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Abstract: The ongoing biodiversity crisis necessitates greater efforts to ensure the adequate
conservation of critical habitat types. Even though the identification of protected areas is still required
in Europe, conservation efforts are now focusing on management requirements for protected areas
and habitat types. Establishing effective management approaches is important for the conservation of
the natural and semi-natural habitat types that are identified under the Habitats Directive framework.
In this study, we propose a methodology for determining priorities in the conservation management of
habitat types based on readily available data. This method relies on four simple criteria to rank habitat
types, which includes: conservation condition, biodiversity value, pressure factor, and the cover
relevance of habitat types (indicating regional responsibility in terms of area covered). After ranking
the habitat types based on the sum of the scores given to all of the criteria, the 25% top-ranking habitat
types were prioritized. The pressure factors are analyzed using cluster analysis to better convey
information regarding the management needs of groups of habitat types. This prioritization method
was tested in habitat types occurring within the Italian Alpine and Continental biogeographical
regions. From this analysis, forests, bogs and fens, and dry grasslands were identified as conservation
priorities for the Alpine region; meanwhile, a wider variety of habitat types were identified for the
Continental region. Important pressure factors were identified (e.g., roads and motorways) for these
two biogeographical regions of Italy, which could be used to suggest specific conservation measures.
The proposed approach represents a transparent and reliable method for outlining habitat-type
priorities based on conservation, biodiversity, pressure, and cover factors, which can be applied to
identifying conservation measures that can help achieve biodiversity targets.

Keywords: biodiversity conservation; conservation status; conservation management; prioritization;
Natura 2000; biodiversity indicator

1. Introduction

The ongoing global biodiversity crisis (e.g., loss of species, habitat degradation) and lack of
adequate funding to address the issue, highlights the need for a greater prioritization of conservation
efforts, in order to ensure the protection of natural and semi-natural habitat types. An increasing
number of political efforts are being undertaken worldwide in an attempt to stop the loss of
biodiversity [1]. Within Europe, protecting biodiversity is viewed as a critical policy objective, and
European Union (EU) member states have been at the forefront of many local, regional, and global
conservation initiatives [2].

In 1992, the European Commission adopted the Habitats Directive (Directive 92/43/EEC),
which is considered to be the most important European legislative accomplishment with respect
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to biodiversity conservation [3,4]. The Directive aims to protect European natural and semi-natural
habitat types, flora, and wildlife, with a specific focus given to habitat types and species that are
defined as being of “Community interest”. The Habitats Directive defines habitat types as “terrestrial
or aquatic areas distinguished by geographic, abiotic, and biotic features, whether entirely natural
or semi-natural”, and are commonly described through phytosociological units, with some smaller
number being described as landscape units [5]. The habitat types and species of “Community interest”
for which protection and restoration measures are needed are listed in Annex I, II, IV, and V (see the
Habitats Directive for specific definitions). To safeguard these species and habitat types, the Directive
calls for the establishment of protected sites that form the Natura 2000 network, which is one of
the largest conservation areas worldwide [6,7]. Article 17 of the Directive requires member states to
periodically report (i.e., every six years) on the conservation status of habitat types and species and
on the conservation measures undertaken in their territory. These data must be reported for each of
the nine terrestrial and five marine biogeographical regions, following a standard methodology and
format [8].

According to the latest EU composite report based on these national reports, 30% of habitat types
and 18% of species assessments have a bad conservation status at the EU level [9]. In the most recent
assessment, changes were made in the information collection method, which resulted in the availability
of more accurate data [9]. Despite this improvement, several important flaws in the assessments have
been identified with respect to information on habitat types and species. These include the difficulty
in acquiring accurate information [10,11], deficient classifications [12], and the use of non-objective
methods (e.g., expert opinion), which makes comparisons between countries and reporting periods
difficult [13,14]. However, the use of additional methods (e.g., models) in addition to field data may
help improve the accuracy and usefulness of these assessments [15], and countries are improving their
efforts towards the direct monitoring of habitat types and species [16,17]. Indeed, much progress is
still needed both for species and habitat types in terms of the accuracy and availability of updated data.
Furthermore, target 1 of the EU 2020 Biodiversity Strategy requires that 100% or more of habitat-type
assessments and 50% or more of species assessments be favorable or improving when compared
with the composite report for the 2001-2006 period [18]. Therefore, when comparing these objectives
with the results of the latest EU composite report, there is still a great need for improvement in their
conservation status [9].

Conservation problems and negative trends should be addressed by: identifying the main
pressures that require management measures, prioritizing the issues to be addressed, and effectively
planning the measures that will be taken. A number of studies conducted in the EU have investigated
the Natura 2000 network to identify the gaps, effectiveness, and representativeness of current
conservation efforts at multiple spatial scales. These studies have underlined a number of priorities,
both in terms of the taxa and geographic areas that need to be better addressed [4,19-23]. Furthermore,
many different approaches for species conservation prioritization have been proposed [24-27].
However, relatively little focus has been given to the habitat types, their pressure factors, and the
conservation measures that are required to achieve or maintain good conservation status.

