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Abstract: Reconnecting natural habitats and improving agroecosystem conditions are strategic
targets set by several European policies. In order to combine both of these needs, the European
Biodiversity Strategy for 2030 has triggered new investments in Green Infrastructure (GI), which
actually represents a valuable tool to increase ecological connectivity across natural and semi-natural
habitats. In particular, GI may benefit the Natura2000 (N2K) network (i.e., the network of protected
sites under the EU Habitats and Birds Directives) by reinforcing the node/site number, extent,
and distribution and by improving connections between often small and isolated habitat patches.
However, there is a lack of knowledge on what the actual needs of GI deployment are for improving
the current N2K network, on the distribution of these needs across Europe and on the potential role
of agricultural areas in the improvement of the network functionality. Concurrently, especially in
SW Europe, there is an ongoing trend toward the homogenisation and intensification of agricultural
systems and the combined loss of associated landscape elements, such as natural and semi-natural
Small Woody Features (SWF). Although a well-planned network of such elements could support
biodiversity and landscape connectivity, thus effectively complementing the N2K network, little
evidence is available on their abundance and residual distribution, especially in agricultural areas and
at continental /bioregional scales. Therefore, the present work is aimed at (i) identifying different types
of territorial units (NUTS3) in W Mediterranean Europe according to current N2K network features,
the overall composition of the actual landscape mosaic and the potential natural heterogeneity of
the environment and (ii) identifying and spatialising N2K-related GI deployment needs according
to a more specific network analysis in terms of nodes (extent of the total protected area) and links
(density of residual woody elements in arable land) within the different types of NUTS3. By means of
this wide-scale investigation, four different types of GI deployment needs were generalised across
the W Mediterranean Europe NUTS3. Overall, the need for connection restoration prevails, followed
by the need for the consolidation of node and link conservation, for the creation of new protected
sites and for the enlargement of existing N2K sites. Although useful for a preliminary setting, the
shortcomings related to summary data at the European level were also highlighted when compared
to local-scale information, with the latter being more suitable for identifying and prioritising truly
effective GI conservation and restoration actions.

Keywords: ecosystem condition; conservation and restoration priorities; ecological network;
protected areas; agricultural land; small woody features

1. Introduction

The European Natura2000 (N2K) represents the world’s largest coordinated network of
protected areas, covering more than 18% of the EU land area and 8% of its marine area [1,2].
The network aims to preserve the species and habitats listed under the Birds [3] and Habi-
tats Directives [4] by means of Special Protection Areas (SPAs) and Sites of Community
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Importance (SClIs), respectively. Besides nature protection, SPAs and SClIs are identified
according to comprehensive environmental, socio-economic, cultural, and sustainable
development needs. Concurrently, however, European natural ecosystems, including those
protected by N2K, are among the most fragmented in the world due to urban sprawl,
agriculture intensification and, more generally, land use changes [5,6]. As a result, around
20% of the N2K sites dominated by woodland and forests are poorly connected, and the
overall network is mainly composed of several small and isolated patches, especially in
the Mediterranean Bioregion [7,8]. In order to enhance the coherence and functionality of
the network, as required by Article 10 of the Habitats Directive and by recent European
guidelines on nature protection [9], N2K sites that have to be enlarged and/or more effec-
tively connected should be identified. The European Biodiversity Strategy for 2030 calls
for new investments in Green Infrastructure (GI) for this purpose (Section 3.3.2 of the EU
Commission COM (2020) 380 final, 20.5.2020) [10]. According to the European Commis-
sion [11], Gl is “a strategically planned network of natural and semi-natural areas with
other environmental features designed and managed to deliver a wide range of ecosystem
services”. Besides delivering a range of benefits to the environment, society and economy,
the GI approach actually represents a valuable tool for increasing ecological connectivity
between natural and semi-natural habitats, especially in anthropised contexts such as
urban and rural landscapes [12,13]. In these areas, GI may contribute to climate change
mitigation [14], the sustainability of cities [15], improvements in structural and functional
connections [16] and the enhancement of agricultural landscape multifunctionality [17-19].
However, nowadays, there is a lack of knowledge on what the effective needs of GI de-
ployment for improving the network are, on how these differ across Europe and on the
potential role of agricultural areas in determining/addressing such needs [10,20].

In 2020, the Utilised Agricultural Area (UAA) in the EU-27 was almost 157 million
hectares, which is over 38% of the European surface [21]. With respect to its current ex-
tent, in the last decades, especially in Western Europe, there has been a trend towards the
abandonment of traditional agriculture in hilly and mountainous areas, while intensive
practices are spreading in lowland sectors [22-24]. Since the 1980s, both agricultural aban-
donment and intensification processes have been recognised as threats to biodiversity [25].
Abandonment leads to encroachment by shrubs and trees [26], resulting in a decrease in the
biodiversity that is usually supported by extensive agriculture and animal farming [27,28].
In addition, the disappearance of traditional agricultural landscapes, which are an active
component of ecological networks [29], has a negative impact on the structural ecological
connectivity of existing GI [30]. On the other side, agricultural intensification leads to the
widespread erosion of biological diversity and the deterioration of key ecosystem services
provided by arable lands due to the homogenisation of the landscape and the associated
loss of natural elements, such as ditches, hedgerows, lines of trees, small patches and
scattered trees [31]. Partly defined as Small Woody Features (SWF), many of these elements
have been lost since the 1940s, especially in Southwestern Europe, due to the progressive
modernisation of agricultural practices [32-34]. A well-planned network of such elements
in agricultural lands could support biodiversity and landscape connectivity [35], acting in
a complementary and synergic way with N2K sites, and their conservation/restoration may
favour achieving the EU goal of converting at least 10% of the UAA to high-biodiversity
landscape features [9]. Moreover, although these natural and semi-natural landscape ele-
ments provide several ecological and socio-cultural benefits [36], an accurate description of
their spatial relationship with the N2K system and of their distribution within agricultural
land is currently lacking at the biogeographic region level.

Considering the different knowledge gaps mentioned above, the present research
aimed at (i) identifying, by means of a cluster analysis, different types of territorial units
(NUTS3) [37] in W Mediterranean Europe according to current N2K network features, the
overall composition of the actual landscape mosaic and the potential natural heterogeneity
of the environment and (ii) identifying and spatialising N2K-related GI deployment needs
according to a more specific network analysis in terms of nodes (extent of the total protected
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area) and links (density of residual woody elements in arable land) within the different
types of NUTS3 identified. Namely, as regards nodes, any gaps in conservation land were
identified by considering alternative protected area systems with respect to N2K, while as
regards links, existing structural connections were especially investigated in arable lands.

Overall, the study’s end goal is to help streamline the selection of priority areas for
making the N2K network more effective and to then intervene at a local level with the
design of tailored actions.

2. Materials and Methods
2.1. Study Area

The study was focused on the western sector of the Mediterranean Bioregion of
Europe [38], covering an area of about 770,000 km? and encompassing 129 NUTS3 [37] from
four countries (Spain, France, Italy and Portugal) (Figure 1). Four NUTS3 that either have
less than half of their extent within the bioregion or exclusively belong to insular Member
States (Malta) were not considered. The Mediterranean macro-bioclimate, characterised by
at least two consecutive months of summer aridity and by cool and wet winters, inherently
prevails in the study region, but with temperate climate conditions occurring at high
altitudes [39]. At finer detail, the dominant macro-bioclimate can be divided into 8 variants:
pluviseasonal oceanic and pluviseasonal continental, xeric oceanic and xeric continental,
desertic oceanic and desertic continental, and hyper-desertic oceanic and hyper-desertic
continental [39].

