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A B S T R A C T

The biodiversity of the Mediterranean Sea is undergoing important changes. Cetaceans, as top predators, are an
important component of marine ecosystems. The seasonal distribution and abundance of several cetacean
species were studied with a large aerial survey over the North-Western Mediterranean Sea, including the
international Pelagos sanctuary, the largest Marine Protected Area (MPA) designed for marine mammals in the
Mediterranean. A total of 8 distinct species of cetaceans were identified, and their occurrence within the
sanctuary was investigated. Abundance estimates were obtained for three groups of species: the small
delphinids (striped dolphins mainly), the bottlenose dolphin and the fin whale. There was a seasonal variation
in striped dolphin abundance between winter (57,300 individuals, 95% CI: 34,500–102,000) and summer
(130,000, 95% CI: 76,800–222,100). In contrast, bottlenose dolphin winter abundance was thrice that of
summer. It was also the only species to exhibit any preference for the Pelagos sanctuary. Fin whale abundance
had the reverse pattern with winter abundance (1000 individuals, 95% CI: 500–2500) and summer (2500
individuals, 95% CI: 1500–4300), without any preference for the sanctuary. Risso's dolphins, pilot whales and
sperm whales did not exhibit strong seasonal pattern in their abundance. These results provide baseline
estimates which can be used to inform conservation policies and instruments such as the Habitats Directive or
the recent European Marine Strategy Framework Directive.

1. Introduction

Within the Western Mediterranean Sea, cetaceans are affected by
some human activities such as collision (David et al., 2011; Panigada
et al., 2006) or fisheries bycatch, while others such as competition for
resource, whale watching, pollution, coastal development, vessel noise,
and military sonar or seismic exploration are listed as susceptible to
generate different threats on cetaceans (Notarbartolo-di-Sciara et al.,
2008).

In 2002, a Marine Protected Area (MPA) of 87,500 km2, was
enforced by France, Italy and Monaco. The international Pelagos
sanctuary for Mediterranean marine mammals was spatially designed
with oceanographic and ecological considerations, e.g. location of the
Ligurian permanent frontal system; and was recently registered as a
Specially Protected Area of Mediterranean Importance (SPAMI) under
the Convention for the Protection of the Marine Environment and

Coastal Regions of the Mediterranean (Barcelona Convention). The
Barcelona convention is a conservation instrument promoting coopera-
tion between European Member States and third party countries.
However, the cornerstone of Europe's nature conservation policy is
the European Council Directive 92/43/EEC or Habitats Directive. It is
a major international instrument for conservation (Popescu et al.,
2014) that aims to maintain or restore the Favourable Conservation
Status (FCS) of species and habitat listed in its Annex II via a network
of protected areas called Natura 2000.

One drawback of the European Habitats Directive is its lack of clear
deadlines and large focus on terrestrial ecosystems (Trouwborst and
Dotinga, 2011). The recent Marine Strategy Framework Directive
(MSFD, Directive 2008/56/EC) capitalises on the Habitats Directive
but addresses its shortcomings by requiring Member States to achieve
or maintain ‘Good Environmental Status’ (GES) of their waters by
2020. Each EU Member State is required to develop strategies for its
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marine waters, including a detailed assessment of the state of the
environment, a definition of GES at regional level and the establish-
ment of clear environmental targets and monitoring programmes.
Moreover, the MSFD requires Member States to cooperate via instru-
ments such as the Barcelona convention. In order to set a baseline for
assessing deviation from GES for its marine megafauna, we used two
seasonal aerial surveys over the entire French marine waters, including
offshore waters and part of the Spanish and Italian waters, to provide
baseline estimates to inform conservation policies to be developed
under instruments such as the Habitats Directive or MSFD for cetacean
species.

Among cetaceans inhabiting the area, the Mediterranean Sea
common bottlenose dolphin (Tursiops truncatus) is the only species
listed in Annex II of the EU Habitats directive. The Mediterranean
subpopulation is considered Vulnerable according the IUCN Red List
Criteria (Bearzi et al., 2012). Nevertheless many cetacean species of
conservation interest that are not listed in the Annexe II of the Habitats
directive occur in the Mediterranean Sea. The IUCN Red List also
includes for their Mediterranean subpopulation, the Data Deficient
long-finned pilot whale (Globicephala melas), Risso's dolphin
(Grampus griseus) and Cuvier's Beaked whale (Ziphius cavirostris);
the Vulnerable striped dolphin (Stenella coeruleoalba), and fin whale
(Balaenoptera physalus); and the Endangered sperm whale (Physeter
macrocephalus).

This paper presents baseline estimates of abundance and distribu-
tion patterns for the above-mentioned cetacean species encountered
within the North-Western Mediterranean Sea (NWMS) and their
variations between the winter and summer, with a focus on the
Pelagos sanctuary. We examined the attendance within the Pelagos
sanctuary compared to the western part of the NWMS, as half of the
surveyed area is included within the sanctuary.