Habitat types are usually ranked by the biodiversity value of their plant communities [28,29]
and the national responsibility for each habitat type [14,30]. For example, Bacchetta et al. [31] ranked
habitat types based on their endemic plant richness and related priority index value. Attention has
frequently been focused on assessing habitat-type conservation priorities at the scale of the Natura
2000 sites and network levels [32-34]. For example, Mikkonen and Moilanen [35] used the Zonation
framework and software, which is a spatially explicit modeling tool, to identify areas of conservation
priority within the Natura 2000 network. Other approaches have considered multiple criteria, used
scoring methods, and applied specific decision rules to indicate conservation priorities and focused
on habitat vulnerability [25,28,36]. These approaches focus on identifying the habitat types or species
that are most in need of conservation; other approaches have focused on what conservation benefits
could be most quickly achieved at the biogeographical level i.e., the “low-hanging fruit” approach [37].
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Most of these approaches focus on prioritizing conservation among habitat types, but lack a direct
link to the pressures influencing the conservation status of habitat types, and possible conservation
measures [38,39]. A large variety of human activities occur in Natura 2000 sites, which may introduce
various pressures to different habitat types [40]. Furthermore, novel approaches should consider data
availability together with the assessment requirements of the Habitats Directive, while taking into
account the spatial scale that would be appropriate for the regulatory framework. Under the Habitats
Directive, several spatial scales are important for administrative and management reasons, including:
the EU, biogeographical regions, EU member states, Natura 2000 sites, and cross-cutting combinations
of scale (e.g., biogeographical regions of an EU member state). Despite this, identifying priorities
across administrative scales is difficult [41]. In the context of the Habitats Directive, future actions
should prioritize conservation measures to attain and maintain the favorable conservation status of
habitat types and species [42]. Indeed, there is a demand for scientific support to identify conservation
priorities and feasible management options [43—46].

The objectives of this study are to develop a simple method for prioritizing the conservation
of natural and semi-natural habitat types, and help suggest appropriate conservation management
measures. The proposed approach ranks habitat types based on their combined evaluation according
to four criteria: (i) conservation condition; (ii) biodiversity value; (iii) pressure factor; and (iv) cover
relevance (indicating regional responsibility in terms of area covered by the habitat type). Scores are
assigned to the parameters of each criteria by capitalizing on data available from assessments under
Article 17 of the Habitats Directive. After selecting the top 25% ranked habitat types, an in-depth
analysis was used to determine the most dominant and cross-cutting pressure factors in order to
identify which specific conservation measures to apply. The proposed methodology was then tested
in the Alpine and Continental biogeographical regions of Italy in order to identify the conservation
management priorities for the habitat types of these areas.

2. Materials and Methods

2.1. Study Area

The method was tested for the habitat types occurring within the Alpine and Continental
biogeographical regions of Italy (Figure 1). The Alpine biogeographical region covers the Italian
Alpine range and two relatively small areas in central Italy within the Apennines (i.e., Maiella massif
and Gran Sasso mountain). This biogeographical region covers around 51,000 km? in Italy. The last
national report [47] assessed 76 habitat types, 47 plant species, and 116 animal species listed in Annex I,
II, IV, and V. The most represented habitat-type category was forests (26), followed by grasslands (13),
freshwater habitats (12), and rocks and screes (9).

The Continental biogeographical region covers the Po plain and parts of the Adriatic coast.
This biogeographical region covers around 88,000 km?. The last national report assessed 83 habitat
types, 38 plant species, and 124 animal species listed in Annex I, II, IV, and V [47]. The most represented
habitat-type category was forests (21), followed by grasslands (13), freshwater habitats (12), and
dunes (9).
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Figure 1. The Alpine and Continental biogeographical regions of Italy used to test the proposed method.

2.2. Methodological Framework

Our approach was based on a multi-criteria decision framework, which has been widely adopted
to help solve environmental planning and management issues [48]. Multi-criteria analysis enables
the quantification and scoring of quantitative and qualitative criteria and parameters to efficiently
achieve transparent results, such as ranking different decision options [49]. After selecting criteria
and parameters, the assessment of each criterion was derived as the sum of assigned scores to the
values that were recorded to each parameter. Scores were then standardized to a given value range to
enable comparisons. Finally, ranking was made possible by summing the total scores assigned to the
different criteria.

The method that was applied to identify habitat-type conservation priorities was based on a set of
four criteria. These criteria were: (i) conservation condition; (ii) biodiversity value; (iii) pressure factor;
and (iv) cover relevance (Figure 2 and Table 1). All of these criteria are related to specific parameters
derived from the official data reported to the European Commission by Italy; this data is presented and
summarized in Genovesi et al. [47]. Member States’ reports under Article 17 for all of the species and
habitat types can be found at http://bd.eionet.europa.eu/activities/Reporting / Article_17. This data
is the most comprehensive currently available for habitats of “Community interest”.
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Table 1. Summary of the selected criteria with information on their total ranges prior to rescaling, parameters (their values and related scores), reference to studies
adopting similar approaches, and applied equations.

