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Abstract: The Pelagos Sanctuary hosts eight resident cetacean species. Genetically different
from Atlantic populations, their conservation is essential to preserve the whole biodiversity
of the Ligurian Sea. The NATURA 2000 network is currently identified as one of the most
efficient conservation tools due to its legally binding nature; however, its effectiveness
for cetacean preservation is still unclear. The study used data systematically collected
within the Pelagos Sanctuary from 2008 to 2021 by the FLT Med Net and the LIFE Conceptu
Maris projects to investigate cetaceans distribution, Richness and diversity related to the
existing protected areas. Of the 423 hexagons considered, only 21.28% of the study area
was covered by French NATURA 2000 sites and 9.22% by Italian sites. French NATURA
2000 sites had the highest coverage of weighted Encounter Rate (ER_w) and biodiversity
values. Only three species showed statistically significant differences between the French
and Italian protected and non-protected hexagons, and biodiversity showed no significant
difference. Only T. truncatus had higher median over Italian protected hexagons. The
Pelagos Sanctuary still lacks offshore NATURA 2000 sites, especially in Italian waters. For
this reason, areas to amplify the Network aimed at increasing cetacean and biodiversity
conservation were highlighted in the results of this study.

Keywords: marine mammals; conservation; Pelagos Sanctuary; Ligurian Sea; FLT Network;
NATURA 2000

1. Introduction
Designated as flag species and bioindicators and being at the top of the food web [1–3],

cetaceans are essential for marine environmental health. Within the Pelagos Sanctuary,
eight resident species can be encountered: B. physalus (Linnaeus, 1758), P. macrocephalus
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(Linnaeus, 1758), S. coeruleoalba (Meyen, 1833), T. truncatus (Montagu, 1821), Z. cavirostris
(Cuvier, 1823), D. delphis (Linnaeus, 1758), G. griseus (Cuvier, 1812), and G. melas (Traill,
1809) [2,4–7]. Their uniqueness lies in the genetic differences recorded in the Atlantic
populations, which is why they can be referred to as subpopulations [2,3,8–11].

As of today, the Mediterranean IUCN classification is Endangered for five of the
eight cetacean resident species (B. physalus, P. macrocephalus, D. delphis, G. griseus, and
G. melas), Vulnerable for one (Z. cavirostris), and Least Concert for just two (S. coeruleoalba,
T. truncatus) [12–19]. As umbrella species, the conservation of cetaceans contributes to the
conservation of marine biodiversity in general. This is particularly important considering
the loss of biodiversity registered in the Mediterranean Sea (41% of top predators lost from
1950 to 2011) [20].

During the last decades, several biodiversity conservation tools have been established
in the Mediterranean Sea [21–53], including the Barcelona Convention. According to its
protocol concerning Specially Protected Areas and Biological Diversity in the Mediterranean
(SPA/BD), Specially Protected Areas of Mediterranean Importance (SPAMIs) have been
established within the Mediterranean Sea, such as the Pelagos Sanctuary, in order to
promote the conservation of these zones [54].

Among the more binding instruments are those of the European Union. In 1992, one
of the most powerful tools for promoting the maintenance of biodiversity was issued: the
Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and
wild fauna and flora, also known as the Habitats Directive [45]. Through the creation of
a European ecological network of Sites of Community Importance (SCIs), the NATURA
2000 network [55], this Directive aims to maintain or restore biological diversity, and more
specifically, species listed in Annex II, such as T. truncatus, which is the only species among
the eight cetacean resident species in the Mediterranean Sea listed in this Annex. The
other seven species listed in Annex IV of the Directive can still be included as “Other
important species” belonging to the SCIs. According to Annex III of the Habitats Directive
(“Criteria for selecting sites eligible for identification as Sites of Community Importance
and designation as special areas of conservation”), Member States assess a national sites’
list eligible for identification as SCIs for species belonging to Annex II based on different
criteria, such as the “size and density of the population of the species present on the
site in relation to the populations present within national territory” and the “degree of
conservation of the features of the habitat which are important for the species concerned
and restoration possibilities” [45].

The need to protect areas designated by the Habitat Directive was enhanced by
Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008
establishing a framework for community action in the field of marine environmental policy
(Marine Strategy Framework Directive—MSFD). Under this strategy, at least 20% of the sea
should have been protected by 2020 in the EU, increasing to 30% by 2030, according to the
EU Biodiversity Strategy [46,56,57].

Despite these and other conservation tools established within the Mediterranean Sea,
cetaceans are still influenced by several threats, such as climate disruption, prey depletion,
epizootics, noise and direct disturbance, pollution, ship strikes and vessel traffic [2,3,58–70].

The objective of this study was to analyse the eight resident cetacean species and
biodiversity values over the current conservation tools within the Pelagos Sanctuary. In
particular, considering the legally binding condition of the NATURA 2000 network and
cetaceans position in the food web, the designation of new NATURA 2000 sites within the
Ligurian Sea could be an efficient tool not only for the conservation of these species but
also for the protection of the whole biodiversity.
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2. Materials and Methods
2.1. Study Area

The study area was identified as the Pelagos Sanctuary, an area covering 87,500 km2

for the protection of marine mammals in the Mediterranean Sea. High geomorphologic
heterogeneity characterises this area: a narrow continental shelf on the north-western side
of the Pelagos Sanctuary, while wider on the eastern side, steep continental slope reaching
more than 1000 m depth, and abyssal plain reaching 2500–2700 m deep on the western
portion of the Pelagos Sanctuary, while shallower (1600–1700 m) on the eastern side [65].
In the basin, there are submarine canyons and sea mountains, whose presence causes a
complex system of currents, upwelling, and downwelling [64,67].

Three main water masses characterise the Pelagos Sanctuary hydrology: the Modi-
fied Atlantic Water (MAW) in the surface layer, the Levantine Intermediate Water (LIW)
in the intermediate layer, and the Western Mediterranean Deep Water (WMDW) in the
bottom layer [71]. Three main currents are also present within this basin: the Western
Corsica Current (WCC), flowing north-eastward on the west side of Corsica, the East-
ern Corsica Current (ECC), flowing north-westward on the east side of Corsica, and the
Liguro-Provenzal-Catalan Current (LPCC), which flows westward following the coast [72].