2. Material and methods

2.1. Study area and survey design

The Mediterranean Sea is a mid-latitude semi-enclosed sea, or
almost isolated oceanic system. The main component of the water-
mass circulation in the western Mediterranean basin is related to the
Liguro-Provençal Current. The permanent cyclonic circulation in the
Ligurian Sea involving water of Atlantic origin in the surface layers
follows the continental slope along the coast of Italy, France and the
Gulf of Lions (Millot, 1999). The Gulf of Lions and Ligurian Sea are
very dynamic systems with the formation of dense waters in winter,
that flow down to the bottom of the Mediterranean Sea (Robinson
et al., 2001). This current forms cyclonic eddies west of the Ligurian
Sea, which are factors of trophic enrichment in the area (Millot and
Taupier-Letage, 2005).

The study area was delimited from the French Exclusive Economic
Zone (EEZ), but included Italian waters to cover the whole Pelagos
Sanctuary and Spanish waters in the western limit. The study area
(181,400 km2) was stratified in three bathymetric strata (Fig. 1): the
shelf stratum with depth < 200 m included the Gulf of Lions (GoL) and
the eastern part of Pelagos encompassing the north of the Tyrrhenian
Sea (TYR); the slope stratum within the 200 m and 2000 m contours
(SLO); and the oceanic stratum (OCE, depth > 2000 m).

2.2. Data collection

Data were collected during the SAMM (Suivi Aérien de la
Megafaune Marine; aerial survey for marine megafauna) surveys,
two large dedicated aerial surveys including three geographic sub-
regions: the English Channel, the Bay of Biscay (Laran et al., in press)
and NWMS. Targets species were the main taxa of marine megafauna,
i.e. marine mammals, sea turtles, large fish such as elasmobranchs
collected in line transect mode, while seabirds were collected in strip

transect mode (200 m width each side of the plane). This study only
presents the results obtained for cetaceans within the NWMS. Results
for the Channel and Bay of Biscay are detailed in a companion paper
(Laran et al., in press).

For logistical reasons, transects were drawn manually, but with a
regular design in order to approximate an equal coverage probability
and minimise the potential bias of this non automated design. A
systematic zig-zag design (Buckland et al., 2001; Strindberg and
Buckland, 2004) was achieved for winter and summer surveys, to
optimise the effort (Fig. 1). To increase effort within each stratum in
order to collect sufficient number of sightings for habitat modelling
analysis (see Lambert et al., 2016) but minimising logistical constraints
for planes, transects were planned to be flown twice, with a minimum
time lag of 10 days to assumed their independence for analysis.

Transects were flown at a target altitude of 182 m (600 feet) and a
ground speed of 167 km h−1 (90 knots), using high-wing aircrafts
equipped with bubble windows. The survey crew consisted of two
trained observers, a navigator in charge of data collection on a laptop
using ‘VOR’ software (designed for SCANS-II survey, Hammond et al.,
2013) and a fourth, off-duty crew member, allowing a rotation of every
2 h to limit tiredness. Beaufort Sea state, glare severity, turbidity, cloud
coverage and an overall subjective assessment of the detection condi-
tions (good, moderate or poor as for small Delphinids), were recorded
at the beginning of each transect and whenever any of these parameters
changed. For cetaceans, data were collected following a Distance
sampling protocol (Buckland et al., 2001), including species identifica-
tion to the lowest possible taxonomic level, school size and declination
angle (measured with a hand-held clinometer). For some sightings with
unknown sighting composition, the effort was stopped and the plane
circled to identify species and better estimate pod size. Flights were
conditional on a good daily weather forecast.

Fig. 1. Survey blocks with bathymetric strata and effort conducted during the winter
survey (top) and summer (bottom) in good condition (selected for analyses: with sea
state≤3 Beaufort and subjective condition greater than medium). In bold transect done
with a replicate and Pelagos Sanctuary in grey.
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2.3. Abundance estimates

Only transects conducted with good conditions were considered for
the analysis: sea state ≤3 Beaufort and subjective condition greater
than Medium were considered for analysis. Since the observers, survey
platform and research protocols did not change between surveys,
sightings for the three sub-regions (NWMS, English Channel and Bay
of Biscay) were pooled. To estimate detection function 5–10% of the
objects detected at the longest distances were truncated (Buckland
et al., 2001) and the effect of covariates incorporated into the function
estimate (Marques and Buckland, 2003) were tested with on Distance
6.2 (Thomas et al., 2010). We tested geographic sub-region
(Mediterranean, Bay of Biscay, and English Channel), seasons, sea
state, turbidity index (0, 1, 2), glare severity reduced to two levels (0–1
and 2–3), subjective conditions and two cloud cover classes(0−4 and
5–8). Following stepwise selection approach, covariate were tested,
using minimum AIC to select the model (Marques and Buckland,
2003).

To check whether large schools were detected at greater distances
school size (on a logarithmic scale) was regressed on (x) when
significant (p < 0.05), otherwise averaged on each strata.

