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ABSTRACT

Stranding data provide fundamental information on biometric traits of cetaceans useful to increase knowledge on ecological traits and their consumption patterns. In
this study, the length weight (L-W) relationships through the power regression model (W = a xL?) were calculated for three dolphin species (the striped dolphin, the
common bottlenose dolphin and the Risso’s dolphin) in several Mediterranean subregions and at the scale of the entire basin. Length (L) and weight (W) data were
collected from stranding records during the period from 1983 to 2021 acquired from several databases and the literature. Starting from L-W relationships, a bootstrap
method was applied to estimate the mean body weights, the daily ingested biomass (IB) and annual food consumption (AFC) rates of different dolphin species. In
particular, four different equations were used to estimate the IB rates. Prey consumption by dolphin species was calculated through AFC rates and the available diet
information (expressed in weight fractions) of dolphin species for different Mediterranean subregions.

Considering the L-W relationships in the Mediterranean Sea, b coefficient values were equal to 2.578, 2.975 and 2.988 for the striped, the common bottlenose and
the Risso’s dolphin, respectively. At the Mediterranean scale, the AFC values estimated were 3913 kg (CI 2469-5306) for the Risso’s dolphin, 2571 kg (1372-3963)
for the common bottlenose dolphin and 1118 kg (531-1570) for the striped dolphin. Prey consumption pattern showed a clear partitioning among the investigated
species, where the common bottlenose dolphin exploits neritic demersal and pelagic fishes (e.g. eel fishes, sparids), the striped dolphin exploits mesopelagic fishes
and myctophids, and the Risso’s dolphin was specialized on bathyal cephalopods of Histioteuthidae family.

The results obtained in this study provide new information for the investigated species in several Mediterranean subregions providing a first consistent baseline to
support the population dynamics modelling. At the same time, the wide uncertainty ranges of some parameters, as well as the lack of information for some species,

stress the necessity of improving the data collection associated to stranding events, especially in the southern Mediterranean areas.

1. Introduction

Cetaceans represent an important component of the marine biodi-
versity of the Mediterranean region supporting the ecosystem func-
tioning and providing several ecosystem services (Pace et al. 2015;
Kiszka et al., 2022). They play the role of keystone predators in the food
web contributing to stability of the ecosystem structure (Hammerschlag
et al., 2019; Kiszka et al., 2022), and in climate regulation mechanisms
mitigating global warming (Roman et al., 2014). At the same time, as
charismatic species, they help to promote ecotourism and citizen science
activities, which represent an important recreational ecosystem service
(Mazzoldi et al., 2019). Despite their key ecological role, studies on
cetacean species are focused mainly on providing information on their
presence, distribution, abundance, and habitat use, but are rarely
referred to the collection of data on morphometric and demographic
parameters and processes (recruitment, survival, emigration, and

immigration, Sibly and Hone, 2002), probably due to objective diffi-
culties in collecting such information (Chivers, 2009). This condition
prevents the full understanding of anthropogenic impact effects at
population levels and consequently and makes the implementation of
effective mitigation and conservation measures difficult (IJsseldijk et al.,
2020).

Biometric traits of cetacean populations can provide important
ecological insights, such as the estimation of length-weight relationships
(Trites and Pauly, 1998; Perrin et al., 2005), the assessment of the
relationship between heavy metals and/or contaminant concentration
and body length, weight, and age (i.e., Honda et al., 1983; André et al.,
1991; Marsili et al., 2018), as well as the estimation of the food con-
sumption rate (Bearzi et al., 2010; Giménez et al., 2021). This last
element can be used to quantify the competition between cetaceans and
the fishery together with fishing catches information (Bearzi et al.,
2010), and is required in the trophodynamic modelling approach used to
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evaluate the ecological role of cetaceans in the food web (Piroddi et al.,
2011). Moreover, morphometric data can be used as an indicator of the
nutritive condition, not only for the single individual, but also for the
entire population (Hart et al., 2013).

In recent decades, a general decline in abundance of the cetaceans
has been caused by different adverse conditions driven by human
pressures and climate change in progress (Simmonds and Eliott, 2009;
ACCOBAMS et al., 2021). Therefore, the implementation of conserva-
tion strategies for cetaceans is urgent, and these measures should be
adapted to the biological features of the investigated populations and
emerging human pressures in the spatial context of reference. From this
point of view, biometric data provide critical elements in the process of
analysis aimed at estimating cetacean ecological traits. Unfortunately,
the monitoring and data collection supporting the conservation and
management of wildlife organism populations is particularly chal-
lenging, especially for the cetaceans. The elusive nature of these animals
and their high mobility make the detection of their life-history traits and
the acquisition of knowledge about their ecological characteristics
difficult. In general, knowledge on the size-weight relationships of ce-
taceans is acquired from stranded individuals (Clarke et al., 2021). In
addition, indirect estimates of consumption rates can be derived from
these data. Of course, this type of data suffers from different sources of
uncertainty, such as the representativeness of the population at sea,
hydrodynamic effects on the spatial distribution of strandings, as well as
differences in the stranding data collection protocols of monitoring
systems on large spatial scales and their ability to share information
among institutions. Despite these limitations, these data can be
considered among the most effective sources of information for esti-
mating biometric population traits of cetaceans.

In the Mediterranean Sea, studies reporting cetacean biometric data
are rather scarce (Carlini et al., 2014) and when present, they are in the
form of ancillary information often contained in ecotoxicological studies
(André et al., 1991; Marsili et al., 1997; Cardellicchio et al., 2000;
Bilandzi¢ et al., 2012), in assessments of microplastic contamination
(Novillo et al., 2020), or in causes of death analysis (Guarino et al.,
2021). In addition, information on the length-weight relationships is
often fragmented and spatial limited at small areas. Similarly, the con-
sumption rates on prey by cetaceans are reported for few regions and
small portions of some Mediterranean regions (Laran et al., 2010; Bearzi
et al., 2010; Ricci et al., 2020; Giménez et al., 2021; Ingrosso et al.,
2022).

Therefore, this study has the goal to provide estimates of length-
weight relationships, consumption rates, and feeding footprint on prey
by odontocetes in several Mediterranean regions and at the basin scale.
Estimates were obtained from stranding records collected from several
data sources (online database and literature) for the period 1983-2021.
The analysis was performed for the species characterized by the
completeness of biometric data (length and weight) and a statistical
procedure was applied to calculate uncertainty ranges of each estimated
parameters. In addition, for the prey consumption, diet information was
collected for analysed odontocetes species to investigate similarities and
differences in the prey consumption patterns.

2. Materials and methods
2.1. Data collection and study areas

The Mediterranean Sea is inhabited by 21 species of cetacean
showing different occurrence and permanence in the basin (Nota-
rbartolo di Sciara, 2016). Stranding records were collected for the
widespread and regularly occurring species in the Mediterranean Sea,
which are the striped dolphin (Stenella coeruleoalba) and the common
bottlenose dolphin (Tursiops truncatus) both listed as “Least concern” in
the IUCN Red List; the sperm whale (Physeter macrocephalus), the Risso’s
dolphin (Grampus griseus), the common dolphin (Delphinus delphis) and
the fin whale (Balaenoptera physalus) all listed as “Endangered”, and the
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Cuvier’s beaked whale (Ziphius cavirostris) listed as “Vulnerable”
(ACCOBAMS et al., 2021).