Due to these geomorphological and hydrological characteristics of the Pelagos Sanc-
tuary, high primary and secondary productivity is recorded within this area despite the
Mediterranean Sea classification as an oligotrophic basin [4,7,65,71,73–77], and the conse-
quent presence of marine habitats suitable for cetaceans [64,67].

2.2. Data Collection

The data collection was conducted from 2008 to 2021 under the Fixed Line Tran-
sect Mediterranean monitoring Network (FLT Med Net); 18 routes, connecting Barcelona
(Spain), Toulon and Nice (France), Savona, Livorno and Civitavecchia (Italy), Ajaccio, Calvi,
Ile Rousse and Bastia (Corsica Island—France), Porto Torres and Golfo Aranci (Sardinia—
Italy), were considered.

A team of a minimum of two Marine Mammal Observers (MMOs) collected data from
the main deck of the ferries; one MMO on the right side and one on the left side scanned
their respective areas within a 180◦ angle in front of the vessel, using both binoculars and
the naked eye. Before the start of the “On effort” phase (when MMOs actively looked for
cetaceans), weather conditions (wind, sea state, visibility, and rain) were collected. Weather
conditions were then collected every time they changed. Vessel traffic was recorded from
the beginning of the survey randomly every hour in the absence of cetaceans and during
every sighting.

During the occurrence of sightings, animal(s) distance and angle were measured using
a graduated scale (from 0 to 7), rangefinder stick, and compass (from 0◦ to 360◦) of the
binocular. Other collected data were the side of the sighting (left or right), MMO names,
species, number (minimum, maximum, best), heading (taken with the compass of the
binocular), and behaviour (approach, indifferent, or avoiding respect to the vessel).

2.3. Data Analysis

The study area was subdivided into hexagons of 115.47 km2. The Pelagos Sanctuary
covers an area of 87,500 km2, with a mean maximum vertical (north-south) and horizontal
(east-west) length of around 360 km. Due to the wide dimensions of the study area, the
choice of the 115.47 km2 hexagons was made on the basis of the need to subdivide such
a wide area into polygons and at the same time not to lose a certain precision in data
distribution. The top-bottom and left-right mean distance of 12.43 km inside the designated
hexagons approximately represents 1/29 of the Pelagos Sanctuary lengths. In this way, the
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data distribution was avoided being analysed in a too generalised way. Moreover, the use
of a hexagonal grid was chosen because of the advantage of spatial data visualisation in
comparison to the traditional square cells. Moreover, due to the same distance between a
hexagon central point and all other hexagons’ central points, better connectivity could be
visualised in this kind of spatial representation [78].

A total of 423 hexagons, where at least one survey crossed them during the study
period, were isolated. All the following analyses were conducted considering only sur-
veyed hexagons.

32 NATURA 2000 sites designated for at least one of the eight Ligurian Sea resident
species, or which have one of these listed as “Other important species”, were considered
within the Pelagos Sanctuary. In Table S1, the NATURA 2000 site codes and names are
reported, with reference to the number of hexagons they covered; in the “Sitename” column,
there are more sites together, which means that the number of hexagons indicated is covered
by all of them [55,79].

Hexagons with more than 20% of their area covered by NATURA 2000 sites were
indicated as “Protected”.

All GIS analyses were performed using QGIS version 3.30.

2.4. Cetacean Presence and Biodiversity

Cetacean presence was measured by the definition of the Encounter Rate (ER), com-
puted separately for each hexagon

ER =
n
S

where n is the number of sightings per hexagon and S is the number of surveys in the
same hexagon. In order to take into account uneven coverage over the study period, the
weighted Encounter Rate was also computed

ERw = ER ∗ weight,

where
weight =

S
Smax

with Smax indicating the maximum number of surveys among all hexagons.
Cetacean Biodiversity was analysed by applying different biodiversity indices: Shan-

non index [80], Simpson index [81], Evenness, and Richness. All analyses were performed
in R studio version 4.3.0 software [82] using the package Vegan [83].

Shannon Diversity index used formula was

H = −pi ∗ ln(pi),

where pi is the proportion of species i, within the entire community [61]. The Shannon index
typically ranges from 1.5 to 3.4, with higher values corresponding to more diverse sites.
In addition, individual taxon spread (Evenness), and the overall abundance of individual
species classifications (Richness) were calculated for each hexagon [70].

Simpson Diversity index was calculated as

D = 1–
(

n(n − 1)
N(N − 1)

)
where n is the total number of individuals of the same species in a hexagon and N is the
total number of individuals in the same hexagon, regardless of species [84]. The Simpson
index varies from 1 to 0, where 1 indicates greater diversity and 0 indicates lower diversity.
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Evenness was calculated as
E =

H
Hmax

where H is the Shannon Diversity index, and Hmax is the natural logarithm of the number
of categories/types of species in the sampled ecosystem [85].

Species Richness was obtained by summing the number of species sighted within a
hexagon.

The Wilcoxon test was used to inspect differences between both species’ presence and
biodiversity, considering the different protection status of hexagons over the study area.
The Kruskal−Wallis test was then used to investigate these differences also taking into
account the different coverage of French and Italian protected and not protected hexagons.

3. Results
3.1. General Results

A total of 1898 surveys were conducted from 2008 to 2021 (Figure 1).
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Figure 1. Map of the 1898 surveys conducted from 2008 to 2021 within the Pelagos Sanctuary. A total
of 423 crossed hexagons and NATURA 2000 sites are also reported on the map.

Surveys were conducted from January to December almost every year, but 73.29% of
the surveys were conducted during the summer seasons (from May to October).

Overall, 5893 sightings were recorded during these surveys: 1925 B. physalus,
225 P. macrocephalus, 3186 S. coeruleoalba, 327 T. truncatus, 149 Z. cavirostris, 24 D. delphis,
28 G. griseus, and 29 G. melas.
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On average, the number of surveys in each hexagon was 66.6, with a maximum S of
655 and a minimum S of 1, while the number of sightings in each hexagon (n) was, on
average, 13.93, with a maximum n of 148 and a minimum n of 0.

