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Abstract

Cuvier's beaked whale (Ziphius cavirostris G. Cuvier, 1823) is the only beaked whale spe-
cies commonly found in the Mediterranean Sea. Until recently, species presence in this
area was only inferred from stranding events. Dedicated cetacean surveys have
increased our knowledge of the distribution of Cuvier's beaked whales, even though
many areas still remain unexplored. Here, we present an updated analysis of available
sighting and stranding data, focusing on the atypical mass strandings that have
occurred in the Mediterranean Sea since 1963. We describe in detail the five more recent
events (2006-14), highlighting their relationship with naval exercises that used mid-
frequency active sonar. The distribution of the species is apparently characterized by
areas of high density where animals seem to be relatively abundant, including the
Alboran Sea, Ligurian Sea, Central Tyrrhenian Sea, southern Adriatic Sea and the Hellenic
Trench, but other such areas may exist where little or no survey work has been con-
ducted. Population size has been estimated for the Alboran and Ligurian seas. Habitat
modelling studies for those areas, confirmed the species preference for the continental
slope and its particular association with submarine canyons, as has also been found to
be the case in other areas of the world. The application of results from habitat modelling
to areas different from their calibration sites is proposed as a management tool for min-
imizing the potential impacts of human activities at sea. Military sonar is known world-
wide as a threat for this species and is suggested to be a major threat for Cuvier's beaked
whale in the Mediterranean Sea.

1. INTRODUCTION

Cuvier’s beaked whale (Ziphius cavirostris G. Cuvier, 1823) is one of
the best known species of the family Ziphiidae, and has a cosmopolitan dis-
tribution in all oceans, with the exception of very high-latitude polar regions
of both hemispheres (MacLeod et al., 2006). Cuvier’s beaked whales occur
in deep waters (>200 m) and are often found over the continental slope,
apparently frequenting slope areas with a steep seafloor (Taylor et al.,
2008). The elusive behaviour of this medium-sized odontocete, with short
surfacing durations and inconspicuous blows, as well as its offshore distribu-
tion, have made the species very difficult to study at sea (Heyning, 1989).
During the last decade, field research conducted with data logging tags
(Johnson and Tyack, 2003) characterized these animals as extreme divers,
since they can routinely dive deeper than 1km for an hour or more
(Baird et al., 2006; Tyack et al., 2006). The mammalian dive record has
recently been reported by Schorr et al. (2014) for a Cuvier’s beaked whale
tagged oft the Southern California coast that reached a depth 0of 2992 m with
a dive duration of 137.5 min (both new mammalian dive records).
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Fig. 1 An adult male Cuvier's beaked whale (Ziphius cavirostris) breaching in the
Ligurian Sea (ID 31308071 CIMA RF database). Note the presence of erupted teeth
extending beyond the rostrum and dense scarring along the anterior part of the animal.
Photograph: M. Rosso, CIMA Research Foundation.

Cuvier’s beaked whale is the only beaked whale species commonly found
in the Mediterranean Sea (Fig. 1). A few other species (Mesoplodon spp.) are
reported occasionally as rare sightings or strandings (Notarbartolo di Sciara
and Birkun, 2010; Podesta et al., 2005). In the past, Cuvier’s beaked whale
presence in the region has mainly been inferred via stranding data (Podesta
etal., 2006). Over the last 30 years, however, dedicated cetacean surveys have
greatly increased our knowledge on the distribution of this species, despite the
fact that survey effort has not covered the entire Mediterranean Basin and
many areas remain unexplored (Canadas, 2012). Occurrence of Cuvier’s
beaked whale has been confirmed for the entire Mediterranean Basin, from
the Western Mediterranean (Alboran Sea) to the far eastern part of the Levan-
tine Sea. Species distribution is apparently characterized by areas of high den-
sity, where individuals seem to be relatively abundant, such as in the Alboran
Sea, Ligurian Sea, Central Tyrrhenian Sea, South Adriatic Sea and the Hel-
lenic Trench (Canadas et al., 2013).

In the Ligurian Sea, Cuvier’s beaked whale diving and foraging behaviour
has been investigated using archival DTag technology (Aguilar de Soto et al.,
2006; Johnson et al., 2004). Dive profiles were characterized by a series of shal-
low dives, lasting no more than 22 min and reaching a maximum depth of
425 m, followed by deep dives to a maximum depth of 1888 m with a max-
imum duration of 85 min (Tyack et al., 2006; Zimmer et al., 2005). A recent
study in the Ligurian Sea used photo-identification techniques based on nat-
ural markings and found that notches, large scars, scrapes and other markings
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(some the result of inter/intraspecific aggression) are long-lasting marks that
may be used for future studies, including mark-recapture studies to provide
estimates of abundance for this species (Rosso et al., 2011).

Cuvier’s beaked whales are suction feeders, frequently preying upon
deep-sea cephalopods, but also occasionally feed on fish and crustaceans
(MacLeod et al., 2003). Feeding habits in the Mediterranean Sea have been
described based on stomach contents of specimens from Spanish waters
(Blanco and Raga, 2000), the Ligurian Sea (Orsi Relini and Garibaldi,
2005), the Tyrrhenian Sea (Carlini et al., 1992; Peda et al., 2015; Podesta
and Meotti, 1991), the southern Adriatic Sea (Kovaci¢ et al., 2010) and
the Ionian Sea (Garibaldi et al., 2015; Lefkaditou and Poulopoulos,
1998). These results confirm that in the Mediterranean, deep-sea squids (pri-
marily histioteuthids) represent the main prey for this species, although in a
single case mesopelagic fish was found to be a significant part of the stomach
contents (Garibaldi et al., 2015). Woodside et al. (2006) suggested that sea-
floor gouge marks on mud volcanoes observed during geological surveys in
the eastern Mediterranean Sea (at depths of 1700-2100 m) could have been
made by Cuvier’s beaked whales during foraging dives.

Habitat preference of beaked whales has been investigated worldwide
(Baumgartner et al., 2001; Davis et al., 1998, 2002; Ferguson et al., 2006;
MacLeod, 2000; MacLeod and D’Amico, 2006; MacLeod and Mitchell,
2006; Mannocci et al., 2011; Waring et al., 2001). Most studies reported
a clear relationship with the topographic features of the sea bottom
(Baumgartner et al., 2001; Davis et al., 1998, 2002; Ferguson et al., 2006;
Mannocci et al., 2011; Waring et al., 2001), with beaked whales regularly
observed over the continental slope in waters up to 2000 m of depth
(Hamazaky, 2002; Hooker et al., 2002; MacLeod and Zuur, 2005;
MacLeod et al., 2006; Waring et al., 2001) and near submarine canyons
(Wimmer and Whitehead, 2004). This is consistent with findings for
Cuvier’s beaked whales in the Mediterranean Sea where the species has also
been found to be associated with the continental slope, and in particular,
with submarine canyon areas (Azzellino et al., 2008, 2011, 2012; Canadas
and Vazquez, 2014; Canadas et al., 2002; Coomber, 2016; D’Amico
et al., 2003; Moulins et al., 2007; Tepsich et al., 2014). Indeed, the species’
habitat preferences are mainly driven by its diet. The main high-density
areas, where habitat preferences of this species have been studied in the
Mediterranean Sea, are the Genoa Canyon in the Ligurian Sea, located
within the Pelagos Sanctuary for Mediterranean Marine Mammals (the larg-
est Mediterranean Marine Protected Area, MPA, encompassing an area
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between southeastern France, Monaco, northwestern Italy, Northern Sar-
dinia and surrounding Corsica and the Tuscan Archipelago), the Alboran
Sea and the Hellenic Trench. MacLeod and Mitchell (2006) classified these
three areas as Cuvier’s beaked whale ‘key areas’ in the Mediterranean Sea.
However, the records of species occurrence and the geographical complex-
ity of some additional areas, such as the Tyrrhenian Sea (Arcangeli et al.,
2015; Gannier, 2011) and the southern Adriatic Sea (Holcer et al., 2007),
suggest that potential areas of key habitat and high Cuvier’s beaked whales
density may exist in other regions of the Mediterranean Sea.