Stranding data were collected from the Italian Stranding Network
database (CIBRA, 2006; http://mammiferimarini.unipv.it/index.php;
accessed 10/2021), the open database Geocetus (2023; https://geo
cetus.spaziogis.it/; accessed 10/2021) and the scientific literature in
the period ranging from 1983 to 2021 (Cardellicchio et al., 2000; Blanco
et al., 2001; Giicliisoy et al., 2004; Francese et al., 2007; Oztiirk et al.,
2007, 2011; Bilandzic¢ et al., 2012; Berti et al., 2013; Mancusi et al.,
2014; Dede et al., 2016; Caracappa et al., 2018; Milani et al., 2018;
Cuvertoret-Sanz et al., 2020; Esposito et al., 2020; Novillo et al., 2020).
For each stranded individual, the date, geographical coordinates (or any
spatial information), name of the species, body length (L, cm), body
weight (W, kg), maturity, state of decomposition, presumed cause of
death, and the source of the recording information were collected. In
particular, the state of decomposition is reported according to decom-
position  condition categories (DCC) reported in ACCO-
BAMS-MOP7/2019/Doc 33 (2019) (DCC from 1-extremely fresh to
5-mummified or skeletal remains). A preliminary analysis was carried
out on the entire data collection focused on deleting duplicate records
between different data sources or incomplete biometric data, in order to
obtain a consistent database for successive analysis. In addition, re-
cordings were classified, according to the proposal for the planning of
Specially Protected Areas of Mediterranean Importance (SPAMIs,
UNEP-MAP-RAC/SPA et al., 2010), as belonging to the following sub-
regions: the Adriatic Sea (AdS), the Aegean Sea (AeS), the Alboran Sea
(AlIS), the Algero-Provencal Basin (APB), the Ionian Sea (IoS), the
Levantine Sea (LeS), the Tyrrhenian Sea (TyS), the Tunisian Plateau/-
Gulf of Sidra (TuP), and the entire Mediterranean basin (Med) (Fig. 1).
Considering the consistency of data in terms of number of records,
biometric data completeness, and geographical distribution, the analysis
was conducted on three dolphin species: the striped dolphin, the com-
mon bottlenose dolphin and the Risso’s dolphin (Table 1; Supp. Mat.
Table S1). Other species detected in the stranding data collection were
the sperm whale, Cuvier’s beaked whale and the common dolphin,
which were characterized by the absence of weight data.

2.2. Methodological approach

The methodological approach adopted in this study is based on
previous analysis conducted in the Mediterranean Sea (Bearzi et al.,
2010; Ricci et al., 2020; Giménez et al., 2021; Ingrosso et al., 2022) and
is reported in Fig. 2.

2.3. Biometric traits analysis and Length-Weight relationships

The length distribution of each investigated dolphin was estimated
within the geographic areas calculating the median, I and III quartiles,
minimum and maximum values. Differences between areas were tested
according to the non-parametric Kruskal-Wallis (KW) test and post hoc
multiple comparison Mann-Whitney (U) test, with the Bonferroni
correction (McDonald, 2014). The choice of a non-parametric test was
due to the non-normal distribution of data tested by means of the
Shapiro-Wilk test (Shapiro and Wilk, 1965; Supp. Mat. Table S2). The
same analysis was carried out for the weight data and to investigate
differences in length and weight between the sexes in the entire Medi-
terranean Sea. Statistical analyses were conducted when the minimum
number of 7 recordings was available for each geographical area.
Therefore, the analysis of weight data was only possible for the striped
dolphin. Statistical tests were carried out using PAST software (v. 4.14)
(Hammer et al., 2001).

Length-Weight (L-W) relationships were calculated for each dolphin
species investigated through a power regression model described
through the following equation:

W=axL(1) eq. 1
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Fig. 1. Subregions considered in the analysis: the Adriatic Sea (AdS, green), the Aegean Sea (AeS, purple), the Alboran Sea (AIS, orange), the Algero- Provencal Basin
(APB, red), the Ionian Sea (IoS, yellow), the Levantine Sea (Les, blue), the Tyrrhenian Sea (TyS, grey), the Tunisian Plateau (TuP, pink). (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 1

Number of stranding events recorded (No.), number of individuals of which body length (L, cm) and body weight (W, kg) were measured in relation to the three species
investigated in each subregion. Body weights refer to individuals with the decomposition state ranging from extremely fresh (1), recent (2) and moderate decom-
position state (3). Subregions are coded as follows: the Adriatic Sea (AdS), the Aegean Sea (AeS), the Alboran Sea (AlS), the Algero-Provencal Basin (APB), the Ionian
Sea (10S), the Levantine Sea (LeS), the Tyrrhenian Sea (TyS), the Tunisian Plateau/Gulf of Sidra (TuP), and the Mediterranean Sea (Med).

Subregion Stenella coeruleoalba Tursiops truncatus Grampus griseus Physeter macrocephalus Ziphius cavirostris Delphinus delphis
No. L w No. L w No. L w No. L w No. L w No. L w

AlS - - - - - - - - - - - - - - - - - -
APB 336 318 71 137 103 4 30 21 8 13 9 - 6 - 11 5 -
TyS 871 748 16 353 281 2 25 23 - 66 53 - 15 9 - 5 5 -
AdS 106 98 6 746 696 11 19 19 6 17 17 - 5 - 2 2 -
TuP 59 54 2 39 37 - 4 4 - 7 - 5 - 2 2 -
ToS 280 272 30 53 51 - 10 8 - 7 7 - 14 13 - 3 3 -
AeS 12 12 - 4 4 - 3 3 - - - - - - - - -
LeS - - - - - - 4 4 - - - - - - - - -
Med 1664 1502 125 1332 1172 17 95 82 15 110 93 - 48 38 - 29 23 -

where W is the weight (kg), a is a scaling coefficient for the weight at
length of the species, L is the length (cm), and b is the growth coefficient.
In addition, the coefficient of determination (R?) and confidence in-
tervals for the growth coefficient were calculated. For this analysis, only
records with a decomposition state from 1 to 3 were considered, aiming
to exclude unrealistic weight values for a living individual that could be
due to post-mortem autolysis (Perrin et al., 2005). In addition, the L-W
relationships were calculated starting from a minimum number of
weight recordings (n = 7) available for each geographical area (Table 1).
This analysis was carried out by means of the PAST software (v. 4.14).

2.4. Food consumption analysis

The mean annual food consumption (AFC, kg y 1) and its confidence
limits, referred to the mean size of each investigated dolphin species,
was calculated adopting a combined bootstrap procedure, according to
the method developed in other similar studies (Santos et al., 2014;
Giménez et al.,, 2021). AFC is described by the following modified
equation from Santos et al. (2014):

AFC=mIB x T eq. 2
where mIB (kg day™?) is the mean daily-ingested biomass (or daily food
consumption) from an average-size dolphin and T is the number of
feeding days (considered as 365 in this study, under the assumption of
full availability of the resource). The mIB is generally estimated as the

daily energetic requirements of predators depending on their weight,
requiring scaling equations that relate food consumption to body mass.
To take into account the uncertainty of such allometric scaling and the
poor information on the best scaling equation available for the investi-
gated species, the four most widely used scaling equations were applied
(Bearzi et al., 2010; Innes at el., 1987; Leaper et al., 2002; Kaschner,
2004; Tamura, 2003; Trites et al., 1997):

IB=0.123 ¢ W*? eq. 3
IB=0.482 ¢ W52 eq. 4
IB=0.035 ¢ W3 eq. 5
IB=0.1 ¢ W8 eq. 6

where, W is the body mass weight of a weaned dolphin. Body weight
biomass data are not available for all length data, thus, L-W relationships
previously calculated for each dolphin were applied to obtain the W data
distribution. Weaned individuals of all species collected in the dataset
were selected through the following length cut-offs: 110 cm for the
striped dolphin (Guarino et al., 2021), 180 cm for the common bot-
tlenose dolphin (Rossi et al., 2017) and 212 cm for the Risso’s dolphin
(Huang et al., 2009). Therefore, W data distributions were used to es-
timate scaling equation IB values of each, which were averaged to obtain
the mIB in Eq. (1). Finally, the AFC (mean value and 95% confidence
intervals) were estimated by a combined bootstrap procedure, based on



R. Carlucci et al.

Estuarine, Coastal and Shelf Science 298 (2024) 108622

Selection of species according to
availability of both biometric traits.
A dataset of length and weight data for each
species is extracted.