Within the 423 hexagons over the study area, 294 (69.50%) were identified as out of
protection and 129 (30.50%) as protected (21.28% covered by French NATURA 2000 sites
and 9.22% by Italian sites). Hexagons with at least one sighting were covered by French and
Italian NATURA 2000 sites with the following percentages: B. physalus, 29.94% and 7.07%;
P. macrocephalus, 27.72% and 1.98%; S. coeruleoalba, 25% and 7.92%; T. truncatus, 20.88% and
27.47%; Z. cavirostris, 25% and 0%; D. delphis, 25% and 15%; G. griseus, 21.74% and 0%; and
G. melas, 22.73% and 0%, respectively (Table 1).

Table 1. Number of hexagons (and percentages) for cetacean presence and biodiversity values covered
by French (FR-1) and Italian (IT-1) NATURA 2000 sites. Hexagons with values > 0 (Hexagons > 0)
were taken into account.

Hexagons > 0 FR-1 IT-1

B. physalus 212 55 (29.94%) 15 (7.07%)
P. macrocephalus 101 28 (27.72%) 2 (1.98%)
S. coeruleoalba 240 60 (25%) 19 (7.92%)
T. truncatus 91 19 (20.88%) 25 (27.47%)
Z. cavirostris 52 13 (25%) 0 (0%)

D. delphis 20 5 (25%) 3 (15%)
G. griseus 23 5 (21.74%) 0 (0%)
G. melas 22 5 (22.73%) 0 (0%)

Shannon index 213 53 (24.88%) 23 (10.80%)
Simpson index 213 53 (24.88%) 23 (10.80%)

Evenness 213 53 (24.88%) 23 (10.80%)
Richness 289 72 (24.91%) 27 (9.34%)

Biodiversity also showed differences in the percentage of hexagons covered by French
and Italian NATURA 2000 sites: Shannon index, Simpson index, and Evenness 24.88% and
10.80%, and Richness 24.91% and 9.34%, respectively (Table 1).

3.2. ER_w

The ER_w calculated for each of the eight cetacean species was then classified through
Jenks natural breaks [86] classification into absent, low, medium, and high. This clas-
sification was applied to B. physalus, P. macrocephalus, S. coeruleoalba, Z. cavirostris, and
T. truncatus (Figure 2). Excluding hexagons with absent ER_w, all five species showed the
highest percentages of low-valued hexagons (35.22%, 16.07%, 42.56%, 13.95%, and 8.27%,
respectively), followed by medium (10.87%, 7.10%, 8.98%, 4.96%, and 2.13%, respectively)
and high ones (4.02%, 0.71%, 5.20%, 2.60%, and 1.89% respectively) (Table S2).

For D. delphis, G. griseus, and G. melas absence/presence reference was preferred
because the low ER_w values range prevented the Jenks classification (Figure 3). Only
4.73%, 5.44%, and 5.20% of the total hexagons registered at least one sighting of these three
species, respectively (Table S2).
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and high classes; the value range is different for each species. B. physalus: 0.002–0.014 (low),
0.014–0.047 (medium), 0.047–0.118 (high); P. macrocephalus: 0.001–0.003 (low), 0.003–0.007 (medium),
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3.3. Biodiversity

The accumulation curves were first computed, in order to visualise the expected
species Richness over the 280 hexagons where at least one sighting occurred and they
were crossed by at least two surveys. Despite not all hexagons reaching an asymptote
after the number of efforts they were crossed, the majority did. On average, asymptotes
were reached from two to five species, and only one hexagon was reached at eight species.
Moreover, in the first part of the accumulation curve, few hexagons reached the asymptote
at Richness 1 after around (or less) 200 effort, representing the coastal areas.

As the asymptotes were reached in almost all the studied samples, the accumulation
curve confirmed that the dataset was reliable for studying the biodiversity within it (for
almost all hexagons, increasing the number of surveys and sightings would not change the
overall number of species sighted).

The Shannon index, Simpson index, Evenness, and Richness were then calculated over
the 289 hexagons where at least one sighting occurred (Figure 4).
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Figure 4. Shannon index, Simpson index, Evenness, and Richness plotted over the 289 hexagons
where at least one sighting was recorded. NATURA 2000 sites are reported too. Jenks classifi-
cation was used to define absent, low, medium, and high classes for Shannon index, Simpson
index, and Evenness, while Richness classes ranged from 1 to 8; the value range is different for
each biodiversity index. Shannon index: 0.23–0.75 (low), 0.75–1.01 (medium), 1.01–1.33 (high);
Simpson index: 0.12–0.38 (low), 0.38–0.53 (medium), 0.53–0.72 (high); Evenness: 0.34–0.64 (low),
0.64–0.83 (medium), 0.83–1 (high). The absent class corresponds to Shannon and Simpson indices = 0,
and Evenness = NULL.
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Excluding hexagons with absent/null values, the Shannon index showed the high-
est percentage in low-valued hexagons (31.14%), followed by medium-valued (26.64%)
and high-valued hexagons (15.92%). In contrast, the Simpson index showed the high-
est percentage in medium-valued hexagons (35.64%), followed by high (26.99%) and low
(11.07%) hexagons, while Evenness showed the highest percentage in high valued-hexagons
(29.06%), followed by medium (28.82%) and low (15.92%) hexagons. Richness 1 was the
most recorded (26.30%), followed by Richness 2 (24.91%), Richness 3 (24.57%), Richness 4
(13.50%), Richness 5 (6.57%), Richness 6 (3.11%), Richness 8 (0.69%), and Richness 7 (0.35%)
(Table S2).

3.4. Wilcoxon Test

Differences between the ER_w for B. physalus, P. macrocephalus, S. coeruleoalba, T.
truncatus, and Z. cavirostris, and considering the different protection status of each hexagon,
were computed using the Wilcoxon statistical test (Figure 5a).
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T. truncatus, and Z. cavirostris considering the different protection status of each hexagon. D. delphis,
G. griseus, and G. melas were excluded from the Wilcoxon test because of the low number of sightings
for these species. P. macrocephalus and T. truncatus were the only species with a statistical significant
difference (Wilcoxon, p = 0.0077 and p = 0.01, respectively); (b) Wilcoxon tests between the ER_w of
B. physalus, P. macrocephalus, S. coeruleoalba, T. truncatus, and Z. cavirostris considering the different
protection status of hexagon, with Italian and French subdivision. D. delphis, G. griseus, and G. melas
were excluded from the Wilcoxon test because of the low number of sightings for these species.
B. physalus, P. macrocephalus and T. truncatus showed a statistical significant difference (Kruskal-Wallis,
p = 0.0084, p = 0.009, and p = 0.012 respectively).