In a worldwide molecular genetic analysis of the species, a high degree of
differentiation was observed between Atlantic Cuvier’s beaked whales and
the Mediterranean population (Dalebout et al., 2005). Moreover, haplotype
diversity was lower in the Mediterranean Sea than in other regions investi-
gated, suggesting that this population may be isolated and relatively small
(Dalebout et al., 2005).

Globally, the species is assessed as being of Least Concern on the Inter-
national Union for the Conservation of Nature (IUCN) Red List (Taylor
et al., 2008), while the Mediterranean sub-population is classified as Data
Deficient (Canadas, 2012), and a proposal to change the current listing to
Vulnerable is currently under review. This proposal is prompted by the mul-
tiple mass strandings of Cuvier’s beaked whales that occurred in the basin
during the past five decades, causing the death of at least 100 animals, and
demonstrated to have been related to naval exercises using mid-frequency
active sonar (ACCOBAMS, 2016; Frantzis, 1998, 2015; Podesta et al.,
20006) (see Section 2.2).

Here we review and synthesize information on distribution, abundance
and habitat of Cuvier’s beaked whale in the Mediterranean Sea. We begin
with a review of recent Cuvier’s beaked whale strandings, including records
of single strandings and a description of recent atypical mass stranding events.
Next, we outline what is known about the distribution of Cuvier’s beaked
whales in the Mediterranean, describing the known areas of high density,
and including information on apparently preferred habitat in the Mediter-
ranean Sea—the Alboran Sea, Ligurian Sea, Central Tyrrhenian Sea, south-
ern Adriatic Sea and the Hellenic Trench. We include a discussion of the
results of a recent collaborative effort implemented by the Agreement on
the Conservation of Cetaceans in the Black Sea, Mediterranean Sea and
Contiguous Atlantic Area (ACCOBAMS) to map areas of high use by
beaked whales in the Mediterranean region. Major anthropogenic threats
affecting the species in the Mediterranean are highlighted, demonstrating
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that urgent conservation measures are needed to ensure the protection of the
Cuvier’s beaked whales in the Mediterranean Sea.

2. STRANDINGS OF CUVIER’S BEAKED WHALES
IN THE MEDITERRANEAN REGION

2.1 The Importance of Strandings for Understanding
Cuvier’s Beaked Whale Ecology
Comparisons of stranding data with sighting data have demonstrated that
stranding records can be a good indicator of species composition at sea
and can sometimes be used to infer species distribution (Maldini et al.,
2005; Peltier and Ridoux, 2015; Peltier et al., 2012; Pyenson, 2010, 2011).

Effort for the collection of stranded marine mammals along Mediterra-
nean coasts is extremely variable, but very few stranding networks are orga-
nized at a national level (these include France, Israel, Italy, Croatia, and to a
lesser extent, Greece and Spain), and many areas are managed by local insti-
tutions that have limited geographical coverage. Coastal topography pre-
sents another difficulty, including areas that are inaccessible, and the
expanse of small islands cannot be carefully monitored for stranded animals
(e.g. Greece).

Podesta et al. (2006) reviewed Cuvier’s beaked whale strandings in the
Mediterranean Sea from the first stranding record in 1803 to 2003. A total of
316 stranded individuals were reported from Albania, Algeria, Croatia,
Egypt, France, Greece, Israel, Italy, Malta, Spain and Turkey. Countries
with a higher number of strandings included Italy (118), Greece (86), Spain
(38) and France (34) (atypical mass stranding events were also reported for
these countries).

To update stranding records for the Mediterranean coasts, we reviewed
the literature and searched for unpublished records (2004—15). Strandings
included single individuals and mass strandings of multiple individuals,
including some for which there was no exact number. Therefore, an
approximate total of 100 Cuvier’s beaked whales were found stranded in
Algeria, Croatia, France, Greece, Israel, Italy, Lebanon, Malta, Spain, Syria,
Turkey (Arbelo et al., 2008; Banca Dati Italiana Spiaggiamenti, 2015;
Dalton, 2006; Dhermain, 2012; Dhermain et al., 2011, 2015; Gomercic
et al.,, 2006; Gozalbes-Aparicio and Raga, 2015; Holcer et al., 2007;
Kerem et al., 2012; Medaces, 2015; Oztiirk et al., 2011; S. Muscat, Marine
Rescue Team, Malta, personal communication, 23 June 2011). Strandings
had previously been reported from each of these countries (see Podesta et al.,
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2006), with the exceptions of Lebanon and Syria. In both cases, a single
stranding was reported, one in 2008 for Lebanon and one in 2005 for Syria
(Akkaya Bas et al., 2016). We also found two previously unreported
strandings in Cyprus, dating 2001 and 2002 (S. Michaelidis, Department
of Fishery and Marine Research, Cyprus, personal communication, 11 Feb-
ruary 2016), adding this country to the range of known strandings for this
species in the Mediterranean region.

Geographic distribution of Cuvier’s beaked whale strandings from 1803
to 2015 indicates the presence of the species in the entire Mediterranean
Basin (Fig. 2), including in the more eastern areas where recent at sea
research supports the stranding data (Akkaya Bas et al.,, 2016; Kerem
etal., 2012; Oztiirk et al., 2011). The majority of the strandings are reported
along the coasts of Spain, France, Italy (excluding the northern and central
Adriatic Sea) and Greece, where monitoring effort is generally higher.
Stranding rate for single animal strandings in these areas is generally only
a few cases per year.

5° 0° 5° 10° 15° 20° 25° 30° 35°

Fig. 2 Distribution of Cuvier's beaked whale (Ziphius cavirostris) strandings recorded in
the Mediterranean Sea from 1803 to 2015.
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Cuvier’s beaked whales in the Mediterranean Sea, as well as in other
areas of the world, have also been involved in atypical mass strandings, as
described in detail with updated information in the following section.

2.2 Atypical Mass Strandings

Frantzis (1998) defined an atypical mass stranding as one that involves two,
or usually more, individuals and refers to an unusual temporal and spatial
distribution of stranded cetaceans, as opposed to typical mass strandings
known, for example, from pilot whales (Globicephala spp.) and false killer
whales (Pseudorca crassidens) (Geraci and Lounsbury, 1993). The cetaceans
involved in an atypical mass stranding may belong to one or more species
that strand during a relatively short period of time (one or few days) at
nearby, but separate locations, sometimes along many kilometres of coast-
line. Beaked whales have been reported to be particularly prone to atypical
mass strandings, which have been reported for ziphiids in different areas of
the world and have almost always been shown to have occurred in coinci-
dence with naval exercises, when military data were available (e.g. Greece in
1996, 1997, 2011 and 2014; Bahamas in 2000; Canary Islands in 1985, 1986,
1988, 1989, 2002 and 2004: Frantzis, 1998, 2004, 2015; Balcomb and
Claridge, 2001; Martin, 2002; Martin et al., 2004).

