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A BS T RAC T
Scientiﬁc investigation in oﬀshore areas are logistically challenging and expensive, therefore the available
knowledge on seabird at sea distribution and abundance, as well as their seasonal variations, remains limited.
To investigate the seasonal variability in seabird distribution and abundance in the North-Western
Mediterranean Sea (NWMS), we conducted two large-scale aerial surveys in winter 2011–12 and summer
2012, covering a 181,400 km2 area. Following a strip-transect method, observers recorded a total of 4141
seabird sightings in winter and 2334 in summer, along 32,213 km. Using geostatistical methods, we generated
sightings density maps for both seasons, as well as estimates of density and abundance. Most taxa showed
seasonal variations in their density and distribution patterns, as they used the area either for wintering or for
breeding. Highest densities of seabirds were recorded during winter, although large-sized shearwaters, storm
petrels and terns were more abundant during summer. Consequently, with nearly 170,000 seabirds estimated in
winter, the total abundance was twice higher in winter. Coastal waters of the continental shelf were generally
more exploited by seabirds, even though some species, such as Mediterranean gulls, black-headed gulls, little
gulls and storm petrels were found at high densities in highly oﬀshore waters. Our results revealed areas highly
exploited by the seabird community in the NWMS, such as the Gulf of Lion, the Tuscan region, and the area
between Corsica and Sardinia. In addition, these large-scale surveys provide a baseline for the monitoring of
seabird at sea distribution, and could inform the EU Marine Strategy Framework Directive.

1. Introduction
According to the Marine Strategy Framework Directive (2008/56/
EC), each Member State of the European Union is required to assess
the environmental status of its waters and take appropriate conservation measures in order to achieve “good environmental status” by 2020.
However, this objective is made more diﬃcult to reach because of
important gaps in the knowledge of marine species distribution and
abundance at sea (Crise et al., 2015). Besides, marine environments are
characterised by strong spatio-temporal variability in oceanographic
processes, driving primary productivity (Bakun, 1996) and prey availability to consumers at various trophic levels (Beaugrand et al., 2003;
Frederiksen et al., 2006). The most predictable variation in temperate
ecosystems is a regular and marked seasonality, that forces marine
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predators to adapt their foraging strategies (Ballance et al., 2006; Paiva
et al., 2010). Among these species, seabirds are particularly mobile
throughout the year. Breeding seabirds are central place foragers,
commuting between colonies, where they must incubate eggs and
attend or feed their chick at regular intervals, and foraging areas
located at distances of tens to hundreds of kilometres. However, after
their breeding period, many species migrate considerable distances (up
to thousands of kilometres) to ﬁnd better environmental conditions
(Péron and Grémillet, 2013; Shaﬀer et al., 2006). Therefore, seabird
distribution can vary considerably between seasons.
Advances in telemetry have provided valuable information on
seabird ecology and distribution (Burger and Shaﬀer, 2008; Wilson
et al., 2002). However, this technology still excludes a large proportion
of seabird populations (non-breeding or non-accessible birds, small or
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stratum (OMed, depth > 2000 m). Two additional coastal strata (about
12 NM wide) were designed along the GoL and Provence (CCont) and
Corsica (CCor) shores (Fig. 1).
Zigzag transects were designed manually to respond to logistical
constraints (no-ﬂy zones and maximization of ﬂight time), while
ensuring an equal coverage probability within each stratum. It was
not driven by a prior knowledge of species distribution. The doubleengine high-wing aircraft was equipped with bubble windows in order
to aid observation underneath the plane. Transects were sampled at a
ground speed of 90 knots (167 km h−1) and an altitude of 600 ft
(182 m). Two trained observers transmitted their sightings to the ﬂight
leader who collected the data on a laptop computer, using VOR 8.6
software (Hammond et al., 2006).
For each sighting, the taxon, number of individuals, age category
(when possible) were recorded. As observation from the air makes
identiﬁcation of species diﬃcult, some species were pooled into groups
on the basis of morphological criteria (Table 1). Environmental
conditions (Beaufort sea state, turbidity, glare, cloud coverage and
subjective assessment of sighting conditions) were also recorded at the
beginning of each transect and whenever sighting conditions noticeably
changed. The position of the aircraft was recorded every two seconds
via a GPS connected to the computer.