[J NUTS3 in W-Mediterranean Europe (study area)

I Current Natura2000 network in the study area
Non-mediterranean portion of the embraced countries
[ Countries admnistrative borders
[ other European countries

0 250 *500%m RN A

Figure 1. Study area: selected NUTS3 (scale 1:1,000,000, reference year 2021) [37] and the existing
N2K network (scale 1:1,000,000, reference year 2021) [40] in W Mediterranean EU biogeographical
region (scale 1:1,000,000, reference year 2016) [38] with respect to the administrative boundaries of
the four partially encompassed EU countries.

As regards morphological features, the elevation ranges from 0 to 3412 m a.s.l. (in
Aiguille de Chambeyron, France), while, as regards lithological features, parent materi-
als include calcareous rocks, crystalline rocks, detrital formations, glaciofluvial deposits,
marine alluvium, river alluvium, sands, sandstone, soft clayey materials, soft loam and
volcanic rocks [41]. Together with long-lasting anthropogenic land use, the heterogeneity
of the physical landscape determines the occurrence of a considerable number of habitat
types, which, in turn, support a unique variety of species and ecosystems of conservation
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interest [42,43]. With respect to the Habitats Directive, 2729 SCIs were designated in the
study area, together with their respective marine surroundings, representing over 76%
of the sites occurring in the whole Mediterranean Bioregion and more than 10% of those
occurring in the whole EU [44].

2.2. Research Design

This research was focused on W Mediterranean Europe NUTS3 and divided into
two main steps (Figure 2). In the first step, aimed at coarsely characterising the N2K
network and its landscape context, a set of pertinent variables was first selected and
quantified (step 1a) and then correlated (step 1b). Therefore, only non-redundant variables
were adopted for identifying different typologies of NUTS3 by means of a cluster analysis
(step 1c).

N2K configuration, land cover mosaic
composition, potential natural
heterogeneity of the environmentand
occurrence of SWF

Step 1 l Coarse filter Step 2 Fine filter
Characterisation of Detection of N2K-
N2K network and its related Gl deployment
landscape context needs
Selection and ASSSTESSU‘?QT o Small and -
&1 quantification of - e — Additional woody |2
- connections in 2 F3
variables features density
arable lands
2 NeirinTs of| Assessment of Proportional extent | =
correlation [a] QEDS: n t—| of total protected %
conservation land area n
Identification of SDD:IE;L';’;'UfI“zf
2 ¢ %)
T Cusor mmaasy || | Nerolted
. deployment needs

l

Types and
geographic distribution of
Gl deployment needs
in W-Mediterranean Europe

Figure 2. The multistep procedure adopted for identifying and mapping N2K-related GI deployment
needs across W Mediterranean Europe NUTS3.

The second step, designed to detect specific GI deployment needs across the study
area, was focused on finer NUTS3 conditions in terms of nodes and links. As regards links,
existing structural connections were especially investigated in arable lands, i.e., the most
widespread landscape component within which N2K sites are interspersed. Accordingly,
the cover density of residual woody elements was used as a variable to describe the
arable land structural condition and was subsequently related to the NUTS3 typologies
arising from the previous cluster analysis (step 2a). As far as nodes are concerned, in
order to identify any gaps in conservation lands, the N2K network was complemented
with alternative systems of protected areas (PAs) and the extent of the total protected
area subsequently assessed (step 2b). Finally, by combining the overall information on
network conditions, including the landscape context status that emerged from step 1, the
N2K-related GI deployment needs were generalised and spatialised for individual NUTS3
(step 2¢).

2.3. Characterisation of N2K Network and Its Landscape Context at the NUTS3 Level (Step 1)

2.3.1. Selection and Quantification of Landscape-Ecological Variables (1a) and Respective
Correlation (1b)

In order to characterise the N2K network and its landscape context at the NUTS3
level, a set of spatial variables was selected and then quantified in a GIS environment
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(ArcGis 10.5). The selected variables concern the current N2K configuration, actual land
cover mosaic composition, potential natural heterogeneity of the environment and occur-
rence of SWF (i.e., woody linear hedges and tree rows along field boundaries, riparian and
roadside vegetation, and scattered patches of woods and shrubs) (Table 1).

Table 1. Adopted variables, quantified by NUTS3, grouped into four main typologies: Natura2000
(N2K) network, land cover, potential natural heterogeneity of the environment and Small Woody
Features (SWF).

Variable Description Source
Natura2000 network
Number of patches Number of N2K patches
Total N2K area divided by the number of patches
Mean area . 5
in km
. Number of N2K patch ith t to the total
Patch density ofuliInU;gg in kmf atches with respect to the fotat area Natura2000 network vector layer [40]
Area densit Total N2K area with respect to the total area of
Y NUTS3 in %
. Total edge area of N2K patches divided by the total
Edge density area of NUTS3 (km/km?)
Land Cover

Artificial surfaces (CLC_art)

Percentage of artificial surfaces (map code 1, CLC
1st level) with respect to the total area of NUTS3 in %

Agricultural surfaces (CLC_agr)

Percentage of agricultural surfaces (map code 2, CLC

1st level) with respect to the total area of NUTS3 in % Corine Land Cover (CLC) (land cover

statistics from the “Land cover and change

Natural surfaces (CLC_nat)

Percentage of natural surfaces (map code 3, CLC accounts 2000-2018” dataset) [45]
1st level) with respect to the total area of NUTS3 in %

Percentage of arable land surfaces (map code 21,

Arable land surfaces (21-Arable land) CLC 2nd level) with respect to the total area of

NUTS3 in %

Potential natural heterogeneity of the

environment

Litho-morphological diversity

(LM_diversity)

Shannon diversity index of litho-morphologic types =~ LANMAP3 [41]

Phytoclimatic diversity (PME_diversity) Shannon diversity index of phytoclimatic types Phytoclimatic map of Europe [46]
Small Woody Features (SWF)
Small woody feature cover density Cover density of linear and patchy SWF in the “Small Woody Features” High-Resolution
(SWE_D) overall NUTS3 in % Layer [47]

Cover density of AWF, woody features connected to
Additional woody feature cover density a valid SWF and isolated features larger than “Small woody features” High-Resolution
(AWF_D) 1500 m? (or wider than 30 m, if linear and out of Layer [47]

specific patches) in the overall NUTS3 in %

To comprehensively consider the N2K network, contiguous and overlapping SCIs and
SPAs were merged into unique patches and thus filtered according to a minimum threshold
of 1 km?.

The selected variables concerning the N2K extent and spatial configuration, including
the number of patches, mean area, patch density, area density and edge density, were
calculated with the Patch Analyst plugin (patch, size and edge metrics) [48].