Databeﬁ
stranding even

Prey consumption by dolphin species
AFC split into prey according to
available diet data collected in differen subregions

Estimation of Length-Weight relationships
for selected species.

120

¥ = 1E-05x2sees
2=
100 Re=08295 . b
. 3-
— 80 o.‘( .
o}®
60 O
'?
2 .
2 “° o8 °
£ .
e 20 .O
- &
0
0 50 100 150 200 250

[ ——— - Ph=— - ————— - b 1
1. Estimation of weight for all individuals of selected ‘
species

2. Four empirical scaling equations to estimated daily |

ingested biomass (IB) [

Mean of daily ingested biomass (mIB) from IB |
equations ‘

4.  Annual food consumption (AFC) by dolphin species
‘ AFC =mIB xT
‘ T= 365 days |

Values calculated in each step derived from a combined |

bootstrap method*
L ot aiintg e

* see Giménez et al., 2021

Fig. 2. A schematic description of the methodology adopted in the analysis of biometric data addressed to estimate Length-Weight relationships, mean weights of
selected dolphin species and daily and annual consumption rates. More details on the analysis are described in the following sections.

10,000 replicates. This method consisted of resampling with replace-
ment of W and IB data, providing an integrated assessment of the un-
certainty of the annual food consumption (see Giménez et al., 2021). The
method was carried out using PAST software (v. 4.14) and Excel
(Microsoft 365 MSO v. 2307).

To estimate prey consumption by each investigated dolphin within
subregions, information from stomach contents were acquired from the
literature (Supp. Mat. Table S3). In particular, diets were selected
exclusively considering food items expressed as relative weight (ratio
between prey weight and the total weight of all prey), to maintain a
metric consistency with the AFC estimates. A total of 10 diets were
selected from literature, which were represented by 4 diets for both the
striped and common bottlenose dolphin, and 2 diets for the Risso’s
dolphin. Diets of the striped dolphin correspond to AeS, AlS APB and TyS
subregions, while diets of the common bottlenose dolphin correspond to
AeS, 10S, LeS and TyS subregions. Diets of Risso’s dolphin was found for
AeS and TyS subregions. Overall, 125 food items (prey) were found in
the diets collection represented by several taxonomic levels (species,
genus, family, etc.). To standardize the diets with each other, food items
were aggregated into 39 common categories (or prey groups), according
to several criteria (e.g., faunistic category, family, bathymetric domain,
species of ecological importance, etc.; see Tables 2-3). Thus, the amount
of prey consumed by each dolphin species in each subregion was
calculated multiplying the AFC (mean value and 95% confidence in-
tervals) for the prey weight fraction, according to the considered diet.
Notably, it was used the estimated AFC of a specific subregion, when
available, otherwise it was used the estimated AFC for the Mediterra-
nean area. To better understand the prey category consumption patterns
of investigated dolphins’ species among subregions, a multivariate
analysis based on the Bray-Curtis similarity index was carried out on
root-square transformed consumption data. In particular, the prey cat-
egories for dolphins’ species of each subregion were disposed in a matrix

(37 x 10). Notably, the prey group categories named “unidentified
cephalopods and fishes” were excluded by the analysis. Then, the un-
constrained ordination method, namely Principal COordinate analysis
(PCO, Gower, 1966), was performed visualizing the relative prey groups
contribution to the data ordination through the Spearman’s correlation
coefficient (rs). This analysis was conducted by means PRIMER 6 +
PERMANOVA software (Anderson et al., 2008; Clarke et al., 2014).

3. Results

A total of 1502, 1172 and 82 stranded individuals of striped dol-
phins, common bottlenose dolphins and Risso’s dolphins, respectively,
were selected for the analysis of the length values. The area with the
highest recorded strandings of the striped (N = 748) and the Risso’s
dolphin (N = 23) was the TyS, while the Ads was the area with the
highest recorded strandings of the common bottlenose dolphin (N =
696). Areas for which W recordings were available were the IoS (N =
30), the Tys (N = 16), the APB (N = 71) and the Med (N = 125) for the
striped dolphin; the AdS (N = 11) and the Med (N = 17) for the common
bottlenose dolphin, and the APB (N = 8) and the Med (N = 15) for the
Risso’s dolphin.

Considering all the recordings in the Mediterranean Sea, the median
L value was 170 cm for the striped dolphin (Interquartile Range, IR =
66), 238 cm for the common bottlenose dolphin (IR = 91), and 300 cm
for the Risso’s dolphin (IR = 65) (Fig. 3). The striped dolphin showed the
highest median L values in the AdS (L = 188 cm; IR = 50) and in the AeS
(L =183 cm; IR = 51). The median L values observed for this species TuP
(151 cm, IR = 66) and IoS (L = 168 cm; IR = 73) were significantly lower
than those estimated in the AdS (U = 1701, p < 0.01, U = 10381, p <
0.05, respectively. Table S2). The common bottlenose dolphin showed
the highest median L value in the APB (L = 250 cm; IR = 99), while the
lowest was in the TyS, with 210 cm (IR = 100). In addition, a significant
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Table 2
Prey taxa included in the Prey groups used in the analysis of consumption rates of each investigate dolphin.
Prey Group Taxa
Other Teuthida Abralia veranyi, Abraliopsis morisii, Ancistroteuthis lichtensteinii, Brachioteuthis riisei, Brachioteuthis spp., Chiroteuthidae, Chiroteuthis veranii, Galiteuthis
armata, Onychoteuthis banksii, Pyroteuthis margaritifera
Other Loliginidae Alloteuthis spp.
Slope Octopoda Argonauta argo, Ocythoe tuberculata, Pteroctopus tetracirrhus
Shelf Octopoda Eledone cirrhosa, Eledone moschata, Scaeurgus unicirrhus
Sepiolidae Heteroteuthis dispar, Neorossia caroli, Sepietta oweniana
Histioteuthidae Histioteuthis bonnelli, Histioteuthis reversa, Histioteuthis spp.
Illex coindetii Illex coindetii
Loligo spp. Loligo forbesi, Loligo sp., Loligo vulgaris
Octopus vulgaris Octopus sp., Octopus vulgaris
Ommastrephidae Ommastrephidae, Todarodes sagittatus, Todaropsis eblanae
Sepiidae Sepia officinalis, Sepiidae
Unidentified Unidentified cephalopods
cephalopods

Benthopelagic shrimps
Mesopelagic fishes
Other Demersal fishes
Eel fishes

Flatfishes

Belone belone

Boops boops

Acanthephyra pelagica, Pasiphaea multidentata, Sergia robusta

Arctozenus risso, Chauliodus sloani, Lepidopus caudatus, Lestidiops spp., Maurolicus muelleri, Paralepis sp., Stomias boa
Argentina sp., Chelidonichthys lucerna, Epigonus spp., Pomadasys incisus, Umbrina cirrosa, Symphodus sp.