shy species) that cannot easily be equipped with data loggers. At-sea
visual surveys allow whole seabird populations to be considered and
oﬀer valuable information on their distribution at various scales and
diﬀerent times. Small-scale studies ( < 10,000 km2), especially coastal
surveys (Arcos et al., 2012; Louzao et al., 2006) can be conducted
repeatedly between months or years. In contrast, broad-scale surveys
are more scarce because they generally use high-cost dedicated platforms or depend on opportunistic surveys, such as oceanographic
cruises (Bretagnolle et al., 2004; Certain et al., 2011; Lieske et al.,
2014). Diﬀerent platforms can be used — boat surveys are more
frequent, but aerial surveys have advantages for broad scale investigation of seabirds’ ecological preferences or distribution. They are
comparatively cheap and the high speed of the aircraft allows the
selection of the best weather conditions for observation, while insuring
a faster coverage of the sampled region than a boat would achieve
(Certain and Bretagnolle, 2008; Mannocci et al., 2014).
Our study took place in the North-Western Mediterranean Sea
(NWMS). The Mediterranean seabird community is characterised by a
strong endemism (Zotier et al. 1999). All four procellariid and
hydrobatid species or subspecies present in the area are endemic taxa,
as are the Mediterranean shag subspecies Phalacrocorax aristotelis
desmarestii, Audouin's gull Larus audouinii and the yellow-legged gull
L. michahellis. Mediterranean seabirds are faced with important
conservation issues, as intense human activities may aﬀect their
populations. For example, adult mortality of shearwaters at sea is
mainly due to accidental catching in ﬁshing gear (Báez et al., 2014;
Laneri et al., 2010). Unsustainable ﬁshery pressure on small pelagic
ﬁsh stocks may also have adverse eﬀects on prey accessibility for
several seabird species. These impacts are even more dramatic for the
most threatened species such as the vulnerable yelkouan shearwater
Puﬃnus yelkouan, and the critically endangered Balearic shearwater P.
mauretanicus (Oro et al., 2004).
Several large scale surveys have been dedicated to cetaceans and
turtles in this area (Gnone et al., 2011; Lauriano et al., 2011; Panigada
et al., 2011) but none of them recorded seabird occurrence. Only one
recent survey, carried out in the Tyrrhenian Sea and covering about
495,000 km2, considered seabirds (Fiori et al., 2016). Small scale
surveys, using boats (Abelló et al., 2003; Abelló and Oro, 1998;
Louzao et al., 2006) or aircraft (Cama et al., 2012), are more common
along the Iberian Peninsula coast (and especially in the Ebro Delta) and
Balearic Islands. In the Gulf of Lion, a recent study combined visual
surveys and telemetry to investigate Scopoli's shearwater Calonectris
diomedea distribution (Péron et al., 2013).
The aim of this study was (1) to assess the distribution of all seabird
taxa present in the area and investigate their seasonal variations; (2) to
estimate their densities and abundances; and ﬁnally (3) to highlight
areas of importance for seabird conservation at sea, especially oﬀshore.
To fulﬁl these objectives, we conducted a large scale aerial survey in the
NWMS, including the most oﬀshore areas, during two contrasting
seasons (winter 2011/2012 and summer 2012).

2.2. Spatial distribution
A ‘Poisson kriging’ geostatistical model, developed for the analysis
of count data, was used to depict species distribution over the study
area and to produce local sighting density maps (De Oliveira, 2014;
Monestiez et al., 2006; also used on seabirds by Mannocci et al., 2013).
Geostatistics correct for spatial autocorrelation between sightings and
transects as well as for heterogeneity related to zigzag transect
distribution over non plane-parallel sampling area (Strindberg and
Buckland, 2004; Van der Meer and Leopold, 1995). All data validation
and treatment were conducted using FME Desktop 2013 SP4 (Safe
Software, 2013). Prior to the analysis, transects were split in 5 km
segments to which sightings were assigned. Winter and summer
surveys were treated separately; taxa with less than 15 sightings were
not considered, as the data were too sparse for accurate variogram
estimation. Segments with sea state > 3 and subjective conditions <
medium/good were removed and a minimum of 100 pairs of segments
per distance-class was used for accurate variogram estimation using
the least square method (Appendix 1). For each taxon, we tested two
covariance models (exponential and Matérn; both models are relying
on weak assumptions and are parsimonious) and selected the best
ﬁtting model with the lowest sum of squares.
Following variogram estimation and selection, we performed
spatial interpolation to predict the local density of sightings in a
regular grid of 0.05° of longitude and latitude over the study area
(Appendix 1). For each taxon, winter and summer density predictions
were plotted using a common scale, ﬁxing a threshold set at the 0.99
quantile in the colour bar to avoid visual distortions by extreme
predictions. All geostatistical analyses were conducted using R 3.2.1
(R Core Team, 2013).
Finally, we summed the kriging maps to produce a map of the
cumulative density of all taxa (i.e. the sum of the predicted densities
per 0.05° cell) for each season.

2. Materials and methods
2.1. Aerial survey and data collection
The study area was located in the western basin of the
Mediterranean Sea and had a total surface area of 181,400 km2
(Fig. 1). Aerial surveys SAMM (Aerial Census of Marine Megafauna)
were conducted from November 3rd 2011 to February 15th 2012 and
from May 15th to August 15th 2012. We followed a standard strip
transect sampling protocol (Buckland et al., 2001). In our study, we
assumed that all seabirds would be detected within a 200 m wide strip
on both sides of the track. A stratiﬁed survey design was implemented,
using bathymetry to deﬁne three strata (Fig. 1): the shelf stratum (0–
200 m depth) included the Gulf of Lion (NGoL) and the Tyrrhenian Sea
(NTyr), the slope stratum (SMed, 200–2000 m depth), and the oceanic