Possible Range before Rescaling ~ Studies Adopting
Criteria Parameters Values Scores . . Similar Criteria Equation
Alpine Continental or Parameters
Range (R) Favorable 0
Conservation Area (A) Unknown 0.33 1 B
condition Structure and functions (S) Inadequate 0.66 04 04 [25,35,37] CCi=Ri+A;+5;+F, (1)
Future prospects (F) Bad 1
Priority (P) No 0
riori
Yes 1
Annex V 0.25
Species of the Habitats Annex IV 0.5
Directive Annexes (HD) Annex II 0.75
Biodi . Priority Annex II 1
iodiversi 2 - p. 3 3 3
e ty Least Concern 01 0—co 000 [28,35,50,51] CV; = P; + THD;; + LRl + YEjj, (2)
Near Threatened 0.2
Red list species (R1) Vulnerable 0.3
Endangered 0.4
Critically Endangered 0.5
. . No 0
Endemic species (E)
Yes 0.5
Pressures (p) Low 0.33
Pressure factor P Medium 0.66 0—c0 0-c0 [33,52] 3 PF; = Yp(Py) + Y(Ty), (3)
Threats (t) .
High 1
Cover relevance Cover relevance (CR) Area proportion 0-1 0-1 0-1 [25,30,53,54] 4CR;=Aci/Ari, (4)

1 CC; is the conservation condition of habitat type i, R is the score assigned to the range of habitat type i, A is the score assigned to the area covered by habitat type i within its range and
with reference to a favorable reference area, see Evand and Arvela [8]; S is the score assigned to the structure and function of habitat type i, F is the score assigned to the future prospects of
habitat type i; 2 CV; is the conservation value of habitat type i, and is the score assigned depending on whether it is a priority habitat type (P), and the sum of the scores for all species j in
the Habitats Directive Annexes (HD), in the national red list (Rl), and whether there are endemic species (E); 3 PF; is the pressure factor of habitat type i, Py; is the pressure score for habitat
type i and pressure p, and T, is the threat score for habitat type i and threat ¢; * Cover relevance (CR;) of habitat type i is the score derived from the proportion of the area covered within
the country of analysis (Ac) and the area covered at the EU level (At) for the same biogeographical region.
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Figure 2. Stages for identifying habitat-type conservation priorities.

The value of each criterion was standardized to enable comparisons, with the value of each criteria
scaled by the highest value assigned by Cain and Harrison (1958) as cited in [55], with the result of
each criterion being rescaled from 0 to 1. This procedure does not alter the relative distance among
the values recorded for the criteria, and the value ranges are then comparable across criteria [33].
The current method assigned equal weight to each criterion and parameter; therefore, there is no
hierarchy between criteria, thus representing a neutral perspective. As an alternative, different weights
could be assigned to reflect an a priori assumption of the relative importance of the different criteria.

Varying numbers of parameters were used for the different criteria, depending on available
information and their significance for habitat-type prioritization. This variability in the number
of parameters between criteria is commonly observed in multi-criteria analysis applications [33].
Each parameter was valued through a scoring approach, as detailed in Table 1, which follows an
approach adopted in other studies [56]. These scores were equally spaced for each parameter in
order to represent an equal relationship between the values, and higher scores represented a higher
conservation priority for that specific parameter.

The final score of the criteria was derived from the scalar value of the summed values assigned to
the parameters. These criteria were then used to detect priorities by identifying the habitat types “most
in need”, which were those habitat types for which prompt management action is most important,
as determined by the sum of linear combinations.

2.2.1. Conservation Condition

Conservation condition is commonly used to prioritize species and habitat conservation [25,35].
EU member states are required to report on the conservation status of the habitat types that are
listed in Annex I. The overall conservation status of one habitat type in a biogeographical region
derives from separate evaluations of four parameters: range, area, structure and functions, and future
prospects [8]. In this assessment, each parameter was assigned one of four classes: FV = “Favourable”,
Ul = “Unfavourable/Inadequate”, U2 = “Unfavourable/Bad”, and XX = “Unknown”. We assigned
a lower score to “Unknown” values, given that a lack of data may represent the need for more
monitoring, rather than a biodiversity priority requiring management measures. However, such an
approach could have drawbacks in areas that are both data scarce and at conservation risk.

2.2.2. Biodiversity Value

Habitats are indicators of biodiversity [57]; therefore, when prioritizing conservation efforts, it is
important to underline the significance of different habitat types in terms of biodiversity conservation
values. Habitat types (and species) listed in the Habitats Directive are differentiated between priority
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(identified with an asterisk) and non-priority. Priority habitat types are those considered to have
added biodiversity value, which according to Article 1 are “in danger of disappearance” and are
considered to be of “particular responsibility” for EU member states. However, this definition of
the most vulnerable habitat types [25] does not always match with vulnerability at the regional and
national level. For example, habitat type 4070* bushes with Pinus mugo and Rhododendron hirsutum
(Mugo-Rhododendretum hirsuti) is identified as a priority by the Habitats Directive, but usually not at
the alpine level, due to its wide regional distribution. In this study, we screened the list of typical
species reported for the single biogeographical regions of Italy to identify species listed in Annex II, IV,
and V of the Habitats Directive and in the national Red List.