In addition, density estimates were adjusted to account for avail-
ability bias on the trackline (Dcor) using previous availability correc-
tion factors estimated on similar aerial surveys (Carretta et al., 2000;
Forcada et al., 2004; Gomez de Segura et al., 2006). Selected factors
and sources are summarised in Table A.1: for small-size delphinids we
used 0.676 (Coefficient of Variation: CV=24%) as estimated for
stripped dolphin when groups size (estimated for the bathymetric

strata) was inferior or equal to 15 individuals and assumed no bias
(equal to 1) for larger value ( > 15 individuals) as none were considered
underwater for more than 30 s (Gomez de Segura et al., 2006); 0.778
(CV=4%) for bottlenose dolphin (Forcada et al., 2004) and 0.41
(CV=30%) for fin whale (Carretta et al., 2000). For other species the
fraction of time spent in surfacing series (from the literature) was
considered as a crude estimate of the availability bias. Without any data
available for Risso's dolphin and long-finned pilot whale from the
Penguiness book web site (Ropert-Coudert and Kato, 2012) we used of
0.763 (CV=24%) for short-finned pilot whales (Alves et al., 2013), and
0.167 (CV=17%) for sperm whales (Drouot et al., 2004b). The
uncertainty of this correcting factor (α) was incorporated into the
coefficient of variation (CV) and the confidence interval of the corrected
density (Dcor) by

CV D CV D CV( ) = ( )²+ ( ∝ )²cor

Perception bias, from observers, was estimated as minor in our
study, with the almost constant team of observers over the two seasons
and this effect was not considered in our study.

In order to estimate abundance within the Pelagos Sanctuary area,
survey blocks were truncated on the area (Table 1). Bathymetric strata
were rezoned and sightings, effort and corresponding mean pod size
collected within this MPA were used with previous global detection
function to produce new stratified abundances, which were pooled and
compared to the entire NMWS.

Despite some circles, done to have another look at a sighting, some
were not identified at a lower taxonomic level. To assess the sensitivity
of abundance estimates to unidentified delphinid sightings, we con-

Table 1
Block sizes, total effort (in km) and survey effort collected in good conditions (Beaufort≤3, Subjective conditions >medium).

Bathymetric strata Surface area
(km²)

% Surface inside
Pelagos

Total survey effort
in winter

Survey effort in good condition in
winter

Total survey effort
in summer

Survey effort in good condition in
summer

Total inside Pelagos Total inside Pelagos

Shelf (GoL) 12,796 0% 3718 2348 3886 2048
Shelf (TYR) 33,398 100% 1188 1188 1482 1482
Slope 53,068 64% 4008 3877 2285 4782 4199 2861
Oceanic 82,115 28% 2814 2668 1026 5416 4992 2047

181,378 50% 10,540 10,081 4499 14,084 12,720 6390

Table 2
Total number of sightings (#) collected in effort per species, corresponding proportion (in %) and encounter rates (ER, sightings/100 km with CV) during winter and summer surveys.

Species Winter Summer

# % ER (CV) # % ER (CV)

Baleen whale Fin whale 13 4% 0.09 (0.29) 45 11% 0.26 (0.19)
Undetermined whale – 3 1%

Small-sized delphinids Striped dolphin 95 30% 0.69 (0.14) 189 45% 1.02 (0.10)
Common dolphin – 1 0.2% 0.32 (0.16)
Striped or Common dolphin 68 22% 0.49 (0.14) 58 14%

Bottlenose dolphin 56 18% 0.41 (0.17) 51 12% 0.28 (0.20)

Globicephalinae Risso's dolphin 15 5% 0.11 (0.37) 14 3% 0.08 (0.33)
Long-finned pilot whale 5 2% 0.04 (0.45) 3 1% 0.01 (0.58)

Deep divers Sperm whale 4 1% 0.03 (0.61) 5 1% 0.03 (0.45)
Cuvier's beaked whale – 0.007 (1) 1 0.2% 0.005 (1)
Ziphiidae 1 0.3% –

Delphinidae 57 18% 49 12%
Large Cetacean 1 0.3% 1 0.2%
Medium Cetacean 1 0.3% 1 0.2%
Small cetacean – 3 1%

Total 316 2.29 (0.08) 424 2.29 (0.08)
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Fig. 2. Distribution of sightings and effort for winter and summer surveys, for striped dolphin, small-sized delphinids, bottlenose dolphin, fin-, sperm- and beaked whales, long-finned
pilot whale and Risso's dolphin (Sightings collected on a simultaneous coastal survey are in grey).
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ducted an analysis whereby we statistically imputed species identity
(striped dolphin, bottlenose dolphin or Risso's dolphin, Text A.1) to
unidentified delphinid sightings.

3. Results

3.1. General

The surveys covered 13,758 km in the winter (November 27th 2011
to February 9th 2012) and 18,447 km in the summer (May 21th to
August 6th 2012), with 95% conducted within Beaufort Sea state 3 or
less in winter and 97% in the summer (Table 1).

3.1.1. Encounter rates
A total of 8 different species were identified (Table 2), the most

abundant being striped dolphins accounting for more than 30% of the
sightings ( > 50% considering small-sized delphinids), followed by
bottlenose dolphins ( > 12% of the sightings). Despite changes in
species composition, cumulative encounter rates did not change
between seasons, with a total of 2.3 sightings per 100 km, regardless
of the season.

3.1.2. Detection functions
Detection functions were estimated for the three pooled sub-

regions, as sub region covariate was not significant. For small-sized
delphinids (effective strip width μ=165 m, CV=2%), common bottle-
nose dolphin (μ= 169 m, CV=5%), fin whale (μ=355 m, CV=7%), and
pilot whale (μ=249 m, CV=10%), the selected detection model included

season as only covariate, in addition to perpendicular distance (Fig.
A.1). Sea state was significant for Risso's dolphins (μ=218 m, CV=12%)
only and no covariate was selected for sperm whale (μ=463 m,
CV=23%; Fig. A.1).