Podesta et al. (2000) reported that atleast 12 atypical mass stranding events,
totalling a minimum of 80 Cuvier’s beaked whales, occurred in Italy (Liguria
and Calabria), France (Corsica) and Greece, between 1963 and 1999. The first
reported atypical mass stranding of Cuvier’s beaked whales in the Mediterra-
nean region occurred in 1963 along the Ligurian coasts of Northern Italy. In
that year, three mass strandings were reported in three different time periods:
the end of January to the beginning of February, May and November (involv-
ing 5, 15 and 15 specimens, respectively). The May 1963 stranding occurred
over more than 70 km of Ligurian coastline and was originally described as a
single stranding event (Tortonese, 1963). Littardi et al. (2004) reviewed the
available information on military activity in the area during the early 1960s
and found a temporal link between the strandings and the presence of military
ships in the area. Some stranded animals in that May 1963 event were dead of
gunshot wounds and others were still alive, and were described as having clear
signs of ‘sickness’ (Littardi et al., 2004; Tortonese, 1963).

Between 2006 and 2015, five atypical mass strandings of Cuvier’s beaked
whales occurred along the Mediterranean coasts of Spain, Italy and Greece,
totalling a minimum of 28 individuals (Table 1; Fig. 3). Here, we briefly
summarize these five events.



Table 1 Atypical Mass Strandings of Cuvier's Beaked Whales (Ziphius cavirostris) Recorded Between 2006 and 2014 Along the Coasts
of the Mediterranean Sea

Number
ID Date Location(s) of Animals Sex (Age Class) Length (m) Naval Activity in the Region
A 26 January 2006 Almeria, Spain 4 2 juvenile females, Unknown NATO Active Sonar Training,
2 adult males 25-26 January 2006 (DON, 2008;
see also ACCOBAMS, 2016)
B 11 April 2006 Messina, Italy 45 2 females 4.8; 5.5 Unknown
C 8 February 2011 Siracusa, Italy — 2-3 1 female 5.05 NATO Exercise Proud Manta,
4-17 February 2011
D 30 November to Corfu, Greece, 12 1 female 5.38 Military exercise Mare Aperto/ Amphex
19 December 2011 Crotone, Italy 2011 (Italy),
28 November to 5 December 2011
E  1-6 Aprl 2014 Crete, Greece  6-10 1 female Unknown  Military exercise Noble Dina 2014
(pregnant) (Greece, Israel, USA),

26 March to 10 April 2014

ID, identifier shown in Fig. 3. Sex, age class and length data of individuals are included where known.
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5° 0° 5° 10° 15° 20° 25° 30° 35°

Fig. 3 Distribution of Cuvier's beaked whale (Ziphius cavirostris) atypical mass stranding
events (three or more animals) in the Mediterranean Sea (black dots: 1963—2004 events;
yellow dots: 2006—14 events).

On 26 January 2006, an atypical mass stranding of four Cuvier’s beaked
whales (two juvenile females and two adult males) occurred on the southern
coast of Almeria, Spain (Arbelo et al., 2008). Two individuals were already
dead, and two were still alive but died soon after being found. The two live
animals were reported to show signs of illness. All animals appeared to be in
good body condition. Necropsy documented gas bubble-associated lesions
and fat emboli in the vessels and parenchyma of organs, and these were sim-
ilar to previous findings from mass strandings associated with naval military
exercises (Arbelo et al., 2008; Dalton, 2006). Military activity occurred in
the region from 25 to 26 January 2006, when seven North Atlantic Treaty
Organization (NATO) surface ships and a Spanish submarine conducted
active sonar training within 93 km of the stranding site (IDON, 2008; see
ACCOBAMS, 2016).

Another atypical mass stranding was reported close to Messina, Sicily,
Italy, on 11 April 2006 (Cozzi et al., 2011). Three Cuvier’s beaked whales
stranded alive 10 km south of Messina and subsequently floated back to sea.
A fourth female individual stranded alive, 1 km south of Messina, and died
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soon after. Fat emboli were detected in alveolar vessels of this animal (Cozzi
etal., 2011), suggesting gas and fat embolic syndrome, the pathological con-
dition in beaked whales associated to the exposure to mid-frequency mili-
tary sonar (Fernandez et al., 2004, 2005). On 20 April 2006, a 5.5 m long
female Cuvier’s beaked whale was found dead (in an advanced state of
decomposition) 20 km south of Messina, in Ali Terme. No data were
recorded for the three beaked whales live stranded on 11 April; thus it is
uncertain whether this animal was a part of that mass stranding event.

On 8 February 2011, two Cuvier’s beaked whales stranded alive in
Fontane Bianche, 13 km south of Siracusa, Sicily, on the Ionian coast,
and were towed to open waters by the Coast Guard (Cozzi et al., 2011).
On 9 February, one of these two animals (recognizable by the numerous
scars and marks on the body) stranded alive in the same area. The animal
(5.05 m long, probably a female, as no protruding teeth were present in
the lower jaw) was constantly trying to head toward shore, and there were
signs of repeated scrapes (loss of the superficial layers of the skin) from
the rocky shoreline. Copepods, Pennella spp., were observed all over the
body. The animal was towed (once more) to open waters and was released
approximately 6 km off Capo Murro di Porco. Once released from the tow
gears, the animal spontaneously swam away and was no longer sighted
(Cozzi et al., 2011). One month later, on 15 March 2011, a dead Cuvier’s
beaked whale was found stranded in Eraclea Minoa, Agrigento, in an
advanced state of decomposition. From 4 to 17 February 2011, the Proud
Manta exercise, which consisted of ‘intense Anti-Submarine warfare activ-
ity’, was conducted by NATO in the Ionian Sea region and, at the time, was
reported to be the largest annual event of this type ever conducted by the
Alliance, including 10 NATO nations with six submarines, 19 aircraft
(including ship-borne helicopters) and eight surface ships.'

From 30 November to 19 December 2011, a total of 12 Cuvier’s beaked
whales stranded on the coasts of Greece and southern Italy. Ten Cuvier’s
beaked whales stranded along 23 km of coast of the western island of Corfu,
Greece, and two stranded 240 km away on the southern Italian coast of
Calabria, in Irto, Crotone. Necropsies on two of the specimens stranded
in Greece indicated a gas and fat embolic pathology (A. Fernandez, Univer-
sity of Las Palmas de Gran Canaria, personal communication, 4 June 2012;
see also Bernaldo de Quirés et al., 2012; Fernandez et al., 2005). Analysis of
gas amount and gas composition in one whale revealed a condition

' See www.dvidshub.net/news/printable/65852.
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compatible with decompression sickness (DCS) (A. Fernandez, University
of Las Palmas de Gran Canaria, personal communication, 4 June 2012; see
also Bernaldo de Quirds et al., 2012). No inflammatory or neoplastic pro-
cesses were noted, and no pathogens were identified as responsible for the
pathology. An animal that stranded and died in Italy (on 1 December 2011)
had fat emboli of the inner ear and peri-auricular vascular plexus
(S. Mazzariol, Cetacean Emergency Response Team, University of Padua,
personal communication, 7 March 2016). The Italian naval exercise Mare
Aperto/ Amphex 2011 was being conducted in the Ionian Sea and southern
Adriatic Sea (Gulf of Taranto, from the Ionian coast of Calabria to approx-
imately 130 km west of Corfu) from 28 November to 5 December, and
involved anti-submarine warfare including 13 ships and two submarines.”

