.504 2.013 �0.491 2.212 2.150 �0.062
H(l) 0.201 0.130 �0.071 0.143 0.139 �0.004
C(s) 0.503 0.262 �0.241 0.316 0.299 �0.017

Fig. 4. Intensity and direction of the landscape change in the study area over time (modules and angles of the displacement vectors on the PCA plane, respectively; see Fig. 3).
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the protected area, pastures and dehesas showed a significant de-
crease from 31.7% of land cover before the existence of the reserve
to 18.2% after its establishment. In the influence area, the cover of
these traditional land uses also declined from 34.6% to 17.9%.

4.2. Socieoconomic change

Fig. 6 shows the socioeconomic variation in the study area re-
lated to the establishment of the Regional Park. According to the
loadings of the variables of the ordination analysis (Table 3), the
socioeconomic pattern of all rural areas has changed from a certain
degree of rurality, characterised by primary sector activities, to a
non-farm rural economy, whose main descriptors are, among oth-
ers, population density and development of private vehicles and
communications infrastructures. The two axes of the PCA explain
the same socioeconomic variation. Likewise, the figure shows a
similar trajectories of change in the municipalities inside and out-
side the protected area during the study period, as indicated by the
magnitude and direction of the displacement vectors (modules and
angles of the vectors between centroids: 2.485, �24.83� and 3.340,
�9.77�, inside and outside the protected area, respectively; t-
test = 1.06, p = 0.300; Hotelling test = 2.705, p = 0.114). Fig. 7 shows
the intensity and direction of the socioeconomic change over time.
A marked tendency can be observed, both in the Regional Park and
in its influence area, towards a new non-farm rural economy asso-
ciated with the decline in traditional rural activities.

4.3. Socioecological relationships

Table 4 shows the characteristics of the fitted linear regression
model used to identify the relationship between changes in

landscape and in socioeconomy. The regression equation describes
the landscape change detected (‘abandonment of traditional agro-
silvopastoral activities and tendency towards naturalness’) accord-
ing to the variation in ten of the socioeconomic variables, identified
as descriptors, whose importance and sign are indicated by their
coefficients.

Abandonment of the cultural landscape following establish-
ment of the protected area is positively related to increments in
population, in intensive livestock systems and in large-sized hold-
ings. Equally, this change tendency is negatively related to employ-
ment of the local population, presence of small-sized farms and of
semi-extensive livestock systems (cattle, sheep, pig, poultry and
goat farming).

5. Discussion

Analyses of the changes of landscape structure indicate that the
study area contained a heterogeneous mosaic of traditional agro-
silvopastoral systems which have gradually been replaced by
homogeneous landscapes. The process has given rise to changes
in vegetation and landscape composition and has transformed
the original cultural landscape into forest. Since many processes
that occur in a geographic context show spatial dependence, it
could be interpreted that landscape change is related with the ten-
dency of neighbours to behave similarly, but the study area is a Re-
gional Park and has determined directives that govern land-use
types. In time, however, rural activity has actually given rise to a
simplification process and a decrease in landscape multifunctional-
ity. The homogenisation, simplification and decrease in land use
diversity is more evident in the Park than in the rest of the terri-
tory. Indeed, considering that the values of the landscape spatial

(b)

(a)

Fig. 5. Percentage of the landscape occupied by the different classes of land uses considered inside (a) and outside (b) the protected area. Grey and dark grey columns
indicate, respectively, the area corresponding to each land class before and after the establishment of the protected area.
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indices are given in bits, the change seen in Table 2 is considerable
(Pineda et al., 1981, 1988).

Fig. 8 summarises the landscape change found as a big decrease
in traditional agriculture and pasturelands. This implies the loss of

Fig. 6. Coordinates of the municipalities of the study area on the socioeconomic PCA plane and trajectories of change of the socioeconomic descriptors before and after
establishment of the Regional Park. Main descriptors of the change identified are at the ends of the axes. The arrows show the direction of the displacement vectors from time
t to time t + 1. The length of the lines is scaled according to the magnitude of the change inside (continuous line) and outside (dashed line) the protected area. Initial and final
centroids and displacement vectors (thick arrows) of the two zones are indicated.