2.3. Density and abundance at sea
Similarly to the spatial analyses, bouts of eﬀort with sea state > 3
and subjective conditions < medium/good were removed. All density
and abundance analyses were conducted using the software Distance
6.0 (Thomas et al., 2010). The density of groups and mean group size
were calculated for each strata and each season separately. Density
estimates in number of individuals per square kilometres (ind.km−2),
obtained by multiplying the density of groups by the mean group size,
75
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Fig. 1. Survey area, with sampled transects. Top panel: shelf, slope and oceanic strata. Bottom panel: coastal strata and geographical names. (1) Rhône Delta; (2) Marseille Islands; (3)
Hyères Islands; (4) Tuscan Archipelago; (5) Gulf of Asinara.
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Table 1
Details of seabird groups composition in NWMS: group names refer either to the English
name of a species/taxonomic group, or to a descriptive term for species morphologically
similar from the air.
Family

Group names

Group composition

Procellariids

Small-sized
shearwaters

Mediterranean shearwater Puﬃnus
yelkouan
Balearic shearwater Puﬃnus
mauretanicus
Scopoli's shearwater Calonectris
diomedea
European storm-petrel Hydrobates
pelagicus
Morus bassanus
Great cormorant Phalacrocorax
carbo
European Shag Phalacrocorax
aristotelis
Common guillemot Uria aalge
Razorbill Alca torda
Atlantic puﬃn Fratercula arctica
Common tern Sterna hirundo
Little tern, Sterna albifrons
Sandwich tern, Thalasseus
sandvicensis
Gull-billed tern Sterna nilotica
Hydrocoloeus minutus
Black-headed gull Larus ridibundus
Mediterranean gull Larus
melanocephalus
Yellow-legged gull Larus
michahellis
Unidentified immature L.
michahellis
and/or L. audouinii
Unidentified gulls and terns species

Table 3
Numbers of sightings (S), mean group size and standard error of the mean (GS ± sem),
abundance estimates (and associated CV in %), 95% confidence interval (%95 CI) and
relative importance (RI in %) of each seabird group in winter (W) and summer (S), in the
NWMS.
Group species

Hydrobatids

Large-sized
shearwaters
Storm petrels

Sulids
Phalacrocoracids

Northern gannet
Cormorants

Alcids

Auks

Larids

Terns

Little gull
Hooded gulls

Grey-backed gulls
Immature /
unidentiﬁed
large-sized gull
Unidentiﬁed larids

S

GS ± sem

Abund.

95% CI

CV %

RI %

W

411

3.5 ± 0.3

17,316

9031–
34,193

24.9

10.6

S

279

4.5 ± 0.4

19,031

9587–
37,880

21.8

25.6

W

2

1±0

111

22–568

75.8

0.1

S

318

2.9 ± 0.3

13,074

6583–
26,044

22.1

17.6

Storm petrels

W
S

7
75

1.8 ± 0.5
1.3 ± 0.1

552
2590

158–1952
1507–4589

48.9
16.2

0.3
3.5

Northern
gannet

W

87

1.9 ± 0.3

1265

682–2537

25.6

0.8

S

43

1.4 ± 0.2

422

174–1252

28.6

0.6

Cormorants

W
S

24
32

3.1 ± 0.9
3.0 ± 0.5

1110
1001

346–3680
491–2043

74.9
61.2

0.7
1.3

Terns

W
S

164
265

1.2 ± 0.05
1.6 ± 0.1

2149
4571

1143–4359
2536–
10,299

25.4
21.3

1.3
6.2

Little gull

W

674

1.8 ± 0.07

39,508

9.6

24.2

S

30

1.5 ± 0.1

353

28,674–
56,972
122–1050

34.4

0.5

W

1150

1.6 ± 0.05

42,693

7.2

26.2

S

65

1.7 ± 0.3

983

33,069–
55,448
493–2113

21.8

1.3

W

976

2.0 ± 0.1

23,613

9.0

14.5

S

881

2.0 ± 0.1

24,376

17,553–
31,940
17,995–
33,120

9.1

32.8

W

509

3.7 ± 0.4

28,331

16,580–
48,505

17.9

17.4

S

111

6.2 ± 1.4

7470

37.6

10.1

W

1485

2.7 ± 0.2

51,944

11.1

31.8

S

992

2.5 ± 0.2

31,845

3231–
17,658
36,794–
73,442
22,340–
45,611

11.0

42.9

W

33

8.2 ± 4.6

4383

61.8

2.7

S

20

6.5 ± 3.3

352

1233–
15,679
77–1612

72.1

0.5

Auks

W
S

77
0

3.5 ± 0.4
–

2207
–

1199–4151
–

27.2
–

1.4
0.0

Other birds

W
S

27
215

–
–

–
–

–
–

–
–

–
–

Total

W

4141

–

163,238

–

100

S

2334

–

74,223

109,691–
259,985
42,797–
137,660

–

100

Small-sized
shearwaters

Large-sized
shearwaters

Hooded gulls

were compared between seasons using a Z-test. To avoid overestimation of abundance caused by aggregates of seabirds (e.g. ﬁshing
vessels), the group size was corrected by ﬁxing a threshold set at the
0.99 quantile. The abundance and density estimates presented here did
not take into account birds resting on land, and were uncorrected for
any detection bias. Abundance estimates, rounded up to the nearest
ten, might thus be underestimated and should be considered as a
minimum value.