Land cover variables, which are useful for characterising the landscape mosaic that
hosts the N2K network in each NUTS3, include the proportional extent of artificial (CLC_art),
agricultural (CLC_agr) and natural surfaces (CLC_nat, including wetlands and water bod-
ies, besides forests and semi-natural areas), together with the proportional extent of arable
land at a finer level of detail (21-Arable land), and were obtained from the CLC dataset
provided by the European Environment Agency (land cover statistics from the “Land cover
and change accounts 2000-2018” dataset) [45]. Among the second-level agricultural area
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types, which also include permanent crops, pastures and heterogeneous areas, arable lands
were particularly investigated because they represent the most widespread land use type
in the bioregion, often intensively managed, and therefore potentially affecting natural
habitats’ persistence and connection more than the other agricultural surfaces [16,49-51].

Together with the actual landscape mosaic, biophysical variables were considered
in order to characterise the NUTS3 in terms of the potential natural heterogeneity of
the environment, which could, in turn, affect the consistency and condition of the N2K
network. Combined parent material and morphological information were derived from
LANMAPS3 [41], with 33 litho-morphological classes occurring in the study area. Phy-
toclimatic information was derived from the phytoclimatic map of Europe (PME) [46],
grouped into 50 types, 39 of which fall into the study area. For both litho-morphology
and phytoclimate features, the NUTS3 environmental heterogeneity (LM_diversity and
PME_diversity variables) was measured by means of the Shannon H index [52] based on
the proportional extents of the classes [53].

SWE variables were selected due to the importance of small woody elements as (semi-)
natural ecological links across highly fragmented landscapes [16,54,55]. Basic information
on these features was retrieved from the raster layers of the Copernicus High-Resolution
Layer product [47] at a resolution of 100 m, as recommended for large-scale landscape
analyses [56]. Accordingly, the SWF density (SWF_D variable) and SWF + additional
woody feature (AWF) density (SWF/AWEF_D variable) were calculated for each NUTS3
with the ArcGis Zonal Statistics tool.

Thus, a correlation matrix was calculated using the Python 3.8.0 programming lan-
guage (Python Software Foundation, 2022) to identify any redundant information among
the selected variables listed in Table 1. Kendall Tau-b statistics [57] were employed for
this purpose.

2.3.2. Identification of NUTS3 Typologies (1c)

In order to identify different NUTS3 typologies according to the selected variables,
a K-medoids cluster analysis (default algorithm) was conducted with the Python package
sklearn_extra.cluster. Kmedoids of scikit-learn. To avoid redundant information, one variable
was excluded from clustering for each pair of significantly correlated variables with a corre-
lation coefficient >+0.5 or <—0.5 [58,59]. Although non-linear models are not influenced by
collinearity, excluding redundancies could prevent certain information from having greater
weight than others [60].

K-medoids is a partitioning method of clustering n items into k clusters and is less
sensitive to noise and outliers than the more commonly adopted K-means approach. Since
the number of clusters (NC) should be chosen a priori, internal validation was undertaken in
order to determine the optimal value [61]. Namely, for an NC ranging from 3 to 6, internal
validation was carried out by means of the Silhouette coefficient and the Calinski-Harabasz
criterion [62,63].

The Silhouette coefficient (S) ranges between —1 and +1 and scores the distances of
each data point from its cluster and neighbouring clusters; it is calculated as:

~ _ b(i)—a(i)
"0 = a6, () v

where a(i) is the average dissimilarity of i to all other data objects within the same cluster,
and b(i) is the lowest average dissimilarity of i to any other cluster of which i is not
a member.

A larger average Silhouette coefficient score indicates the better overall quality of the
clustering result, showing either no substantial (below 0.25), weak (between 0.26 and 0.50),
reasonable (0.51-0.70) or strong (more than 0.71) clustering structure [64,65].
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The Calinski—-Harabasz criterion (C) is a variance measure ratio of the within-cluster
homogeneity and between-cluster heterogeneity [66]. It can be calculated as:

_ BGSS(N —K)

~ WGSS(K—1) @

where WGSS is the sum of the within-cluster dispersions for all the clusters, and BGSS is the
between-group dispersion. Its maximum average value determines the optimal NC [67].

Owing to its usefulness in outlier detection, the Silhouette coefficient has also been
used to remove noisy observations and improve clustering performance [68]. Once the
optimal NC was identified, observations with a negative Silhouette coefficient value were
removed, and the algorithm was rerun.

Finally, the obtained and improved optimal NC was interpreted by means of a box
plot and profile plot (the latter, for each n variable, was calculated as the ratio of the mean
of the variable 7 in the k cluster to the overall mean of the same variable).

2.4. Detection of N2K-Related GI Deployment Needs (Step 2)
2.4.1. Links—Assessment of Existing Structural Connections in Arable Lands and
Respective Relationships with Detected NUTS3 Typologies (2a)

In order to assess the existing structural connections in arable lands, which can be
considered a proxy for the condition of this land cover type with respect to the ecological
connectivity capacity [69], the density of existing natural and semi-natural landscape
elements was quantified. For this purpose, two variables were measured: the proportional
extent of arable land by NUTSS3, retrieved from the national CLC vector layer [70], and the
SWF + AWF (SAWF) cover density, derived from the respective 100 m raster layer. The
latter was quantified by means of the Zonal Statistics tool for the arable land of each NUTS3
and then grouped into five classes according to quantiles.

To check the calculation accuracy, SAWF cover density measures were repeated in
8 randomly chosen NUTS3 based on the SWF vector layer (which includes linear, patchy
and AWF classes) [47].

SAWEF cover density values were then correlated with the proportional extent of arable
land by means of the Spearman correlation coefficient [71] in XLSTAT 2022.2.1 software
(Addinsoft, 2022). The level of significance was set at p < 0.05.

Finally, in order to assess the relationships between arable land with different conserva-
tion statuses and the previously detected typologies of NUTS3, (i) the SAWF cover density
quantiles were converted into categorical classes, (ii) the frequencies of these categorical
classes were quantified for each cluster, and (iii) the significance of frequency differences
among the clusters was assessed. Specifically, a Chi-square test was carried out [72], while
the significance by cell and the strength of the association were assessed by means of
Fisher’s exact test [73] and Cramer’s V statistics [74], respectively.

2.4.2. Nodes—Assessment of Gaps in Conservation Lands (2b)

In order to identify any gaps in terms of protected area coverage, the contribution of
alternative systems of PAs with respect to N2K was considered. Namely, the layers of the
national systems of PAs [75-78] were superimposed on the N2K network, and, for each
NUTSS3, the proportional extent of the total protected area was assessed.

A threshold of 10% was adopted as the minimum conservation target, where a smaller
protected surface is considered a gap in the network system [79,80].

2.4.3. Definition and Spatialisation of N2K-Related GI Deployment Needs (2c)

Finally, to define the N2K-related GI deployment needs, the information arising
from the evaluation of the specific conditions in terms of nodes and links was combined
with the NUTS3 typologies (diagnostic of the coarser landscape context status) identified
with the first research step. Thus, the detected GI deployment needs were described,
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hierarchically arranged (by giving more importance to node gaps over the deficit of links)
and geographically represented.