On 1 April 2014 another atypical mass stranding of Cuvier’s beaked
whales occurred along the southern coast of the island of Crete, Greece
(Frantzis, 2015). Several strandings of one, two and three live animals were
reported along nearly 70 km of coast (Fig. 4). Two of these whales died, and
the remaining whales were refloated to the open sea (but stranded again). In
the following days (2, 5 and 6 April), three whales single stranded dead in the

b

a

Fig. 4 Two live Cuvier's beaked whales (Ziphius cavirostris) that stranded on the
southern coast of Crete, Greece, in an atypical mass stranding event during April
2014. This stranding, involving from six to 10 Cuvier's beaked whales, occurred during
the large-scale anti-submarine military exercise, Noble Dina, which was conducted in the
Eastern Mediterranean Sea from 26 March to 10 April. See Frantzis (2015). Photograph
Copyright: L. Aggelopoulos, Pelagos Cetacean Research Institute.

% See www.marina.difesa.it/ conosciamoci/notizie/ Pagine/20111205_amphex.aspx.
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same area. Subsequent analysis of photographs taken during the different
strandings suggested that a minimum of six and a maximum of 10 animals
were involved in the mass stranding (Frantzis, 2015). A trilateral military
exercise, Noble Dina 2014, involving surface and air defence (including
two guided-missile destroyer ships, a replenishment oiler and P-3 aircraft),
with anti-submarine and mine-swept channel exercises, was conducted by
Greek, Israeli and United States navies from 26 March to 10 April in the
Eastern Mediterranean Sea.’

3. DISTRIBUTION, ABUNDANCE AND HABITAT
PREFERENCES OF CUVIER’'S BEAKED WHALES
IN THE MEDITERRANEAN SEA

A collaborative initiative, supported by ACCOBAMS, used Cuvier’s
beaked whale sighting data to describe the species’ habitat distribution in the
Mediterranean Sea. Data were obtained from a total of 420,050 km of survey
effort, in good to moderate searching conditions (Beaufort 3 or less), yield-
ing 456 sightings of Cuvier’s beaked whale including 1036 individuals, and
covering a time span of 21 years, from 1990 to 2010 (Canadas et al., 2013).
Habitat modelling incorporated grid of cells with a resolution of 0.2 degree
(22.2 x 22.2 km; 494 km?), and a number of geographical and environmen-
tal covariates were associated with each grid cell. Data were modelled by
using the Generalized Additive Model (see Canadas et al., 2013).

Reesults of habitat modelling highlighted three areas with the highest rel-
ative density (more than 40%) of Cuvier’s beaked whale: (1) the Alboran
Sea, (2) the northern Ligurian Sea and (3) the Hellenic Trench (and the area
north of Crete). In addition, the northwestern Tyrrhenian Sea, the southern
Adriatic Sea and some areas to the north of the Balearic Islands and south of
Sicily showed relatively high predicted densities (around 40%) compared to
the rest of the Mediterranean Sea. Model results highlighted an interesting
area in the far east of the Mediterranean Sea, oft the coast of Syria, where
there has not been survey coverage, but where there was a relatively high
prediction (>40%) of Cuvier’s beaked whale preferred habitat. This area
should be surveyed to confirm the presence of Cuvier’s beaked whale.
The model did not identify any habitat along the African coast, but this could
be due to the use of latitude as a covariate in the model, together with the
lack of survey eftort (and observations) in the area (Canadas et al., 2013).

3 See www.navy.mil/submit/display.asp?story_id=80259.
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Here, we describe information on Cuvier’s beaked whale distribution,
abundance and habitat preference based on the above-mentioned modelling
effort and the available literature. In particular, we focus on known Cuvier’s
beaked whale high-density areas including the Alboran Sea, the Ligurian
Sea, the central Tyrrhenian Sea, the southern Adriatic Sea and the Hellenic
Trench, while noting other areas of possible importance.

3.1 Distribution

Despite increased knowledge resulting from dedicated sighting surveys con-
ducted in the Mediterranean Sea, knowledge gaps regarding the distribution
of Cuvier’s beaked whale still exist, especially for the southern part of the
Basin. Thus, strandings of this species can provide useful distribution data.
Even though stranding sites may be strongly influenced by multiple factors,
including surface current movements and coastal topography, these sites can
provide useful information for the inference areas of Cuvier’s beaked whale
occurrence beyond known areas for the species. The distribution of
stranding and sighting data is shown in Fig. 5.

Data from strandings and sightings seem to confirm that Cuvier’s beaked
whales occur at high densities in some regions (e.g. Alboran Sea, Genoa
Canyon area, Central Tyrrhenian Sea, southern Adriatic Sea, Hellenic
Trench), while in other areas only occasional strandings are reported. These
occasional strandings may be indicative of additional habitat for the species.
While Cuvier’s beaked whale distribution appears to be characterized by
high-use areas (Fig. 6) where animals seem to be relatively abundant, we
note that these areas are those in which more research effort has been
undertaken.

3.1.1 Albordn Sea

In the Alboran Sea, Cuvier’s beaked whales have been regularly observed in
the last 20 years during dedicated cetacean surveys conducted since the early
1990s (Canadas et al., 2002, 2005) that highlighted the presence of the spe-
cies in an area with borders that coincide with the 1000 m isobath. The data
suggest that the Alboran Sea has one of the world’s highest densities for this
species, and Canadas and Vazquez (2014) have recently proposed to increase
protection in the region. There are no stranding or sighting records from the
Strait of Gibraltar at the western most region of the Alboran Sea (Canadas
et al., 2005).



Cuvier's Beaked Whale in the Mediterranean Sea 117

5° 0° 5° 10° 15° 20° 25° 30° 35°

5° 0° 5° 10° 1>5° 20° 25° 30° 35°

Fig. 5 Distribution of strandings and sightings of Cuvier's beaked whale (Ziphius
cavirostris) in the Mediterranean Sea (black dots: strandings; red dots: sightings).
Sightings data from Canadas, A.,, B-Nagy, A., Bearzi, G., Cotte, C, Fortuna, C, Frantzis,
A., Gannier, A, Laran, S., Lauriano, G., Lewis, T., Moulins, A, Mussi, B., Pastor, X., Politi,
E., Pulcini, M., Raga, J.A., Rendell, L., 2013. ACCOBAMS collaborative effort to map high-
use areas by beaked whales in the Mediterranean, Monaco, p. 24.

3.1.2 Ligurian Sea

Another Mediterranean area where cetacean surveys have been conducted
since the late 1980s is the Pelagos Sanctuary, in which Cuvier’s beaked
whales have been sighted especially in waters over and around canyons
(Azzellino et al. 2008, 2011, 2012; ID’Amico et al., 2003). In particular,
the Genoa Canyon area has been identified as a high-density area for
Cuvier’s beaked whales (MacLeod and Mitchell, 2006; Moulins et al.,
2007; Tepsich et al., 2014).