2.2.3. Pressure Factor

Pressure factors are defined here as external factors that act with a detrimental effect on the
habitat type. To derive the pressure factor criterion, we considered the list of pressures and threats
that can affect the habitat types that are used for reporting under Article 17. This list is derived from a
combination of different lists reporting specific actions that can be detrimental [58]. While pressures
refer to factors currently affecting the habitat type (i.e., during the reporting period), threats are factors
that are expected to affect the habitat type in the near future [8]. For each identified pressure, whether
current or future, the assessment assigned three possible categorical values, taking into consideration
the intensity and area of influence.

2.2.4. Cover Relevance

The cover relevance criterion is related to the geographical distribution of the different habitat
types; it derives from the area covered by the habitat type. This criterion is similar to that of the
regional [55] and national [14] responsibility approaches. Cover relevance indicates how much area
is covered by the habitat type in that country’s biogeographical region compared to the total area
reported for the same biogeographical region. Therefore, higher scores indicate a higher responsibility
for the member state toward the conservation of the habitat type in the biogeographical region.

2.2.5. Total Habitat Type Score

After the schematic computation of each criterion and the standardization of their value
(i-e., between 0-1), the total score for habitat types was calculated. This calculation was made using the
sum of the scores of the four criteria for each habitat type. Therefore, the final value varied between 0
and 4, with higher scores indicating a higher conservation priority. Following this, each habitat type
was ranked based on this value. Making rankings based on the sum of scores for a set of criteria is a
commonly applied method for identifying priorities [25].

To examine the impact of ranking habitat types based on a unique set of scores for the
different parameters, a sensitivity analysis was performed by using two alternative score schemes.
We recalculated total scores for the habitat types using a set of scores representing two alternatives:
one exacerbating the differences between values, and one giving a stronger importance to unknown
information and to species of conservation concern. Recalculating scoring outcomes is important to
make decision makers aware of the impact that assumptions have on this prioritization approach.

2.2.6. Habitat Type and Pressure Prioritization

To identify pressures that can help determine management actions for habitat types of
conservation priority, the top-ranking habitat types (25% of the total) were selected. The selection of
the top 25% is a subjective decision, and could vary based on political, social, and economic objectives
or constraints.

However, it is also important to consider that a single pressure factor can impact several habitat
types; therefore, tackling a single pressure can have beneficial effects on several habitat types. A cluster
analysis was also performed to assess whether there were groups of habitat types subjected to similar
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pressures, which could allow the formulation of conservation measures that would have benefits
across multiple habitat types [54]. This analysis was made using ordinal data that corresponded to
the different degrees of pressure and threats (i.e., the raw values assigned to pressures and threats
according to scores as in Table 1 without their scaling). The scores given to each pressure and threat
for each habitat type were then summed to a unique value representing all of the pressure factors for a
single habitat type. All of the analyses were performed using the R statistical program [59]. We used
the city-block distances by applying the “Manhattan” metric, where the distances are the sum of the
absolute differences. The use of city-block distance is the most appropriate approach when variables
are on an ordinal scale [60]. The data was then analyzed as an agglomerative hierarchical clustering by
using Ward’s clustering method. To assess which pressure factors should be prioritized, we identified
the pressure factors that were shared by groups of habitat types. First, we identified the most common
pressure factors (i.e., those that affected more than 50% of the habitat types), and then we identified
groups from the cluster analysis that adequately represented these habitat types. To investigate which
pressure factors defined these groups, we applied the indicator value analysis [61]. We used the
“multipatt” function, which evaluated the association between pressure patterns and combinations
of groups of habitat types, and the “indicspecies” package for the application of the indicator value
method (using the IndVal.g index) in R [62]. A Monte Carlo test with 999 randomizations was used to
verify statistical significance, and group combinations were considered.

3. Results

The method developed in this study was used to rank the habitat types in the Alpine and
Continental biogeographical regions of Italy, with the top 25% ranked habitat types provided in
Tables 2 and 3 (see Supplementary Material Tables S2 and S3 for the full list). In the Alpine biogeographical
regions, the 19 top ranked habitat types were forest (10), bog and fen (5), and grassland (4). In the
Continental biogeographical region, the top 21 ranked habitat types covered a wider variety of habitats,
including: dunes (5), coastal (5), forest (4), grassland (3), freshwater (2), and fen (2).

Table 2. Habitat types of the Italian Alpine biogeographical region ranked with the proposed method
(* highlight priority habitat types sensu Habitats Directive).

