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Abstract: Landscape conservation efforts in many European countries focus on cultural landscapes,
which are part of the cultural identity of people, have a great heritage significance, improve the
living standards of local populations and provide valuable cultural biodiversity. However, despite
a wide arrange of protective measures, the management of preserved areas is seldom effective for
the protection of cultural landscapes. Through a multi-approach analysis, we characterise the main
heritage attributes of 17 Protected Landscapes in Spain and assess their management effectiveness by
quantifying the evolution of the spatial pattern inside and outside protected landscapes. Our method
has proven useful to quantitatively describe the spatial-temporal patterns of change of the protected
and unprotected landscapes studied. We highlight the following results: (i) the concepts of uniqueness
and naturalness are not appropriate to preserve cultural landscapes; (ii) the land protection approach
currently adopted is not useful for the protection of cultural landscapes, particularly of the most
rural ones; (iii) the landscapes studied with greater rural features can be considered as “paper parks”.
We recommend that different protection measures focused on the needs and desires of the rural
population are taken into account in order to protect cultural landscapes that are shaped by traditional
rural activities.

Keywords: inside and outside protected areas; intensity of change; IUCN’s Category V; landscape
structure; management effectiveness; rurality loss; spatial heterogeneity; spatial-temporal patterns

1. Introduction

As a consequence of relevant international initiatives concerning landscape protection, at the
end of the 20th century [1–3] the effectiveness of already implemented legal mechanisms for land
management has been questioned [4,5]. The assumption that landscape conservation policies are
a multi-sector concern essential for sustainable land development calls for an adjustment of existing
legal frameworks to more contemporary criteria. Thus, several authors have analysed the capability of
existing legislation for the protection of landscape values and for granting collaborative and integrated
land management [6–9]. Conservation efforts in many European countries have therefore focused
on landscapes depending on human intervention. These cultural landscapes, which are part of the
cultural identity of people, have a great heritage significance, improve the living standards of local
populations and provide valuable cultural biodiversity [10–13].

The International Union for Conservation of Nature (IUCN) [14] has recognized the value of
working landscapes as protected areas, naming them “Protected Landscapes “, the only one of the
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six IUCN protected area management categories based on the interaction between people and nature
(Category V of IUCN Protected Areas). The exceptional natural and cultural values of these landscapes
have encouraged measures for their protection. These types of landscape are a relevant reference for the
implementation of a sustainable lifestyle [15]. Due to their origin in the long-term coevolution of natural
and anthropogenic factors, Protected Landscapes have a strong correspondence with the UNESCO
definition of Cultural Landscapes [16,17]. Furthermore, IUCN’s Category V set a clear precedent [18]
for the protection of Cultural Landscapes and many studies equate both categories for a possible joint
implementation [19–21]. However, the disparity between landscapes that are part of Category V is
remarkable and Protected Landscapes throughout Europe show many differences not only their natural,
cultural, and social characteristics but also in the legislation and the reasons considered for protection.

In Spain, the legal figure of Protected Landscape was incorporated in 1989, as part of
a comprehensive natural conservation law. The inclusion of protected landscapes in the Spanish
territorial regulation involved a legal novelty of some importance, since, among the different protection
categories established, Protected Landscapes were the only ones that lacked some precedents. The Law
of 1989 defined Protected Landscapes as “those specific places of the natural environments that
deserve special protection because of their cultural and aesthetic values” (art. 17). Both in definition
and aim, this figure has a clear precedent in IUCN’s Category V, whose definition precedes that of
Spanish Protected Landscapes by one year [21,22]. For the first time in Spain, cultural and perceptual
values were recognized as key components of landscapes and protected within an environmental
legal framework [23]. Furthermore, the recognition of this figure anticipated concepts that would
later be brought to the Spanish debate on landscape protection and management policies under the
influence of UNESCO and the Council of Europe [24,25] (see Table 1 for a comparison of the definition
of Spanish protected landscapes with that of other international protection categories of similar scope).
Thus, Spanish Protected Landscapes are connected in concept with several international proposals for
sustainable management focused on the relationship between humans and their environment, which
has led to important initiatives, such as the Spanish National Plan for Cultural Landscapes (PNPC) [26].
The ratification in 2007 of the European Landscape Convention promoted the promulgation of a revised
law that adjusted Spanish Protected Landscapes to the definition given by the Council of Europe [27].
As a consequence, this legal protection figure has not only embraced and adapted the ideas and concepts
from various international organisms but also has enough longevity to verify its long term effectiveness.

Table 1. Spanish Protected Landscape compared with similar international categories of protection.
Signalled in bold are the laws that legislate Spanish Protected Landscapes.

Year Text Protection
Category Status Definition

1985

United Nation list of
national parks and

protected areas (IUCN
Category V)

Protected
Landscape

International
guidelines

(1) Landscapes that possess special aesthetic qualities which
are a result of the interaction of man and land;

(2) landscapes that are primarily natural areas managed
intensively by man for recreational and tourism uses.

1989
Law of conservation of
natural areas and wild

flora and fauna.

Protected
Landscape Spanish law

Those specific places of the natural environments that
deserve special protection because of their cultural and

aesthetic values.

1992

Operational Guidelines for
the Implementation of the

World Heritage
Convention (UNESCO)

Cultural Landscape International
guidelines

The combined works of nature and of man [ . . . ] illustrative
of the evolution of human society and settlement over time,

under the influence of the physical constraints and/or
opportunities presented by their natural environment and of

successive social, economic and cultural forces, both
external and internal.