3.2. Small-sized delphinids

A total of 411 sightings of small-sized delphinids were collected (on
effort) within NWMS, including striped dolphins (69%), common
dolphins (only one sighting in summer) and unidentified small-sized
delphinids. Small-sized delphinids were largely distributed in the area,
avoiding depths shallower than 200 m (GoL and TYR) in the summer
with no clear seasonal difference in their distribution (Fig. 2).

The mean school size increase in summer with significant regres-
sion for oceanic strata (Table 3). Densities of small-sized delphinids
were roughly equivalent over TYR and slope strata, but increase in
summer over the oceanic area (Table 3). Overall densities of small-
sized delphinids were significantly different between seasons (z-
test=2.68, p < 0.05). Total corrected estimated abundances of striped
dolphins were 57,300 individuals for our study area (95% CI: 34,500–
102,000) in the winter and 130,000 (95% CI: 76,800–222,100) in the
summer.

3.3. Common bottlenose dolphin

A total of 107 sightings of common bottlenose dolphins were
collected (on effort) in the NWMS, with contrasting seasonal distribu-
tions. A strong difference appears among their offshore distribution in

Table 3
Estimates of abundances for stripped dolphins, bottlenose dolphins and fin whale. Sightings available after truncation (n), mean school size (Es) with respective coefficient of variation
(CV%), or regressed (E(s)*, when ln(s(i)) on (x) is significant with p < 0.05), animal density (D in individual.km-2 and CV) and density corrected for availability bias (Dcor and CV) and
abundance adjusted too (Ncor and its 95% Confidence Interval).

Strata n Es CV(%) D CV (%) D cor CV(%) N cor 95% Confidence Interval

Striped dolphin
Winter GoL 8 9.6 75% 0.099 88% 0.147 91% 1877 424 8300

TYR 5 7.0 39% 0.089 65% 0.132 69% 4401 1370 14,132
SLO 72 6.4 16% 0.362 23% 0.535 33% 28,403 18,319 44,040
OCE 53 3.1* 14% 0.186 23% 0.275 34% 22,597 14,353 35,577

0.213 16% 0.316 22% 57,278 34,467 102,049

Summer GoL 0
TYR 8 4.4 42% 0.071 59% 0.106 64% 3528 1204 10,339
SLO 76 9.9* 19% 0.540 25% 0.798 35% 42,367 26,109 68,749
OCE 85 13.4* 22% 0.692 28% 1.024 37% 84,090 49,453 142,989

0.484 20% 0.717 26% 129,986 76,766 222,078

Bottlenose dolphin
Winter GoL 2 1.5 33% 0.004 77% 0.005 77% 63 17 241

TYR 10 3.6 32% 0.090 47% 0.115 47% 3922 1627 9454
SLO 16 2.1* 35% 0.026 45% 0.033 46% 1795 769 4190
OCE 11 5.8 29% 0.071 48% 0.091 48% 7632 3115 18,699

0.058 31% 0.075 31% 13,412 5527 32,584

Summer GoL 9 6.1 33% 0.079 58% 0.102 58% 1331 466 3805
TYR 3 7.7 53% 0.046 92% 0.059 92% 2009 431 9361
SLO 3 5.3 63% 0.000 61% 0.000 61% 10 3 30
OCE 3 2.7 45% 0.005 73% 0.006 73% 510 142 1827

0.016 53% 0.021 53% 3860 1043 15,023

Fin whale
Winter GoL 0

TYR 1 1.0 0% 0.001 100% 0.003 104% 97 19 496
SLO 4 1.0 0% 0.001 60% 0.004 67% 189 63 565
OCE 7 1.0 0% 0.004 36% 0.009 46% 745 379 1465

0.002 29% 0.006 30% 1032 462 2526

Summer GoL/TYR 0
SLO 7 1.3 22% 0.003 44% 0.007 53% 394 173 895
OCE 32 1.2 7% 0.010 25% 0.026 39% 2106 1299 3415

0.006 22% 0.014 30% 2500 1472 4310
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winter and in the northern Tyrrhenian Sea, while in the summer,
bottlenose dolphins were encountered in coastal areas of the GoL and
Corsica (Fig. 2).

The mean school size varied from 1.5 to 7.7 (Table 3). Densities
peaked in winter in the TYR stratum, while it was in the GoL in
summer (Table 3). Global seasonal densities of bottlenose dolphins
were significantly different (z-test=2.12, p < 0.05). Corrected abun-
dances within our study area were 13,400 individuals (95% CI: 5500–
32,600) in the winter and 3900 individuals (95% CI: 1000–15,000) in
the summer (Table 3).

3.4. Fin whale

In total, 58 fin whale sightings were collected (on effort), as well as
3 unidentified whales in NWMS. Whales were mainly encountered in
areas deeper than 200 m, close to the 2000 m contours or further off
shore, favouring the oceanic habitat, in particular in the summer
(Fig. 2). In the winter only lone whales were encountered, whereas the
mean school size increase to 1.2–1.3 in the summer (Table 3). Seasonal
densities of fin whales were significantly different (z-test=2.3, p < 0.05),
increasing mainly in the oceanic strata in the summer (Table 3). Total
corrected abundance for fin whales was 1000 individuals (95% CI:
500–2500) in the winter and 2500 individuals (95% CI: 1500–4300) in
the summer.