D. delphis, G. griseus, and G. melas were excluded because of the low number of
sightings of these species.

S. coeruleoalba and Z. cavirostris showed higher ER_w median within not protected
than within protected hexagons (0.011 vs. 0.009 and 0.003 vs. 0.002, respectively). The other
four species showed the opposite situation, with higher ER_w median values within the
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protected hexagons: 0.005 vs. 0.006 for B. physalus, 0.002 vs. 0.003 for P. macrocephalus, and
0.003 vs. 0.005 for T. truncatus.

P. macrocephalus and T. truncatus showed a statistically significant difference between
ER_w and the conservation status of the hexagons to which these values belonged, with
higher median within protected hexagons.

B. physalus and S. coeruleoalba showed more than two outliers within protected and
not protected areas, and did not show evidence of ER_w statistical significant difference
between protected and not protected hexagons. Therefore, they were analysed using a
second Wilcoxon test, where outliers were excluded. The ER_w median of the identified
inliers within the not protected and protected hexagons was 0.005 in both cases for B.
physalus and 0.008 vs. 0.006 for S. coeruleoalba, respectively. However, this analysis did not
show a significant difference for these two species between ER_w detected within protected
and not protected areas.

The second step was the analysis of the ER_w distribution, focusing on the differences
between protected and not protected Italian and French hexagons.

B. physalus, P. macrocephalus, and S. coeruleoalba showed higher median ER_w values
over French protected hexagons: 0.009 vs. 0.006 in French not protected hexagons, 0.002
in Italian protected hexagons, and 0.005 in Italian not protected hexagons for B. physalus;
0.004 vs. 0.002 in all French not protected hexagons, Italian protected hexagons, and Italian
not protected hexagons for P. macrocephalus; and 0.013 vs. 0.012 in French not protected
hexagons, 0.005 in Italian protected hexagons, and 0.008 in Italian not protected hexagons
for S. coeruleoalba.

T. truncatus was the only species showing higher median values within Italian pro-
tected hexagons: 0.006 vs. 0.003 in Italian not protected hexagons, 0.005 in French protected
hexagons, and 0.002 in French not protected hexagons.

Z. cavirostris was never sighted within Italian protected hexagons; it showed higher
median values within Italian not protected hexagons: 0.003 vs. 0.002 in both protected and
not protected French hexagons.

In this case, the inlier Wilcoxon test was not necessary, since all five species did not
show more than two inliers in each class.

B. physalus, P. macrocephalus and T. truncatus had a statistical difference between ER_w
and the conservation status of the hexagons to which these values belonged, referring
to higher median within French protected hexagons for the first two species and higher
median within Italian protected hexagons for the last one (Figure 5b).

For these three species, Dunn’s post-hoc test was performed to determine any sta-
tistically significant difference between ER_w values within FR_0, FR_1, IT_0, and IT_1.
This was observed between FR-1 and IT-1 (p-value = 0.00386702) and between IT-0 and
IT-1 (p-value = 0.03127796) for ER_w values for B. physalus, between FR-0 and FR-1 ER_w
values for P. macrocephalus (p-value = 0.01698313), and between FR-0 and IT-1 ER_w values
for T. truncatus (p-value = 0.01292665).

The Wilcoxon test showed that the recorded median values were higher within the
protected than those in the not protected hexagons (0.693 vs. 0.688 for Shannon’s index,
0.495 vs. 0.444 for Simpson’s index, and 0.789 vs. 0.783 for Evenness), except for Richness,
which had a median value of 2 in both conditions (Figure 6a).
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Figure 6. (a) Wilcoxon tests between the Shannon index, Simpson index, Evenness and Richness,
considering the different protection status of each hexagon. None of these differences were had a
statistically significant between protected and not protected hexagons. (b) Wilcoxon tests between
the Shannon index, Simpson index, Evenness, and Richness, considering the different protection
status of each hexagon, with Italian and French subdivisions. None of these showed a statistically
significant difference between protected and not protected hexagons.

By focusing on the differences between protected and not protected Italian and French
hexagons, the Kruskal-Wallis statistical test was conducted on the distribution of the
Shannon index, Simpson index, Evenness, and Richness over hexagons.

The Shannon and Simpson indices showed higher values over French protected
hexagons: 0.721 vs. 0.688 in French not protected hexagons, 0.673 in Italian protected
hexagons, and 0.688 in Italian not protected hexagons for the Shannon index; 0.498 vs. 0.44
in French not protected hexagons, 0.48 in Italian protected hexagons, and 0.444 in Italian
not protected hexagons for the Simpson index.

Evenness showed higher values over Italian protected hexagons (0.918 vs. 0.79 in
Italian not protected hexagons, 0.775 in French protected hexagons, and 0.772 in French not
protected hexagons); Richness showed higher values over Italian not protected hexagons
(3 vs. 2 in French not protected and Italian protected hexagons, and 2.5 in French protected
hexagons) (Figure 6b).

4. Discussion
4.1. Cetacean Conservation Status

All countries should perceive maritime ecosystem conservation as a common goal [87].
As of today, several tools have been identified for the conservation of cetaceans within the
Ligurian Sea; however, the eight cetacean species are still threatened by several anthro-
pogenic pressures such as maritime traffic, climate disruption, and chemical and acoustic
pollution [3,60,66].

The Endangered (EN) or Vulnerable (VU) IUCN classification of six of the eight North-
Western Mediterranean Sea cetacean resident species could be considered as evidence of
this. Furthermore, in the Mediterranean Sea, from 2010 to 2021, B. physalus changed its
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status from VU to EN, G. melas and G. griseus from Data Deficient (DD) to EN, while Z.
cavirostris changed it from DD in 2006 to VU in 2021. D. delphis and P. macrocephalus are EN
from 2003 and 2006; just S. coeruleoalba and T. truncatus increased it from VU, respectively
in 2010 and 2009, to LC in 2021 [12–19].