3. Results
3.1. Landscape-Ecological Features of W Mediterranean Europe NUTS3 (Step 1)
3.1.1. Variable Quantification (1a)
The distribution of the 13 selected variables values in the analysed NUTS3, grouped

by country (Spain, France, Italy and Portugal) and by typology (N2K, land cover, potential
natural heterogeneity of the environment, and SWF), is summarised in Figure 3.
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Figure 3. Cont.
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PME_diversity LM_diversity

()

SWF_DM SWF_AWF_DM

(1]

Figure 3. Boxplot of the 13 selected variables grouped by country (Spain, ES; France, FR; Italy, IT;
Portugal, PT) and by variable typology: (a) “N2K” in yellow; (b) “Land cover” in green; (c) “Potential
natural heterogeneity of the environment” in blue; (d) “SWF” in orange.

As regards N2K variables, the Mediterranean NUTS3 in Spain and France have
a higher number of patches (33.47 and 33.76 mean values, respectively) than those in
Italy and Portugal (19.80 and 6.85, respectively). The mean area of N2K patches is higher
in Spain and Portugal (104.20 and 126.65 km?, respectively) than in France and Italy
(39.50 and 31.60 km?, respectively), while the patch density is higher in France and Italy
(0.65 and 0.82, respectively) than in the Iberian Peninsula (0.38 in Spain and 0.17 in Portu-
gal). The edge density is very similar in Spain (0.22), France (0.24) and Italy (0.22), while it
has a lower value in Portugal (0.09). Finally, the area density decreases from Spain (25.90%)
to Portugal (15.80%) via France (22.66%) and Italy (18.29%), and it is the only variable
without outliers.

As regards land cover variables, the Mediterranean NUTS3 in France and Italy show
the highest mean values of artificial surfaces (6.00 and 5.00%, respectively); those in Spain
and Italy have the highest values of agricultural surfaces (48.00 and 54.00%), especially
arable lands; and those in France and Portugal have the highest values of natural areas
(67.00 and 56.00%). Outliers were especially found in the distribution of artificial and arable
land surfaces in Italy.

As regards the potential natural heterogeneity of the environment, the Mediterranean
NUTS3 in Portugal have the lowest mean values for both litho-morphological (0.81) and
phytoclimatic (0.74) diversity, but, overall, there are no marked differences between coun-
tries, and no outliers were identified.

Finally, both SWF variables have higher mean values in France and Portugal than in
Spain and Italy. The mean SWF density values, for example, are equal to 4.09 and 2.28% for
the former and 1.72 and 1.60% for the latter. Outliers occur for both variables, except for
in France.

3.1.2. Correlation between Variables (1b)

Correlations between the selected variables are summarised in Figure 4. The strongest
correlations, with a coefficient > +0.5 or <—0.5, emerged between the following pairs of
variables: “Area density” and “Number of patches”; “Patch density” and “Mean area”;
CLC_nat and CLC_agr; SWF_D and SWF/AWEF_D; and CLC_nat and 21-Arable land.
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Accordingly, “Number of patches”, “Patch density”, “Edge density”, CLC_art, CLC_agr,
21-Arable land, SWF_D, LM_diversity and PME_diversity were retained for the follow-
ing cluster analysis, while “Area density”, “Mean area”, CLC_nat and SWF/AWEF_D
were excluded.

P-Values Filtered

NP
MA
0.27 |-0.63
PD
-0.53| 0.44 |-0.31
AD
-0.31| 0.34
CLC_ art
CLC_agr
0
CLC_nat
0.23 |-0.23 -0.19( 0.15
SWF_AWF_D
0.15|-0.17 -0.18( 0.14 [ o7/
SWF_D
0.32 |-0.12]| 0.43 0.20
ED
0.21 0.16 0.18
LM_Diversity
0.17 0.28( 0.31 0.12]0.19
PME_Diversity
0.18 -0.17(-0.19( 0.50 [-0.46-0.22|-0.19 0.13
21- Arable land
e < o o € 5 % o o o > 2 T
4 s o < 3' %l < g g ] -g -% Lc‘
= 9 9 > > K
© o o E‘ ? 5\ 5\ g
g
w
Z 5 5 %
o -
o~
-1.00 -0.7-0.50 -0.25 0.00 025 0.60 075 1.00

Figure 4. Correlation matrix between the 13 selected variables filtered for p-values, thus showing only
the significant associations (p < 0.05). NP = “Number of patches”; MA = “Mean area”; PD = “Patch
density”; AD = “Area density”; CLC_art = percentage of artificial surfaces; CLC_agr = percentage of
agricultural surfaces; CLC_nat = percentage of natural surfaces; SWF_D = density of small woody
elements; SWF/AWEF_D = density of small and additional woody elements; ED = ‘Edge density’;
LM_diversity = litho-morphological diversity; PME_diversity = phytoclimatic diversity; 21-Arable
land = percentage of arable surfaces.

3.1.3. Characteristic Features and Geographic Distribution of NUTS3 Clusters (1c)

According to the average Silhouette (0.494) and Calinski-Harabasz (234.385) scores,
four NCs were considered (Table 2).

Table 2. Average Silhouette and Calinski-Harabasz scores for numbers of clusters (NC) ranging from
3to6.

NC Average Silhouette Score Average Calinski-Harabasz Score
3 0.439 148.833
4 0.494 234.285
5 0.458 233.141
6 0.416 217.662

A total of 25 NUTS3 belong to cluster 1 (K1), 39 belong to cluster 2 (K2), 37 belong
to cluster 3 (K3) and 28 belong to cluster 4 (K4). Seven outliers were identified and then
removed, six from K1 (with a final total of nineteen NUTS3) and one from cluster K2 (with
a final total of thirty-eight NUTS3). After their removal and algorithm reprocessing, the
clustering performance improved, with an average Silhouette score that increased to 0.531,
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reaching a valid reasonable clustering structure [62,63], and an average Calinski-Harabasz
score that increased to 275.797.
The profile plot of the variables included in the four clusters is shown in Figure 5.

Profile plot (K = 4)
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S ] o
K1 K2 K3 K4

Figure 5. The profile plot of the standardised mean values of the 8 selected variables by cluster
(“Number of patches” (NP); “Patch density” (PD); CLC_art, percentage of artificial surfaces; CLC_agr,
percentage of agricultural surfaces; SWF_D, density of small woody elements; “Edge density” (ED);
LM_diversity, litho-morphological diversity; PME_diversity, phytoclimatic diversity; 21-Arable land,
percentage of arable surfaces.

On average, the NUTS3 belonging to the different clusters are characterised by (Table 3):

e  Kl—a high number of N2K patches, although not with the highest density, inter-
spersed in agricultural matrices with a medium-low SWF density;

e  K2—a medium-high number of N2K patches, with the highest density of patches and
edges, interspersed in natural matrices with the highest SWF density and the highest
litho-morphological and phytoclimatic diversity;

e  K3—a medium-low number of N2K patches, with a medium-low density, interspersed
in agricultural matrices with the lowest SWF density;

e  K4—a small number of N2K patches, which also have the lowest density, interspersed
in natural matrices with a high SWF density but low environmental heterogeneity.