Grey-backed
gulls

Immature /
Unidentiﬁed
large-sized
gull
All large-sized
gulls

3. Results
A total of 13,762 km and 18,451 km of transects were ﬂown in
winter 2011/12 and summer 2012 respectively (Table 2). Flights were
carried out when meteorological parameters were optimum, in order to
guarantee the best conditions for observation. Therefore, the percen-

Unidentiﬁed
larids

Table 2
Area, total effort (in km) and effort collected in good conditions (Beaufort≤3, Subjective
conditions=good or excellent) during winter 2011/12 and summer 2012.
Bathymetric
strata

Coastal
(CCont)
Coastal
(CCor)
Shelf (NGoL)
Shelf (NTyr)
Slope (SMed)
Oceanic
(OMed)
Total

Surface
area
(km²)

Total
effort in
winter
(km)

Effort in good
condition (km
& %)

Total
effort in
summer
(km)

Effort in good
condition (km
& %)

11,544

2012

1965

98%

2095

2082

99%

11,214

1210

1088

90%

2268

2156

95%

12,796
33,398
53,068
82,115

2371
1347
4008
2814

2347
1188
3877
2668

99%
88%
97%
95%

2376
1510
4786
5416

2048
1482
4352
5098

86%
98%
91%
94%

181,377

13,762

13,133

95%

18,451

17,218

93%

tage of the eﬀort conducted in good conditions reached 95% in the
winter and 93% in the summer (Table 2). We recorded a total of 4141
sightings in winter and 2334 sightings in summer (Table 3, Appendix
2), of which seabirds represented the large majority (97%). The sighted
seabirds belonged to seven distinct families: procellariids (shearwaters), hydrobatids (storm petrels), phalacrocoracids (cormorants
77

Deep–Sea Research Part II 141 (2017) 74–85

E. Pettex et al.

round (p=0.001 for Ccont, p=1e-06 for Ccor, p=0.004 for NGoL, p=0.01
for NTyr and p=0.002 for SMed). The highest densities, which occurred
in coastal and neritic strata, varied between 0.18 and 0.26 ind.km2
(Fig. 3). Population was estimated at 120 individuals (95% CI: 22–568)
in winter and 13,080 (95% CI: 6583–26,044) in summer.
3.2. Hydrobatids
During winter, seven sightings of storm petrels were recorded
oﬀshore, in the western part of the NWMS. In summer, the group
showed a widespread oﬀshore distribution across the entire study area,
except in the Italian waters (Fig. 4). High concentrations were recorded
in the GoL (0.035 ind.km2). Summer densities of Ccont (p=0.02), NGoL
(p=7e-04) and OMed (p=7e-04) were signiﬁcantly higher than winter
ones (Fig. 3). Abundance was estimated at 560 individuals (95% CI:
158–1952) in winter and 2590 (95% CI: 1507–4589) in summer.
3.3. Sulids
Northern gannets were found along the shore of the GoL in both
seasons (Fig. 4). Whilst they concentrated in the Tuscan Archipelago in
winter, gannets were sighted in the north of coast of Tuscany in
summer. Consequently, Ccont and NGoL showed the highest densities,
both being higher in winter, but only NGoL showed a signiﬁcant
seasonal diﬀerence (p=0.18 and p=0.006 respectively, Fig. 3).
Seasonal variations in densities mirrored the estimated abundance
with 1270 individuals (95% CI: 682–2537) in winter against only 430
(95% CI: 174–1252) in summer.

Fig. 2. Relative abundance (in %) of seabird families in the NWMS during the winter
2011/2012 and the summer 2012.

and shags), stercorariids (skuas and jaegers), sulids (gannets), larids
(gulls and terns) and alcids (razorbills, guillemots and puﬃns). Even
though identiﬁcation at the speciﬁc level was diﬃcult or impossible for
some species, eleven species were identiﬁed with accuracy. Rare
observations of great skuas, jaegers black-legged kittiwakes and unidentiﬁed shearwater species were not considered in the analyses.
In winter, the seabird community was widely dominated by larids
(86.2%), and to a lesser degree procellariids (10.7%). Altogether, alcids,
sulids, hydrobatids and phalacrocoracids only represented 3.2% of total
numbers estimated for this season (Fig. 2). In summer, larids
represented 51.3% of the total estimated abundance, closely followed
by procellariids (43.3%).

3.4. Phalacrocoracids
Cormorants and shags had a coastal distribution, in the eastern GoL
and southern Corsica in winter, along Corsican shores and in the
Tuscan Archipelago in summer (Fig. 4). Densities only diﬀered among
seasons in Ccont (p=0.009), with the absence of the group in summer
(Fig. 3). The coasts of Corsica were most frequented by cormorants and
shags during both surveys (0.09 ind km2). Abundance estimates were
similar with 1110 individuals (95% CI: 346–3680) in winter and 1010
(95% CI: 491–2043) in summer.
3.5. Alcids

3.1. Procellariids
Auks were sighted during winter only, in the coastal waters of the
GoL (Fig. 5), although rare observations were made in oceanic waters.
The highest densities were estimated in Ccont and NGoL (0.12 and
0.15 ind.km2 respectively; p=0.01 and p=8e-04; Fig. 3). Abundance
was estimated at 2210 individuals in winter (95% CI: 1199–4151).