The first evidence of conservation tool’ efficiency could be demonstrated by the
conservation status rise of this species. Within the NATURA 2000 sites considered for the
previous analysis, T. truncatus was identified as the only species for which the NATURA
2000 sites aimed at cetacean conservation were designated within the Ligurian Sea, while
the other seven (if stated) were classified as “Other important species” [55]. Consequently,
threats, pressures, and activities with impacts on a site were identified, especially those
with potential consequences (also) on T. truncatus (Table 2).

Table 2. Threats, pressures and activities with impacts identified within the 32 NATURA 2000 sites
considered for this study; just those which could lead to an impact on cetaceans are reported. The
number of French (FR-1) and Italian (IT-1) NATURA 2000 sites where these threats, pressures, and
activities were identified are reported. Most relevant conservation measures identified within the
32 NATURA 2000 sites are reported too [55,88–92].

Threats, Pressures and Activities with Impacts on
the Site FR-1 IT-1 Conservation Measures

Motorised vehicles 3 1
Continue monitoring of recreational

vessel traffic

Development of an action plan against
accidental pollution at the level of all

municipalities in the NATURA 2000 site

Combating pollution and deterioration of the
general water quality

Monitoring the chemical and bacteriological
quality of seawater, sediments, upstream

water courses

Intensification of control activities to prevent
illegal fishing

Improving knowledge of habitats and species
of community and heritage interest

Training courses to raise awareness of the
presence of different marine mammal species

Encourage the information and awareness of
the local population and the major users of the

area on the NATURA 2000 network

Continue to acquire knowledge to improve
site management

Shipping lanes 7 1
Death or injury by collision 1 8

Accidental capture 0 4
Illegal taking/removal of marine fauna 0 6

Noise nuisance, noise pollution 4 6
Diffuse or permanent noise pollution 0 2

Point source or irregular noise pollution 0 2
Exploration and extraction of oil or gas 3 0

Seismic exploration/explosions 3 0
Military manouvres 1 1

Marine water pollution 4 9
Pollution to surface waters (limnic, terrestrial,

marine and brackish) 1 5

Marine macro-pollution (i.e., plastic bags,
styrofoam) 1 0

Toxic chemical discharge from material dumped
at sea 1 0

Garbage and solid waste 0 2
Introduction of other substances (e.g., liquid, gas) 0 1

Synthetic compound contamination 0 2
Oil spills in the sea 1 2

Professional active fishing 7 1
Leisure fishing 2 4

Pelagic trawling 0 1
Temperature changes (e.g., rise of temperature

and extremes) 0 1

Nautical sports 11 3
Motorized nautical sports 0 1

(Other) human intrusions and disturbances 0 8
Not specified 1 0

The strengthening of conservation tools should be taken into account in order to grant
or increase the conservation status of the other cetacean species within the Ligurian Sea,
ruled by their role in the marine environment, being apex species and bioindicators [2].
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The recent proposal of the “Tutela del Tursiope—Mar Ligure” Site of Common Inter-
est [79] would be a good example to do so. Currently, only 33.9% of the Pelagos Sanctuary
area is covered by the NATURA 2000 network [55], and a previous study highlighted the
low inclusion of the most suitable habitat for several cetacean species within protected
areas [70].

For this reason, the extension or addition of new NATURA 2000 sites to the actual
network is necessary. For Italy, this scenario would be enhanced by the implementation
of the Italian EEZ [93,94], over which Article 65 of the UNCLOS [21] could be applied,
granting cetacean conservation over this area. The designation of new NATURA 2000
sites within this area could be led by the already present North-Western Mediterranean
Pelagic Ecosystems EBSA, North-Western Mediterranean Sea, Slope and Canyon System
IMMA, and Western Ligurian Sea and Genoa Canyon IMMA, specifically designated for
the conservation status of the eight North-Western Mediterranean Sea cetacean resident
species [30,31,53].

4.2. Cetacean Presence in the Sampled Area

A total of 5893 cetacean sightings were collected from 2008 to 2021 from 1898 surveys.
The dataset we used has a large spatial and temporal scale, which strengthens our results
by identifying recurrent and stable areas with high Richness. The use of a homogeneous
dataset also strengthens the results against possible biases arising from merging datasets
collected using different methodologies and different spatial/temporal scales.

The ER_w distribution of the eight species over the 423 hexagons in which the study
area was subdivided could first be explained by their different habitat fruition. T. truncatus
was the only exclusively coastal species [7], while all the others were predominantly pelagic,
with a high occurrence, especially in the northern part of the study area, where canyons
and seamounts are present [62,64,67].

Through the Wilcoxon test, it was possible to point out that S. coeruleoalba and Z.
cavirostris had higher ER_w median values in hexagons outside protected areas, while B.
physalus, P. macrocephalus and T. truncatus showed higher median ER_w within protected
hexagons (D. delphis, G. melas, and G. griseus were excluded due to their low number of
sightings). However, only P. macrocephalus and T. truncatus showed a statistically significant
difference in the Wilcoxon test between the ER_w values and the protection status of the
considered hexagons.

A second Wilcoxon test was run on cetaceans’ ER_w distribution over Italian/French
protected/not protected hexagons. B. physalus, P. macrocephalus, and S. coeruleoalba showed
higher median ER_w values over French protected hexagons, T. truncatus was the only
specie showing higher median values within Italian protected hexagons, while Z. cavirostris
showed higher median values within Italian not protected hexagons. A statistically signifi-
cant difference between ER_w and the conservation status of the hexagons was found only
for B. physalus, P. macrocephalus (with a higher median within French protected hexagons),
and T. truncatus (with a higher median over Italian protected hexagons).