Opverall, according to the between-group variance, the number of N2K patches is the
most discriminating variable between clusters (Figure 6). Apart from this feature, NUTS3
belonging to K1 and K3 share a more rural landscape character, with the dominance of
arable lands and scattered SWF, while those belonging to K2 and K4 show a more natural
landscape character with dense SWE.
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Table 3. Mean and standard error of the mean values for each of the 8 selected variables by cluster
(“Number of patches” (NP); “Patch density” (PD); CLC_art, percentage of artificial surfaces; CLC_agr,
percentage of agricultural surfaces; SWF_D, density of small woody elements; “Edge density” (ED);
LM_diversity, litho-morphological diversity; PME_diversity, phytoclimatic diversity; 21-Arable land,
percentage of arable surfaces).

PD CLC_art CLC_agr SWF_D ED LM_Diversity = PME_Diversity 21-Arable Land
1 0.630 0.037 1.930 0.230
40.001 +0.400

0.046 1.780 0.190 1.160 0.950 0.220
+0.500 +0.050 +0.007 +0.200 +0.015 +0.060 +0.070 +0.026

4 5.860 0.330 0.048 0.450 2.050 0.150 0.850 0.800 0.110
+0.500 +0.060 +0.007 +0.030 +0.220 +0.020 +0.100 £0.070 +0.017

Values are conditionally formatted to highlight the variation in variable means among clusters (from lowest values
in white to highest values in dark green).

Number of patches (NP)
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Figure 6. “Number of patches” (NP) variable distribution among the four clusters.

In terms of geographic distribution (map provided in Appendix A), NUTS3 belonging
to K1 are predominantly located in Mediterranean Spain, especially in inland sectors;
NUTS3 belonging to K2 are predominantly located in mountain or high-hill sectors in
Mediterranean France, where this type is the most widespread, Spain and Italy; NUTS3
belonging to K3 are mainly located in Italy; and those belonging to K4 prevail in Portugal,
as well as in coastal Italy and insular Spain.

3.2. N2K-Related GI Deployment Needs in W Mediterranean Europe (Step 2)
3.2.1. Structural Conditions of Arable Lands and Respective Relationship with the
Detected NUTS3 Typologies (2a)

The SAWF cover density within arable lands in each of the 129 NUTS3 under study,
grouped by quantiles, is shown in Figure 7. The higher the SAWF cover density, the better
the considered arable land structural condition.



Sustainability 2023, 15, 10191

13 0f 33

Small and Additional woody features density (%)
[Jo.0-19

[12.0-30

[31-42

B 43-6.5

Il 6.6-18.7

2 Countries admnistrative borders

.| ] Not embraced countries

'ﬁ# S 3

; Spain (ES)

Figure 7. Small and additional woody features (SAWF) cover density in arable lands by NUTS3
(a white asterisk labels NUTS3 with SAWF densities greater than 10%).

The density of residual natural elements in arable lands is higher than 10% (i.e., the
percentage of agricultural area that should be converted to high-biodiversity landscape
features according to the EU Biodiversity Strategy target) in just 13 NUTS3 out of the total.
These NUTS3 are mostly located in northern Portugal and Mediterranean France, and
7 out of these 13 are characterised by a low proportional extent of arable lands (<5%—see
Appendix B).

As regards the correlation between variables, Spearman statistics showed a significant
negative association between the SAWF cover density and the proportional extent of arable
land (coefficient = —0.55; p < 0.0001), suggesting that sizeable arable lands are likely to
be characterised by intensive cultural practices that caused the disappearance of such
landscape elements.

The verification of the SAWF cover density calculation shows that the density value
calculated from the raster layer differs on average by +0.1 from that calculated from the
vector layer for the eight randomly selected NUTS3. Therefore, the calculation conducted
on the basis of the raster was considered reliable.

The structural conditions assigned to arable lands, according to the categorical classes
of the SAWF cover density, are shown in Table 4, while the frequencies of such classes in
the four NUTS3 typologies are shown in Figure 8.

Table 4. Classes of structural conditions assigned to arable lands according to SAWF cover density.

Quantile Class Range (%) Cii‘g:ﬂ?;“éil?;s Stmlc\tzzieC];Td(iition
1st and 2nd 0-3 Low (L) Unfavourable
3rd and 4th 3.1-6.5 Medium (M) Adequate

5th 6.6-18.7 High (H) Favourable

The test for independence highlights significant differences in the frequencies of SAWF
cover density between clusters (Chi-square value = 20.2; p = 0.003). The significance by cell
(Fisher’s exact test, p = 0.001) shows, in particular, the contribution of each value to the
overall significance of the Chi-square test: the high frequencies of class H in K4, the low
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frequencies of the same class in K3 and the low frequencies of class L in K4 have the most
significant values (p = 0.004, 0.001 and 0.047, respectively). According to the analysis of
residuals (Figure 9), the high frequency of class L in K1 is significant as well (p < 0.05).

SAWF cover density frequencies

w w B ~ vl
Lo wv o w o
| i

relative frequency (%)
8 &

=
[
I

L M H

MKl mK2 mK3 mK4

Figure 8. Relative frequencies of the categorical classes of SAWF cover density by cluster (L = low;
M = medium; H = high).

Residuals (Adjusted)

Cluster SAWEF cover density

Figure 9. Adjusted residuals of the Chi-square test (bars displayed in red are significant at the level
alpha = 0.05; bars displayed in light blue are not significant).
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The overall strength of the association, assessed by Cramer’s V statistic, is equal to
0.280, which indicates a medium-intensity dependence between the variables [81].

These outcomes highlight the expected link between the clustering structure and the
structural conditions of arable land and, especially considering the different behaviour
of class H with respect to class L, suggest the potential role of arable land conditions in
detecting N2K-related GI deployment needs. Namely, when under unfavourable conditions,
arable lands are likely to behave as ecological barriers due to the low SAWF cover density,
whereas, under favourable conditions, they could function as a permeable matrix due to
the higher density of connecting elements (e.g., for woody plant dispersal [16]) (Figure 10).

(a) (b)

Figure 10. Comparison between (a) unfavourable (Foggia NUTS3 in Apulia Region, Italy) and
(b) favourable (Sassari NUTS3 in Sardinia Region, Italy) structural statuses of arable land according
to SAWF cover density. Base map: Google Earth™ imagery.

Furthermore, in order to avoid an under- or overestimation of the potential barrier
effect of arable lands, an unfavourable condition was assumed a priori for arable lands
covering more than 33% (fifth extent quantile) of the respective NUTS3, while a favourable
condition was assumed a priori for arable lands covering less than 5% of the respective
NUTSS3 (first extent quantile).

3.2.2. Total Protected Area by NUTS3 (2b)

The assessment of total conservation lands resulted in the identification of 14 NUTS
with less than 10% of PAs (N2K + national PAs). Seven out of these fourteen belong to
K4, where this deficiency is due to the small number of N2K patches that characterises the
group. On the other hand, six belong to K3 and one belongs to K1, where the gap is due to
the small sizes of protected sites (average area < 16 km?), although numerous, and to the
frequent overlaps between the different protection systems.

3.2.3. General N2K-Related GI Deployment Needs (2c)

On the basis of the previous results, four different GI deployment needs were gener-
alised for individual NUTS3 of the W Mediterranean EU: (a) the need for consolidating
node and link conservation, (b) the need for connection restoration, (c) the need for the
creation of new protected sites and (d) the need for N2K site enlargement.