2000
European Landscape

Convention (Council of
Europe)

Geographic
continuum

International
guidelines

An area, as perceived by people, whose character is the
result of the action and interaction of natural and/or

human factors

2007
(Updated
in 2015)

Natural Heritage and
Biodiversity Law

Protected
Landscape Spanish law

Part of the territory considered by the competent
administrations, through the applicable regulations, as

deserving of special protection due to its natural,
aesthetic and cultural values. All in accordance with the

European Landscape Convention.

2012 National Plan for Cultural
Landscapes Cultural Landscape Spanish

guidelines

The result of people interacting over time with the natural
medium, whose expression is a territory perceived and

valued for its cultural qualities, the result of a process and
the bedrock of a community’s identity.
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In spite of all these protection measures, and although they supply considerable amounts of
ecosystem services [28,29], several authors have demonstrated that too often, the management of
protected areas is not effective for the protection of cultural landscapes [30,31]. To the ubiquitous
tendency of rural-urban migration and rural abandonment, strict legal requirements and the lack of
encouragement of rural activities do not favour the maintenance of the societal structure that gave
rise to the landscapes that are to be preserved. Thus, very often those cultural landscapes subject of
conservation, even if protected and in many cases because of mistaken protection measures, evolve to
other types of landscapes, dominated by unmanaged forests [32,33]. Following on our previous works,
we hypothesise that in Spain the Protected Landscapes category does not have effective management
for the protection of cultural rural landscapes.

On this basis, we focus here on empirically identifying the main characteristics of Protected
Landscapes in Spain, as well as analysing their management effectiveness. The present paper is
proposed with the following objectives: (i) to quantify the evolution of the spatial pattern inside and
outside protected landscapes and detect the main indicators of landscape change; (ii) to identify types
of protected landscapes according to their land-use composition, spatial structure and intensity of
change; (iii) to characterise the different types of protected landscapes according to their heritage
attributes; iv) to evaluate the management effectiveness and sustainability of the Protected Landscape
category to preserve cultural landscapes.

2. Material and Methods

2.1. Sample Study. Selection of Protected Landscapes

For the declaration of a territory as a protected landscape, the Spanish legislation requires
compliance with three basic aspects: (1) the conservation of unique values; (2) the preservation of
the harmonious interaction between culture and nature, and (3) the defence of traditional practices.
The conceptual differences in the application of this figure are manifested in a wide variety of legal
protection instruments. Since 1989 and to date, different Spanish regions have declared a total of
58 Protected Landscapes. Of them, 31 are in the Iberian Peninsula and 27 in the Canary Islands.

Generally, these protected landscapes are representative of historical relationships between
societies and their environment, although certain regions have opted for the sole conservation of fauna
and flora. Notably, there has also been a tendency to protect special river sections [23]. The extent
of protected areas is a less consistent factor and varies greatly from one landscape to another. Thus,
an average range between 300 and 6000 ha can be determined, although several landscapes have
an area greater than 10,000 ha. Another factor of difference between Spanish regions is that some
(such as Cataluña, Castilla y León or Madrid) do not have any protected area under this category.

The current list of Protected Landscapes constitutes a representative sample of the multiple
types of cultural landscapes in Spain. The criteria followed by the Spanish Administration for the
protection of these landscapes are based on their typological representativeness and geographic
diversity. In accordance with these criteria, for this study, we selected a sample of 17 peninsular
landscapes illustrative of this great variety. The selected places are located in different regions of Spain
(Figure 1) and therefore have different natural and cultural characteristics (Table 2). These areas have
been declared protected in different periods of time (Table 2). The selected landscapes also comply with
the requirement of having a continuous protection area. The Spanish legislation is unclear in this regard
and some landscapes are composed of a collection of discontinuous areas. In this case, the only selected
landscape with a divided area included in the sample is the “Paisaje protegido de las Fozes de Fago y
Biniés” [34]. This landscape comprises two close areas very similar in size and shape. Considering
management schemes, the Spanish legislation regulates the declaration of protected landscapes and
the different regions develop the appropriate management plans to achieve their conservation goals.
None of the selected landscapes is under other types of national or international protection.
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Table 2. List of Protected Landscapes studied. Name, location, extension, declaration dates and main
landscape characteristics are indicated (see Figure 1).

Code Official Names Administrative
Region Area (ha) Declaration

Date Main Cultural Features

PL-1 Rio Tinto Andalucía 16.956 2005 Historic open mining landscape, crossed by a reddish river

PL-2 Serra del Maigmó
and Serra del Sit

Comunidad
Valenciana 15.842 2007 Mountain landscape with forest resources and

cultural heritage

PL-3 Cuencas Mineras Principado de
Asturias 13.225 2002 Mountain landscape with several villages that historically

have had a great industrial and mining activity

PL-4 Serpis Comunidad
Valenciana 10.000 2007 Fluvial and agricultural landscape heavily populated

PL-5 Sierra de Santo
Domingo Aragón 9.639 2012 Mountain range with a remarkable geomorphology

PL-6 San Juan de la Peña y
Monte Oroel Aragón 9.514 2007 Medieval mountain landscape with several monasteries

and shrines

PL-7 Pinares de Rodeno Aragón 6.829 1995 Landscape of eroded sandstone and ancient pine forest

PL-8 Sierra de Bernia y
Ferrer

Comunidad
Valenciana 2.843 2006 Rugged mountain range with remarkable architectural

heritage and great scenic value

PL-9 Corredor Verde del
Guadiamar Andalucía 2.706 2003 Agricultural and natural landscape linked to a river of

cultural and ecological significance

PL-10 Puigcampana y el
Ponotx

Comunidad
Valenciana 2.485 2006

Mountain system with high ecological value and with a
long history of human occupation dating back to

prehistoric times

PL-11 (a, b) Fozes de Fago y
Biniés Aragón 2.440 2010 Deep ravine with different forest types