Considering the NATURA 2000 site distribution, the results obtained with the
Wilcoxon test between ER_w values occurring in protected and not protected hexagons
could be considered affected by the bias of a non-homogeneous coverage over different
habitats. Within the Pelagos Sanctuary, the NATURA 2000 Network covers most of the
coastal regions, granting effective conservation for coastal species such as T. truncatus, but a
less efficient one for B. physalus, S. coeruleoalba, and Z. cavirostris, which favour a prevalently
pelagic habitat. This was also demonstrated by the ER_w map (Figure 2), where 57.14%
of the medium and 72.73% of the high-valued hexagons for T. truncatus were covered by
NATURA 2000 sites (Table S2).
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For the other three species, hexagons with medium and high ER_w values distributed
over the NATURA 2000 network were different; 32.61% of medium and 41.18% of high-
valued hexagons for B. physalus, 39.47% of medium and 27.27% of high-valued hexagons
for S. coeruleoalba, and 44.44% of medium and 0% of high-valued hexagons for Z. cavirostris
were covered by the NATURA 2000 network. The only exception within the pelagic species
was represented by P. macrocephalus, which had 40% of medium, but 66.67% of high-valued
hexagons covered by NATURA 2000 network.

In particular, French NATURA 2000 site coverage over medium- and high-valued
hexagons was 28.26% and 41.18 for B. physalus, 40% and 66.67% for P. macrocephalus, 39.47%
and 27.27% for S. coeruleoalba, 14.29% and 36.36% for T. truncatus, and 44.45% and 0% for Z.
cavirostris, respectively, while Italian NATURA 2000 site coverage over medium- and high-
valued hexagons was 4.35% and 0% for B. physalus, 0% in both cases for P. macrocephalus and
S. coeruleoalba, 42.86% and 36.36% for T. truncatus, and both 0% for Z. cavirostris, respectively
(Table S2).

The importance of this percentage was proven by the statistically significant difference
obtained with the Wilcoxon test for these species. These results could explain the decrease in
the IUCN classification for six of the eight species, except for T. truncatus and S. coeruleoalba.
At the same time, this could underscore the necessity of enhancing area coverage to
guarantee the effective conservation of all cetacean species.

4.3. Biodiversity Presence in the Sampled Area

Considering the 289 hexagons where at least one sighting occurred, biodiversity
showed good percentages of medium and high values. These values were spread not only
in the northern part of the study area, as occurred with cetacean presence, but all over
the study area; this was important for considering this zone as generally characterised by
moderate/high biodiversity.

Higher median values were recorded within NATURA 2000 sites for Shannon index,
Simpson index, and Evenness; the first two were higher under French protected hexagons,
while the last was higher under Italian protected hexagons. Richness showed higher values
over Italian, not protected hexagons. However, none of the four biodiversity indices showed
statistically significant differences between the protected and not protected hexagons.

Considering the NATURA 2000 site distribution, the network covered 37.66% of
medium and 34.78% of high-valued hexagons for the Shannon index, 41.75% of medium
and 32.05% of high-valued hexagons for the Simpson index, 36.14% of medium and 38.10%
of high-value hexagons for Evenness, and 33.33% of Richness 4, 36.84% of Richness 5,
22.22% of Richness 6, and 0% of Richness 7 and 8. In particular, French NATURA 2000 site
coverage over medium- and high-valued hexagons was 33.77% and 19.56% for the Shannon
index, 32.04% and 20.51% for the Simpson index, and 30.12% and 21.43% for Evenness,
respectively, while Italian NATURA 2000 site coverage over medium- and high-valued
hexagons was 3.89% and 15.22% for the Shannon index, 7.77% and 11.54% for the Simpson
index, and 6.02% and 16.67% for Evenness. The corresponding values covered by French
and Italian NATURA 2000 sites were 28.21% and 5.13% for Richness 4, 31.58% and 5.26%
for Richness 5, 22.22% and 0% for Richness 6, and 0% for Richness 7 and 8 (Table S2).

4.4. Proposal for Cetacean Conservation Improvement

According to the definition of the Site of Common Interest (SCI) in Article 1, par. 1k,
of the Habitats Directive, the designation of a new site corresponds to its contribution
to maintaining or restoring the conservation status of species listed in Annex II of the
Directive and/or biological diversity, also considering its role in maintaining a coherent
European ecological network. T. truncatus, listed in Annex II of the Habitats Directive,
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could be identified as one of the main species for which a new NATURA 2000 site would
be designated. B. physalus, P. macrocephalus, S. coeruleoalba, Z. cavirostris, G. griseus, and
G. melas could be named just as “Other important species”, listed in Annex IV of the
Habitats Directive [45]. Moreover, the proposal of a new area could also be important for
the conservation of biological diversity [70], as demonstrated by the spatial distribution of
Shannon and Simpson indices, Evenness, and Richness.

Within the Pelagos Sanctuary, 11 areas were highlighted as suitable zones for proposing
new NATURA 2000 sites, starting from the hexagons where the ER_w for T. truncatus was
positive. The ER_w of the other seven species and the biodiversity values were taken
into account for each of these hexagons. The perimeter did not always follow that of the
hexagons, but it could partially include surrounding zones to increase the continuity of
conservation over areas hosting other species with ER_w and biodiversity values > 0, even
if the ER_w for T. truncatus was null. Four proposed sites fell under Italian waters, three
under French waters, and four under both Italian and French waters. Since the purpose of
this study was to highlight potential areas where cetacean conservation could be increased,
the proposed sites crossing both French and Italian waters were not delimited according to
political boundaries. However, in the case of a proposal for a NATURA 2000 site within
one of these four areas, this action would be necessary (Figure 7).
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At least one hexagon with medium or high biodiversity values was recorded within
the perimeter of every proposed site; however, the same cetacean species were not always
listed as “Other important species” within each proposed site.