3.1.3 Central Tyrrhenian Sea

Systematic cetacean surveys conducted from ferries in the Central
Tyrrhenian Sea, south of the Pelagos Sanctuary, between the Italian
Peninsula and the islands of Corsica and Sardinia during two different time
periods (1990-92; 2007-11), documented the occurrence of Cuvier’s beaked
whales and indicated site fidelity in the area (Arcangeli et al., 2015;
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Fig.6 High-density areas of Cuvier's beaked whale (Ziphius cavirostris) occurrence in the
Mediterranean Sea (purple/stripes). Other possible high-use areas are shown in grey
(1. Greek waters; 2. Greek—Turkish waters; 3. Levantine Sea; 4. Balearic area).

Marini et al., 1992). Sightings in the same region were also reported by
Gannier (2011, 2015), based on small vessel surveys.

3.1.4 Southern Adriatic Sea

Cuvier’s beaked whale presence in the southern Adriatic Sea is supported by
recent stranding and sighting data reported from the Italian and Croatian
coasts (Gomerdic et al., 2006; Holcer et al., 2007). Aerial surveys in the area
confirmed the presence of the species in correspondence to a deep, wide
depression (>1000 m depth), along the northeastern part of the South
Adpriatic Basin (Holcer et al., 2014).

Five sightings were recently reported by Brager et al. (2014) in Albanian
and northern Greek waters (north of the island of Corfu). Groups of two and
three individuals were observed during the encounters, with a cow—calf pair
present in two of the five encounters.

These observations suggest the possibility that the southern Adriatic
high-density area might represent a continuum with the Hellenic
Trench area.
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3.1.5 Hellenic Trench

Cuvier’s beaked whales have been observed in Greek seas all along the
Hellenic Trench, from northwestern Corfu to east Rodos Island. The areas
with the highest number of sightings are south of Crete and west to
Letkada (Frantzis et al., 2003; Pelagos Cetacean Research Institute,
unpublished data).

3.1.6 Other Areas of the Mediterranean Sea

Cuvier’s beaked whale observations are available for Greek waters (Fig. 6) over
all the steep depressions of the Aegean Plateau (northern Aegean Trench from
northern Sporades to north of Limnos Island, Ikarion Sea, South Milos Island,
west and northwest of Karpathos Island and in the North Cretan Sea) (Frantzis
et al., 2003; Pelagos Cetacean Research Institute, unpublished data).

Recent sighting data from the Levantine Sea (Fig. 6) suggest a regular
presence of the species in the area, where the Anaximander seamounts,
Antalya Canyon and Adana Trough could be areas of particular importance
for the species (Frantzis, 2009; Frantzis et al., 2003). More recently, a survey
carried out in Turkish waters of the Levantine Sea confirmed the presence of
Cuvier’s beaked whales in the Antalya Bay (Akkaya Bas et al., 2016).

Results from dedicated surveys conducted in the Levantine Sea in the
past decades reported occasional Cuvier’s beaked whale sightings off the
Israeli and Turkish coasts (Fig. 6) (Kerem et al., 2012).

Sightings have also been reported for the Balearic Sea region (Fig. 6)
(Gannier and Epinat, 2008), suggesting the occurrence of this species in
the area, although recent dedicated surveys did not confirm this (Cafiadas
et al. 2013).

3.2 Abundance

There are no estimates of total abundance for Cuvier’s beaked whale in the
Mediterranean Sea. There are subregional estimates for only two areas, the
Alboran Sea and the Ligurian Sea.

3.2.1 Albordn Sea

Research in the Alboran Sea, including spatial modelling based on a detection
function with data from 1992 to 2009, yielded an abundance estimate of 429
individuals (CV=0.22; 95% Cl=334-557) (Canadas and Vazquez, 2014).
Density estimates from line transect surveys are usually subject to ‘availability
bias’ due to animals not always being available for detection while within
detectable range (Buckland et al., 2004), and to ‘perception bias’ due to
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observers failing to detect animals even though they are available (Buckland
etal., 1993), both causing a negative bias. Deep diving species such as beaked
whales are even more subject to such negative bias. To account for this, a cor-
rection for availability bias was included in the estimate of Cuvier’s beaked
whale abundance in the Alboran Sea (Canadas and Vazquez, 2014).

Based on the modelling of these data, the Alboran Sea presents one of the
highest densities of Cuvier’s beaked whales in the world, together with
Hawaii and the California Current (Barlow et al., 2006; Cafnadas and
Vazquez, 2014).

3.2.2 Ligurian Sea

A long-term photo-identification study was carried out in the Ligurian Sea
to ascertain reliable identification features such as colour patterns and natural
marking of Cuvier’s beaked whales (Coomber et al., 2016; Rosso, 2010;
Rosso et al., 2011). The population analysed in the Genoa Canyon region
was found to be generally well and reliably marked along the visible flank
(right side and left side), and although 96% of individuals were marked, only
71% of the population was considered reliably marked over multiple years.

Estimates of population size and size trends were calculated separately for
left and right side identifications using different models available in the
POPAN module of SOCPROG 2.4 (Whitehead, 2009). The ‘mortality’
model was the best fit (Table 2). This model estimates that the population
of reliably marked individuals was on average composed of 71 (for right side
identifications) and 68 individuals (for left side identifications). Results indi-
cated that a small number of Cuvier’s beaked whales inhabited the pelagic
waters of the Genoa Canyon between 2002 and 2008. The estimated total
population size (N,o.1) of Cuvier’s beaked whales in the Genoa Canyon was
around 100 individuals: 98 individuals for the right side dataset (CV =0.10;
95% CI ranged=81-116) and 95 individuals for the left side dataset
(CV=0.09; 95% CI=79-112).

Because there were no previous estimates of abundance, it is impossible
to assess whether the population size has been stable, increasing or decreas-
ing. However, the mortality + trend model showed a negative, but not signif-
icant, trend (Table 2). It is possible that the population might still be
recovering from atypical mass strandings that have occurred since the early
1960s wherein at least 35 individuals (around one-third of the current pop-
ulation size) have stranded in the area (Podesta et al., 2006; Tortonese, 1963;
see Section 2.2).



Table 2 Abundance Estimates of Population Size for Cuvier's Beaked Whales (Ziphius cavirostris) in the Ligurian Sea

Right Side Sample 0 SE Nmarked SE Niotal SE 95% ClI Trend (%) 95% ClI AlCc
Population (n=82) 0.73 0.16

Closed 87 4 119 7 103-136 380

Mortality 71 7 98 10 81-116 375

Mortality + trend 73 9 100 13 75-136 -3 —15-7 377

R eimmigration 71 9 98 13 66—-114 377

R eimmigration + mortality 69 7 95 10 77-115 379

Left Side Sample ) SE Nmarked SE Niotal SE 95% ClI Trend (%) 95% ClI AlCc
Population (n=82) 0.72 0.18

Closed 89 4 113 6 96-133 395

Mortality 68 6 95 9 79-112 383

Mortality + trend 71 8 99 12 82-132 -3 —15-6 385

Reimmigration 67 8 93 12 64—-113 385

Reimmigration + mortality 65 7 90 10 74-113 387

Results include right and left side identifications. 8, proportion of identifiable animals; N,,,4kcs» €stimate of reliably marked individuals; N, estimate of total population
size; AICc, Akaike Information Criterion value. Models are (i) closed: this model assumes a closed population, whose size is estimated by maximum likelihood;
(i) mortality: this assumes a population of constant size, where mortality (which may include permanent emigration) is balanced by birth (which may include immi-
gration); (iii) mortality + trend: this assumes a population growing or declining at a constant rate; (iv) reimmigration: this is the model in which members of a closed
population move from (emigration rate) and into (reimmigration rate) a study area; (v) reimmigration + mortality: this is model ‘reimmigration’ with the exception that
mortality (which may include permanent emigration from the total population) is balanced by birth (which may include immigration).
Modified from Rosso, M., 2010. Population size, residency patterns and energy demand of Cuvier’s beaked whales (Ziphius cavirostris) in the north western Medi-
terranean sea. PhD thesis, University of Basilicata, Potenza, Italy.
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Considering that no past or present abundance estimate is available for
the entire range of the Mediterranean Cuvier’s beaked whale population,
and that abundance data are available only for limited areas within the
region, inference regarding the total number of Cuvier’s beaked whales
in the Mediterranean Sea is currently impossible. Considering the funda-
mental conservation importance of such knowledge, it seems recommend-
able that all efforts be invested in obtaining it.