3.5. Other species

Risso's dolphin, long-finned pilot whale and sperm whale were
more rarely encountered and the uncertainty of estimates did not
enable to highlight seasonal variation. A total of 29 sightings of Risso's
dolphins were reported (on effort), close to the 2000 m isobaths in the

winter, but in oceanic and coastal waters in the summer (Fig. 2). The
mean school size remained below 4 individuals (Table 4). Total
estimated abundance for Risso's dolphin was 2000 individuals (95%
CI: 700–5900) in the winter and 1400 individuals (95% CI: 500–3700)
in the summer.

Only 8 sightings of long finned pilot whales were collected on effort
(Table 2), close to the slope, whatever the season but their distribution
did not reveal a marked difference (Fig. 2). Their abundance was about
300–600 individuals (95% CI max: 100–2500), with no significant
difference of their densities among the seasons (Table 4).

For sperm whale, 9 sightings were collected (on effort) in the
NWMS, all in the slope and oceanic strata (Fig. 2). Total corrected
abundance of sperm whales represent a few hundred of individuals
(95% CI: 80–2600; Table 4). Only 2 sightings of beaked whales were
recorded (Table 2), which precluded any meaningful density estima-
tion.

3.6. Pelagos sanctuary

An effort of 4500 km was conducted in good sighting conditions in
the winter and 6390 km in the summer within the Pelagos sanctuary
(Table 1), corresponding to 45% and 50% of the effort used for the
NWMS area. Abundance of small-sized delphinids varied from 33,800
individuals in winter (95% CI: 17,700–67,900) to 40,200 individuals
(95% CI: 20,100-81,600) in the summer, corresponding to 59 and 31%
of the total NWMS estimates (Table 5). Common bottlenose dolphin
numbers is 7300 individuals (95% CI: 2900–18,500) in the winter, and
2,900 (95% CI: 600–13,400) in summer, denoting a possible prefer-
ence in favour of the Pelagos sanctuary in the summer, where 74% of
the NWMS bottlenose dolphins abundance was estimated. The abun-
dance of fin whales in the sanctuary increased from 500 individuals

Table 4
Estimates of abundances for Risso's dolphins, pilot whale, sperm whale. Sightings available after truncation (n), mean school size (Es) with respective coefficient of variation (CV%), or
regressed (E(s)*, when ln(s(i)) on (x) is significant with p < 0.05), animal density (D in individual.km-2 and CV) and density corrected for availability bias (Dcor and CV) and abundance
adjusted too (Ncor and its 95% Confidence Interval).

Strata n Es CV D CV D cor CV N cor 95% Confidence Interval

Risso's dolphin
Winter GoL/TYR 0

SLO 6 3.0 33% 0.011 58% 0.014 63% 741 258 2128
OCE 9 1.6 19% 0.012 58% 0.016 63% 1296 451 3724

0.009 42% 0.011 49% 2037 709 5852

Summer GoL/TYR 0
SLO 1 2.0 0% 0.001 101% 0.001 104% 76 15 393
OCE 7 3.9 23% 0.012 49% 0.016 55% 1336 534 3343

0.006 47% 0.008 53% 1412 549 3736

Pilot whale
Winter GoL 1 3.0 0% 0.003 101% 0.003 104% 43 8 223

TYR 0
SLO 4 1.8 27% 0.004 57% 0.005 62% 252 89 716
OCE 0

0.001 51% 0.007 56% 295 97 939

Summer GoL/TYR 0
SLO 0
OCE 2 0.006 79% 0.008 82% 650 166 2538

0.003 79% 0.004 82% 650 166 2538

Sperm whale
Winter GoL/TYR 0

SLO 2 1.0 0% 0.0006 75% 0.0033 77% 174 47 641
OCE 2 1.0 0% 0.0008 101% 0.0048 102% 391 76 2012

0.0005 73% 0.003 75% 565 123 2653

Summer GoL/TYR 0
SLO 2 1.0 0% 0.00051 74% 0.0030 76% 161 44 583
OCE 1 2.0 0% 0.00043 103% 0.0025 105% 209 39 1108

0.0003 67% 0.002 69% 369 84 1691
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(95% CI: 100–1600) in the winter to 1100 (95% CI: 600–2400) in the
summer, fairly equally shared inside and outside the Pelagos sanctuary,
where 44 to 45% of the individuals were present, whatever the season
(Table 5). Too few sightings were collected for other species to produce
reliable abundance estimates.

4. Discussion

4.1. General

This present work provided the first corrected abundance estimates
(for availability bias only) for several cetacean species in the NWMS for
two seasons. These two seasonal descriptions constitute an important
baseline for cetacean conservation in the NWMS, in particular for
assessing the conservation status of species listed under Annex II of the
Habitats Directive such as the common bottlenose dolphin, but also
other species (listed in Annexe IV) for which abundance and distribu-
tion knowledge were also required as part of a general monitoring
strategy. Large spatial scale surveys are crucial for MPA management,
as most units to conserve spread over areas larger than any national
EEZ in the NWMS. Given the important and homogeneous sampling
effort, we obtained fairly precise abundance estimates (CV < 35%) for
three groups of species (small delphinids, bottlenose dolphin and fin
whale). Our estimates contribute to the assessment of GES in the
Western Mediterranean sub-region as they inform (i) on bottlenose
dolphin abundances in the northern part of the occidental
Mediterranean basin, or (ii) biodiversity of the cetacean community,
two candidate MSFD indicators (Lauriano et al., 2014). Moreover, our
results could be directly compared to two other seasonal aerial surveys
and their abundance estimates for striped and common bottlenose

dolphins and for fin whales within the Pelagos Sanctuary (Azzellino
et al., 2014; Lauriano et al., 2014; Panigada et al., 2011 see 4.3 below).