Low ER_w for B. physalus, P. macrocephalus, S. coeruleoalba, and T. truncatus, medium
and high Shannon and Simpson indices, medium Evenness, and Richness 1, 3, and 4 were
recorded in A (14,373 ha). Low ER_w for Z. cavirostris, low and medium ER_w for T.
truncatus, low, medium and high ER_w for B. physalus, P. macrocephalus and S. coeruleoalba,
D. delphis, G. griseus and G. melas presence, low, medium and high Shannon, Simpson
indices and Evenness, and Richness 1, 2, 3, 5, 6, 8 were recorded in B (101,603 ha); this site
comprehended the only two hexagons with Richness 8 within the study area. Low and
medium ER_w for B. physalus and P. macrocephalus, low and high ER_w for S. coeruleoalba,
low ER_w for T. truncatus, low, medium and high ER_w for Z. cavirostris, G. melas presence,
low, medium, high Shannon and Simpson indices, low and high Evenness, and Richness
3, 5, 6 were recorded in C (47,985 ha). Low, medium and high ER_w for B. physalus, low
and medium ER_w for P. macrocephalus, low and high ER_w for S. coeruleoalba and Z.
cavirostris, low ER_w for T. truncatus, G. griseus and G. melas presence, medium and high
Shannon index, high Simpson index, low, medium and high Evenness, and Richness 1, 3, 4,
7 were recorded in D (15,329 ha); this site comprehended the only hexagon with Richness
7 within the study area. Low and medium ER_w for B. physalus, S. coeruleoalba and Z.
cavirostris, medium ER_w for T. truncatus, low ER_w for P. macrocephalus, G. griseus and G.
melas presence, medium and high Shannon index, high Simpson index, low and medium
Evenness, and Richness 1, 4, 6 were recorded in E (15,329 ha). Medium ER_w for B. physalus,
high ER_w for P. macrocephalus and S. coeruleoalba, low, medium, and high ER_w for T.
truncatus, low ER_w for Z. cavirostris, G. melas presence, medium Shannon and Simpson
indices, low Evenness, and Richness 6 were recorded in F (11,547 ha). Low ER_w for B.
physalus, T. truncatus, and Z. cavirostris, low and medium ER_w for P. macrocephalus and
S. coeruleoalba, D. delphis, and G. griseus presence, low, medium, and high Shannon index
and Evenness, medium Simpson index, and Richness 1, 2, 3, 4, and 5 were recorded in G
(375,781 ha). Low and medium ER_w for B. physalus, P. macrocephalus, S. coeruleoalba and Z.
cavirostris, low ER_w for T. truncatus, D. delphis and G. griseus presence, low, medium and
high Shannon, Simpson indices and Evenness, and Richness 1, 2, 3, 4, 5 were recorded in
H (144,214 ha). Low ER_w for B. physalus, S. coeruleoalba, and T. truncatus, low and high
Shannon index, medium and high Simpson index, high Evenness, and Richness 1, 2, and 3
were recorded in I (13,503 ha). Low ER_w for B. physalus, P. macrocephalus, S. coeruleoalba,
and Z. cavirostris, low and medium for T. truncatus, low, medium, and high Shannon and
Simpson indices, medium and high Evenness, and Richness 1, 2, and 3 were recorded in
J (86,839 ha). Low B. physalus, P. macrocephalus, S. coeruleoalba and T. truncatus, G. griseus
presence, medium Shannon index, and Evenness, medium and high Simpson index, and
Richness 1, 3, 4 were recorded in K (43,404 ha).

Site B was the only one where all the eight cetacean species showed ER_w > 0 in at
least one of the considered hexagons; all the other sites did not include at least one specie:
D. delphis in D and E, G. melas in G and H, D. delphis and G. griseus in C and F, D. delphis,
G. griseus and G. melas in J, D. delphis, G. melas and Z. cavirostris in K. Only two “Other
important species” (B. physalus and S. coeruleoalba) were included in I and three (B. physalus,
P. macrocephalus and S. coeruleoalba) in A.

The statistically significant difference obtained with the Wilcoxon test for P. macro-
cephalus and T. truncatus, both with higher medians within the NATURA 2000 network,
could be used as a valid justification for the proposal of the new sites to ensure the effective
conservation of the eight cetacean species. The proposed coverage of areas where medium
and high ER_w and biodiversity were recorded could maintain these values, leading to an
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increase in the conservation status of these marine mammals. Moreover, eight of the 11 pro-
posed NATURA 2000 sites are fully or partially included within Italian waters, supporting
the need to improve the Italian NATURA 2000 network, as demonstrated by the second
Wilcoxon test. Only T. truncatus showed a higher median within Italian NATURA 2000 sites,
while the other three species showed a higher median within French NATURA 2000 sites,
with P. macrocephalus being the only species that showed a statistically significant difference.

Despite some of the proposed sites covering a huge area, the already existing French
NATURA 2000 sites could be taken as examples for the coverage expansion, especially the
“Grands dauphins de l’Agriate” site with its extension of 624,075 ha.

Due to their spatial coverage and position over important habitats for cetaceans, such
as canyons and submarine mountains [62,64,67], and their partial overlap with the already
existing NATURA 2000 network, the proposed sites could enhance the conservation of
the eight considered species. This would be particularly important for zones that are still
few covered by the NATURA 2000 network, such as the Castelsardo Canyon [70] and the
northern and eastern parts of the Pelagos Sanctuary.

Among the threats and pressures for cetaceans which could be identified within the
proposed NATURA 2000 sites, one of the most evident would be maritime traffic. Due to
its high presence throughout the Pelagos Sanctuary, this could be considered one of the
most evident pressures for cetaceans, due to the leading of several threats such as the risk
of collisions and acoustic pollution. By considering the maritime traffic recorded during a
single year (2019), the overlap between the proposed sites and maritime traffic is evident.
In particular, site G, on the eastern side of the Pelagos Sanctuary, is proposed as a NATURA
2000 site most crossed by maritime traffic, also due to its dimensions. This evidence raises
awareness that one of the conservative measures adopted within the proposed sites would
be the monitoring of vessel traffic (Figure 8).

According to Article 6 of the Habitats Directive, “For special areas of conservation,
Member States shall establish the necessary conservation measure” and “take appropriate
steps to avoid [. . .] the deterioration of natural habitats and the habitats of species as well
as disturbance of the species for which the areas have been designated” [45], which in this
case, as said before, it would be T. truncatus.