Ariosoma balearicum, Conger conger, Echelus myrus, Gnatophis mistax, Ophidion barbatum

Arnoglossus sp., Bothus podas, Citharus linguatula, Microchirus variegatus, Monochirus hispidus, Scophtalmidae, Solea sp.
Belone belone

Boops boops

Other Benthic fishes Callionymus sp., Cepola macrophthalma, Saurida undosquamis, Synodus saurus

Carangidae Scombridae Carangidae, Caranx ronchus, Scomber scombrus, Trachurus mediterraneus, Trachurus sp., Trachurus trachurus
Centracanthidae Centracanthus cirrus, Spicara flexuosa, Spicara smaris

Prey Group Taxa

Myctophidae Ceratoscopelus maderensis, Diaphus sp., Diaphus metopoclampus, Hygophum sp., Lobianchia gemellarii, Lampanyctus crocodilus, Lampanyctus sp., Myctophidae
Mugilidae Chelon ramada, Liza ramada, Mugilidae

Clupeidae Clupeidae, Sardina pilchardus, Sardinella aurita, Sprattus sprattus

Other Sparidae Dentex dentex, Oblada melanura, Pagrus coeruleosticolus, Pagrus pagrus, Sparidae, Spondyliosoma cantharus
Moronidae Dicentrarchus labrax, Moronidae

Diplodus spp. Diplodus annularis, Diplodus sp., Diplodus vulgaris

Engraulis encrasicolus Engraulis encrasicolus

Serranidae Epiphenelus aeneus, Serranus sp.

Other Gadidae Gadiculus argenteus, Gadidae, Phycis sp., Trisopterus minutus

Gobiidae Gobiidae, Gobius niger, Lesuerigobius sp.

Lithognatus mormyrus Lithognatus mormyrus

Merluccius merluccius Merluccius merluccius

Micromesistius poutassou  Micromesistius poutassou

Mullidae Mullus spp., Upeneus moluccensis

Pagellus spp. Pagellus acarne, Pagellus erythrinus

Sphyraenidae Sphyraena sphyraena, Sphyraena viridensis

Unidentified fish Unidentified fish

difference in the median lengths was observed between stranded in-
dividuals in the TyS compared to those stranded in the AdS (U =
81126.5, p < 0.001), APB (U = 11410, p < 0.05) and Med (U = 143528,
p < 0.05). The Risso’s dolphin showed the highest median L value in the
IoS (L = 310 cm; IR = 54) and the lowest in the TyS, equal to 289 cm (IR
= 104). No significant differences in the median L were observed be-
tween geographical areas.

Exploring the differences in length between the sex of stranded in-
dividuals in the entire Mediterranean Sea, the females of striped dolphin
showed a median length significantly longer than males (F Length =
183 cm; M Length = 175 cm; H = 4.09, p < 0.05; see Supp. Mat.
Table S2). On the other hand, the median length calculated for the
common bottlenose dolphin males was longer than that of females (F
Length = 240 cm; M Length = 250 cm; H = 7.24, p < 0.01). No dif-
ference in length was detected between the sexes of G. griseus.

The highest median value of striped dolphin’s weight was recorded
in the APB (W = 70 kg; IR = 40) while the lowest one was in the TyS (W
= 46 kg; IR = 64). The median value of the striped dolphin’s weight in
the entire Mediterranean basin was 68 kg (IR = 45) (Fig. 3). No signif-
icant difference was detected for this species (Table S2). For the common
bottlenose dolphin, the median value of weight recorded in the AdS (W
= 199 kg, IR = 110) is similar to those obtained including all the
Mediterranean observations (W = 200 kg, IR = 117). The median value
of the Risso’s dolphin’s weight in the Med was equal to 250 kg (IR =
130), whereas the median weight in APB was 223 kg (IR = 210).

L-W relationships estimated for the striped dolphin showed values of
the b coefficient ranging from 2.578 (95% CI: 2.367-2.803) in APB to
2.716 (95% CI: 2.418-3.051) in TyS, with a value of the b coefficient for
the entire Med equal to 2.644 (95% CI: 2.485-2.802) (Fig. 4). Regarding
the common bottlenose dolphin, the b coefficient value estimated for the
Med was 2.975 (95% CI: 1.102-3.736). Finally, the b coefficient value
estimated for the Risso’s dolphin was equal to 2.988 (95% CI:
2.478-3.762) in Med area.

3.1. Food consumption rates

Estimations of the variables (L, W, IB, mIB and AFC) used in the food
consumption analysis of three dolphins are reported in Table 4.

Considering the entire Mediterranean Sea, the four scaling equations
showed mean values of IB ranging from 2.19 + 0.89 kg day ! (IB3) to
4.12 + 0.91 kg day ! (IB2) for the striped dolphin; from 6.44 + 2.28 kg
day’1 (IB4) to 7.96 + 2.80 kg day’1 (IB1) for the common bottlenose
dolphin, and from 9.74 + 1.41 kg day ! (IB2) to 12.23 + 2.60 kg day*
(IB1) for the Risso’s dolphin (Table 4). Based on these four equations,
the mean daily ingested biomass was estimated at 3.09 + 0.95 kg day-
“Ifor the striped dolphin, 7.04 + 2.40 kg day 'for the common bot-
tlenose dolphin, and 10.75 + 2.28 kg day for the Risso’s dolphin.
Therefore, the annual removal of biomass by a striped dolphin was
estimated at 1118 kg y’1 (95% CI: 531-1570) of food. For the common
bottlenose dolphin, the AFC corresponded to 2571 kg y~! (95% CI:
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Table 3
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Diets from subregions of the investigated dolphins (common bottlenose dolphin, CBD; striped dolphin, SD; Risso’s dolphin, RD) reported as prey groups detailed in
Table 2. Diet references are reported: 1. Milani et al., 2018; 2. Bearzi et al., 2010), 3. Scheinin et al. (2014); 4. Neri et al. (2023); 5. Saavedra et al., 2022; 6. Aznar et al.
(2017). 7. Wiirtz and Marrale, 1993. 8) Wiirtz et al. (1992). Subregions codes are: Aegean Sea (AeS), Alboran Sea (AlS), Algero- Provencal Basin (APB), Ionian Sea (I0S),

Levantine Sea (Les), the Tyrrhenian Sea (TyS).