3.1.1. Small-sized shearwaters
The distribution and abundance of small-sized shearwaters were
relatively similar between seasons (Fig. 4). Birds essentially concentrated along the coasts of the GoL, where the highest densities were
recorded in both seasons (0.97 and 0.66 ind.km² in Ccont in winter and
summer respectively Fig. 3), and along the coast of Tuscany. Most of
the sightings were recorded close to shores, nevertheless some birds
were observed in the oceanic stratum during winter. In summer, small
shearwaters also dwelled southwest of Corsica and a patch of high
density was recorded in the Gulf of Asinara (north of Sardinia). Density
was similar between seasons in all strata, except in the shelf of the
Tyrrhenian Sea where it was signiﬁcantly higher in the summer
(p=0.003). Abundance at sea was estimated at 17,320 individuals
(95% CI: 9031–34,193) in winter and 19,040 (95% CI: 9587–37,880)
in summer.

3.6. Larids
3.6.1. Terns
Little variation occurred between their winter and summer distributions. Terns preferentially visited coastal waters of the GoL, with
remarkable concentrations west of the Rhône Delta (Fig. 5). In winter,
they were present along the coast of Tuscany, whilst a few sightings
were recorded in the Ligurian Sea in summer. The highest densities
occurred in Ccont and NGoL, where terns were more abundant in the
summer (p=0.004 for NGoL; Fig. 3). The abundance was estimated at
2150 (95% CI: 1143–4359) in winter and 4580 (95% CI: 2536–10,299)
in summer.

3.1.2. Large-sized shearwaters
Only two sightings of large shearwaters were recorded in winter. In
summer, large-sized shearwaters used the GoL, with the highest
densities recorded between Hyères islands and the Rhône Delta; the
coast of Tuscany; and a relatively wide area from southern Corsica to
the Gulf of Asinara (Fig. 4). Summer densities were signiﬁcantly higher
in all strata except for oceanic where low densities occurred all year

3.6.2. Little gull
The little gull was one of the most abundant species in winter
(Table 3). The species concentrated in oﬀshore waters of the western
NWMS, but was also encountered in the Gulf of Genoa (Fig. 5). Scarce
sightings recorded in the summer (n=30) were located in Ccont, NGoL
78
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Fig. 3. Mean density (in number of individuals.km−2) of seabirds in the sampled strata: Coastal “continent” and “Corsica” (CCont, CCor), Neritic “Gulf of Lion” and “Tyrrhenian Sea”
(NGoL, NTyr), Slope (SMed), Oceanic (OMed). Dark bars representing winter 2011/2012, light bars representing summer 2012. Error bars represent standard errors.

strata (p=1e-12 for Ccont, p=0.001 for Ccor, p=2e-10 for NGoL, p=1e-05
for NTyr, p=2e-16 for SMed and p=1e-09 for OMed). Abundance was
estimated at 42,700 individuals in winter (95% CI: 33,069–55,448)
and 990 (95% CI: 493–2113) in summer.

and Ccor. Winter densities were all signiﬁcantly higher than in summer
(p=4e-06 for Ccont, p=4e-07 for NGoL, p=0.04 for NTyr, p=3e-13 for
SMed and p=2e-16 for OMed), except for Ccor. The highest values, from
0.26 to 0.34 ind.km2, were recorded in the GoL (coastal and neritic)
and oceanic strata (Fig. 3). Abundance was estimated at 39,510
individuals in winter (95% CI: 28,674–56,972) and 360 individuals
(95% CI: 122–1050) in summer.

3.6.4. Grey-backed gulls
The yellow-legged gull is the only large-sized gull species encountered in the NWMS. Sightings recorded as grey-backed gulls can thus
be attributed to this species, though it is possible that confusion may
have occurred with Audouin's gull occasionally. In both seasons,
yellow-legged gulls were recorded along all mainland coasts except in
the Gulf of Genoa where they were less frequent (Fig. 5). In summer,
sightings were also rare oﬀ Provence. Yellow-legged gulls visited
oﬀshore waters, from the GoL and Tyrrhenian shelves. The species
was present in eastern and southern Corsica, in higher density during
winter than during summer. The highest densities were recorded in
Ccont and NGoL during winter (0.92 and 0.86 ind.km2 respectively;
Fig. 3). Densities were higher in winter in NGoL and Ccor (p=0.02 and
p=0.001 respectively). Abundance was estimated at 23,620 individuals

3.6.3. Hooded gulls
Most often black-headed and Mediterranean gulls could not be
distinguished and were therefore recorded together as 'hooded gulls'.
They displayed contrasting seasonal distributions (Fig. 5) and mainly
occurred in the northern part of the NWMS, favouring coastal waters of
Provence and the Gulf of Genoa as well as the slope south of the GoL.
The group was also encountered along the GoL coast, in the oceanic
strata and in the Ligurian and Tyrrhenian Seas. In summer, hooded
gulls were sighted in the GoL. The highest values of density were
recorded in Ccont, NGoL and SMed in winter (varying between 0.43 and
0.61 ind.km2, Fig. 3). Densities were signiﬁcantly higher in winter in all
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Fig. 4. Density maps (kriging) in winter 2011/2012 (left panel) and summer 2012 (right panel) for small-sized and large sized shearwaters, storm petrels, northern gannet and
cormorants (in number of sightings.km-2). Sightings are represented in black dots when kriging was not possible.