PL-12 Sierra de las Moreras Región de Murcia 2.398 1992 Mountain range with highly particular eroded
sandstone formations

PL-13 Ombria del
Benicadell

Comunidad
Valenciana 2.103 2006 Hydrogeological system with numerous natural springs

PL-14 Barrancos de Gébar Región de Murcia 1.875 1995 Large ravine system of geomorphological interest

PL-15 Montes de Valdorba Navarra 1.690 2004 Mosaic landscape alternating natural vegetation and crops

PL-16
Humedal del

Ajauque y Rambla
Salada

Región de Murcia 1.632 1992 Wetlands formed by the convergence of
several watercourses

PL-17 Sierra de Salinas Región de Murcia 1.332 2002 Mountain range with a heavy presence of human activities
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2.2. Methods

We focused on spatial-temporal changes in the landscapes studied and considered the dynamics
of their structural characteristics four times over 22 years (1990, 2000, 2006, 2012). A general outline of
the steps followed in the methodological approach is shown in Figure 2.
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2.2.1. Data Collection and Analyses

Landscape structure was quantified by means of landscape and patch metrics (LMs), whose values
are effective indicators of spatial patterns [35,36]. To calculate them: (i) we used CORINE Land Cover
Maps of the years 1990, 2000, 2006 and 2012, considering seven land use-land cover types (LULCs)
based on the reclassification of the Corine land cover classes into more meaningful and representative
categories. The LULCs used were: forest systems, shrublands, dehesas (open woodlands used as
pastures), agricultural systems, urban systems, rocky areas and wetlands/water bodies; (ii) we selected
sixteen spatially explicit and non-redundant LMs, characterized by their easy interpretation and their
ability to quantify landscape patterns [30,37]; (iii) we used Fragstats 4.2 [35] for the calculation of the
selected LMs [38] (see the method of calculation and a brief description of each LMS in Appendix A):
Shannon’s diversity index (SHDI) quantifies landscape diversity and it is a good indicator of landscape
heterogeneity; Shannon’s evenness index, Simpson’s evenness index and Modified Simpson’s evenness
index (SHEI, SIEI and MSIEI, respectively) measure the distribution of areas among patch types.
As such, evenness is contrary to dominance; Patch richness density (PRD) measures the number of
patch types present; Number of patches (NP) is a simple measure of the extent of subdivision of
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the patch type; Total edge and Edge density (TE and ED, respectively) inform about the amount of
edge created by the patches present in the landscape. NP and edge metrics, together with Landscape
Division index (DIVISION) and Splitting index (SPLIT), measure the degree of landscape fragmentation;
Core Area index (CAI) is a relative index that quantifies the percentage of core area in a patch. This
index could serve as an effective fragmentation index for a particular patch type. Landscape Contagion
index (CONTAG) measures both the spatial dispersion of a patch type and the intermixing of units of
different patch types at landscape level; Contiguity index (CONTIG) assesses spatial patch contiguity
or connectedness; Patch Cohesion index (COHESION) calculates the physical connectedness of the
corresponding patch types in an area and Euclidean nearest neighbour distance (ENN) describes the
degree of spatial isolation of patches and, therefore, the degree of landscape connectivity; Largest patch
index (LPI), measures the size of patches and the amount of edge created by these patches and
represents an indirect measure of landscape homogeneity. We generated raster maps of the set of LMs
by means of a round moving window with a radius of 100 m and then extracted a mean value of each
metric for each of the 17 protected cultural landscapes selected.

We used the same procedure to characterise a buffer around each protected landscape whose area
corresponds to that of the administrative divisions of the municipalities included in the respective
studied landscape. This design allowed us to quantify inside and outside processes between
protected and unprotected landscapes. To quantify the structure and dynamics of cultural landscapes,
we elaborated a quantitative data matrix consisting of two sub-matrices describing, respectively,
the characteristics of the 17 protected landscapes studied and their surrounding territories in the
time span studied, using the 23 selected variables (7 LULCs and 16 LMs). This data matrix was
analysed using successive applications of Principal Component Analyses (PCAs), in a multi-approach
considering the inside and outside design.

2.2.2. Quantifying the Evolution of Protected and Unprotected Cultural Landscapes

With the collected data, we analysed landscape changes over time taking into account the initial
and final periods registered (1990 and 2012): (i) inside and outside the protected cultural landscapes,
and (ii) only within protected landscapes. We performed two PCAs at two spatial-temporal scales,
respectively. The first PCA was calculated on the whole data matrix and the second one only on
the protected landscape submatrix. These two PCAs allowed us to project the distribution of the
protected landscape-unprotected matrix systems and inside protected landscapes on their respective
ordination planes. Their dimensions represent, according to the factor loadings of the descriptive
variables, the two main tendencies of variation of the landscapes and their changes over time.

2.2.3. Calculating the Intensity of Change inside Protected Areas for Landscape Characterisation

We analysed the trajectories of the changes occurred inside the protected landscapes, as well as

their intensity, by calculating the displacement vectors,
→

DVi of the coordinates of each landscape on

the PCA plane from time t1 (1990) to time t2 (2012) (1). The direction of
→

DVi on the ordination plane
indicates the tendency of landscape change and their module values the intensity of temporal change.

‖
→

DVi‖ =

√(
xt2i − xt1i

)2
+

(
yt2i − yt1i

)2
+ . . .