Table 3
Loadings of the socioeconomic variables on the ordination plane (the variance absorption of the two first axes of the PCA is shown in brackets). Italics indicate the variables
identified as key descriptors of the socioeconomy in the study area (Fig. 6).

Socioeconomic descriptors Axis 1 (28.15%) Axis 2 (20.82%)

Factor loadings Contribution to the axis (%) Factor loadings Contribution to the axis (%)

Agricultural machinery 0.725 9.821 0.093 0.217
Employment of local population 0.745 10.381 0.000 0.000
Employment in agriculture 0.731 9.994 0.031 0.024
Extensive and semi-extensive agrarian systems 0.921 15.844 0.103 0.267
Farms 0.917 15.738 0.067 0.113
Plots of land 0.669 8.361 0.148 0.553
Intensive livestock systems 0.027 0.014 �0.194 0.949
Large holdings 0.448 3.748 0.295 2.196
Medium-sized farms 0.645 7.784 �0.088 0.194
Pig farms 0.233 1.019 �0.027 0.019
Population �0.114 0.243 0.940 22.331
Poultry farms 0.170 0.543 0.091 0.211
Private vehicles �0.231 0.018 0.874 19.324
Semi-extensive cattle farming systems 0.023 0.010 0.367 3.406
Semi-extensive goat farming systems 0.021 0.009 �0.288 2.100
Semi-extensive sheep farming systems 0.549 5.642 0.294 2.189
Smallholdings 0.735 10.109 �0.263 1.752
Telephones �0.134 0.335 0.952 22.912
Transport vehicles �0.144 0.388 0.917 21.243
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an old cultural landscape (Millington et al., 2007; Verdú et al.,
2000): a decrease in pasturelands and open oak forests, an increase
in shrubland, trees and forests as spontaneous reafforestation,
abandoned grasslands and less livestock. The change involves a
rupture of connectivity among land uses (Pineda and Schmitz,
2011) and the reduced habitat diversity also has negative effects
on many biological communities (previous studies show changes
in species composition and spatial heterogeneity, which affect the
maintenance of biological diversity; Bernués et al., 2005; Nautiyal
and Kaechele, 2007; Pineda and Montalvo, 1995; Pinto-Correia,
1993a,b; Rescia et al., 1994, 1995; Rocchini et al., 2006). From the
point of view of self-sufficiency and natural hazards (mainly
increased fire risk), the fenomenon could be perceived negatively
(Fernández-Alés et al., 1992; Baudry, 1991; Höchtl et al., 2005;
Hunziker, 1995; Millington, 2005; Mouillot et al., 2005; Pinto-Cor-
reia, 1993b). The most noteworthy effects of maintaining rural cul-
tural landscapes are associated with increased diversity of land use
patterns, biotopes and species and an enhanced aesthetic and rec-
reational value of the countryside (Bernáldez, 1991, 1995; Mander
et al., 1999; Millennium Ecosystem Assessment, 2003, 2005). In the
study area, our results show the contrary.

Abandonment often causes a decrease in landscape and biologi-
cal diversity: land use types and traditional exploitation forms
disappear, shrub encroachment dominates, patches become larger,
small-scale heterogeneity decreases (Fernández-Alés et al., 1992;
Pinto-Correia, 1993a; Rocchini et al., 2006) and homogeneity shows
an increase both in the spatial configuration of the landscape and in
the biological composition (Rescia et al., 1994, 1995) – a decrease in
landscape diversity often results in the development of wilderness
areas on abandoned land and the fine-grained pattern associated
with traditional land uses is replaced by a coarse and homogeneous
landscape pattern (Vos and Meekes, 1999).