Dolphins species (Ref.) CBD (1, 2, 3, 4) SD (1, 5,6,7) RD (1, 8)
Subregion AeS IoS LeS TyS AeS AlS APB TyS AeS TyS
Prey Group Other Teuthida 0 0 0 0.0043 0.18 0.031 0.013 0.063 0.0205 0.049
Other Loliginidae 0 0 0 0.0008 0 0.001 0 0.003 0 0
Slope Octopoda 0.029 0 0 0 0 0.001 0 0 0.0298 0
Shelf Octopoda 0 0 0 0.0832 0 0 0 0.001 0 0
Sepiolidae 0 0.03 0 0.0001 0.019 0.01 0.004 0.0045 0 0.001
Histioteuthidae 0 0 0 0.0007 0 0.001 0.028 0.153 0.9497 0.818
Illex coindetii 0 0 0 0.0637 0.191 0 0.169 0.014 0 0
Loligo spp. 0.073 0.03 0.028 0.0509 0.045 0.004 0.006 0.0001 0 0
Octopus vulgaris 0.02 0.03 0.004 0.1063 0 0 0 0 0 0
Ommastrephidae 0 0.03 0 0 0.067 0.2 0.036 0.26 0 0.132
Sepiidae 0.036 0.03 0.022 0 0 0.01 0 0 0 0
Unid. cephalopods 0 0 0 0 0 0.01 0 0 0 0
Benthopelagic shrimps 0 0 0 0 0 0 0 0.0102 0 0
Mesopelagic fishes 0 0 0 0 0.018 0.005 0.072 0.062 0 0
Other Demersal fishes 0.002 0 0 0.0121 0 0 0.005 0 0 0
Eel fishes 0.242 0.15 0.257 0.1185 0.021 0.001 0 0 0 0
Flatfishes 0 0 0.03 0.0042 0.016 0 0.0001 0 0 0
Belone belone 0.001 0.0125 0 0 0 0 0 0.031 0 0
Boops boops 0.208 0 0.09 0.0142 0.275 0.15 0.084 0.142 0 0
Other Benthic fishes 0 0 0.002 0.0006 0 0 0.002 0 0 0
Carangidae Scombridae 0.041 0.025 0.012 0.0265 0 0.005 0.001 0 0 0
Centracanthidae 0.012 0 0.004 0.0089 0 0 0 0 0 0
Myctophidae 0 0 0 0 0.13 0.29 0.0935 0.0142 0 0
Mugilidae 0.059 0.065 0.038 0.1189 0 0 0 0 0 0
Clupeidae 0.085 0.0125 0 0.0056 0.037 0.01 0.0066 0 0 0
Other Sparidae 0.016 0.04 0.006 0.0121 0 0 0 0 0 0
Moronidae 0 0.065 0 0.0015 0 0 0 0 0 0
Diplodus spp. 0.001 0.03 0 0.0398 0 0 0 0 0 0
Engraulis encrasicolus 0 0 0 0.0023 0 0 0.052 0.013 0 0
Serranidae 0.012 0 0.061 0.0005 0 0 0 0 0 0
Other Gadidae 0 0.11 0 0.008 0 0.001 0.0088 0 0 0
Gobiidae 0.001 0 0 0.0049 0.001 0.05 0.007 0 0 0
Lithognatus mormyrus 0.016 0 0.135 0.0369 0 0 0 0 0 0
Merluccius merluccius 0.08 0.12 0 0.2278 0 0.05 0.409 0.039 0 0
Micromesistius poutassou 0 0 0 0.0002 0 0 0.003 0.19 0 0
Mullidae 0 0.12 0.007 0.0007 0 0 0 0 0 0
Pagellus spp. 0.057 0 0.091 0.0333 0 0 0 0 0 0
Sphyraenidae 0.009 0 0.029 0.0125 0 0 0 0 0 0
Unid. fish 0 0.1 0.184 0 0 0.17 0 0 0 0
Total 1 1 1 1 1 1 1 1 1 1

1372-3963), while for the Risso’s dolphin it was equal to 3913 kg y !
(95% CI: 2469-5306).

The prey groups consumption by dolphins among the subregions is
reported in Fig. 5a—j and Table S4. The differences observed through the
PCO analysis showed a clear separation among the dolphins’ species,
while differences among subregions resulted low for the striped and
common bottlenose dolphin (Fig. 6). In particular, the explained vari-
ations of the first and second axes were of 47.6% and 26,6%, respec-
tively. Along the first axis, the main prey groups correlated (rs > 0.55) to
the consumptions of the common bottlenose dolphin were several bony
fishes of demersal (Sparidae, Mullidae, Serranidae, eel fishes) and
pelagic habitus (Sphyraenidae), and benthic cephalopods (Octopus vul-
garis and Sepiidae) (Fig. 6, right side of the plot). This prey groups seem
to be more associated to Aegean and Levantine Sea, while both pelagic
squids (Loligo spp.) and bony fishes (Carangidae- Scombridae) resulted
more correlated to TyS and IoS subregions. On the contrary, in the left
side of the plot, the Risso’s dolphin consumptions were characterized by
the family of Histioteuthidae and taxa belonging to Other Teuthida. In
the upper side of the plot, the consumptions of striped dolphin resulted
very similar among all subregions, excepted for the TyS, which was
slightly separated. The main correlated prey group to these consump-
tions were Gobiidae, I coidettii, Myctophidae, Mesopelagic fishes, and
Sepiolidae. These last three prey groups seem to be more abundant in the
consumptions of the TyS subregion than others. Finally, Merluccius

merluccius, Boops boops and Clupeidae were associated to both striped
and common bottlenose dolphins.

4. Discussion

The knowledge of life-history traits and feeding interactions repre-
sents a fundamental point for the biological and ecological study of
cetaceans. However, the estimation of several biometric traits for ceta-
ceans in the Mediterranean area is limited by fragmented data, often
based on small samples and without validation procedures and estima-
tion of ranges of variability (e.g. Duyar and BILGIN, 2018; André et al.,
1991). The attempt of this study is to provide biometric traits estimates
and consumption rates of stranding information inherent to three dol-
phin species at the Mediterranean and regional scale collected in a
period of more than 35 years. In this analysis, procedures to select robust
data and estimate range of variability of several parameters were
adopted, following methods applied at small spatial scales (Bearzi et al.,
2010; Giménez et al., 2021). Stranding data suffer of several sources of
uncertainty, linked to the influence of environmental factors on the
stranding dynamics, such as wind and current direction, or sinking
process of carcasses (see Peltier et al., 2012). Other critical points in the
use of stranding information could occur in the reliability of some body
parameters, such as the weight (Valsecchi et al., 2004; Perrin et al.,
2005). In this case, standard procedure based on the selection of
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Fig. 3. Boxplots indicate the Length (cm, left) and Weight (kg, right) distributions related to the striped dolphin, the common bottlenose dolphin and the Risso’s
dolphin in all subregions. The median values (bold line), minimum and maximum values (whiskers), and I-III quartiles (lower and upper limits of boxes) are reported.

Letters (a, b, c) refer to groups that are statistically significant.

stranding data according to decomposition status was adopted in this
analysis limiting potential bias on weight data (ACCO-
BAMS-MOP7/2019/Doc 33, 2019). In general, these issues highlight the
need to handle with caution the possible inference on the living
populations.

Overall, the stranding data collected and analysed in this study
provide a framework of knowledge on the biometric and consumption
traits of three common dolphins species in the Mediterranean Sea, rep-
resenting a first baseline of data to support future analysis on the ecology
of this species addressed to assess their conservation status. Neverthe-
less, the estimations of the consumption rates could represent useful
information to improve the quantitative analysis on the interaction be-
tween cetaceans and the fishery in the Mediterranean region.

Concerning the analysis of stranding data by subregions, the spatial
displacement of biometric information showed a good coverage in all
areas, excepted for the Alboran Sea, where stranding events of several
species are documented (Rojo-Nieto et al., 2011), however length and
weight data are lacking. In addition, from the analysis of stranding sites
aggregation in sub regions, a lack of information was detected for the
southern coastal zones of the Tunisian Plateau, the Ionian Sea and the
Algero- Provencal Basin, likely due to the absence of an effective
stranding monitoring system, as reported by the recent assessment of
ACCOBAMS et al. (2021).

4.1. Biometric traits and L-W relationships

The analysis of the size and weight distributions highlights some
geographical differences for each investigated species. For instance, the
striped dolphin shows significantly smaller sizes in the Ionian Sea and
the Tunisian Plateau region than the Adriatic Sea. On the other hand, the
length size of T. truncatus in the Adriatic Sea was higher than that esti-
mated in the Tyrrhenian Sea.