(
nt2i − nt11

)2
(1)

We identified three types of landscapes according to the magnitude of their change, based on
the value of the modules of their displacement vectors, by means of the equal intervals method:
highly dynamic landscapes (high intensity of change), landscapes of moderate change (medium
intensity of change) and landscapes without significant changes (low intensity of change).

We subsequently proceeded to confront the landscape types obtained with the heritage values
detected in each of the landscapes. For this purpose, we adapted a list of attributes already tested as
a viable method to characterise Spanish cultural landscapes [25]. As a basis for the characterisation,
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we used the original declaration documents which describe the main historical and geographical
attributes of each of the landscapes. The final result is a list divided into two categories: human
activities and historical remains. In turn, these are formed by several features described in Table 3.
It is significant to note that the list complies with the requirements for cultural characterisation
recommended by researchers attached to UNESCO [39], by ICOMOS [40] and by the Spanish PNPC [26].
These features were used as external descriptors describing the three landscape types previously
obtained. The procedure was performed using a mean comparison test that allowed us to characterise
a qualitative variable through quantitative variables. Therefore, Fisher’s F-test (k > 2) was used
to determine the statistical significance of the variables (heritage attributes) in the landscape types
(landscape clusters obtained). The more the mean of a variable in a group is significantly different
from the mean of that variable in the whole group, the stronger the link between the characterising
quantitative variable and the qualitative category [41].

The landscape group corresponding to high intensity of change was analysed by means of
a third PCA considering its detailed structure variation over time (complete temporal trajectory:
1990, 2000, 2006 and 2012). The date of the declaration of protected landscapes and / or that of their
specific management plans were taken into account as external categorical variables of the calculated
spatial-temporal patterns.

Table 3. Main cultural features used for the study.

Heritage Categories Attribute Classes Description

Main human uses and activities

Farming systems Large areas of wine, olive or rice crops

Mosaics of crops Heterogeneous agricultural areas with mixed crops in smaller areas
than the previous category

Agroforestry systems Combined land use management system in which trees or shrubs are
grown around or among crops or pastureland

Agriculture-livestock Any of the above categories combined with livestock
Hunting Self-explanatory
Mining Self-explanatory

Specific manufacture Local economy oriented to the production of a specific product

Main historical features

Infrastructure of irrigation and/or
water transportation Self-explanatory

Defence infrastructures Remains of historical walls, fortresses, castles, bunkers or trenches,
among others

Prominent geographical references Salient landscape features with a symbolic meaning or aesthetic value,
such as mountains, hills and other geomorphological landmarks

Prominent building and/or monument Self-explanatory
Rural character Self-explanatory

Artistic manifestations

Significant artistic representations of the landscape (in paintings or
other media)

Presence of artistic expressions in the landscape (such as cave paintings
or dolmens)

3. Results

3.1. Landscape Dynamics inside and outside Protection

The analysis performed on the entire landscape data matrix, composed by the selected protected
landscapes and their surrounding unprotected areas (PCA1; see Figure 2), allowed us to identify the
trajectories of landscape change throughout the study period (Figure 3). The PCA plane reveals the
main variation tendencies of landscape composition and structure, according to the loadings of the
landscapes’ variables. PCA axis 1 (explained variance: 29.72%) expresses the dynamics of the landscape
in the studied time spam. The indicators of the landscape change (variables with the highest factor
loadings) have allowed us to identify the more significant variation in its structure and composition
(Table 4a). Thus, the surrounding territorial matrix has undergone a transformation process towards
greater spatial heterogeneity linked to land use richness and fragmentation (LMs characterising the
positive end of axis 1: SHDI, DIVISION, SHEI, MSIEI, SIEI, PRD, ED and SPLIT; see Appendix A
and Table 4a), in which the dominant land uses are those related to the development of woodland
systems, mainly composed of forests and dehesas. On this PCA axis 1, the dynamics of protected
landscapes have followed in part (n = 9) the same spatial heterogeneity trend as that of the landscape
matrices in which they are immersed, and in part (n = 8) the opposite tendency (negative end of axis 1),
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towards spatial homogenization, land use spatial contiguity and connectivity (landscape structure
indicators: LPI, CONTAG, ENN, CAI, COHESION; see Appendix A and Table 4a) and agricultural
systems as prevalent land uses (Table 4a; Figure 3).
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Table 4. Factor loadings of landscape variables on the main axes of the multi-approach PCAs performed
(Figure 2). (a) PCA 1. Inside and outside the boundaries of protected landscapes; (b) PCA 2. Inside
protected landscapes; (c) PCA 3. Highly changing landscapes (Landscape cluster 3). Variables with
higher factor loadings at the end of the axes are in bold. See Appendix A for landscape metric description.

Landscape Variables PCA 1
inside and outside Protected Landscapes

PCA 2
inside Protected Landscapes

PCA 3
Landscapes of High Intensity of Change

Land Metrics Axis 1 Axis 2 Axis 1 Axis 2 Axis 1

CONTAG −0.137 0.042 −0.875 0.136 0.822
CAI −0.122 0.071 −0.746 −0.197 0.695

COHESION −0.120 0.128 −0.723 0.136 0.427
ENN −0.109 0.114 −0.543 0.078 0.572
LPI −0.071 −0.101 −0.806 −0.447 0.889

CONTIG −0.013 −0.026 −0.368 0.049 -
TE −0.006 0.164 0.272 0.910 -
NP 0.002 0.161 0.298 0.826 −0.167

PRD 0.045 −0.171 0.239 −0.676 0.572
SPLIT 0.052 0.064 0.528 0.612 −0.824

DIVISION 0.071 0.100 0.808 0.448 -
SHDI 0.085 0.082 0.852 0.298 −0.735
SIEI 0.119 0.019 0.902 0.055 -
ED 0.121 −0.030 0.772 0.337 -