Rank Habitat Type Code Habitat Type Name Priority Score
1 6240 * Sub-Pannonic steppic grasslands 2.70
2 7230 Alkaline fens 2.47
3 91HO * Pannonian woods with Quercus pubescens 241
4 62A0 Eastern sub-Mediterranean dry grasslands (Scorzoneratalia villosae) 2.39

Riparian mixed forests of Quercus robur, Ulmus laevis and Ulmus minor,

5 91F0 Fraxinus excelsior or Fraxinus angustifolia, along the great rivers (Ulmenion minoris) 232
6 91E0 * Allluvlial forests Yvi.th Alnus glutinosa and Fraxinus excelsior (Alno-Padion, 232
Alnion incanae, Salicion albae)
7 6210 Semi-natural dry' gras-slands and scrqblapd facies on calcareous substrates 231
(Festuco-Brometalia) (* important orchid sites)
8 7110 * Active raised bogs 2.25
9 91L0 Illyrian oak-hornbeam forests (Erythronio-Carpinion) 2.20
10 7240 * Alpine pioneer formations of Caricion bicoloris-atrofuscae 2.11
1 92A0 Salix alba and Populus alba galleries 2.09
12 9160 EEZIAniann;;Z?d medio-European oak or oak-hornbeam forests of the 203
13 7220 * Petrifying springs with tufa formation (Cratoneurion) 2.02
14 7210 * Calcareous fens with Cladium mariscus and species of the Caricion davallianae 2.02
15 9260 Castanea sativa woods 2.01
16 9510 * Southern Apennine Abies alba forests 1.97
17 91AA * Eastern white oak woods 1.97
18 6510 Lowland hay meadows (Alopecurus pratensis, Sanguisorba officinalis) 1.87

19 91D0 * Bog woodland 1.83
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Table 3. Habitat types of the Italian Continental biogeographical region ranked with the proposed

method (* highlight priority habitat types sensu Habitats Directive).

Rank Habitat Type Code Habitat Type Name Priority Score
1 1320 Spartina swards (Spartinion maritimae) 3.08
2 1310 Salicornia and other annuals colonizing mud and sand 2.57
3 6420 Mediterranean tall humid grasslands of the Molinio-Holoschoenion 2.46
4 91B0 Thermophilous Fraxinus angustifolia woods 244
5 3170 * Mediterranean temporary ponds 2.34
6 1420 Mediterranean and thermo-Atlantic halophilous scrubs (Sarcocornetea fruticosi) 2.29
7 2230 Malcolmietalia dune grasslands 2.25
8 92A0 Salix alba and Populus alba galleries 2.23
9 7230 Alkaline fens 221
10 1410 Mediterranean salt meadows (Juncetalia maritimi) 221
11 7210 * Calcareous fens with Cladium mariscus and species of the Caricion davallianae 2.18
12 6210 Semi-natural dry' gra5§lands and scrqblapd facies on calcareous substrates 213

(Festuco-Brometalia) (* important orchid sites)
13 2250 * Coastal dunes with Juniperus spp. 213
14 2260 Cisto-Lavenduletalia dune sclerophyllous scrubs 2.06
15 2110 Embryonic shifting dunes 1.96
16 9540 Mediterranean pine forests with endemic Mesogean pines 1.94
17 3240 Alpine rivers and their ligneous vegetation with Salix elaeagnos 1.92
18 2130 * Fixed coastal dunes with herbaceous vegetation (“grey dunes”) 1.91
19 6520 Mountain hay meadows 1.84
20 1210 Annual vegetation of drift lines 1.83
21 91AA * Eastern white oak woods 1.81

Results were also summarized for groups of habitat types, which enabled a comparison of the
priority values assigned to the habitat types of the two biogeographical regions to be made (Figure 3).
Bogs and fens are the group with the higher priority in the Alpine biogeographical region, while the
coastal and dune habitat types had high overall scores in the Continental biogeographical region.
Rocks and screes habitats were of less concern for both regions. Furthermore, forest and grasslands
were more of a priority in the Alpine biogeographical region than they were in the Continental
biogeographical region.

a b
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Figure 3. Priority scores of each habitat type groups for the Alpine (a) and Continental (b)

biogeographical regions: 1 = coastal, 2 = dune, 3 = water, 4 = heath, 5 = scrubland, 6 = grassland,

7 =bogs, 8 = rock and screes, 9 = woodlands.
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Ranked habitat types were also plotted against their total score value, with a basically linear
trend observed for both biogeographical regions (Figure 4). However, a larger reduction was
observed for the highest-ranked habitat types, which highlighted that the higher-ranking habitat
types typically had higher values for several criteria, which tended to result in larger differences in
the total score. No correlation was found between the different criteria for the two biogeographical
regions (Supplementary Material Figures S1 and S2). Given that our results were derived from a
unique set of scores for the different parameters, these results may vary if a considerably different
set of scores were assigned. Our sensitivity analysis comparing two alternative schemes with the
proposed method highlighted a relatively reduced shift in ranking positions (Supplementary Material
Figure S3). The alternative rankings shared 79% and 84% of priority habitat types with the proposed
ranking method. Nevertheless, these analyses confirm that the entity of change in the scoring scheme
can effect the final prioritization of habitat types.
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Figure 4. Total score value of habitat types for the Alpine (filled circle symbol) and Continental
(plus symbol) biogeographical regions ranked by total score.

Four clusters were formed and identified for the Alpine biogeographical region, and six were
formed and identified for the Continental biogeographical region (Figure 5). These groups do not
represent single habitat-type categories (e.g., forest habitats), but rather habitat types that may be
completely different in ecological characteristics (e.g., habitat type 2260 Cisto-Lavanduletalia dune
sclerophyllous scrubs and 91AA *Eastern white oak woods).
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Figure 5. Dendrogram representing the identified groups of habitat types based on their pressure
factors for the Alpine, left (a); and Continental, right (b); biogeographical regions (see Table 4 for
reference group codes and related pressure factors).