In general, the size difference detected in the stranding data analysis
can be affected by several external factors acting on the transport and
stranding of carcasses, such as hydrographic traits of a basin (Peltier
et al., 2012; Carlucci et al., 2020), as well as the variation of mortality
rates among the subregions. Our results seem to highlight higher sizes of
the striped and common bottlenose dolphins the semi-enclosed basin of
Adriatic Sea than other subregions. Another potential environmental
driver, affecting the difference in sizes, could be represented from
different primary productivity and trophic conditions, which demon-
strate affecting ecological traits of cetacean populations, such as the
spatial variation of the cetaceans’ diversity in the Mediterranean region
(Gnone et al., 2023). Indeed, the Ionian and the Strait of Sicily are
oligotrophic zones, with complex food webs regulated by the deep en-
ergy flows (Agnetta et al., 2019; Ricci et al., 2022). On the other hand,
the Adriatic basin is characterized by high primary productivity (Sal-
gado-Hernanz, et al., 2022), which sustains pelagic and benthic food
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Fig. 4. L-W relationships estimated for the common bottlenose dolphin (CBD), the striped dolphin (SD) and the Risso’s dolphin (RD) in all subregions. Power
equations and the coefficient of determination (R?) are reported with representation of observed values (black points), power equation line in red (95%Confidence
Intervals, lines in blue). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 4

Mean Weight (mW, +standard deviation SD, kg), mean Ingested biomass (IB, +SD, kg day’l) obtained from different equations (see the main text), the mean IB (mlIB,
+SD) and annual food consumption rates (AFC, with 95% confidence intervals in brackets, kg y 1) estimated for each investigated dolphin species within subregions.

Subregion mW IB1 1B2 IB3 1B4 mIB AFC

Striped dolphin

APB 65.3 + 21.77 3.45 £ 0.95 4.24 + 0.81 2.29 £0.76 2.81 £0.77 3.20 £ 0.82 1160 (585-1533)
IoS 56.9 + 27.43 3.08 £ 1.19 3.88 +1.02 2.00 + 0.97 2.49 £ 0.97 2.87 +1.03 1051 (547-1609)
TyS 55.9 + 25.04 3.06 + 1.12 3.87 £ 0.96 1.97 + 0.89 2.47 £ 0.90 2.84 + 0.99 1041 (488-1522)
Med 62.6 + 25.32 3.32+1.11 4.12 + 0.93 2.19 £ 0.89 2.69 £ 0.91 3.09 £ 0.95 1118 (531-1570)
Common bottlenose dolphin

Med 184.9 + 81.29 7.96 + 2.80 7.28 +1.73 6.53 + 2.85 6.44 + 2.28 7.04 + 2.40 2571 (1372-3963)
Risso’s dolphin

Med 317.2 + 81.66 12.23 + 2.60 9.74 £ 1.41 11.07 + 2.90 9.94 + 2,12 10.75 + 2.28 3913 (2469-5306)

webs distributed on a very broad shelf platform (Libralato et al., 2010).
However, other factors affecting the biometric differences detected in
the analysis could be the genetic traits and demographic characteristics,
which contribute to distinguish management units (see Moritz, 1994)
for conservation of these dolphins, as observed in other Mediterranean
studies (Calzada and Aguilar, 1995; Sharir et al., 2011; Esteban et al.,
2016; Giménez et al., 2018; Guarino et al., 2021). The difference be-
tween the sexes of the striped dolphin is consistent with the estimation
carried out for this species in the French Mediterranean coast, reported
in Di-Meglio et al. (1996). Similarly, sexual dimorphism in the
T. truncatus is reported by several authors (Jefferson et al., 2008; Reeves
et al., 2002).

The L-W relationships of the striped dolphin calculated in this study
show b coefficient values lower than those reported by Miyazaki et al.
(1981) for striped dolphin populations of the Pacific coast of Japan, with
values ranging between 2.910 and 2.920. Other studies conducted on
the Mediterranean France coast estimated similar b coefficient values
(2.517, André et al., 1991; 2.602, Viale, 1985) to that estimated for the
Algero- Provencal Basin in this study (2.578), and these values are
included in the range of variability estimated in this study. Concerning
this aspect, confidence intervals estimated for the b coefficient for the

striped dolphin in this study showed small and very similar ranges of
variability among investigated subregions, indicating acceptable
robustness of the estimates. The b coefficient estimated for T. truncatus at
the Mediterranean scale (2.975) showed a similar value to those esti-
mates in the U.S. mid-Atlantic waters for female (2.998) and male
(3.021) specimens, respectively (Mallette et al., 2016). Similar values
are reported in Hart et al. (2013) for the same area, with coefficient
values of 2.87 for the female and 3.29 for the male. However, the small
sample size and the large range of variability estimated for the L-W re-
lationships parameters in this study, indicate a low robustness in the
estimates obtained for T. truncatus in Mediterranean regions. Thus, to
increase the effort in the management of the stranding events,
addressing the operation towards a more detailed detection of biometric
data is required. Finally, the b coefficient value estimated for the Risso’s
dolphin in Mediterranean region (2.988) is lower than the b coefficient
estimated in the Faroe Islands (3.556, see Bloch et al., 2012), likely due
to lack of weight records in correspondence with the length range
200-300 cm in our Mediterranean data collection.
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Fig. 5. a-j. Estimates of annual prey groups consumptions (AFC in kg y~!; mean value, black circles; 95% confidence intervals, dashed lines) by a-d) the striped
dolphin, e-h) the common bottlenose dolphin, and i-j) the Risso’s dolphin in different subregions (see Fig. 1 for the subregions codes). Prey groups with values
contributing to the 90% of the total consumption are reported. For details of species included within prey groups see Table 2.
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4.2. Food consumption patterns

Estimating the daily and annual food consumption of cetaceans
represents an essential element in the quantitative assessment of
cetaceans-fishery competition for trophic resources (Kaschner et al.,
2006; Jusufovski et al., 2019). This assessment requires quantitative
information on prey consumption and fishing catches, and it can be
performed by several methodological approaches (Bearzi et al., 2010;
Spitz et al., 2018). In our study, the analysis was focused on a basic
calculation of total consumption rates, in order to provide a snapshot of
consumption patterns in the Mediterranean Sea, also quantifying a range
of uncertainty around the mean consumption values (Santos et al.,
2014).

The mean daily consumption rate estimated for T. truncatus in the
Mediterranean Sea (7.04 + 2.40 kg day 1) was higher than the values of
6.1 and 5.4 kg day ! reported for the northern Ionian subregion by
Bearzi et al. (2010) and Ricci et al. (2020), respectively. Differences
observed among these values can be due to the different sample sizes
used in these studies, but the Ionian values are included in the range of
variability estimated for the Mediterranean region. Other information
on the food consumption for this species is absent at Mediterranean
scale, while some estimates have been performed through bioenergetic
models in American Atlantic waters (Bejarano et al. 2017) and the Bis-
cay Bay (Spitz et al., 2018). In the former study, the annual food con-
sumption ranged between 3052 and 5336 kg per individual, which was
higher than that estimated by our analysis in the Mediterranean region
(1372-3963 kg). In the latter study, mean daily food consumption
showed a value of 14.5 kg (12.0-17.1), resulting two times higher than
that estimated in Mediterranean region. Another estimation of the mean
daily food consumption conducted with the same our method, in
Northeastern U.S. continental shelf, showed a daily value of 8.7 kg per
individual (Smith et al., 2015). These differences could be driven by
differences between the biometric and genetic traits of Mediterranean
and Atlantic populations (Viaud-Martinez et al., 2008; Sharir et al.,
2011), but further analyses should be carried out given the use of
different approaches in estimating consumption.