4.2. Aerial survey methodology

An important challenge in aerial surveys is species identification:
the timespan during which an animal is detected may be too short to
allow unambiguous species assignment, or some species may be too
similar when seen from the air to be told apart. For example, striped
and common dolphins are two very similar species in morphology.
Only one of all sightings ( < 0.3%) was identified as a short-beaked
common dolphin, whereas 58% were identified as striped dolphin in
the winter and 76% in the summer. The common dolphin is considered
rare or absent in our study area (Bearzi et al., 2003), and most of our
unidentified small-sized delphinids sightings were probably striped
dolphins; therefore, their abundance could be considered a good
estimate of striped dolphin abundance. Nevertheless pod size estimate
of large group of dolphins during aerial survey remained a difficulty in
the analysis. Abundance estimates are strongly sensitive to the E(s)
parameter and for further analysis attention should be paid to better
estimate podsize variation, as for example using time of the day.

To assess result sensitivity to the removal of sightings from the
analysis, classified as unidentified delphinids (57 in winter and 49 in
summer; Table A.1), we imputed species identity for these sightings
between small-sized delphinids, bottlenose dolphin and Risso's dolphin
using observed frequencies in the data. Then, we generated ten
complete datasets (Text A.1, Fig. A.2), which were analysed and
averaged to obtain abundance estimates. This multiple imputation
procedure for missing taxon identity showed an increase of 4 to 18% in
estimated abundances (Table A.3) when unidentified delphinid sight-

Table 5
Estimates of abundances inside the Pelagos Sanctuary Sightings available after truncation (n), mean school size (Es) with respective coefficient of variation (CV%), or regressed (E(s)*
when log(s(i)) on (x) is significant with p < 0.05), animal density (D in individual.km-2 and CV) and density corrected for availability bias (Dcor and CV) and abundance (N and its 95%
Confidence Interval). The ratio of individuals inside Pelagos compare to whole NW Mediterranean block (which represent about 2 times the surface of Pelagos).

Season Strata n E(s) CV(%) D CV (%) D cor CV(%) N cor 95% Confidence Interval % of total abund.

Striped dolphin
Winter TYR 5 7.0 39% 0.089 65% 0.132 69% 4392 1368 14,107

SLO_Pelagos 52 6.2 19% 0.426 27% 0.630 36% 21,483 12,665 36,440
OCE_Pelagos 13 6.2 26% 0.236 41% 0.349 48% 7942 3638 17,337

0.254 22% 0.375 27% 33,818 17,671 67,883 59%

Summer TYR 8 4.4 42% 0.072 59% 0.106 64% 3522 1202 10,321
SLO_Pelagos 38 12.8 26% 0.517 33% 0.764 41% 26,079 13,767 49,401
OCE_Pelagos 40 5.3* 29% 0.315 38% 0.466 45% 10,591 5135 21,843

0.302 25% 0.446 30% 40,192 20,104 81,565 31%

Bottlenose dolphin
Winter TYR 10 3.6 32% 0.090 47% 0.115 47% 3833 1596 9205

SLO_Pelagos 12 4.4 40% 0.069 51% 0.088 51% 3009 1177 7695
OCE_Pelagos 4 1.3 20% 0.014 79% 0.019 79% 421 108 1648

0.063 33% 0.081 33% 7263 2880 18,548 54%

Summer TYR 3 7.7 53% 0.046 92% 0.059 92% 1963 422 9136
SLO_Pelagos 2 7.5 60% 0.016 92% 0.020 92% 680 147 3156
OCE_Pelagos 1 5.0 0% 0.007 101% 0.009 101% 211 41 1091

0.025 68% 0.032 68% 2854 609 13,383 74%

Fin whale
Winter TYR 1 1 0% 0.001 100% 0.003 104% 97 19 493

SLO_Pelagos 4 1 0% 0.002 60% 0.006 67% 207 70 608
OCE_Pelagos 2 1 0% 0.003 68% 0.007 75% 153 46 516

0.002 41% 0.005 45% 457 135 1618 44%

Summer TYR 0
SLO_Pelagos 3 1.7 40% 0.002 71% 0.006 77% 206 59 719
OCE_Pelagos 23 1.1 9% 0.017 32% 0.041 44% 922 501 1696

0.005 29% 0.013 38% 1128 561 2415 45%
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ings were included in the analysis. For infrequent species (e.g. the
Risso's dolphin) abundance estimates were unsurprisingly more sensi-
tive, with a downward bias of up to one fifth.