Priority was given to gaps in conservation lands rather than those in potential connec-
tions between protected sites so that precedence was given to conditions in terms of nodes
rather than links for the definition of prevalent GI needs. For NUTS3 with needs (a) and
(b), no gaps were identified in conservation land.
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(@) Need for consolidating node and link conservation

The detected need for consolidating node and link conservation involves GI deploy-
ment aimed at strengthening efforts to conserve existing network components, which
include both the habitat nodes already protected and the existing links that might ben-
efit from more diffuse conservation measures. Overall, NUTS3 with conservation rein-
forcement needs, predominantly assigned within K2 and K4, show high natural cover
(0.580 + 0.022%) coupled with a high average cover density of SWF/SAWFs (in total or in
arable land only), which suggests the actual occurrence of an effective ecological network
(Figure 11).

According to the assessed occurrence of structural links, these needs were assigned
to all NUTS3 where the resulting arable land conditions are favourable or, alternatively,
to NUTS3 in K2 and K4 (characterised by a low proportional extent of agricultural land
combined with a relatively high SWF density) when the resulting arable land conditions
are adequate.

(b) Need for connection restoration

The detected need for connection restoration refers to GI deployment aimed at
an improvement in the N2K network by placing additional (semi-)natural elements across
the landscape matrix, with a focus on the dominant agricultural matrix and with expected
benefits for both protected habitats and crop productivity.

Overall, NUTS3 with this need, predominantly assigned within K1 and K3, show little
residual natural cover (0.390 £ 0.019%) coupled with a low cover density of SWF/SAWFs
(in total or in arable land only), which may mean a lack of GI components potentially acting
as ecological links (Figure 12).

K2 NUTS3 (Ourense, Spain) (]
N2K patches
Small woody features |
Additional woody features 1l
Artificial surfaces

Agricultural surfaces

Natural surfaces

Figure 11. Cont.
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K4 NUTS3 (Vibo Valentia, Italy) (]
N2K patches
Small woody features |
Additional woody features |
Artificial surfaces

Agricultural surfaces

Natural surfaces

Figure 11. Examples of NUTS3 with a need for consolidating node and link conservation: (a) Ourense
(Spain) and (b) Vibo Valentia (Italy). Base map: Google Earth™ imagery.

K1 NUTS3 (Rome, Italy) [
N2K patches
Small woody features |
Additional woody features [l
Artificial surfaces

Agricultural surfaces

Natural surfaces

Figure 12. Cont.
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K3 NUTS3 (Benevento, Italy) (]
N2K patches
Small woody features |
Additional woody features [l
Artificial surfaces

Agricultural surfaces

Natural surfaces

(b)
Figure 12. Examples of NUTS3 with a need for connection restoration: (a) Rome (Italy) and
(b) Benevento (Italy). Base map: Google Earth™ imagery.

According to the current structural link occurrence, these needs were assigned to all
NUTS3 where the resulting arable land conditions are unfavourable or, alternatively, to
NUTS3 in K1 and K3 (characterised by a high proportional extent of agricultural land
combined with a relatively low patch and overall SWF density) when the resulting arable
land conditions are adequate.

(c) Need for the creation of new protected sites

Due to a lack of an adequate proportion of protected natural areas, the need for the
creation of new protected sites was detected in NUTS3 characterised by few N2K patches,
despite the high coverage of natural habitat (i.e., those in K4), and with a proportional
extent of the total protected area below the critical threshold of 10%. For these NUTS3, the
establishment of new protected areas may be a feasible intervention due to the availability
of natural habitats and may easily allow the minimum conservation target to be reached
(Figure 13).

(d) Need for N2K site enlargement

Still in terms of the 10% total protected area threshold, similar criticalities were found
in NUTS3 with a higher coverage of agricultural lands (i.e., those in K1 or K3). In this
case, the scarce availability of natural habitats prevents the establishment of new protected
areas. As a result, and also considering the extremely small size of N2K areas (average
area < 16 km?), the need for N2K site enlargement was recognised. To mitigate pressures
from widespread agricultural practices, this action could also be implemented by defining
buffer zones around N2K patches in which to promote restoration interventions and climate
change adaptation practices (Figure 14).
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K4 NUTS3 (Leziria do Tejo, Portugal)
N2K patches

Other protected areas

Small woody features

Additional woody features
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Figure 13. Example of NUTS3 with a need for the creation of new protected sites: Lezira do Tejo
(Portugal). Base map: Google Earth™ imagery.

K1 NUTS3 (Lecce, Italy) []
N2K patches ea
Other protected areas  [_J
Small woody features |
Additional woody features [l
Artificial surfaces

Agricultural surfaces

Natural surfaces

Figure 14. Example of NUTS3 with a need for N2K site enlargement: Lecce (Italy). Base map: Google
Earth™ imagery.
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The geographic distribution of the detected N2K-related GI deployment needs is
shown in Figure 15.

‘"’ N2K-related GI deployment needs
e [ Consolidating node and link conservation
[ Connection restoration

[ Creation of new protected sites
[ N2K sites enlargement
2 Countries admnistrative borders

444444

France (FR); / ; 5

%
Portugal (PT) /mz. =
>

Figure 15. Geographic distribution of the detected N2K-related GI deployment needs in W Mediter-
ranean Europe. Base map: Google Earth™ imagery.

Overall, the prevailing need for consolidating node and link conservation was identi-
fied for 52 NUTS3 (40%), primarily belonging to K2 and K4, which dominate Mediterranean
Portugal and France and are widespread in the mountain and high-hill sectors of Spain and
Italy. The prevailing need for connection restoration was identified for 63 NUTS3, which is
about 49% of the total, mainly located in Mediterranean Spain and Italy and belonging to K1
and K3. The need for the creation of new protected sites, identified for seven NUTS3 (5.5%),
prevails in Portugal and is located exclusively in K4 NUTS3. Lastly, the need for N2K site
enlargement was identified for seven NUTS3 (5.5%) and is exclusive of Mediterranean Italy,
mostly in the south and in K3 NUTS3.

According to the share of NUTS3 types for each GI deployment need (Table 5), the
cluster /need relationships are graphically represented in the radar plot in Figure 16.

Table 5. Number of NUTS3 with specific GI deployment needs per cluster (NUTS3 type).

GI Needs
Consolidating Node and Connection N2K Site New Protected
Link Conservation Restoration Enlargement Site Creation

K1 5 19 1 0

g K2 2 17 0 0
5 K3 8 22 6 1
K4 17 5 0 6

Total 52 63 7 7
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Figure 16. Relationship between detected clusters of NUTS3 and detected GI deployment needs.

The official NUTS3 codes, with the respective clusters to which they belong and the
recognised GI deployment needs, are listed in Appendix C.

4. Discussion

To define the type and distribution of N2K-related GI deployment needs in W Mediter-
ranean Europe, a multistep process was developed, which was divided into coarse- and
fine-filter analyses, in line with previous research approaches [82-84].

By means of this preliminary wide-scale investigation, four different types of GI de-
ployment needs were recognised and generalised at the NUTS3 level, which may facilitate
the selection of priority areas in which to intervene for an effective improvement in the
N2K network [9,85] before designing tailored actions at more local scales.