Considering the striped dolphin, the mean body weight estimated for
the APB subregion was consistent with that reported for the same species
in the Ligurian Sea (north-eastern side of APB region), with mean values
of 65-66 kg (Laran et al., 2010). The mean daily food consumption
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estimated in the Biscay Bay for the striped dolphin (6.3 kg) was higher
than that of Mediterranean region (Spitz et al., 2018). Although the
methodological approaches are different, the highest food consumption
value in European Atlantic waters is explained by a higher mean body
mass (80 kg) of the dolphins in this area. In addition, the consumption
rate of the striped dolphin in APB was similar to reported for the com-
mon dolphin in the Alboran Sea (3.35 + 0.67 kg day 1), which in size
and feeding habits is a similar species to the striped dolphin (Giménez
et al., 2021). Finally, the Mediterranean mean IB values estimated for
the Risso’s dolphin (10.75 + 2.28) were included in the range of values
reported for the Ligurian Sea (7.6-17.0 kg day ™!, Laran et al., 2010), and
slightly higher than the mean value estimated in the Biscay Bay (9.3 kg
day’l; Spitz et al., 2018).

The estimation of the total food consumption should be integrated
from information on the prey consumed by dolphins, in order to support
several research perspectives, such as estimating trophic niche size and
overlap with other predators (Carlucci et al., 2021), as well as in the
competition between dolphins and fisheries for food resources (Bearzi
et al., 2008; Kaschener et al., 2006; Piroddi et al., 2011). Unfortunately,
to detail the prey consumption by cetaceans is affected from several
issues in the selection of adequate dietary information from the litera-
ture, which must satisfy criteria of metric consistency (e.g. diet
expressed in weight fractions), and representativeness, such as the
number of stomachs analysed in each study. The first criterion is linked
to diet collection, and, many stomach content analyses were excluded
from our study, because they were expressed in numerical fractions,
such as diets reported in Blanco et al. (2001, 2006) and Luna et al.
(2022). The second criterion assesses the reliability of the selected
studies that might be unrepresentative of the real feeding habits of a
given dolphin species. In our study, the information on the diet of Risso’s
dolphin can be considered less representative, as a single stomach was
analysed in two studies acquired from the Aegean and Tyrrhenian Sea
(Milani et al., 2018; Wiirtz et al., 1992). However, to the best of our
knowledge, this is the only information available for this species that is
rare in the Mediterranean area. For T. truncatus, the diet of the Adriatic
Sea was excluded from the analysis, as it was characterised by a single
stomach (Miokovic et al., 1999), being poorly representative of the
entire trophic spectrum of this dolphin compared to that found in other
areas (e.g. Tyrrhenian Sea, Neri et al., 2023). Finally, this screening on
the reliability of diet information highlights a lower number of stomachs
analysed in Aegean Sea (Milani et al., 2018) than that of other Medi-
terranean areas, and lack of specific quantitative studies on the feeding
habits of cetaceans in the Ionian Sea, except for the study carried out by
Bearzi et al. (2010). Some information could be acquired by food-web
models developed in this subregion (Piroddi et al., 2011; Carlucci
et al., 2021), but the resolution of prey categories is often too broad and
obtained from indirect estimates.

Concerning the common bottlenose dolphin, demersal and pelagic
prey of neritic areas represent the main important food resources, with
the highest consumption estimated for eel fishes, several species
belonging to Sparidae family (e.g L. mormyrus, B. boops, Pagellus spp.),
Mugilidae, M. merluccius, and benthic cephalopods of the Octopoda
family. Similar observations are reported for the diet of T. truncatus in
the Gulf of Cadiz, where a combination of different methods (e.g.,
stomach content analysis and stable isotope analysis) have detected the
European hake and sparids as the most important prey (Giménez et al.,
2017). Similar findings are reported for stomach content analysis con-
ducted on stranded individuals in the Tyrrhenian Sea (Scuderi et al.,
2011), and Western Mediterranean Sea (Blanco et al., 2001), although
these studies are based on the numerical fraction of prey. Overall, the
wide range of prey exploited by this dolphin reflects its opportunistic
nature, which could be affected by local ecological features of habitats,
the spatial distribution of dolphins’ groups, as well as the human pres-
sures such as the fishery (Carlucci et al., 2016; Gnone et al., 2022; Pace
et al., 2022).

Differently, the striped dolphin showed the highest consumptions of
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myctophids, mesopelagic fishes, I coindetii and cephalopods of the
Ommastrephidae family, and B. boops. This pattern of prey seems to be
consistent with other observations on diets analysed in Atlantic waters
(Marcalo et al., 2021), and in the eastern Mediterranean Sea (Dede et al.,
2016). In this latter diet, the mesopelagic fishes seem to be more
important than cephalopods, but this difference is affected by the
analysis of prey in numerical percentage. Overall, the striped dolphin
exhibits a feeding habit based on the mesopelagic prey distributed in the
upper slope, where the myctophids are an essential prey in the con-
sumption estimated in the Alboran and Aegean Sea, and APB subregion.
In particular, this prey category accounted for around 300 kg per year in
the Alboran Sea, and this observation seems to be consistent with the
prey consumption pattern of the common dolphin in the same area,
where its annual consumption of the myctophids (e.g. Ceratoscopelus
maderensis) is around 385 kg per individual (Giménez et al., 2021).
Notably, the common and striped dolphin are characterized by a high
trophic similarity with a potential interspecific competition, as revealed
from study conducted through stable isotope analysis in the western
Mediterranean region (Borrell et al., 2021).

Considering the Risso’s dolphin, the prey consumption is based on
the bathyal cephalopods (Luna et al., 2022). According to our results,
the main squids consumed by G. griseus are those belonging to the genus
Histiotheuthis spp., as observed in other studies (see Chen et al., 2013).
However, diet information available for this species is extremely limited
with a low representativeness on the overall feeding habits (Lanfredi
et al., 2021). In particular, Luna et al. (2022) reports the occurrence of
shelf cephalopods (O. vulgaris, Eledone spp.) and I. coindetii in the trophic
spectrum of the Risso’ dolphin, which seem to exhibit an opportunistic
behaviour, varying its feeding preferences towards other pelagic and
benthic cephalopods. Not less relevant, observations in the Spanish
Mediterranean waters have detected the sensitivity of this species to the
squids adopted as baits for the longlines (Macias Lopez et al., 2012). This
evidence points out the need to urgently investigate the effects of in-
teractions in the food web between environmental and anthropogenic
pressures (Giralt Paradell et al., 2021; Piroddi et al., 2017; Ricci et al.,
2023).

Considering the comparison among prey consumption patterns, the
dolphins’ species resulted clear separated one from each other in terms
of exploit food resources. The bathymetric gradient from shelf to slope
grounds can be considered an important driver in the differences,
affecting the distribution of prey, as observed in the Ionian Sea (Carlucci
et al., 2021; Ricci et al., 2021). Not less important, a stable isotope
analysis performed on the same three species, in the Northwestern
Mediterranean Sea, indicated a niche partitioning among them with
predation on different trophic levels (Borrell et al., 2021). In particular,
the striped dolphin exploits prey of intermediate trophic levels, as
myctophids, mesopelagic fishes, I coindetii and Sepiolidae, which have
also been observed in this study. On the other hand, the common bot-
tlenose and Risso’s dolphins feed on higher trophic levels, but the former
exploits demersal and pelagic fishes (eel fishes, Sphyrenidae, Sparidae)
and squids (e.g Loliginidae) in the neritic zone, while the latter is teu-
tophagus (Luna et al., 2022). Differences in prey consumption among
the investigated subregions seem to be scarcely relevant, and the limi-
tations of data do not allow to understand the occurrence of relevant
spatial differences.