MSIEI 0.126 −0.013 0.854 −0.061 -
SHEI 0.128 −0.023 0.856 −0.153 -

Land Uses

Agricultural systems −0.058 0.117 0.048 0.096 -
Shrublands 0.000 −0.050 −0.204 0.158 -

Urban systems 0.009 0.064 0.039 0.190 -
Rocky areas 0.026 −0.052 0.077 −0.267 -

Wetlands/Water bodies 0.027 −0.036 0.331 −0.238 -
Forest systems 0.029 −0.052 −0.158 0.125 -

Dehesas 0.032 −0.034 0.196 −0.168 -

It is remarkable that PCA axis 2 (explained variance: 21%) shows a noticeable difference between
the protected landscape and the surrounding landscape matrix, in each case (Figure 3). The indicators
of this disparity express a greater naturalness in protected landscapes than in unprotected lands,
with large patches of different natural systems (variables with higher factor loadings at the negative
end of axis 2: PRD, LPI; forest systems, shrublands and rocky areas; Table 4a; Figure 3). The positive
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end of axis 2 is related to unprotected agricultural landscapes characterised by areas with a high
number of patches and spatial cohesion, indicating a greater degree of aggregation among fragments
in agricultural landscapes than in woodland systems (detected through landscape indicators by PCA
axis 1; landscape structure indicators: NP, TE, COHESION; Appendix A and Table 4a; Figure 3).

3.2. Spatial-Temporal Variation inside Protected Landscapes

The PCA carried out on the sub-matrix collecting the temporal data of the protected landscapes
allowed us to identify that the two main axes of the analysis explained the same variation in their
composition and structure, highlighting changes over time in their heterogeneous-homogeneous
spatial patterns and land-use fragmentation processes, as indicated by the variables with the greatest
loadings at the ends of each axis (Figure 4; Table 4b). Thus, at the negative end of axis 1 (explained
variance: 32.95%), landscape homogeneity is expressed by means of LPI and CAI, and metrics such
as ENN, CONTAG, COHESION and CONTIG are mainly linked to low fragmentation, contiguity of
land uses and landscape connectivity. Spatial contiguity of land uses and landscape connectivity are
indicated by COHESION and CONTIG. Forests and shrublands land uses with high loadings at this
end of PCA axis 1, are representative of the naturalness of the landscape. In contrast, the positive
end of axis 1 is characterised by indicators of spatial heterogeneity (SIEI, SHEI, MSIEI, SHDI) and
landscape fragmentation (DIVISION, ED, SPLIT). PCA 2 (explained variance: 17.33%) discriminates
among the most natural protected landscapes from those mainly characterised by spatial heterogeneity
and land-use fragmentation. In this axis 2 (negative end), PRD and LPI metrics are the indicators
of landscapes with large patches of natural land uses (rocky areas and wetlands/water bodies) and
SPLIT, DIVISION, TE and NP indices describe processes of landscape heterogeneity and fragmentation
(positive end).
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Figure 4. Spatial-temporal variation inside protected landscapes. PCA plane. Indicator variables
(higher factor loadings) of the main landscape tendencies are shown at the end of the axes. The length
of the arrows indicates the value of the displacement vector modules of protected landscapes from 1990
to 2012. The colour of the arrows characterises the type of landscape according to its intensity of change
(black: low intensity of change; purple: intensity medium change rate; red: high change intensity).
See associated legend (landscape cluster 1: low intensity of change; landscape cluster 2: medium
intensity of change; landscape cluster 3: high intensity of change). Codes of studied landscapes are
indicated in Table 2.

The calculation on the PCA plane of the displacement vectors between the coordinates of protected
landscapes from the initial to the final times studied (1990 and 2012, respectively) enabled us to
determine the direction (spatial homogeneity versus spatial heterogeneity) and magnitude (modules
of displacement vectors) of landscape changes. The vector modules indicate high variability in the
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intensity of landscape changes. We identified three types of landscapes with different intensity of
change by classifying the displacement vectors into three clusters according to the magnitude of
their modules: (i) Landscape cluster 1. Composed of 8 of the 17 protected landscapes studied and

characterised by a low intensity of change; value of the vector modules = 0 ≥
→

DVi < 0.5. The direction
and sense of the change trajectories of this group of vectors are variable; (ii) Landscape cluster 2.
Composed of 5 protected landscapes with a medium intensity of change; value of the vector modules

= 0.5 ≤
→

DVi < 1. Temporal landscape trajectories do not follow a particular pattern; (iii) Landscape
cluster 3. Composed of 4 protected landscapes of high intensity of change; value of the vector

modules = 1 ≤
→

DVi . The landscape change trend is directed towards spatial heterogeneity and
fragmentation (Figure 4).

These landscape clusters were statistically characterised by the heritage features described
in Table 3 (human activities and historical remains), which prevailed in the territories studied at
the time of their declaration as protected landscapes. Significant statistical attributes considered for
protection were those related to cultural heritage, rurality and traditional land uses and practices,
as well as landscape features, indicators of aesthetic quality (Table 5). Protected landscapes with the
lowest dynamics of change in the period studied (Landscape cluster 1; low intensity of change) were
characterised by attributes related to agrarian systems and an economy oriented to local production.
Landscapes characterised by their aesthetic or symbolic values showed a medium rate of change
(Landscape cluster 2; medium intensity of change). Rural landscapes with traditional forms of land
use, agricultural practices and water management have experienced a high intensity of change since
their declaration as protected landscapes (Landscape cluster 3).