The analysis showed that several factors were shared and are important for the prioritized habitat
types of the Alpine and Continental biogeographical regions (Supplementary Material Figure 54
and Table 4). Human-induced changes in hydraulic conditions, agriculture, and natural biotic and
abiotic processes were best represented in the clusters (Table 4). However, the most frequent and
pressing pressure factor on the prioritized habitat types in both biogeographical regions was “roads
and motorways” (code D01.02). The most important factors for the Alpine region were: “other forestry
activities” (code B07), “improved access to site” (code D05), “outdoor sports, leisure, and recreational
activities” (code G01), and “vegetation succession/biocenotic evolution” (code K02). By contrast, for
the Continental region, the most important factor was “urbanization and human habitation” (code
E01, see Supplementary Material Figure S4). Among these, some pressure factors were shared by
multiple habitat-type groupings; for example, “outdoor sports, leisure, and recreational activities” and
“urbanized areas, human habitation” for the Alpine and Continental regions, respectively (Table 4).

Table 4. Pressure factors (and their description taken from http://bd.eionet.europa.eu/activities/
Reporting/ Article_17 /reference_portal; last update 06/05/2015) defining groups identified through
cluster analysis with related indicator (IndVal.g) and p-values (* p < 0.05, ** p < 0.01, *** p < 0.001).

Alpine Continental Pressure . .
Group Group Factors Definition IndVal.g p
Ce AO2 Modl.flcatlon of cultivation 1 0.01 *
practices
Aa A02.01 Agricultural intensification 0.894 0.015*
Ce A04.03 Abandonment of pas.toral 1 0.01 **
systems, lack of grazing
Fe AO7 Use of b10‘c1des, hormones 0.846 0.026 *
and chemicals
Aa A08 Fertilization 0.866 0.01 **
Bc + Fc A08 Fertilization 0.816 0.044 *
Ca+Da B02 Forest and plantation 0853  0.018*

management & use

Ca+Da B07 Other forestry activities 1 0.001 ***
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Table 4. Cont.
Alpine Continental Pressure .
Group Group Factors Definition IndVal.g p
Cc Co1 Mining and quarrying 1 0.01 **
Bc + Cc + Dc + Ec D01.02 Roads, motorways 0.894 0.013 *
Ba + Ca D05 Improved access to site 0.852 0.035*
Ac + Be + Ce + De E01 Urbanization and human 0931 0.004*
habitation
Aa+Ca+Da Gop ~ OQutdoorsports leisure and g5 g5
recreational activities
Cc+Ec G01.03 motorized vehicles 0.816 0.05*
Ca GO5 cher human intrusions and 0.802 0.025 *
disturbances
Dc G05.01 Trampling, overuse 0.91 0.002 **
Ac + Bc + Fc HO1 Pollution to surface waters 0.866 0.036 *
Ca 101 Invasive alien species 0.959 0.003 **
Ca Jo2 Chan.g.es in water bodies 0.934 0.003 **
conditions
Infilling of ditches, dykes,
Fc J.02.01.03  ponds, pools, marshes, or 0.943 0.021 *
pits
Ac J02.0202  Lstuarineand coastal 1 0.002 **
dredging
Ac + Bc J02.03.02 Canalization 0.935 0.002 **
Modification of
Cc +Fc J02.05 hydrographic functioning, 0.866 0.036 *
general
Ba 102.06 Water abstractions from 0.816 0.024 %
surface waters
Ac + Be J02.07 Water abstractions from 1 0,001 ***
groundwater
Ca Jo3 Other changes to ecosystems 0.926 0.003 **
Vegetation
Aa +Ca K02 succession/Biocenotic 0.851 0.039 *
evolution
Ce Ko405 ~ amageby herbivores 1 0.01 **
(including game species)
Ca L08 Flooding (natural processes) 0.878 0.017 *

4. Discussion

4.1. Habitat-Type Conservation Priorities and Management for the Case Study Regions

To assess the utility of the proposed method, a simple comparison can be made with the existing
Prioritized Action Frameworks (PAFs) documents (see Article 8 (4) of the Habitats Directive) of the
Italian administrative regions falling within the Alpine and Continental biogeographical regions.
For example, the PAF for the Veneto region [63,64], which is strongly based on expert opinion, showed
congruence with our results (13 habitat types are shared out of the 22 that are indicated at the regional
level), highlighting several habitat types among those to be prioritized for conservation management
(i.e., 1210, 1410, 2110, 2130, 2230, 2250, 6210, 62A0, 7210, 9160, 91D0, 91E0, 92A0). Similarly, congruence
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on several habitat types can be found from other regional PAFs covering the two biogeographical
regions. Therefore, the proposed method could be useful as a tool for preparing PAFs.