3.3 Habitat

3.3.1 Albordn Sea

Habitat modelling was performed for the Alboran Sea, to identify the impor-
tant habitats for Cuvier’s beaked whales in the area (Cafiadas and Vazquez,
2014). Data used for these analysis came from two sources: (a) data collected
during summers 2008—09 on board the NATO research vessel NR 1" Alliance
during the research surveys Sirena08 and Med09, and (b) data collected dur-
ing surveys carried out by the Non-Governmental Organization, Alnitak,
on board three vessels: Toffevaag (1992-2010), Thomas Donagh (2009) and
the Fisheries Patrol boat of the General Secretariat of Maritime Fisheries
(2003-09) (see Canadas and Vazquez, 2014). Highest Cuvier’s beaked whale
density was associated with the area over 500 m depth, and especially around
1000 m or deeper waters, which is the most suitable habitat for this species
that is rarely found in shallower waters. In comparison with the available
information, the Alboran Sea is clearly a very important area for Cuvier’s
beaked whale within the Atlantic and Mediterranean system, with one of
the highest densities recorded (mean density of 0.0054 animals/km?,
CV =22%). Habitat modelling results have been used as key tool to design
a proposal for the designation of a ‘Critical Area’ (Fig. 7), or MPA, by the
Spanish government, and as the basis for a Cuvier’s beaked whale Manage-
ment Plan (Canadas and Vazquez, 2014).

3.3.2 Ligurian Sea
Cuvier’s beaked whale habitat preference has been widely investigated in the
northern part of the Pelagos Sanctuary, based on a sighting dataset deriving
from dedicated ship-based surveys (Azzellino et al., 2008, 2011, 2012;
Coomber, 2016; D’Amico et al,, 2003; Gannier and Epinat, 2008;
Moulins et al., 2007, 2008; Tepsich et al., 2014).

Dedicated surveys conducted between 2000 and 2006 in the northern
part of the Pelagos Sanctuary reported higher Cuvier’s beaked whale
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Fig. 7 ‘Critical Area’ proposed by Canadas and Vazquez (2014) in the Alboran Sea to be
used for management measures for the protection of Cuvier's beaked whales (Ziphius
cavirostris).

sighting frequency in deep waters (between 1000 and 2000 m) within a mid-
closed basin with its boundary limited by the 1000 m isobath (Moulins et al.,
2007). The majority of sightings were located between a depth of 756 and
1389 m, but the encounter rate was highest between 1389 and 2021 m
(Moulins et al., 2007).

Cuvier’s beaked whale habitat preferences have been modelled primarily
through the use of topographic descriptors, and studies highlighted a strong
habitat preference for the upper and lower slopes along the Ligurian—
Provengal coast, at depths ranging from 1000 to 2500 m (Azzellino et al.,
2008; Moulins et al., 2007). A strong preference was also found for areas
with complex topography such as canyons and seamounts (Azzellino
et al., 2012; Gannier and Epinat, 2008; Moulins et al., 2007, 2008). Core
habitat area was identified in the Genoa Valley, within the Genoa Canyon
axis, as well as in the small half-basin with gentle slope located off western
coast of Liguria (D’Amico et al., 2003; Moulins et al., 2007, 2008). The
Genoa Canyon is the largest and northern-most canyon of the Western
Mediterranean Sea. It is 20—30 km across and 60 km long at its 1000 m
isobath. This canyon starts about 6 km from the Port of Genoa, which is
one of the main commercial harbours in the Mediterranean Basin. As
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evidenced by Moulins et al. (2008), species presence is also regular around a
seamount located at the mouth of the Genoa Canyon. Recently, Tepsich
et al. (2014) noted the importance of the deeper portion of the Ligurian
Basin, confirming the existence of additional habitat for this species in
deeper waters not closely related to peculiar topographic structures. In addi-
tion, dynamic predictors, such as remotely sensed physical oceanographic
parameters and modelled biogeochemical and physical parameters, have also
been used to investigate Cuvier’s beaked whale habitat preference in the
Gulf of Genoa (Azzellino et al., 2011; Coomber, 2016; Lanfredi, 2014).
Reesults suggest that dynamic predictors may act as proxy for macroscale fea-
tures (i.e. upwelling/downwelling motion) that indirectly delineate beaked
whale habitat in the area.

3.3.3 Hellenic Trench

Information regarding range and habitat of Cuvier’s beaked whale in Greek
waters (lonian and Aegean seas and Sea of Crete), including in the Hellenic
Trench area, comes from dedicated surveys conducted from 1991 to 2015 (79
Cuvier’s beaked whale sightings) and secondarily from the 147 strandings in
the region (see Frantzis, 2009). Seventy of the sightings were recorded along
the Hellenic Trench (especially along southwest Crete and west of Letkada
Island), where search effort has been much greater than that in the Aegean
Sea (Frantzis, 2009). In Greek waters, Cuvier’s beaked whales occurred
mainly over the continental slope. They were less frequently observed in
the pelagic waters of the region. The mean water depth for 63 Cuvier’s beaked
whale sightings made along the Hellenic Trench was 1066 m (range
4912279 m; sd =343), and mean distance from the coast was 8.6 km (range
2.1-26.5 km; sd=6.1). These values should only be considered representative
for Cuvier’s beaked whales along the slope or above the Aegean plateau, since
there are no available sightings over the abyssal plains.

3.4 Cuvier's Beaked Whale Habitat Model Transferability
and Potential for Improvement

Cuvier’s beaked whale habitat models may provide predictions about the
range of the species in areas of the Mediterranean Sea where its distribution
is not well known, and this could be useful to support species conservation in
the region.