Despite difficulties in species identification, aerial surveys allow
vast areas to be covered at lower costs and with better flexibility relative
to weather conditions compared to a dedicated boat-based methodol-
ogy. However, two sources of bias are more pronounced with aerial
surveys: availability bias (due to diving animals which cannot be
detected), and the perception bias (when an observer fails to detect
an animal at the surface). The former was tentatively corrected by using
published estimates of average proportion of time spent at the surface.
But this ratio was not specific to our study region, and may not provide
the best correction. Nevertheless, perception bias should also be
considered in the future. To limit bias transects were flown only when
weather forecast indicated sea state < 4 Beaufort, ensuring good to
excellent detection conditions most of the time, and we tested variation
in detectability introduced by sighting conditions (sea state, glare,
subjective condition, or seasons). In addition the multitarget design of
our survey, which is inherent to the project's aims, would be a source of
impaired detection when objects with very different visual signature
compete for the observers’ attention. However, preliminary tests
conducted during the survey suggested that this would not be a major
issue for the detection of delphinids in areas of low seabird densities.

Finally, although aerial surveys provide a snapshot distribution of
cetaceans compared to other platforms, logistic constraints, mainly due
to weather conditions, implied a temporal window of 75 days to cover
our large study area with a sufficient effort at each season. This
temporal lag is a limiting factor to capture seasonal distribution, as
movements of individuals between areas during this period can occur.
Furthermore, in the winter, the sea state condition < 4 Beaufort was
seldom encountered, and effort actually deployed in the oceanic strata
consequently represented only half of the planned effort. Nevertheless,
aerial surveys proved to be more efficient than ship surveys, allowing
more robust estimates, with smaller CIs and CVs, and provided a useful
tool in terms of cetacean monitoring (Panigada et al., 2011).

The survey coverage does not completely respect the equal coverage
probability, but density was estimated using design-based methods.
Another step was then to obtained a distribution model of their
densities using model-based methodology (Lambert et al., 2006).

4.3. Distribution and abundance estimates

4.3.1. Small-sized delphinids
Our estimates of small-sized-delphinids within the Pelagos sanc-

tuary in the winter were in agreement with previous estimates of
striped dolphins (Table 6). Although the availability bias correction
implemented in the present work introduced a difference with previous
aerial survey, good agreement was found with a systematic boat-
transect conducted in the east of the study area (Gannier, 2006;
Laran et al., 2010). The strong increase of striped dolphin abundance
since the 1991 boat-based survey, just after an epizootic outbreak
(Forcada and Hammond, 1998), was confirmed.

4.3.2. Common bottlenose dolphin
In the NWMS, the bottlenose dolphin is one of the most studied and

well known species. However, oceanic areas remain largely unexplored
(Bearzi et al., 2008), especially in winter. Studies were mainly focussed
on coastal population living in fairly limited sub-areas of the NWMS,
using photo-ID. In the summer, our study completed previous esti-
mates (Table 6) in the Pelagos Sanctuary and offshore Sardinia by
aerial surveys (Lauriano et al., 2014), or those obtained by CMR within
the Pelagos sanctuary (Gnone et al., 2011). In our study area the Gulf of
Lions and Tyrrhenian Sea were favoured habitats, but with a significant
occurrence in the oceanic strata as previously rarely observed in the
area (Laran et al., 2012). In contrast, the highest densities recorded in
the winter over the oceanic and slope strata, represent new and

relevant information for the conservation of common bottlenose
dolphins in the NWMS, which is in agreement with genetic analysis,
did not show a significant difference with Atlantic pelagic individuals
(Louis et al., 2014). Our maximum densities over the Gulf of Lion in
the summer or the north of Tyrrhenian Sea in winter were in
agreement with values obtained by aerial survey between the Spanish
coast and the Balearic islands (Forcada et al., 2004).

4.3.3. Fin whale
Fin whale is the only commonly observed mysticete in the

Mediterranean Sea and genetic and acoustic analyses reveal differences
with population of the north Atlantic with possible low-recurrent gene
flow (Bérubé et al., 1998; Castellote et al., 2012; Palsboll et al., 2004)
due to seasonal migration of some individuals through the Strait of
Gibraltar (Bentaleb et al., 2011). Status of the Mediterranean sub-
population, given its likely small size and confinement in a partially
degraded marine environment, was recently downgraded as Vulnerable
by IUCN (Panigada and Notarbartolo-di-Sciara, 2012).

Within the Pelagos sanctuary, we obtained a summer density
consistent with previous estimates (Table 6). Nevertheless, at the
NWMS scale, we observed a decrease in abundance of fin whales
compared to the survey conducted in 1991 (Forcada et al., 1996). Our
seasonal estimates across NWMS confirmed that a proportion of the
population dwell year round in the area.

4.3.4. Other species
Risso's dolphin remains one of the least-known species in the

Mediterranean Sea, with a few dedicated studies, and little is known
about its abundance in the Mediterranean Sea (Table 6). Risso's
dolphin generally prefer steep slopes and submarine canyons
(Cañadas et al., 2002; Praca and Gannier, 2008), quite accordingly
with the present study in the winter, while our survey also denoted an
occurrence farther offshore in the summer. Nonetheless, our results
suggest that a higher density of Risso's dolphin was encountered over
the oceanic stratum, irrespective of the season. Our study provides the
first abundance estimates for the whole NWMS, and was in agreement
with a density obtained off the Spanish coasts (Gomez de Segura et al.,
2006).