Our study revealed the dominant pressure factors for the Alpine and Continental biogeographical
regions, which can enable the definition of specific management measures to offset these risks.
A number of these pressures are shared between the two biogeographical regions and require urgent
actions. The importance of roads and motorways as pressure factors in both regions indicates the need
for the specific management and planning of traffic and transport systems. Interestingly, within the
overall assessment at the EU level, this pressure category is not among the top-ranked for habitat types,
but it is for many species groups [9]. However, specific measures to contrast the pressure derived
from roads and motorways can be undertaken, which include: ecologically-sound planning and the
appropriate assessment of new roads [38], identifying areas to keep as road-free and low-traffic [65],
outlining the spatial extent of roads” impacts for habitats, and reducing effects through restoration and
mitigation measures [66]. Changes in agricultural activities due to intensification in some locations
and abandonment in others is another important factor in both biogeographical regions, as well as
for many habitat types in Europe [67-69]. Indeed, spontaneous succession phenomena and natural
processes (e.g., flooding) are important in both areas, and will require active interventions to stabilize
habitat types while not overlooking the natural dynamics of the ecosystems.

In addition, for the Alpine region, there are several other conservation management measures
that could be encouraged based on the shared pressure factors. Silviculture and forest exploitation
must follow near-to-nature approaches that consider habitats’ requirements, as it is widely occurring,
and the widespread abandonment of forestry activities is to be tackled, at least for certain habitats and
areas, in order to enable and preserve habitat heterogeneity. Similarly, outdoors sports, leisure, and
recreational activities must be carried out after suitable spatial planning, avoiding direct impacts to
habitats and species [70,71]. Other recommendations must be given for the Continental biogeographical
region. The importance of urbanization and human habitation together with mining and quarrying
give an indication that indiscriminate land use changes should be halted and require appropriate
spatial planning [72] with related mitigation and restoration actions of the prioritized habitats.

4.2. A Method for Identifying Habitat-Type Conservation Priorities

This study considered the conservation needs of natural and semi-natural habitat types
and impacting actions, following an approach that takes into account factors that are
fundamental in setting conservation priorities [73], which capitalizes on existing methods from
previous approaches [25,28,30,31], and utilizes publicly available and officially recognized data.
The methodology also utilizes multi-criteria analysis, which is an approach that has been used in
previous prioritization of habitat types [33], and has recognized advantages [48]. Other features of the
proposed approach, such as the use of a limited number of criteria and not using a complex weighting
system, have also been recognized as being advantageous [74]. We use and present score classes
to evaluate the different criteria, which is a commonly applied procedure for defining conservation
priorities [31,74]. However, the practice of assigning scores to parameters forming the criteria has also
been criticized [75], despite its widespread use and perceived utility in previous studies [25,74,76].
Indeed, the choice of scores can influence the priority ranking [76,77]. Furthermore, our approach
does not assign specific weights to these criteria, despite this approach being commonly applied [33].
The assignment of weights is inherently a subjective decision [78], and could be included in our
approach based on the stakeholders’ preference and experts” knowledge, if required, in order to reflect
the relative importance of the different criteria. The criteria and parameters that are suggested in
this approach can be viewed as overlapping by definition, even though no correlation was found
between the criteria. This issue may be valid for a number of proposed methods [25,32]. Despite this,
the relationship between the different criteria must be acknowledged when applying this approach.
Overall, the method ensures transparency, repeatability, and consistency.
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”

The parameters forming the conservation condition are also considered in the “low-hanging fruit
approach [37], among many other methods. However, this approach aims to identify those habitat
types for which an improvement in the conservation status could be more easily achieved while taking
into account the contribution of the Natura 2000 network, while our approach highlights habitat types
that are viewed as having the greatest need of conservation action at the national and biogeographical
scale. Urgency of action is also considered in other methods that are focused at the local scale [32].
In our approach, in addition to the cover relevance criteria, the conservation condition also takes into
account spatial information such as range and distribution. Spatial information is used among other
important information to achieve an appropriate ranking of species and habitat types [24,25,41,55,74],
as highlighted with the “national responsibility” approach [79] or by Louette et al. [56]. Indeed, one can
integrate the “national responsibility” method with the conservation status [51], and the applicability of
this method in Europe has been widely discussed [14]. Furthermore, the consideration of plant species
of particular concern within a habitat type also enables the promotion of species conservation and gives
a broader view to the conservation approach. Several prioritization approaches consider the presence
of threatened species within habitat types as a proxy of habitat conservation value [28,35,52,53].

Management measures can be suggested based on the dominant and shared pressure factors
for the habitat types that have conservation priority. A focus on management measures is a current
priority aspect in biodiversity conservation [80]. Detailed knowledge regarding the pressures on the
biodiversity in the target area is needed to determine appropriate conservation measures [81] that
should address the dominant impacts [54,82]. Grouping pressure factors, as applied in our approach,
enables a better understanding of the urgency of the measures that can be proposed [32], as well
as the identification of the habitat types that will benefit from their application and related area of
application. While the Habitats Directive explicitly foresees the management of Natura 2000 sites,
the implementation of certain measures outside protected areas is also important for the overall
conservation of habitat types and their functional connectivity [83,84].