80

Deep–Sea Research Part II 141 (2017) 74–85

E. Pettex et al.

Fig. 5. Density maps (kriging) in winter 2011/2012 (left panel) and summer 2012 (right panel) for auks, terns, little gull, hooded gulls and grey-backed gulls (in number of
sightings.km−2).
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shearwaters, terns, several gulls and auks, which could often not be
discriminated. Consequently, the interpretation of distribution maps
and estimates is limited whenever one has to pool species of distinct
conservation status and for which accurate species-speciﬁc data would
be desirable for conservation (e.g. the critically endangered Balearic
shearwater). Another issue in aerial survey lies in the ability to detect
the animals. Detection is particularly sensitive to sighting conditions
and can be enhanced thanks to a stringent weather selection when
conducting ﬂights. To reduce this bias, we selected best weather and
sea states that allowed the observer the beneﬁt of optimal sighting
conditions during 95% of the observation eﬀort in winter and 93% in
summer. Moreover, our strip transect protocol relies on the assumption that all animals are detected within the strip; this is likely an
overestimation of the actual detection and therefore leads to an
underestimation of actual densities. This is especially true for smallsized or dark-plumaged species, such as storm petrels or auks, whom
abundance estimates might be underestimated. Finally, because the
time scale of the study covered only one year, there is no evidence that
our ﬁndings were typical. The replication of this survey would be
necessary to estimate inter-annual variability in seabird distribution
and abundance. Nevertheless, the size of the surveyed area and the
coverage of two contrasting seasons are strengths of this study.

(95% CI: 17,553–31,940) in winter and 24,380 individuals (95% CI:
17,995–33,120) in summer.
3.6.5. Unidentiﬁed larids
A substantial number of larid sightings could not be assigned to any
of the four groups above. Two categories of unidentiﬁed sightings were
deﬁned: (1) immature/unidentiﬁed large-sized gull, which were mostly
immature or juvenile birds, (2) unidentiﬁed larids mostly birds sitting
on the sea making the diﬀerentiation among larid groups highly
diﬃcult.
Immature/unidentiﬁed large-sized gulls represented 28,340 individuals (95% CI: 16,580–48,505) in winter and 7470 individuals (95%
CI: 3231–17,658) in summer. The abundance of unidentiﬁed larids
was estimated at 4390 individuals (95% CI: 1233–15,679) in winter
and 360 individuals (95% CI: 77–1612) in summer (Fig. 3 and
Table 3).
3.7. Overall distribution of seabirds
Seabird densities were highest in winter. They were mostly concentrated on the shelf and the slope of the GoL and oﬀ the coasts of
Provence, Tuscany and southern Corsica (Fig. 6). Densities were
comparatively lower in oceanic waters, but seabirds were sighted over
the entire oﬀshore area. In summer, seabirds preferentially used
coastal areas of the GoL and Tuscany, the Gulf of Asinara and southern
Corsica, and were rarely sighted oﬀshore.

4.2. Seasonal variations in at sea distributions
Although seasonal changes in the NWMS seabird community
observed in this study were less dramatic than in the Atlantic region
(see Pettex et al., 2017), distribution or abundance varied among
seasons for most seabird groups recorded here. Migration movements
between colonies and wintering areas strongly aﬀected the composition
of the seabird community in the NWMS, and abundance of seabirds
was much higher in winter than in summer (Table 3), especially larid
species. Depending on the locality of their breeding grounds, seabird
species were either breeding or wintering in the study area, although
several groups were present year round.

4. Discussion
In this study, the distribution and the relative abundance of seabird
species in the NWMS were investigated for the ﬁrst time at a large
scale, thanks to an unprecedented sampling eﬀort during two contrasting seasons. Our results outlined the existence of seasonal patterns
in the distribution of most groups, and gave new insights into the use of
the NWMS oﬀshore waters by seabirds. Our study also highlighted
areas of highest densities, such as the GoL, most regions oﬀ the coasts
of Tuscany, and an area encompassing southern Corsica and northern
Sardinia. These areas are of major importance for seabird conservation
at sea.

4.2.1. Winter residents
Larids dominated the NWMS seabird community in winter, as they
represented 86% of the total abundance estimates. Within this group,
three species (black-headed gull, Mediterranean gull and little gull)
accounted for 50% of the community. Large number of black-headed
gulls, mainly breeding in fresh waters in vast regions from Iceland to
Kamchatka follow a post-breeding migration route that leads them to
the Atlantic coasts from the British Isles to Morocco and to the western
Mediterranean basin (Atkinson et al., 2007). The Mediterranean gull
mainly breeds in terrestrial habitats of the Black and Azov Seas and
winters in Western European marine waters (Cadiou et al., 2004;
Carboneras and Dies, 2016). Both species were found in high density in
coastal and oﬀshore waters of the study area during winter 2011/2012
(about 43,000 individuals), whereas they were barely observed in the

4.1. Limitations
As they followed a standardised protocol (see Pettex et al., 2017),
the present large scale surveys allowed for comparison of avian
communities between the Atlantic and the NWMS. However, their
limitations, that of any aerial survey, should be considered. The main
problem lies in species identiﬁcation. Confusion is caused by the high
ﬂying speed and by the lack of identiﬁcation cues associated with aerial
observation, especially when birds are sitting on the water. In the
NWMS, this is particularly acute for morphologically similar species of