Table 5. Characterisation of the landscape types by their main heritage features. Statistically significant
values of Fisher F-test are indicated in bold and p-values in parentheses.

Heritage Categories Class Landscapes of Low
Intensity of Change

Landscapes of Medium
Intensity of Change

Landscapes of High
Intensity of Change

Main human uses and
activities

Farming systems 1.486 (0.069) 0.987 (0.162) −0.852 (0.803)
Mosaics of crops −1.175 (0.880) 0.541 (0.294) 2.583 (0.005)

Agroforestry systems 1.871 (0.031) 0.837 (0.201) −1.486 (0.932)
Agriculture-livestock systems 2.364 (0.009) 0.182 (0.428) −1.238 (0.892)

Hunting 0.821 (0.206) 1.383 (0.083) −0.448 (0.673)
Mining 1.998 (0.023) 0.235 (0.407) −0.487 (0.673)

Specific manufacture 1.567 (0.001) −0.614 (0.730) −0.136 (0.554)

Main historical features

Infrastructure of irrigation and/or
water transportation 0.299 (0.382) −1.326 (0.908) 2.941 (0.002)

Defence infrastructures 0.223 (0.412) 0.690 (0.245) 1.238 (0.108)
Prominent geographical references −0.899 (0.816) 2.280 (0.011) 0.299 (0.382)

Prominent building and/or
monument 1.857 (0.032) −1.647 (0.95) 1.383 (0.083)

Rural character 1.005(0.150) −0.837 (0.799) 1.886 (0.050)
Artistic manifestations 1.486 (0.069) −0.614 (0.730) 1.238 (0.108)

The PCA performed on the data matrix containing descriptive variables of the 4 protected
landscapes identified as highly dynamic (Landscape cluster 3), is shown in Figure 5. The LMs selected
for this analysis were some of the ones that were detected as the most representative indicators of the
changes in the landscape structure in the previous PCAs (NP, COHESION, ENN, PRD, CAI, SHDI,
CONTAG, SPLIT and LPI). Since, at this scale, the variance explained by the PCA axis 1 was very
high (51.27%), only the variation expressed by this first axis has been considered. LMs characterising
the ends of the axis (greater factor loadings; Table 4c) express the spatial-temporal variation of these
changing landscapes from homogeneity and connectivity (as indicated by LPI and CONTAG metrics)
to heterogeneity and fragmentation (processes represented by the land metrics SHDI and SPLIT).
Likewise, the analysis of the complete temporal trajectory registered has allowed us to identify that
the transformation of these territories towards fragmentation and spatial heterogeneity has been
significantly greater since their declaration as Protected Landscapes (see Figure 5, Declaration date).
In Figure 5 the length of the arrows indicates the magnitude of the landscape change.
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Figure 5. Detailed temporal trajectories of protected landscapes with high intensity of change
(Landscape cluster 3; see Figure 4). Indicator variables (higher factor loadings) of the main landscape
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The length of the arrows indicates the intensity of landscape change. Codes of studied landscapes are
indicated in Table 2.

4. Discussion

The essential rationale for this paper is to know the main reasons behind the decision to
preserve landscapes and formally designate them under the protected landscape category. The design
inside and outside the protection limits has been successful in achieving the established objectives
and has allowed us to evaluate the management effectiveness of the protected landscapes studied.
This inside-out approach to estimating protected area effectiveness is a frequently adopted strategy that
provides useful insights and knowledge about processes related to land protection [12,32,33,42–46].
The multi-approach analysis performed considering the inside and outside design and the landscape
metrics calculated [38,47] has provided a useful methodological tool and an effective set of spatial
indicators to quantitatively describe the spatial-temporal patterns of change of the protected and
unprotected landscapes studied. Furthermore, this approach has allowed us to verify how the
dynamics of the landscape inside and outside the protection boundaries has had an evident effect on
landscape configuration.

Comparing variations in landscape composition and structure inside versus outside protection
shows a great difference between protected and unprotected land (detected by PCA axis 2; Figure 3).
The landscape indicators identified evidence the naturalness of protected landscapes, mainly composed
of large patches of different forest systems, shrublands and rocky areas, which characterise and
differentiate them from the matrix of mainly agricultural unprotected landscapes in which they
are immersed. The great disparity observed between protected landscapes and their surrounding
unprotected land matrices indicates the trend towards the protection of certain peculiar features
highlighted in human-dominated landscapes, mainly linked to landscape naturalness and uniqueness.
Protection of naturalness has traditionally been a central objective of conservation efforts [48,49].
However, in cultural landscapes with a long history of human-maintained systems, it is controversial
to consider naturalness as a point of reference to design conservation and management plans [32].
Especially for the Protected Landscape category, whose main reason is to prevent the loss of landscapes,
that represent a valuable natural and cultural heritage [50].

The detected indicators of the landscape spatial-temporal change also express a remarkable
transformation process, especially pronounced in unprotected landscapes (Figure 3; PCA axis 1).
This transformation reflects higher land-use fragmentation and spatial heterogeneity, associated with
the disruption of landscape connectivity and to the development of woodland systems as a consequence
of the abandonment of agricultural land uses. Modified landscapes are often presented as patches of
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native vegetation within a matrix of different characteristics [51]. Spatial fragmentation is a complex and
progressive process that leads to the division of continuous habitat into smaller and more isolated patches
that are separated by dissimilar land matrices [52,53]. Worldwide, habitat loss and fragmentation are
some of the main drivers of change in landscape structure and in the intensity of ecological interactions
and are linked to environmental exploitation by humans [54]. However, in cultural landscapes habitat
fragmentation means the transformation and disconnection of multifunctional agricultural landscapes,
which are abandoned or intensified, affecting their functionality and ecological integrity [55]. The loss
of traditional land uses and agricultural economic base has resulted in the observed fragmentation of
agricultural lands and the consequent change of character and loss of visual quality [56].