Naturalness as wilderness, i.e., the absence of human influence
on ecosystems, has been seen as a guiding, current and increas-
ingly contested goal of conservation, and the concept is widely
used as benchmark for ecosystem restoration and management
(Branquart et al., 2008; Gibbons et al., 2008; Landres et al.,
1999). However, in areas with a long history of man-maintained
systems, it is difficult to consider naturalness as a reference condi-
tion for designing conservation plans (Bernáldez 1991, 1995;
Gibbons et al., 2008; Vince, 2011; Wallenius et al., 2010). In the
study area the tendency towards naturalness is the consequence
of landscape marginalization resulting from a lack of attention to
traditional farming activities, particularly grazing. Thus, although
one of the main reasons for creating new protected areas is to
put a stop to the accelerated change of landscapes representing
valuable natural heritage (Hammer et al., 2007), in practice man-
agement of some protected areas related to cultural landscapes
may not be the most suitable option for this conservation goal,
and thus, the loss or replacement of cultural landscapes might
therefore continue (Wrbka et al., 2004). The case at hand provides
interesting results in relation to the comparative analysis of a large
area that has been protected for twenty years and its surrounding
territory.

The literature frequently refers to the ecological performance of
the protected areas and the adequacy or inadequacy of their role in
nature and biodiversity conservation, especially in human-domi-
nated landscapes. This discussion has focused on the representa-
tiveness of protected areas and the effectiveness of their
management (Bruner et al., 2001; Ervin, 2003; Gaston et al.,
2006, 2008; Hayward, 2009; Hockings, 2003; IUCN, 1994; Reza
and Abdullah, 2011; Rodrigues et al., 2004), because traditionally
exploited landscapes have been abandoned and left to their own
spontaneous dynamics.

Fig. 7. Intensity and direction of the socioeconomic change in the study area over time (modules and angles of the displacement vectors on the PCA plane, respectively; see
Fig. 6).
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Policy, conservation planners, decision-makers and other stake-
holders are responsible for the development and application of
plans aimed at strengthening the design, representativeness and
management effectiveness of each nature reserve category
(Goodman, 2003; Hockings, 2003; Petrosillo et al., 2009; Ruiz-
Labourdette et al., 2010; Sandker et al., 2009). However, several
studies underscore the loss of habitat representativeness and con-
servation capacity in protected natural areas. In a particular region,
more habitats are often found outside a protected area system than
inside (Armenteras et al., 2003; DeFries et al., 2005; Reza and
Abdullah, 2011; Timko and Innes, 2009). According to Gardner
et al. (2009), for effective regional planning and natural resource
management, protected areas and human-shaped landscapes
should be considered as interacting components of a system, which
can potentially ensure biodiversity maintenance (Anand et al.,
2010; Farina, 2000). Conservation strategies are currently evolving
from wilderness protection and restoration to the appropriate use
of natural resources and maintenance of landscapes influenced by
human management (Gillson and Willis, 2004; Kalamandeen and
Gillson, 2007).

Concerning the socioeconomics and the conservation of rural
land uses, determined socioeconomic characteristics represent
the major driving forces of the structure and functioning of hu-
man-shaped rural landscapes. Thus, ecological changes in these
landscapes are closely connected with ongoing socioeconomic
shifts (De Aranzabal et al., 2008; Foster et al., 2003; Lacitignola
et al., 2007; Millington et al., 2007; Roura-Pascual et al., 2005;
Schmitz et al., 2003; Verburg et al., 2010). The area studied, as with
many other Mediterranean areas, has undergone a sharp decline in
farming, with the consequent abandonment mainly of pastoral
areas (Fernández-Alés et al., 1992; Bernués et al., 2005; Pinto-Cor-
reia, 1993a,b, 2000). Socioeconomic factors tend to determine
change trends in certain regions, which derive from the strong
influence of socioeconomy on land use dynamics (De Aranzabal
et al., 2008; Foster et al., 2003). The causal relationship between
rural landscapes and socioeconomic dimensions must be taken
into account in ecosystem management. According to a number
of authors (see also Folke, 2006), there is a need for perspectives
that do not separate people from nature. Effective management
of protected areas therefore requires methodological approaches

based on the particular ecological and socioeconomic characteris-
tics of each region (DeFries et al., 2004, 2007). Our model combines
two structures (Margalef, 1968) with landscape and socioeconomic
dimensions, and performs better than other more complex analy-
ses which include one-by-one biophysical or socioeconomic vari-
ables (Millington et al., 2007; Van Nes and Scheffer, 2005). In the
study area this simple model shows a close relationship between
landscape trajectories and changes in socioeconomic structure.