Although many models with different statistical approaches have been
used to predict the presence or absence of sensitive species, in very few
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instances have such models been evaluated for their transferability to areas
different from their calibration sites. Azzellino et al. (2011) evaluated the
transferability of habitat predictions for Cuvier’s beaked whales deriving
from a model developed for the Ligurian Sea area. Data used for this
modelling exercise came from the Ligurian Sea Sirena 02 survey, and
model evaluation benefited from data collected in Alboran Sea Sirena
08 survey (see Section 3.3.1). The Ligurian Sea dataset was used for the
model calibration, and then the Alboran Sea dataset was used to evaluate
the Ligurian Sea models. The presence/absence classification performances
of the models developed in the Ligurian Sea were evaluated using both
dynamic (i.e. remote-sensed chlorophyll a) and static (i.e. sea bottom topo-
graphic features) predictors. Accuracy was slightly lower when using
dynamic predictors with respect to static predictors (i.e. 73% vs 87%).
However, despite differences in accuracy, the two models showed good
agreement (Fig. 8). A prediction map of presence and absence cells based
on the Ligurian Sea models was produced for the ‘a priori” evaluation of the
Alboran Sea area. Model accuracy was evaluated by overlaying the Cuvier’s
beaked whale observations (both visual and acoustic) collected in the field.
Model predictions, based on either chlorophyll or bathymetry features,
were surprisingly comparable in both the study areas (Azzellino et al.,
2011). Results indicated that a priori predictions were significantly corre-
lated with Cuvier’s beaked whale sightings in the Alborin Sea (evaluation
area), although, as expected, the model overall accuracy was much lower
than the accuracy estimated for the Ligurian Sea (calibration area). More-
over, based on the fact that model high-risk predictions (i.e. higher pres-
ence probability of a species sensitive to anthropogenic impact) were found
no more than 7-8 km from the closest beaked whale sighting and signif-
icantly closer to visual sightings or acoustic detections than the cells
predicted as low risk, this distance was proposed as a spatial uncertainty fac-
tor to be attributed to the a priori predictions. Considering such a spatial
uncertainty factor, the a priori predictions can be considered robust enough
to support knowledge-based decisions for determining the ranking of pri-
ority areas that may be sensitive to anthropogenic impact within a region
(Azzellino et al., 2011).

Azzellino et al. (2011) demonstrated that human activity impact risk
maps can be drawn based on a priori predictions of this kind (Fig. 9) and used
as knowledge-based support for minimizing the potential impacts induced
by human activities at sea.
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Fig. 8 Cuvier's beaked whale (Ziphius cavirostris) presence probability predictions for Ligurian Sea Basin according to the bathymetry model
(right) and chlorophyll model (left). The Pelagos Sanctuary boundaries are also shown (Azzellino et al., 2011).
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Fig. 9 Risk prediction map for the Alboran Sea area (Azzellino et al,, 2011). Cuvier's
beaked whale (Ziphius cavirostris) observations are also shown as dark full squares.

4. THREATS

Cuvier’s beaked whales in the Mediterranean Sea are likely impacted
by many threats linked to human presence in the semi-enclosed basin, but
few studies have quantified the problems affecting this population. Conclu-
sive necropsies (e.g. those described in Section 2.2) are rare for the species in
this region, largely due to the rarity of strandings and the difticulty of expe-
ditiously recovering newly stranded specimens (more often found in an
advanced state of decomposition). Known threats include bycatch in fishing
activities, ingestion of plastics, possible chemical contamination and anthro-
pogenic noise.

Only scattered information concerning Cuvier’s beaked whale fisheries
interactions is available in the scientific literature. In the past (prior to the
driftnet ban of 2002), occasional bycatch in pelagic driftnets was reported
from Spanish, French and Italian waters (Banca Dati [taliana Spiaggiamenti,
2015; Canadas, 2012; Podesta and Magnaghi, 1989). Rosso et al. (2011)
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reported one specimen photographed in the Ligurian Sea with a linear ampu-
tation of the dorsal fin, suggesting that it could have been the result of entan-
glement in fishing gear, such as monofilament lines used in the local sword fish
fishery. Intentional captures in French and Spanish waters have also been
reported (Northridge, 1994).

Plastic debris has been found in the stomachs of some stranded animals
(Cafiadas, 2012; Gomerdic et al., 2006; Podesta and Meotti, 1991), and in
some cases was considered a possible cause of death (Cagnolaro et al.,
1986; Frantzis, 2009; Holcer et al., 2003).

No information exists on the actual impact of chemical contaminants on
Mediterranean Cuvier’s beaked whale survival. High concentrations of mer-
cury, selenium and cadmium have been detected for Cuvier’s beaked whales
from the Ligurian Sea (Capelli et al., 2008). Ecotoxicological status of
Cuvier’s beaked whales was recently investigated by Baini et al. (2016).
Cytochrome P450 (CYP1A1 and CYP2B isoforms) were used as bio-
markers of exposure to anthropogenic contaminants. Protein expression
was evaluated using biopsy samples of tissue from free ranging Cuvier’s
beaked whales from the Ligurian Sea. Protein expression seemed to be
linked to age and sex. This method may provide a useful means of assessing
ecotoxicological status for this species in the future.

4.1 Anthropogenic Noise

4.1.1 Military Sonar Activity

One of the main threats affecting the Cuvier’s beaked whale population in
the Mediterranean Sea, is anthropogenic noise resulting from military
activities as is highlighted by the atypical mass strandings that have occurred
since 1963 (see Section 2.2). Gas bubble-associated lesions and fat embo-
lism in the vessels and parenchyma of vital organs were described by Jepson
et al. (2003) and by Fernandez et al. (2004, 2005) in beaked whales found
stranded in the Canary Islands, evidencing a DCS similar to that in human
divers. The syndrome was suggested to have been induced by exposure to
mid-frequency sonar signals, and the strandings were temporally and spa-
tially coincident with naval exercises employing this acoustic source (Cox
et al., 2006; D’Amico et al., 2009; Martin et al., 2004). Recent analyses of
sperm whale (Physeter macrocephalus) and beaked whale diving physiology
(Fahlman et al., 2014; Hooker et al., 2012; Tyack et al., 2006; Zimmer
and Tyack, 2007) suggest altered behaviour of these species in response
to naval sonar could increase the risk of gas bubble embolism. Changes
in dive time and consequent variation in physiological parameters could
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explain the DCS symptoms found in beaked whales stranded in atypical
mass events. Cuvier’s beaked whale atypical mass strandings that occurred
in the Mediterranean Sea region prior to 2006 have been correlated with
naval activity (Filadelfo et al., 2009; Frantzis, 1998, 2015; Podesta et al.,
2006). Based on pathology from the five recent mass stranding events of
2006—14, the most likely cause of death was naval activities in the areas
(ACCOBAMS, 2016; Arbelo et al., 2008; Bernaldo de Quirds et al.,
2012; Cozzi et al., 2011; Dalton, 2006; DON, 2008; A. Frantzis,
unpublished data; A. Fernandez, University of Las Palmas de Gran Can-
arias, S. Mazzariol, University of Padua, Italy, personal communication,
7 March 2016) (see Section 2.2). During these five recent events a total
of at least 28 animals were found stranded, mainly concentrated in the
South of Italy and Greece, where similar atypical mass strandings had
already occurred for this species in the past (Podesta et al., 2006). Further-
more, the total number of animals that died without reaching the coasts
may have been much higher than the number of reported strandings. Large
portions of both the Western and Eastern Mediterranean, including some
areas that are known Cuvier’s beaked whale high-use areas, have been
affected by military activities, including naval exercises using low- and
mid-frequency active sonar and underwater and surface detonations
(ACCOBAMS, 2016; DON, 2008) (see Section 2.2). Mortality is the most
significant impact to these whales, but response to nonlethal acoustic expo-
sure can also be expressed by avoidance, and can cause disruption of for-
aging behaviour (New et al., 2013; Tyack et al., 2011), and alterations in
dive profiles, that could affect metabolism and reduce individual fitness
(DeRuiter et al., 2013).