Fig. 6. Map of cumulative density in sightings.km−2.
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October for the Balearic shearwater and August and October for the
yelkouan shearwater; Mouriño et al., 2003), our surveys, performed
between November and August, did not detect any signiﬁcant changes
in abundance nor distribution for this group (17,000–19,000 individuals). However, the areas of highest concentration, which occurred in
the GoL coastal waters, along the coast of Tuscany and in the Gulf of
Asinara, varied slightly between surveys, the ﬁrst two showing higher
values in winter and the latter in summer. A recent telemetry study
from Péron et al. (2013) conﬁrmed that yelkouan shearwaters breeding
on Hyères and Marseille islands forage all along the GoL coast. During
inter-breeding, the same study revealed that only a third of the
equipped birds migrated toward the Black Sea in 2011/2012, while
the others stayed in the GoL. The GoL is also regularly exploited by
Balearic shearwaters breeding on the Balearic islands during spring
(Meier et al., 2015). Several thousand yelkouan shearwaters also
breeding in the Tuscan Archipelago and in Sardinia might account
for the high densities at sea in these areas (Baccetti et al., 2009;
Bourgeois and Vidal, 2008).
Similarly, the abundance of cormorants was extremely stable
between seasons (about 1000 individuals), while their distribution
varied slightly. The Mediterranean shag breeds during November to
June, and disperse locally ( < 100 km) until the next breeding season
(Cadiou et al., 2004). Most breeders in the study area are located along
the coasts of west and south Corsica (about 1050 pairs in 2009–2011,
see Cadiou, 2014) and in the Tuscan archipelago (Aguilar and
Fernández, 1999) but the species has recently settled on Marseille
and Hyères islands (Lascève and Tranchant, 2009), which was visible
on our distribution map. In winter, cormorants were also observed in
the GoL, mainly in the Rhône Delta, where the great cormorant is
known to overwinter (Cadiou et al., 2004).
Terns occurred in similar locations in both seasons (except along
the coast of Tuscany where they occurred in winter only), however their
abundance was twice as high in the summer (4500 vs. 2100). The
highest densities were recorded along the GoL coast during the
breeding season. Four species of terns (Sandwich tern, common tern,
gull-billed tern and little tern) breed in the study area, mostly along the
GoL and Provence coasts, except for the common tern which breeds all
along the continental coast of France and recently colonised Corsica
(Cadiou, 2014). The latest counts, performed at colonies from 2009–
2011, estimated about 4,200 pairs of terns during the breeding season
(Cadiou, 2014). Most of these breeders leave the area for long distance
migration towards diﬀerent regions of Africa, while Sandwich terns
originating from the Black Sea spend the interbreeding period in the
NWMS (Sadoul et al., 1999).
Finally, all the large-sized gulls represented 32% and 43% of all
seabirds in winter and in summer respectively (about 52,000 and
32,000 individuals). They showed similar distribution between seasons
and mainly exploited coastal waters of the GoL, Provence, Corsica and
Tuscany as well as more oﬀshore areas over the continental shelf.
Although rare sightings of other large-sized gull species are possible
(Issa, 2007), most recorded sightings are likely to be of yellow-legged
gull. The yellow-legged gull is a common breeder of the NWMS, all
along the coast from Spain to the Gulf of Genoa, around Corsica and
north of Sardinia (del Hoyo et al., 1996; de Juana and Garcia, 2015).
The latest counts (2009–2012) give an estimate of 32,000 breeding
pairs for the French Mediterranean colonies only (Cadiou, 2014). In
our study, seasonal variation in abundance of the “all large-sized gulls”
group was due to immature/unidentiﬁed large-sized gulls, which were
four times more numerous in winter (Table 3). This proportion was
mainly explained by the numerous juvenile and immature birds
present in autumn and winter, which cannot be identiﬁed with
certainty as grey-backed gulls.