The socioeconomic variables incorporated into the fitted model
are the descriptors indicating the tendency towards landscape nat-
uralness through abandonment of traditional agrosilvopastoral
activities. This is associated with a socioeconomic situation involv-
ing an increase in the population in the area, a low level of employ-
ment of local people, decreases in the low-intensity livestock
systems and disappearance of smaller farms. In traditional Medi-
terranean agricultural areas, farm units are generally small and
landscape marginalization caused by abandonment often starts
in the smallest and least productive farms, which sometimes do
not constitute the primary economic income of families. Subse-
quently, the abandonment process continues advancing, with a
reduction of farms and fields, and scrub patches become larger
(Millington et al., 2007; Petanidou et al., 2008). The final conse-
quence of this process could entail a loss of economic, cultural, so-
cial and ecological benefits that can provide protection and
conservation of traditional agrosilvopastoral systems. Thus, the re-
sults highlight the lack of integration of conservation policies, rural
development measures and the needs of people living both inside
and outside the nature reserves (Karanth and DeFries, 2010; Pinto-
Correia, 2000; Ruiz-Labourdette et al., 2010).

6. Conclusion

The case studied shows how marginalization of multifunctional
cultural landscapes can result from nature protection policies focus-
ing on naturalness and wilderness, which lead to the reduction or
disappearance of certain rural land uses and of traditional knowl-
edge. The results indicate the ineffectiveness of certain nature con-
servation policies and management practices, especially in this
type of landscapes in which rewilding process can present ‘negative’
aspects. Despite the fact that in the Regional Park, agrarian uses and

Table 4
Multiple linear regression model comparing changes in landscape and socioeconomy in the study area after the establishment of the Regional Park. (a) Regression statistics table;
(b) Regression coefficients of the independent variables, si, (Appendix C) selected by means of a stepwise procedure.

a

F to enter F to remove N R2 F P Durbin-Watson

0.400 0.401 25 0.68 2.974 0.031 1.884

(b)
Dependent variable, y: ‘Abandonment of the cultural landscape and tendency towards naturalness’

Regression coefficients Standard deviation t p>/t/

Intercept 10.388 3.848 2.700 0.017
Independent
Variables, si:
s2 Employment of local population �1.079 1.103 �0.978 0.345
s6 Intensive livestock systems 1.277 0.520 2.458 0.028
s7 Large holdings 1.287 0.513 2.509 0.025
s9 Pig farms �1.095 0.534 �2.051 0.060
s11 Population 0.749 0.456 1.641 0.123
s12 Poultry farms �0.737 0.410 �1.797 0.094
s14 Semi-extensive cattle farming systems �0.266 0.211 �1.262 0.228
s15 Semi-extensive goat farming systems �3.048 1.293 �2.357 0.034
s16 Semi-extensive sheep farming systems �1.014 0.432 �2.349 0.034
s17 Small holdings �0.512 0.432 �1.184 0.256
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livestock farming are protected, in practice the management system
has given priority to a concept of conservation that tends to consider
nature free from human presence, or that does not effectively sup-
port traditional uses. This protected area does not fall within a high
protection status, as is the case of a National Park or a Strict Nature
Reserve, but rather within a protection category which should recog-
nise in practice the values of traditional rural land uses. The current
management system, however, seems not to be the most suitable
one for this purpose. Traditional rural activity has not been suffi-
ciently promoted in order to obtain the profits to be expected from
a Regional Park in comparison with the unprotected neighbouring
territory. Protection efforts in rural cultural landscapes should
therefore consider the socioecological dimensions, because interac-
tion between ecological characteristics and traditional knowledge
constitutes a major driving force.