As a result of these concerns regarding cetacean exposure to anthropo-
genic noise resulting from military activity, ACCOBAMS (2013) strongly
recommended that, during naval exercises using sonar or underwater explo-
sions, there should be absolute avoidance within an approximate 90 km
buffer zone around all areas that have been designated as ‘Areas of Special
Concern for Beaked Whales’ in the Mediterranean Sea (see Fig. 7)
(ACCOBAMS, 2013). This did not prevent military activities from occur-
ring in one such area only one year later, when Noble Dina was temporally
and spatially connected to the atypical mass stranding event in the Hellenic
Trench off Crete in 2014 (Frantzis, 2015; see Section 2.2).

‘While abundance estimates and trends remain unknown for the global
Mediterranean Sea population, the impact of mortalities occurring during
atypical mass strandings could be significant. For example, for Cuvier’s
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beaked whales in the Hellenic Trench area, a decrease in sightings and
strandings (with no reduction in search effort) during the last two decades
has been reported (Frantzis, 2009).

4.1.2 Seismic Activity

Another source of anthropogenic noise that could be a threat to Cuvier’s
beaked whales in the Mediterranean Sea is oil and gas exploration through
seismic surveys. A recent overview of high impact areas for noise in the
Mediterranean demonstrated that the entire basin is heavily impacted by
seismic surveys, with 830 active areas surveyed in the past 10 years
(ACCOBAMS, 2016). Main areas of exploration were concentrated in
the Gulf of Valencia, Alboran Sea, Strait of Sicily, Ionian Sea, Levantine
Sea and Adriatic Sea. The Adriatic Sea has more than 130 different gas
and oil extraction installations that represent an additional possible threat
to the marine fauna of this semi-enclosed basin (Holcer et al., 2014).
Two Cuvier’s beaked whale stranding events (four whales in the Galapagos
islands in 2000, and two whales in the Gulf of California in 2002) have been
cautiously linked to seismic pulses (Gentry, 2002; Gordon et al., 2003;
Malakott, 2002). Considering the apparently heightened sensitivity of
Cuvier’s beaked whale to acoustic noise such as the military sonar, the
extensive use of air guns could have a cumulative impact and in some cases
may be exacerbated by the overlapping of Cuvier’s beaked whale high-use
areas (e.g. Alboran Sea, Ligurian Sea, Central Tyrrhenian Sea, southern
Adriatic Sea, and the Hellenic Trench) with the main areas of seismic
exploration.

4.1.3 Maritime Traffic

Little is known about the effects of maritime traffic and ship noise on
Cuvier’s beaked whales. Changes in Cuvier’s beaked whale dive and forag-
ing behaviour in response to ship noise have been reported in the Ligurian
Sea (Aguilar de Soto et al., 2006). Behavioural reactions to vessel noise were
also observed for Blainville’s beaked whales (Mesoplodon densirostris) in the
Tongue of the Ocean, Bahamas (Pirotta et al., 2012). The main commercial
harbours of the Ligurian Sea are located within the Pelagos Sanctuary,
which, as a consequence, is a crossing for all main commercial routes in
the area. Marine traffic and noise pollution in this region have some of
the highest levels within the entire Mediterranean Basin (Coomber,
2016; LMIU, 2008). Accordingly, the potential impact of maritime traffic
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(including frequent naval tratfic) on the species habitat should be considered
as a possible threat affecting the Cuvier’s beaked whale population.

No evidence of ship collision or injury due to propellers in the Mediter-
ranean Sea has been reported for Cuvier’s beaked whales. Recently, the Sec-
retariat of the Pelagos Sanctuary Agreement funded a project dedicated to
determining the potential impact of shipping and its associated noise on
Cuvier’s beaked whale distribution in the Ligurian Sea (Azzellino et al.,
2016). The potential species response to the naval traffic density, inferred
from Automatic Identification System (AIS) data, and the related generated
noise (inferred from a simulation model) was analysed (Azzellino et al.,
2016). The study highlighted the close association of Cuvier’s beaked whale
preferred habitat with areas of intense naval traffic. Moreover, Cuvier’s
beaked whales avoided zones with a higher than average density of naval
traffic. Another analysis focused on the Genoa Canyon area (considered
to be optimal beaked whale habitat) and found that Cuvier’s beaked whales
preferentially avoided zones with a higher density of naval traffic than the
zonal average (Azzellino et al., 2016). Similarly, Coomber (2016) used Gen-
eralized Additive Mixed Models to examine the effects of maritime shipping
traffic in the Genoa Canyon and found that the level of shipping had a neg-
ative linear correlation with sighting rates of Cuvier’s beaked whales.

5. CONCLUSION AND RECOMMENDATIONS

Genetic analysis has indicated a high degree of differentiation from the
Atlantic population (Dalebout et al., 2005) and suggests that Cuvier’s beaked
whales in the Mediterranean Sea should be considered as a separate Evolu-
tionarily Significant Unit, distinct from other populations. Moreover, we
suggest that Cuvier’s beaked whales in the Mediterranean Sea should be des-
ignated as Vulnerable or Threatened on the IUCN Red List.

Military activities, seismic exploration and ship noise all represent major
threats to Cuvier’s beaked whales in the Mediterranean Sea, especially in
areas where the species occurs in high densities, and maritime traffic is par-
ticularly intense, such as the Genoa Canyon area in the Pelagos Sanctuary.
Research in the Genoa Canyon has shown that the species attempts to avoid
areas with high shipping density (Azzellino et al., 2016), and there is some
evidence of a possible association of Cuvier’s beaked whale strandings with
seismic explorations (Gordon et al., 2003). Mitigation measures should be
applied in the Pelagos Sanctuary, and in other Cuvier’s beaked whale high-
density areas, to alleviate the impact of maritime traffic and anthropogenic
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noise. Furthermore, application of mitigation measures to restrict military
exercises can provide a successful tool for reducing the impact of noise
on this species, in particular by restricting such operations from occurring
in its preferred habitat. Indeed, the effectiveness of such spatial mitigation
has apparently been successful for the Canary Islands (an area where atypical
mass strandings had previously occurred in relation to military exercises),
where no atypical mass stranding of beaked whales has been recorded since
2004, after a moratorium of military activities using sonar was declared there
(Fernandez et al., 2012).

Urgent conservation measures need to be applied to ensure the protec-
tion of Cuvier’s beaked whale in the Mediterranean Sea. Important Cuvier’s
beaked whale habitats, including the Alboran Sea, Ligurian Sea, Tyrrhenian
Sea, southern Adriatic Sea, Hellenic Trench and likely other less studied
areas (e.g. the Levantine Sea), have a high conservation value for beaked
whales in the Mediterranean and, therefore, are worthy of conservation
actions. Major efforts should be undertaken to fill the current knowledge
gaps regarding distribution, population size and trends and anthropogenic
disturbances of Cuvier’s beaked whale in the Mediterranean region. Results
from predictive habitat models may be used as a basis for better designing
survey effort in unsurveyed areas. Similarly, research on stranded specimens
should be better organized with a standardized protocol and collection of
samples implemented all along the Mediterranean coasts. Research to gain
a better understanding of the effects of other anthropogenic pressures on
Cuvier’s beaked whales should also be pursued. Detailed analyses investigat-
ing the causes for mortality in stranded Cuvier’s beaked whales will be useful
to properly assess the impacts of the threats potentially affecting the popu-
lation in the Mediterranean Basin, and to implement the appropriate miti-
gation measures. Moreover, management measures are urgently needed to
restrict military activities within and around Cuvier’s beaked whale high-
density areas in the Mediterranean Sea.
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