summer of 2012 ( < 1000). Along the French Mediterranean coasts,
about 9300 pairs of both species breed inland, explaining the low
densities recorded at sea during the summer (Cadiou, 2014).
The little gull was the most oﬀshore species in the NWMS. It was
known to winter within the Mediterranean Sea, but it was thought to
prefer coastal waters (Olsen and Larsson, 2004). Our results highlighted that the little gull widely used oﬀshore waters far beyond the
continental shelf. With winter estimates reaching 40,000 individuals,
the species turned out to be one of the most abundant taxa in the
NWMS, representing a quarter of the total abundance of seabirds. It
was nearly absent from the study area in summer, as the species breeds
from Scandinavia to western Russia (del Hoyo et al., 1996).
Auks and northern gannets could also be considered as winter
residents in the NWMS. Both groups were encountered at low density,
mostly along the GoL coasts, although gannets were also sighted near
the Tuscan archipelago. The few thousand wintering birds in the
NWMS should be considered as a residual part of the large population
of northern Europe migrating southwards (Fort et al., 2012; Furness,
2015; Wernham et al., 2002). If auks were not observed in summer,
about 400 gannets were recorded, mainly in the western GoL. No real
gannet breeding colony is known in the NWMS, but isolated reproductive attempts are recorded annually in several harbours of Provence
(Zotier et al., 1996); hence, gannets recorded during summer were
probably mostly non breeders.
4.2.2. Summer residents
During the summer survey, the relative representation of the
diﬀerent families in the community changed drastically as larids were
less numerous than in winter (51%) and procellariid numbers doubled
compared to the winter season (43%). This increase was associated
with large-sized shearwaters summer abundance ( > 13,000 individuals). In the NWMS, the large-sized shearwaters seen were Scopoli's
shearwaters. Between 5400 and 10,300 breeding pairs are distributed
on the islands of Provence, in Corsica, in Sardinia, in the Balearic and
the Tuscan archipelagos, occupying breeding sites from late February
to October (Anselme and Durand, 2012; Baccetti et al., 2009). A recent
telemetry study (Péron and Grémillet, 2013) revealed that Scopoli's
shearwaters leave the Mediterranean Sea after the breeding season to
winter along the West African coasts. Our results agreed with these
tracking data, as large-sized shearwaters were absent from the study
area during the winter survey. During the breeding season, they
occurred at high density in the eastern GoL, along the coasts of
Provence and Tuscany and between Corsica and Sardinia, in agreement
with GPS data obtained from breeders (Péron and Grémillet, 2011).
Storm petrels also displayed contrasting seasonal distribution and
abundance, as winter estimates were ﬁve times lower than in summer
(about 550 individuals vs. 2600). Sightings recorded in the NWMS
might be attributed to the European storm petrel, subspecies melitensis, endemic to the Mediterranean. Data on the size and location of the
colonies in the NWMS are scarce, but the subspecies population was
estimated to be 15–20,000 pairs for the Mediterranean Sea (Zotier
et al., 1999), of which 200–300 pairs were in French colonies (Cadiou
et al. 2004). Storm petrels had a year round oﬀshore distribution, with
coastal densities remaining low even in summer. The kriging map
revealed a scattered distribution across oceanic waters. Nonetheless the
highest densities were found in the GoL, which might correspond to
birds breeding in the Marseille islands (Cadiou et al. 2004).
4.2.3. Year round residents
For the remaining groups of our study, the observed low variation
in either distribution or abundance does not imply that no dispersive or
migratory movements took place among the seabird populations. The
survey dates may have been out of sync of these species seasonal
variations, because of their diﬀerent phenology. For instance, as the
two species of small-sized shearwaters breeding in the NWMS leave the
area during the non-breeding period (occurring between July and

4.3. Implications for conservation
In the NWMS, several factors exacerbate the conservation issues of
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seabirds: the high rate of endemism, the relatively small size of the
populations, the conservation status of these endemic species, the loss
of habitat and the impacts of human activities, especially of ﬁsheries,
on Mediterranean ecosystems (Mínguez et al., 2003). Despite its
limitations, our study represents a valuable contribution to improve
our knowledge of the seasonal abundance of each group within the
seabird community, as well as their seasonal distribution patterns even
in the most oﬀshore areas. Our results complement previous telemetry
studies or small-scale at-sea surveys and oﬀer a comprehensive view of
the NWMS. The maps of cumulative density (Fig. 6) highlight the
importance of particular areas in the NWMS: the GoL, where a large
MPA has been recently declared, the coast of Tuscany (including the
Tuscan archipelago), and the area between Corsica and Sardinia.
Although the more oceanic waters were also exploited by seabirds
during the winter season, mainly by the little gull, the coastal waters of
NWMS are of major importance to seabird conservation in this marine
region. Regarding seasonality, seabirds were more abundant during
winter, which can also correspond to the breeding season for early
breeders such as the shag and the yelkouan shearwater. Following the
recent Marine Strategy Framework Directive (2008/56/EC), all EU
Member States are required to regularly assess and report the state of
the marine environment of their waters. The distributional range and
the abundance of species are possible indicators to contribute assessing
the achievement of GES in terms of seabirds. This study could provide
a baseline of the seasonal distribution of seabirds in the NWMS and
their relative abundance, complementary to the monitoring of breeding
sites. These surveys should be repeated at regular intervals in order to
consider the inter-annual variability, which probably aﬀects seabird
distributions.

Appendix A. Supporting information
Supplementary data associated with this article can be found in the
online version at http://dx.doi.org/10.1016/j.dsr2.2016.11.008.
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5. Conclusion
Our study provides new insights in the seasonality of seabird
distribution and abundance in the NWMS. Seabirds sighted in our
study could be divided into three categories: (1) species mostly using
the NWMS for wintering (little gull, hooded gulls, gannet and auks); (2)
species breeding in the NWMS (Scopoli's shearwater and storm petrels)
(3) species present throughout the year (small-sized shearwaters,
cormorants and shags, terns and large-sized gulls), although the timing
of the survey may have masked speciﬁc seasonal variations within these
groups. Seabirds were mostly concentrated along the coasts, especially
within the coasts of the GoL and Tuscany, although our ﬁndings
highlighted the use of oﬀshore areas by the little gull during winter,
which has been poorly known until now. Overall, the NWMS seems to
be a crucial wintering area for seabirds, since their abundance
estimates were twice higher compared to summer. Nevertheless, the
breeding stage of numerous endemic species or subspecies of the
NWMS constitutes an important conservation issue that should not be
neglected.
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