In the NWMS, the abundance and distribution of long-finned pilot
whales have been poorly documented so far and the small number of
sightings here did not allow robust estimates to be obtained. An
approach based on CMR methodology with photo-ID data could
produce more precise and accurate abundance estimates for this
species, as applied on resident population in the Strait of Gibraltar
(Verborgh et al., 2009) or for sperm whale (Rendell et al., 2014).

The sperm whale is listed as an Endangered species by IUCN, but
Mediterranean population remain poorly known. This population is
apparently isolated from the Atlantic populations (Drouot et al., 2004a)
and an exchange would be limited with animals living in the eastern
Mediterranean Basin (Frantzis et al., 2011). Sightings collected during
our surveys confirmed their distribution over deep offshore waters
(Gannier et al., 2002; Praca et al., 2009), with sightings collected
favouring the continental slope in the summer only. The sighting of
calves in the Gulf of Lions in mid-December confirmed previous
reports (Laran and Gannier, 2006) indicating that the species repro-
duce in the area. The only abundance estimate available for sperm
whale was recently obtained by CMR analyses in the western
Mediterranean basin (Rendell et al., 2014). These authors concluded
to a total estimate of 400 animals (CI: 200–1000), including one
hundred for the Balearic Archipelago (not covered by our study area),
which is consistent with our estimates. Sperm whales are present in the
Ligurian Sea throughout the year, with a maximum in the autumn
(Laran and Gannier, 2006), consistent with our results. As for long
finned pilot whale, long-term photo-identification efforts and data
sharing between institutions should provide crucial information for
sperm whale conservation within NWMS (Carpinelli et al., 2014).
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4.4. The Pelagos sanctuary

The Pelagos Sanctuary represents one of the first implementations
of an international pelagic Marine Protected Area (MPA). The contour
of this MPA was defined to encompass major oceanographic and
ecological features, notably the Ligurian permanent frontal system.
However, the Pelagos sanctuary is also home to a diversity of important
human activities and associated threats to cetaceans. Hence, the central
part of the Ligurian Sea is recognised as an area with a high risk of
collisions with vessels due to an intense shipping traffic (David et al.,
2011).

Even though we did not cover the adjacent Tyrrhenian Sea, this
study provided a unique opportunity to assess the relevance of the
Pelagos sanctuary for marine mammal conservation. Our results did
not reveal any preference for the Pelagos sanctuary by cetaceans,
except for the bottlenose dolphin in the summer. Conversely, Risso's
dolphins were more abundant in the western part of our study area,
outside the Pelagos Sanctuary. In the summer 2012, during our survey,
fin whales were distributed homogenously in and out of the Pelagos
Sanctuary, contrasting with 2009–2010 aerial surveys, where most of
the whales where observed outside the Sanctuary, west of Sardinia
(Azzellino et al., 2014; Panigada et al., 2011). This discrepancy may be
due to different oceanographic conditions or sampling period, but
climatic changes could also affect the timing and magnitude of primary
productivity in the area and the fin whale distribution and aggregation
(Littaye et al., 2004). For an effective long-term conservation, a large-
scale management and coordinated monitoring throughout the
Mediterranean basin is recommended, as probably only a small part
of the cetacean populations are resident in the Sanctuary. A wide
survey of the Mediterranean Sea, similar to the SCANS survey
(Hammond et al., 2013), would be most informative on cetacean
abundances.

Protecting cetaceans represents a challenge, because of their wide
ranging behaviour and seasonal occurrences: ecologically relevant
boundaries need not match national EEZ boundaries The story of the
Pelagos sanctuary illustrates the long process required for creating an
international MPA that aims to tackle this challenge. Our results
strongly suggest that the Pelagos sanctuary may help to protect the
bottlenose dolphins given their summer preference for the MPA of this
HD Annex II species. However, the Pelagos sanctuary is sometimes
considered a ‘Paper park’ because it currently fails to provide real
protection for cetacean habitat (Notarbartolo di Sciara et al., 2008). To
remedy this situation, the Pelagos sanctuary should be managed
considering the threats and protections that exist both within and
outside its jurisdiction in a cooperative spirit between contracting
parties.

5. Conclusion

This study was conducted to explore seasonal variations in cetacean
abundance and distribution in the NWMS, as part of a multi-target
survey covering all marine megafauna. Deployed effort and consistency
in observers and sighting conditions made both seasons highly
comparable with respect to data collection and sampling design,
strengthening the idea that observed differences between seasons are
biological rather than methodologically driven. Our results could
represent a baseline estimate for 2011–2012 but will need updating,
ideally every 6 years in the winter and in summer to fit the timescale of
the MSFD commitments. Our results also represent crucial information
for the management and conservation of cetaceans, which can then be
used in inform policies to be developed and provide a timely examina-
tion of the relevance of the Pelagos sanctuary. Management actions
taken to mitigate immediate and well-known threats to cetaceans and
other large marine vertebrates in the Mediterranean region, particu-
larly entanglement in fishnet, collision or marine pollution impact,
need to be encouraged within and outside the Pelagos sanctuary. To

meet these challenges, MPA projects should be conducted on a
Mediterranean scale with a view to making progress in our knowledge
of how its ecosystems operate, to assess the effect of anthropogenic
/disturbances and to contribute to management, protection and
restoration measures for natural marine areas.
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