Following the identification of a number of contiguous NUTS3 with the same need,
it also becomes possible to facilitate the selection of macro-areas for the construction or
formalisation of a Trans-European Nature Network (TENN) [6,8]. For example, most of the
detected needs are for connection restoration, and several neighbouring NUTS3 with this
same requirement could lead to the selection of priority trans-country pathways (e.g., across
contiguous NUTS3 in Spain and Portugal) [86]. On the other hand, the high conservation
value of Mediterranean France and of the Italian Ligurian coasts has the potential to serve
as an ecological corridor between the more anthropised NUTS3 in the rest of peninsular
Italy and Spain, especially considering the good number of primary forests (i.e., forests
having a high naturalness) still remaining in the sector [87,88].

Furthermore, our findings support the evidence that land biophysical features fre-
quently predispose the area to different structural and functional ecological network con-
ditions [16,89], which should prompt the combination of different intervention strategies
based on the initially identified “ecological performance” [90]. For example, conservation
reinforcement needs, as well as most of the protected areas, are mostly found in mountain
or high-hill sectors, where the lack or abandonment of agricultural practices may have
contributed less to habitat fragmentation [91,92]. On the contrary, most of the need for
connection restoration is found in NUTS3 with abundant plain or low-hill areas, confirming
the morphological predisposition of these sectors to the development of pervasive agricul-
tural practices [22-24] and to urbanisation [93]. This result is certainly influenced by the
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adopted criteria but stresses the need to also consider the difference between the actual
and potential cover of natural ecosystems during the prioritisation process [94]. In fact, as
previously observed at more local scales [16], focusing directly on the spatial patterns of
remaining habitats resulted in some sectors being ranked with a low priority in terms of
reconnection, but only because they actually lack adequate natural cover.

Overall, the investigation was useful in understanding the N2K network GI deploy-
ment needs and how these are distributed across W Mediterranean Europe but is likely to
be insufficient to suggest locally tailored GI conservation and restoration actions. In fact,
a clear understanding of the complexity of the current ecological network, the assessment
of ecological connection gaps [95] and the identification of specific priority sites to be
preserved require finer spatial and thematic scales of analyses [96].

Taking this limitation into account, the detected need for consolidating node and
link conservation allowed a NUTS3 group with potentially adequate N2K patch coverage
and connectivity to be identified. In these NUTS3, more detailed conservation status as-
sessments [94,97] and the identification of important biodiversity areas [98-100] should
therefore be performed at the local scale to identify and prioritise specific conservation
actions. Moreover, the fragmenting effect of artificial surfaces should be considered, be-
sides that of agricultural land, especially for those NUTS3 with widespread urban areas
(e.g., Naples and Caserta NUTS3 in Italy) [101].

The detected need for connection restoration highlights a group of NUTS3 that are
potentially critical in terms of ecological connectivity. However, the identification of
patches for effective reconnection requires the habitats and species occurring in N2K sites
to be explicitly considered [102], intra- and inter-site fragmentation to be assessed [103],
and structural and functional connectivity to be measured [16,100]. Since connectivity,
especially in functional terms, is a species-specific landscape attribute [104], only studies
that consider the specific needs of animal and plant organisms can propose coherent and
targeted intervention strategies. In this case, due to the spatial extent of the study area,
fine-scale connectivity analyses would have taken excessively long and would have gone
beyond the aims of a preliminary investigation.

On the other hand, the detected need for the creation of new protected sites char-
acterises a NUTS3 group lacking an adequate proportion of protected natural surfaces,
i.e., below the critical 10% coverage threshold [79,80]. In order to maintain adequate biodi-
versity protection, each country is actually required by the international Convention on
Biological Diversity to protect at least 10% of its total land area [105]. Even so, we demon-
strate that several NUTS3 in W Mediterranean Europe (i) fail to achieve this minimum level
of nature protection and (ii) are far from the target of protecting 30% of the land by 2030 set
by the EU Biodiversity Strategy [10]. Not surprisingly, these gaps were found especially in
Portugal where, along with Cyprus, Malta, Luxembourg and the Netherlands, terrestrial
protected areas are very few in number (<500) and have a proportional extent lower than
the EU average (22 vs. 28%, respectively) [106].

Likewise, the detected need for N2K site enlargement highlights NUTS3 with a total
protected area of less than 10% but combined with typically small N2K patches (average
area < 16 km?) that are mostly interspersed in a homogeneous agricultural matrix. As
a result of the reduced presence of residual natural habitats, site enlargement may be better
pursued in these cases, for example, by creating a buffer zone to mitigate the pressure
from agricultural practices. The negative impact of the urbanisation and intensification
of agricultural activity close to N2K sites has already been highlighted, but clear EU
legislation on eligible land uses in N2K buffer areas is lacking and thus not preventing the
loss of supporting ecosystems services provided by the network [107]. There is therefore
a particular need to define and regulate when and how to incorporate buffer areas for
enhancing the functionality of N2K sites.
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This preliminary wide-scale investigation also allowed the structural condition of
arable land in the W Mediterranean Europe to be assessed. According to the latest EU
guidelines on ecosystem condition assessment [69], the arable land structural status was
evaluated through the quantification of the SAWF cover density. As far as is known, this
assessment is the first of its kind, offers a quite easy and fast calculation method even for
very large areas and may contribute to achieving the target of converting at least 10% of
agricultural areas to high-diversity landscape features [10]. The implementation of this
last action actually emerged as a priority in W Mediterranean Europe NUTS3, considering
that (i) despite the lack of comparison with other biogeographical regions, only 13 out
of the 129 investigated NUTS3 (about 10%) have an SWF cover density above the EU
target threshold, and (ii) the extent of arable land is inversely correlated with the SAWF
cover density in NUTS3. Although predictive models would have provided more precise
information on potential causality, these findings confirm the evidence that agriculture
intensity represents a major cause of the loss of natural landscape elements [31-34] and
suggest that the greater the arable land area, the more restoration actions required.

Despite these valuable insights, some considerations should be made about the
methodology, especially as regards the adopted basic data. First, the available SWF
layer [47] does not include the elements falling under permanent crops, even though
these agricultural areas may represent an important “refuge” for biodiversity [108,109].
Second, accounting for only 30% of the total landscape features, SWF are not the only
natural factor characterising “diffuse naturalness” in agricultural settings [18,67]. However,
taking other small landscape features into account besides woody ones could result in
unrealistic assessments of agroecosystem conditions. The very intensive agricultural matrix
of the Po Valley in north-east Italy, for example, was found to have one of the highest
densities of linear landscape elements in Europe due to grass ditches, despite the very poor
conservation status of all the existing ecosystems and of the overall ecoregion [110,111].

Third, although the degree of naturalness affects their capacity to provide ecosystem
services [112,113], the mapped SWF are not distinguished in terms of quality, e.g., according
to the share of native plant species [16,114,115]. The present investigation should therefore
be complemented with a finer SWF condition assessment, and, in general, the need to
harmonise the understanding of the definition and type of these residual landscape features
at the EU level has been confirmed [116].