The establishment of protected areas has been the primary management measure to preserve
landscapes from this abandonment process [57]. Nevertheless, a significant number of the Protected
Landscapes studied have followed a trend of transforming their spatial patterns through fragmentation,
breaking contiguous landscapes (Figure 3; PCA axis 1). Thus, the spatial-temporal analysis of the studied
protected landscapes show the same dynamic described above of landscape transformation towards
spatial fragmentation and, as a by-product, spatial heterogeneity (Figure 4). Fragmentation resulting
from habitat loss inevitably leads to greater heterogeneity, directly through a change of state or fragment
conversion, or indirectly through edge effects [58]. Along with this process, alterations in spatial
connectivity occur, since as fragmentation increases, connectivity values become critical [59]. This has
happened with particular intensity in most rural landscapes. Indeed, the results obtained through
vector analysis highlight that while some of the landscapes studied remain relatively unchanged
or little altered, traditional rural landscapes experienced a great intensity of change and that their
marked fragmentation process coincides in each case with the date of their designation as a Protected
Landscape (Landscape cluster 3; Figure 4; Figure 5, respectively).

The literature on the role of protected areas in the conservation of cultural landscapes
and the effectiveness of their management is abundant. These aspects, however, are especially
critical in human-dominated landscapes since their protection has traditionally also involved their
abandonment and the loss of their heritage values [10,60]. Similar results have been found in Central
Spain, where relict hedgerow networks follow similar trajectories of abandonment inside and outside
protected areas, revealing a lack of effectiveness of conservation measures [33,46]. In the same region,
Sarmiento-Mateos et al [31] found incoherencies in the regulatory schemes of a protected area network,
that inhibit rural inhabitants to continue with their traditional activities causing negative consequences
for the cultural landscape whose protection is intended.

In summary, there has been a tendency to protect unique landscapes of a more natural character,
which contradicts the initial objective of the Protected Landscape category. Furthermore, this category
was conceived as part of what IUCN calls a “protected area system” [61]. Protected Landscapes are
a very specific category and are not supposed to be declared as isolated entities. Instead, they should
be part of a broader conservation plan that includes other categories. In fact, the Natural Heritage
and Biodiversity Law (42/2007), that defined Protected landscapes, was modified partially in 2015
by another law [62]. Although it did not change their definition, it introduced the concept of Green
Infrastructure and its necessity of being considered jointly with existing protected areas. This follows
an initiative for establishing protected landscape networks similar to other European actions [63,64].

And so, Protected Landscapes in Spain have proven to be particularly inefficient to protect rural
landscapes. Although the important role assigned to protected areas has driven their establishment,
the focus of their conservation and management plans, which favours the constant change of protected
sites, makes them vulnerable to accusations of not achieving some of the conservation objectives.
Reliance on regulatory schemes and their effective application in landscape management is difficult and
too often fails [65], which triggers that some protected areas to be just “paper parks“ [66,67]—protected
only in name.
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5. Conclusions

The methodological approach developed has provided us with an effective set of indicators to
quantitatively describe and compare the spatial-temporal patterns of change in the protected and
unprotected landscapes studied. The marked disparity observed inside and outside protection
highlighted the trend towards protecting the naturalness and uniqueness of the landscape.
The quantitative indicators identified also detected a general transformation of the landscape towards
spatial heterogeneity and land-use fragmentation, mainly related to the abandonment of agricultural
land uses and the expansion of woodlands. This transformation process has been especially pronounced
in unprotected landscapes, although it has also occurred in a large part of protected landscapes.

The analyses performed considering the trajectories of the spatial-temporal changes of Spanish
Protected Landscapes allowed us to recognise types of landscapes, quantify their intensity of change and
identify the different heritage characteristics considered as base values for their protection. Furthermore,
through this procedure, we were able to detect the protected landscapes that had maintained their
characteristics over time and those that had undergone an accelerated change. In this regard, it is
noteworthy that after the declaration of protection, traditional rural landscapes experienced a great
intensity of change towards non-rurality characteristics, as opposed to the primary objective of the
category of Protected Landscape. Thus, in line with our starting hypothesis, the designation of the
Protected Landscape category has not been an effective tool to protect rural landscapes.

The applied methodological design has proven to be useful in providing empirical information on
the main reasons taken into account to protect the cultural landscape under the category of Protected
Landscape, as well as on the effectiveness of its management guidelines. From the results obtained,
we state the need to develop protection schemes in the Spanish legislation focused on traditional
knowledge and on the essential requirements of rural populations to effectively protect the valuable
heritage of cultural landscapes, mainly shaped by traditional rural activities.
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Appendix A

Table A1. Landscape metrics and patch metrics used to calculate landscape spatial patterns [35]. A brief
description of the metrics used is provided, as well as their calculation methods and ranges of variation.

Landscape Metrics Formula Range and Description

Shannon’s Evenness Index

SHEI = −
∑m

i=1(Pi ln Pi)
ln m

Pi = proportion of the landscape occupied by patch
type (i)

m = number of patch types (i) present in the
landscape, excluding the landscape border if present

SHEI > 0, without limit
It is expressed so that an even distribution of area among

patch types results in maximum evenness. As such,
evenness is the complement of dominance.