Generic conservation measures, such as monitoring vessel traffic, controlling and
preventing any kind of pollution, and raising awareness of the existence of the NATURA
2000 network and habitat/species of community interest, could be proposed for each of
the 11 areas. Since almost all the proposed sites would be partially overlapped to the
already existing NATURA 2000 network (except for A, C and D), more specific conserva-
tion measures could be proposed within certain sites based on the closest NATURA 2000
site(s): use the fishing logbooks of federations and associations of recreational sea and
underwater fisheries in B (from FR9301573—Baie et cap d’Antibes—îles de Lerins), tackling
macro-waster in B (from FR9301573—Baie et cap d’Antibes—îles de Lerins), sustainable
control of frequentation and operations on the sea and coastline, in order to make human
activities compatible with the conservation of habitats and species in B (from FR9301996—
Cap Ferrat), enhancement and coherence of existing actions for the preservation of the
marine environment in B (from FR9301996—Cap Ferrat), contact national authorities in case
of marine mammal found stranded in E, F and G (from FR9402019—Grands dauphins de
l’Agriate and FR9402013—Plateau du Cap Corse), participate in good practices to reduce the
impact of activities on the environment in E, F and G (from FR9402019—Grands dauphins
de l’Agriate and FR9402013—Plateau du Cap Corse), collect the waste encountered and
report to the NATURA 2000 facilitator the presence of macrowastes and lost fishing gear in
E, F and G (from FR9402019—Grands dauphins de l’Agriate and FR9402013—Plateau du
Cap Corse), be discreet and follow recommendations for observing marine mammals in
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E, F and G (from FR9402019—Grands dauphins de l’Agriate and FR9402013—Plateau du
Cap Corse), promotion of the Pelagos partnership charter in G (from IT5160021—Tutela del
Tursiops truncatus and IT5160006—Isola di Capraia—area terrestre e marina), monitoring of
cetacean by-catch in G (from IT5160021—Tutela del Tursiops truncatus and IT5160006—Isola
di Capraia—area terrestre e marina), training courses to raise awareness of the presence
of different marine mammal species in G (from IT5160021—Tutela del Tursiops truncatus
and IT5160006—Isola di Capraia—area terrestre e marina), monitoring of habitats and
species of high conservation interest in G (from IT5160006—Isola di Capraia—area ter-
restre e marina), intensification of control activities to prevent illegal fishing in G (from
IT5160006—Isola di Capraia—area terrestre e marina), promotion and implementation of
local initiatives for the recovery of abandoned nets and cleaning up seabed in G (from
IT5160006—Isola di Capraia—area terrestre e marina), fishing permitted subject to certain
constraints in H (from FR9402015—Bouches de Bonifacio, Iles des Moines), establish a
continuous monitoring and recognition by photo identification in order to maintain and
increase the number of T. truncatus species (involving also the private ones like operators
that carry out tourist fishing activities, the boaters, the professional and amateur fishermen)
in H (from ITB010008—Arcipelago La Maddalena), prohibit to remove, damage or disturb
wild fauna species, especially those of community interest or conservation, present at any
stage of their development, or directly or indirectly damage the habitats of those species in
H (from ITB010008—Arcipelago La Maddalena), prohibit the abandonment, release and
spillage of any type of waste, potentially polluting product and water not treated, both on
land and at sea in H (from ITB010008—Arcipelago La Maddalena), collection operations
for the removal of lost fishing gear and marine litter, monitoring of by-catch of bottlenose,
incentives for compensation for damage to fish catches caused by bottlenose dolphins,
incentives for systems that protect fishing gear and catches from bottlenose fish, regulation
of the activity of the dolphin whatching, regulation on the behaviour to be carried out in
case of sightings of bottlenose dolphins [88,96–100].

Moreover, according to Article 11 of the Habitats Directive, “1. Member States shall
take the requisite measures to establish a system of strict protection for the animal species
listed in Annex IV in their natural range, prohibiting: (a) all forms of deliberate capture or
killing of specimens of these species in the wild; (b) deliberate disturbance of these species
[. . .], (d) deterioration or destruction of breeding sites or resting places” and “shall establish
a system to monitor the incidental capture and killing” [45].

In conclusion, in all the proposed sites, future monitoring seasons within the FLT Med
Net in the Pelagos Sanctuary could contribute to the evaluation of the progress achieved
and contribution of the site to the conservation of identified cetacean species (according
to Article 17 of the Habitats Directive). In addition, the identified areas could serve as
a reference to organise dedicated surveys to implement data collection using different
sources (i.e., acoustic and satellite data), in order to further inspect species presence and
habitat use. Considering Article 18 of the Habitats Directive, “Particular attention shall
be paid to scientific work [. . .] and transboundary cooperative research between Member
States shall be encouraged” [45]. A pilot study conducted by Arcangeli et al., 2021 within
the “Tutela del Tursiops truncatus” site demonstrated the validity of a consistent systematic
research protocol for long-term monitoring to evaluate the importance of NATURA 2000
sites [101].
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5. Conclusions
The objective of this study was to analyse the eight resident cetacean species and bio-

diversity values over current conservation tools within the Pelagos Sanctuary. In particular,
considering the legally binding condition of the NATURA 2000 network and cetaceans’
position in the food web, the designation of new NATURA 2000 sites within the Ligurian
Sea could be an efficient tool not only for the conservation of these species but also for the
protection of the whole biodiversity.

Considering the results of this study, we confirmed a high presence of cetaceans
and biodiversity within the Pelagos Sanctuary, with a statistically significant difference
in the Wilcoxon test only for P. macrocephalus and T. truncatus between ER_w values and
the protection status of the area, with a higher median within NATURA 2000 sites. No
biodiversity indices showed a statistically significant difference.

These data highlight the need to increase the existing NATURA 2000 network to
better cover cetacean presence and biodiversity, preventing pressure and threats through
conservation measures and maintaining and/or raising the good conservation status of
these marine mammals.

Moreover, the 11 proposed sites would grant continuity with other NATURA 2000 sites,
especially over Italian waters, where there is still a lack of NATURA 2000 network coverage.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d17030174/s1, Table S1: NATURA 2000 sites’ codes and names,

https://www.mdpi.com/article/10.3390/d17030174/s1
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with reference to the number of hexagons they cover; hexagons were selected as protected if at least
the 20% of their area was covered by NATURA 2000 network, also by combination of two or more
sites; Table S2: Number of hexagons (and percentages) for cetacean presence and biodiversity values
over the study area.
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