5. Conclusions

This wide-scale preliminary investigation served as an initial filter to select priority
areas for the effective improvement of the EU N2K network before intervening with tailored
actions at the local level. Since the criteria for selecting these areas are usually comprised
of various contrasting factors, our results could guide, with scientific backing, some of
the choices regarding W Mediterranean Europe. The four detected GI deployment needs
summarise the current status of the N2K network and highlight its main vulnerabilities,
while the representation of their geographical distribution will allow these needs to be
integrated into broader and more ambitious conservation strategies. This research also
emphasised the role of agricultural land in preventing or promoting the structural coherence
of the N2K network, as well as the relevance of small woody features in defining the
conditions of this landscape component. Lastly, although useful for a preliminary GI
priority setting and despite their high spatial resolution, the shortcomings related to
European-level data were highlighted with respect to truly effective actions to be designed
at more detailed scales.
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artificial surfaces; CLC_nat = percentage of natural surfaces; ED = edge density; GI = Green Infrastruc-
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diversity; MA = mean area; NC = number of clusters; NP = number of patches; N2K = Natura2000;
NUTS3 = territorial units for statistics at the third level; PA = protected area; PD = patch density;
PME_diversity = phytoclimatic diversity; SWF/AWEF_D = density of small and additional woody
elements; SWF_D = density of small woody elements; SAWF = density of small and additional woody
features in arable lands; 21-Arable land = percentage of arable land surfaces.

Appendix A

Detected clusters (NUTS3 typologies)
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Figure Al. Geographic distribution of the four detected clusters (NUTS3 typologies) in the study
area. Base map: Google Earth™ imagery.
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Appendix B

Arable land proportional extent (%)
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Figure A2. Proportional extent of arable land, arranged into five quantiles by NUTS3. Base map:
Google Earth™ imagery.

Appendix C

Table A1. NUTS3 codes, areas, clusters to which NUTS3 belong and main recognised GI deployment
needs (conservation = need for consolidating node and link conservation; restoration = need for
connection restoration; site enlargement = need for N2K site enlargement; new site creation = need
for the creation of new protected sites).

NUTS3 Code Area (km?) Cluster GI Deployment Need
ES241 15,636 1 Restoration
ES242 14,810 1 Restoration
ES243 17,271 1 Restoration
ES412 14,291 1 Restoration
ES416 6924 1 Restoration
ES418 8110 1 Restoration
ES422 19,814 1 Restoration
ES423 17,141 1 Restoration
ES425 15,367 1 Restoration
ES431 21,762 1 Restoration
ES432 19,868 1 Conservation
ES514 6297 1 Restoration
ES620 11,305 1 Restoration
FRK23 6559 1 Restoration
FRLO04 5224 1 Conservation
FRMO02 4693 1 Conservation
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Table A1. Cont.

NUTS3 Code Area (km?) Cluster GI Deployment Need
ITF22 2912 1 Restoration
ITF45 2752 1 Site enlargement
ITI43 5351 1 Restoration
ES220 10,391 2 Restoration
ES230 5046 2 Conservation
ES413 15,581 2 Restoration
ES414 8051 2 Restoration
ES417 10,306 2 Restoration
ES419 10,559 2 Restoration
ES421 14,923 2 Restoration
ES511 7730 2 Conservation
ES512 5909 2 Conservation
ES521 5811 2 Restoration
ES523 10,805 2 Conservation
ES532 3625 2 Restoration
ES612 7428 2 Restoration
ES615 10,125 2 Restoration
FRJ11 6344 2 Conservation
FRJ12 5837 2 Conservation
FRJ13 6231 2 Conservation
FRJ15 4138 2 Conservation
FRK22 5566 2 Conservation
FRLO1 6994 2 Conservation
FRLO3 4296 2 Conservation
FRLO6 3579 2 Conservation
ITC34 879 2 Conservation
ITF21 1521 2 Restoration
ITEF31 2640 2 Conservation
ITE33 1168 2 Conservation
ITF51 6542 2 Restoration
ITF61 6647 2 Conservation
ITG11 2454 2 Restoration
ITG12 4989 2 Restoration
ITG13 3236 2 Conservation
ITG17 3550 2 Restoration
ITG19 2103 2 Restoration

ITG2H 6536 2 Conservation
IT112 1775 2 Conservation
ITI1A 4500 2 Conservation
1T141 3612 2 Restoration
IT142 2745 2 Conservation
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Table Al. Cont.

NUTS3 Code Area (km?) Cluster GI Deployment Need
ES300 8029 3 Restoration
ES411 8050 3 Restoration
ES415 12,350 3 Restoration
ES522 6630 3 Conservation
ES611 8770 3 Restoration
ES614 12,646 3 Restoration
ES617 7306 3 Restoration
ITC31 1154 3 Conservation
ITC32 1548 3 Conservation
ITC33 1835 3 Conservation
ITF11 3183 3 Restoration
ITF32 2069 3 Restoration
ITF34 2791 3 Restoration
ITE35 4920 3 Restoration
ITF44 1836 3 Site enlargement
ITF46 6956 3 Restoration
ITF47 3823 3 Restoration
ITE52 3443 3 Site enlargement
ITF63 2389 3 Site enlargement
ITG14 3036 3 Site enlargement
ITG15 2131 3 Restoration
ITG16 2562 3 Restoration
ITG18 1613 3 Site enlargement
ITG2D 7692 3 Conservation
ITG2E 5643 3 Conservation
ITG2G 2992 3 Conservation
ITI14 3513 3 Site enlargement
ITI16 1207 3 Restoration
1Tz 2444 3 Restoration
ITI19 3819 3 Restoration
ITI22 2124 3 Restoration
IT144 2246 3 Restoration
ITI45 3066 3 Restoration
PT150 4961 3 Conservation
PT16E 4329 3 New site creation
PT170 2816 3 Restoration
PT187 7396 3 Restoration
ES113 7272 4 Conservation
ES531 646 4 Conservation
ES533 686 4 Conservation
ES616 13,496 4 Conservation
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Table Al. Cont.

NUTS3 Code Area (km?) Cluster GI Deployment Need
ITF43 2434 4 Restoration
ITF48 1529 4 Restoration
ITF62 1714 4 Restoration
ITF64 1139 4 Conservation
ITG2F 1248 4 Conservation
ITI11 1155 4 Conservation
ITI3 964 4 New site creation
ITI15 366 4 Conservation
PT119 1452 4 New site creation
PT11B 2922 4 Conservation
PT11C 1828 4 Conservation
PT11D 4030 4 Conservation
PT11E 5542 4 Conservation
PT16B 2213 4 New site creation
PT16D 1637 4 New site creation
PT16F 2447 4 Conservation
PT16G 3237 4 Conservation
PT16H 4610 4 Conservation
PT16l 3345 4 New site creation
PT16] 6302 4 Conservation
PT181 5207 4 Conservation
PT184 8540 4 Restoration
PT185 4267 4 New site creation
PT186 6085 4 Restoration
ES424 12,210 1 (clustering outlier) Restoration
ES513 12,171 1 (clustering outlier) Restoration
ES618 14,035 1 (clustering outlier) Restoration
FRLO05 6023 1 (clustering outlier) Conservation

FRMO01 4004 1 (clustering outlier) Conservation
ITF65 3176 1 (clustering outlier) Restoration
ES613 13,772 2 (clustering outlier) Conservation
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