Shannon’s Diversity Index
SHDI = −

m∑
i=1

(Pi ln Pi)

Pi = proportion of the landscape occupied by patch
type (i)

SHDI > 0, without limit
SHDI = 0 when the landscape contains only 1 patch (i.e.,
no diversity). SHDI increases as the number of different
patch types (i.e., patch richness, PR) increases and/or the

proportional distribution of area among patch types
becomes more equitable.
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Table A1. Cont.

Landscape Metrics Formula Range and Description

Patch richness density
PRD = m

A (10000)(100)
m = number of patch types present in the landscape

a = Total landscape area

PRD > 0, without limit.
Number of different patch types present within the

landscape boundary.

Splitting index
SPLIT = A2∑n

j=1 a2
i j

aij = area (m2) of patch ij.
A = total landscape area (m2)

1 ≤ SPLIT ≤ number of cells in the landscape squared.
Increases as the landscape is increasingly subdivided
into smaller patches and achieves its maximum value
when the landscape is maximally subdivided; that is,

when every cell is a separate patch.

Euclidean nearest neighbour
distance

ENN = hij
hij = distance (m) from patch ij to nearest

neighbouring patch of
the same type (class), based on patch edge-to-edge
distance, computed from cell center to cell center

ENN > 0, without limit.
Distance (m) to the nearest neighbouring patch of the

same type, based on the shortest edge-to-edge distance.
It has been used extensively to quantify patch isolation

Largest Patch Index
LPI = Max (a)

A × (100)
aij = area (m2) of patch ij.

A = total landscape area (m2)

0 < LPI < 100
Percentage of the total landscape comprising the largest

patch

Contagion Index

CONTAG =1 +
∑m

i=1
∑m

k=1[(Pi)]

[
gik∑m

k=1
gik

][
ln(Pi)

[
gik∑m

k=1
gik

]]
2 ln m

(100)

Pi = proportion of the landscape occupied by patch
type i.gik number of adjacencies (joins) between

pixels of patch types (classes) i and k based on the
double-count method.

m = number of patch types (classes) present in the
landscape.

0 < CONTAG ≤ 100
It approaches 0 when the patch types are maximally

disaggregated and interspersed. CONTAG = 100 when
all patch types are maximally aggregated; i.e., when the

landscape consists of a single patch.

Patch Cohesion Index

COHESION =
[
1−

∑n
j=1 pi j∑n

j=1 pi j
√ai j

][
1− 1

√
A

]−1
(100)

pij = perimeter of patch ij in terms of number of cell
surfaces

aij = area of patch ij in terms of number of cells
A = total number of cells in the landscape

0 ≤ COHESION < 100
It measures the physical connectedness of the

corresponding patch type

Core Area Index

CAI =
ac

i j
ai j

aij
c = core area (m2) of patch ij based on specified

edge depths (m).
aij = area (m2) of patch ij.

0 ≤ CAI < 100
CAI approaches 100 when the patch, because of size,
shape, and edge width, contains mostly core area. A

patch with no core area has the highest edge effect and
consequently, the ecological processes of the patch may

not function properly

Contiguity Index

CONTIG =

[∑s
r=1 ci jr

ai j

]
−1

v − 1
cijr = contiguity value for pixel r in patch ij.

v = sum of the values in a 3-by-3 cell template (13 in
this case).

aij = area of patch ij in terms of number of cells

0 ≤ CONTIG ≤ 1
This index assesses the spatial connectedness, or

contiguity. Equals 0 for a one-pixel patch and increases
to a limit of 1 as patch contiguity, or connectedness,

increases. Thus, large contiguous patches result in larger
contiguity index values

Edge density
ED = E

A (10000)
E = total length (m) of edge in landscape.

A = total landscape area (m2).

ED ≥ 0, without limit.
ED = 0 when there is no edge in the landscape; that is,

when the entire landscape and landscape border, if
present, consists of a single patch.

Modified Simpson’s Evenness
Index

MSIEI =
− ln

∑m
i=1 p2

i
ln m

Pi = proportion of the landscape occupied by patch
type (class) i.

m = number of patch types (classes) present in the
landscape.

0 ≤MSIEI ≤ 1
MSIDI = 0 when the landscape contains only 1 patch (i.e.,

no diversity) and approaches 0 as the distribution of
areas among the different patch types becomes

increasingly uneven (i.e., dominated by one type).
MSIDI = 1 when the distribution of areas among patch

types is perfectly even.

Simpson’s Evenness Index

SIEI =
1−

∑m
i=1 p2

i

1−( 1
m )

Pi = proportion of the landscape occupied by patch
type (class) i.

m = number of patch types (classes) present in the
landscape, excluding the landscape border if present.

0 ≤ SIEI ≤ 1
SIDI = 0 when the landscape contains only 1 patch (i.e.,

no diversity) and approaches 0 as the distribution of
areas among the different patch types becomes

increasingly uneven (i.e., dominated by one type). SIDI
= 1 when the distribution of areas among patch types is

perfectly even.

Total edge TE = E
E = total length (m) of edge in landscape.

TE ≥ 0, without limit.
TE = 0 when there is no edge in the landscape; that is,
when the entire landscape consists of a single patch.

Number of patches
NP = ni

ni = number of patches in the landscape of patch
type i.

NP ≥ 1, without limit.
NP = 1 when the landscape contains only 1 patch of the
corresponding patch type. It is a simple measure of the
extent of subdivision or fragmentation of the patch type.

Landscape Division Index
DIVISION =

1− m∑
i=1

m∑
j=1

( ai j

A

)2


aij = area (m2) of patch ij.
A = total landscape area (m2).

0 ≤ DIVISION < 1
DIVISION = 0 when the landscape consists of a single

patch. DIVISION achieves its maximum value when the
landscape is maximally subdivided. It is similar to a

diversity index
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