In the model tested, the regressions obtained provide indicators
of the socioeconomic components that most influence the configura-
tion of the rural cultural landscape and change therein both inside

and outside protected natural areas. This aspect of conservation is
attracting increasing attention, but there have been few numerical
studies in this respect. This study was conducted in only one Park
and its area of influence, an historically traditional rural territory,
but the results show that the experimental procedure, once tested,
can be applied to a larger region or to a comparison of different situ-
ations and types of protection statuses that might involve changes in
the landscape and in the local socioeconomy, and can serve to ob-
serve the effects of establishing a protected area.

Appendix A

Municipalities of the study area inside and outside the Cuenca
Alta del Manzanares Regional Park. Municipalities belonging to
the ‘influence area’ of the Regional Park are indicated by asterisks.
Landscape data pertaining to the Park were collected in the area of
the municipalities falling within the Protected Area. The rest of the
territory is considered as the influence area (see Fig. 1).

Fig. 8. General model of the main landscape and socioeconomic changes and associated processes in the Cuenca Alta del Manzanares Regional Park (central Spain) and its
surrounding area.

Municipal
code

Municipalities Municipal area within
Park boundaries (%)

Municipal contribution
to Park area (%)

1. ALB Alcobendas⁄ 10.20 0.85
2. ALG Algete⁄ 0.00 0.00
3. ALP Alpedrete⁄ 0.00 0.00
4. BE Becerril de la Sierra 57.60 3.20
5. BOA El Boalo 75.30 5.61
6. BU Bustarviejo⁄ 0.00 0.00

7. CA Canencia de la Sierra⁄ 0.00 0.00
8. CER Cercedilla 62.60 4.83
9. COL Colmenar Viejo-Tres Cantos 35.30 14.67
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Appendix B

Landscape variables used to characterise the rural landscape of
the municipalities belonging to the Regional Park and its influence
area. Each variable was quantified as % of the area occupied.

1. Ash forests
2. Dehesas (pastures with native trees)
3. Dehesas with scrub
4. Dry farming herbaceous crops
5. High pastures
6. Holm oak forests
7. Irrigated herbaceous crops
8. Juniper forests
9. Mixed forests of deciduous native trees (oak, elm and

ash)
10. Mixed forests of Holm oak and Juniper
11. Oak forests
12. Pasture systems (pastures, pastures with scrub, pastures

with scrub and crops)
13. Pine forest of Pinus sylvestris
14. Pine plantations
15. Poplar plantations
16. Scrub with deciduous native trees
17. Scrub with Holm oak and juniper
18. Scrub with pastures
19. Shrublands
20. Traditional shifting cultivation systems
21. Disused farm fields
22. Woody crops

Appendix C

Socioeconomic variables, si, used in the landscape analysis at
the municipal scale. These were expressed in relation to the area
of each municipality.

Variables Units of measurement

s1 Agricultural machinery Number of farming
machines

s2 Employment of local Number of people

Appendix C (continued)

Variables Units of measurement

population
s3 Employment in agriculture Number of people
s4 Extensive and semi-

extensive agrarian systems
Number of farms

s5 Farms Number of units
s6 Intensive livestock systems Number of farms
s7 Large holdings (>50 ha) Number of units
s8 Medium-sized farms (10–

50 ha)
Number of units

s9 Pig farms Farming units
s10 Plots of land Total number
s11 Population Total number of

inhabitants
s12 Poultry farms Farming units
s13 Private vehicles Number of automobiles

and motorcycles
s14 Semi-extensive cattle

farming systems
Farming units

s15 Semi-extensive goat farming
systems

Farming units

s16 Semi-extensive sheep
farming systems

Farming units

s17 Smallholdings (<10 ha) Number of units
s18 Telephones Number of lines
s19 Transport vehicles Number of trucks, vans,

buses, etc.
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