The proposed method is also adaptable to future changes in data and their availability, as the
information gathered within each criterion may be enlarged when other relevant information is
obtainable. It should be possible in future applications to consider other relevant parameters within
the biodiversity value criteria. For example, some countries have presented a list of animal species
among habitat types that are of particular interest, and these lists could be considered if applying the
proposed approach to these locations. For the same reason, scoring of this criterion may also take into
account whether the habitat type is part of those entered in the “European Red List of Habitats” [85].

Our approach may also be useful outside of the European context, if equivalent information on the
four key criteria for habitat-type conservation can be gathered. Even though the approach was tested at
the biogeographical level within national administrative boundaries, it would also be possible to either
narrow or broaden its geographical application. Indeed, similar data are available at the Natura 2000
site level, but also in some cases in their management plans. Therefore, the application of this method
could benefit decision makers at multiple levels, and could be appropriate also for local managers
constrained by limited funding availability. At the site level, our method could be integrated with other
proposed methods [39,86] to assist in assessments made under Article 6(3) of the Habitats Directive of
plans and projects. Furthermore, the approach could be adapted to fulfill regulatory obligations and
strategic objectives. In light of the EU 2020 Biodiversity Strategy, the proposed approach would require
modifications to the priority ranking of those habitat types requiring minimum action to achieve an
increase in their conservation status [37]. Therefore, the conservation condition and pressure factor
criteria would be used to identify which habitat types should be considered, and excluding those
habitat types that are already in a favorable conservation condition.

Our proposed methodology and subsequent results must also be considered with some caveats.
The most important caveat is related to data availability and data quality. Indeed, the availability of
biodiversity data is still recognized as a limit for conservation planning [9,87]. While a method for
producing data from Article 17 of the Habitats Directive is put forward, it must be emphasized that
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data can derive from many different sources, such as expert knowledge, modeling applications, field
surveys, or a mix of these. This can lead to discrepancies and inconsistencies in the methodology
between applications and member states [14]. However, it can be assumed that a single member state
adopted a consistent approach during its own assessment. Indeed, data acquired from field surveys
and derived from modeling can be provided by large scale databases (e.g., forest inventories [88,89]),
which can provide reliable assessments of habitat types. Moreover, report information is increasingly
being used in biodiversity conservation studies [90-92], which indicates a satisfactory degree of quality.
The data from the Article 17 reporting is currently the most extensive database on the conservation
status and distribution of habitat types in the EU [14], and in the case of data on Natura 2000 sites,
further adjustments to these databases will enable the use of more precise results [34].

Nevertheless, greater scientific attention and inclusion of scientific data is needed to achieve the
requirements of Article 17 [44]. Research efforts should focus on those habitat types with a lack of
data and information on the parameters forming our method. Indeed, the method has an unavoidable
degree of subjectivity in the selection of the parameters and the assignment of their scores. However,
the legislative context limits this subjectivity by providing a set of specific features to be included, and
this drawback could be further reduced through the inclusion of stakeholders in its application [35].

5. Conclusions

In this study, we have presented a replicable approach to identifying conservation priorities
for natural and semi-natural habitat types, which integrated data and information derived from the
regulatory requirements of the EU. The method combines the prioritization of habitat types based
on their conservation condition and value, the actions threatening them, and their areal coverage
at the relevant administrative level with the consistent detection of the main pressures requiring
management actions for the top-ranked habitat types. By taking a biogeographical perspective
framed within national boundaries, the importance of specific biogeographical [93] and administrative
characteristics on management decisions can be better taken into account.

Further steps in the development of this approach would involve assessing the importance of
expert and stakeholder input on the different criteria, and the comparison of habitat-type rankings
between the different current approaches. Furthermore, improvements in data availability and
coherence would benefit its application in Europe and in other settings. The structure of this method
enables its integration with new data deriving from scientific research, its application at different
spatial scales that are important to conservation within Europe (i.e., the EU level, administrative
regions, and site), and its application outside of Europe. This approach represents a transparent
method for making conservation decisions, and has the potential to help policy makers and managers
make better conservation decisions and achieve biodiversity targets.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2071-1050/10/4/1189/
s1, Figure S1: Correlation between the scores of CC, CV, PFE, CR, and the summed score of CV, PF, and CR for the
Alpine biogeographical region; Figure S2: Correlation between the scores of CC, CV, PF, CR, and the summed
score of CV, PF, and CR for the Continental biogeographical region; Figure S3: Comparison of habitat type ranking
position between the applied priority ranking method (“Priority ranking”) and the two alternative examples
(“Alternative ranking 1” and (“Alternative ranking 2”). Dots are found on the line if the same ranking position is
given to the same habitat type; Figure S4: Number of habitat types (light grey) of conservation priority reported for
each pressure factors (Table S4) for the Alpine (top) and Continental (below) biogeographical regions. Codes refer
to specific pressures as reported at http://bd.eionet.europa.eu/activities/Reporting / Article_17/reference_portal
(last update 06/05/2015), Table S1: Alternative scoring schemes used as example for the sensitivity analysis;
Table S2: Habitat type ranking and related total priority score for the Alpine biogeographical region; Table S3:
Habitat type ranking and related total priority score for the Continental biogeographical region.
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