Overall, these estimates provide a first baseline of information on the
consumption rates of these dolphins in several Mediterranean regions,
contributing to support quantitative analysis on the ecological traits of
cetaceans, and fishery-cetaceans competition assessed through the food
web modelling approach (Morissette et al., 2012; Ricci et al., 2021), or
overlap indices (Kaschner et al., 2006). Interpretations on the status of
cetacean populations from stranding data should be managed with
caution, but they often represent the exclusive information source to fill
knowledge gaps related to biometric traits and consumption rates of
cetaceans. In this study, the method adopted to assess the uncertainty
range according to the bootstrap procedure proposed by Giménez et al.
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(2021) allowed us to enforce the estimates of daily and annual con-
sumption rates and their ranges of variability, which could be reference
points for several Mediterranean subregions and at the basin scale.

5. Conclusions

Information on biometric traits is a fundamental element to inves-
tigate the ecological dynamics of cetaceans’ populations, supporting the
evaluation of their conservation status at different regional scales. The
availability of information and parameters related to the population
size, growth rate and consumption rates is important in the assessment
required by protocols oriented to establishing conservation measures
(Agardy et al., 2019; Tetley et al., 2022). In this framework, stranded
animals represent an important source of data for the analysis of bio-
metric traits and consumption patterns developed in this study. More
effort to collect data regarding the biometrics of the species inhabiting
the Mediterranean is required, especially for those areas located in the
southern part of the basin. Furthermore, encouraging the enhancement
and training of local monitoring networks would provide important
ecological information about Mediterranean cetacean populations and
represent a useful contribution for planning conservation and manage-
ment actions at several spatial scales.

Thus, these results could be a baseline for future studies aimed at
supporting the modelling of population dynamics of cetaceans for better
understanding of population structures, as well as the consumption of
dolphins in relation to their competitive interaction with the Mediter-
ranean fishery. Furthermore, as stated by Karns et al. (2019), a good
knowledge of the local morphometrics of cetacean populations can be
used as an indicator of the nutritive condition of the stranded and thus
prioritizing individuals which are more likely to survive after reintro-
duction to the sea.

CRediT authorship contribution statement

R. Carlucci: Writing — review & editing, Resources, Conceptualiza-
tion. P. Ricci: Writing — review & editing, Writing — original draft,
Methodology, Formal analysis, Conceptualization. M. Ingrosso: Writing
- review & editing, Validation, Methodology, Investigation, Formal
analysis, Data curation. D. Cascione: Writing — review & editing,
Writing — original draft, Visualization, Validation, Investigation, Data
curation. C. Fanizza: Writing — review & editing, Resources, Investi-
gation, Funding acquisition. G. Cipriano: Writing — review & editing,
Writing - original draft, Validation, Supervision, Methodology,
Conceptualization.

Declaration of competing interest

The authors declare that the research was conducted in the absence
of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Data availability

Data are reported in the article

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ecss.2024.108622.

References

ACCOBAMS, 2021. In: Notarbartolo di Sciara, G., Tonay, A.M. (Eds.), Conserving
Whales, Dolphins and Porpoises in the Mediterranean Sea, Black Sea and Adjacent
Areas: an ACCOBAMS Status Report. ACCOBAMS, Monaco, p. 160.


https://doi.org/10.1016/j.ecss.2024.108622
https://doi.org/10.1016/j.ecss.2024.108622
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref1
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref1
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref1

R. Carlucci et al.

ACCOBAMS-MOP7/2019/Doc 33, 2019. Best Practice on Cetacean Post Mortem
Investigation and Tissue Sampling. Joint ACCOBAMS and ASCOBANS Document.
Istanbul, Turkey.

Agardy, T., Cody, M., Hastings, S., Hoyt, E., Nelson, A., Tetley, M., Notarbatodolo di
Sciara, G., 2019. Looking beyond the horizon: an early warning system to keep
marine mammal information relevant for conservation. Aquat. Conserv. 29, 71-83.
https://doi.org/10.1002/aqc.3072.

Agnetta, D., Badalamenti, F., Colloca, F., D’Anna, G., Di Lorenzo, M., Fiorentino, F.,
Garofalo, G., Gristina, M., Labanchi, L., Patti, B., Pipitone, C., Solidoro, C.,
Libralato, S., 2019. Benthic-pelagic coupling mediates interactions in Mediterranean
mixed fisheries: an ecosystem modelling approach. PLoS One 14 (1), e0210659.
https://doi.org/10.1371/journal.pone.0210659.

Anderson, M., Gorley, R., Clarke, K., 2008. PERMANOVA + for PRIMER: Guide to
Software and Statistical Methods. PRIMER-e, Plymouth.

André, J., Boudou, A., Ribeyre, F., Bernhard, M., 1991. Comparative study of mercury
accumulation in dolphins (Stenella coeruleoalba) from French Atlantic and
Mediterranean coasts. Sci. Total Environ. 104 (3), 191-209. https://doi.org/
10.1016/0048-9697(91)90072-M.

Aznar, F.J., Miguez-Lozano, R., Ruiz, B., et al., 2017. Long-term changes (1990—2012) in
the diet of striped dolphins Stenella coeruleoalba from the western Mediterranean.
Mar. Ecol. Prog. Ser. 568, 231-247. https://doi.org/10.3354/meps12063.

Bearzi, G., Agazzi, S., Gonzalvo, J., Bonizzoni, S., Costa, M., Petroselli, A., 2010. Biomass
removal by dolphins and fisheries in a Mediterranean Sea coastal area: do dolphins
have an ecological impact on fisheries? Aquat. Conserv. Mar. Freshw. Ecosyst. 20,
549-559. https://doi.org/10.1002/aqc.1123.

Bearzi, G., Fortuna, C.M., Reeves, R.R., 2008. Ecology and conservation of common
bottlenose dolphins Tursiops truncatus in the Mediterranean Sea. Mamm Rev. 39 (2),
92-123. https://doi.org/10.1111/j.1365-2907.2008.00133.x.

Bejarano, A.C., Wells, R.S., Costa, D.P., 2017. Development of a bioenergetic model for
estimating energy requirements and prey biomass consumption of the bottlenose
dolphin Tursiops truncates. Ecol. Model. 356, 162-172. https://doi.org/10.1016/j.
ecolmodel.2017.05.001.

Berti, A., Castelli, A., Mancusi, C., 2013. Analisi del contenuto stomacale degli esemplari
di stenella striata (S. coeruleoalba, Meyen, 1833) spiaggiati lungo le coste della
Toscana. Master degree thesis in Marine Biology. University of Pisa (Italy).

Bilandzi¢, N., Sedak, M., Bokié, M., Puras, M., Gomercié, T., Zadravec, M., et al., 2012.
Toxic element concentrations in the bottlenose (Tursiops truncatus), striped (Stenella
coeruleoalba) and Risso’s (Grampus griseus) dolphins stranded in eastern AdriatIc Sea.
Bull. Environ. Contam. Toxicol. 89, 467-473. https://doi.org/10.1007/500128-012-
0716-6.

Blanco, C., Raduan, M.A., Raga, J.A., 2006. Diet of Risso’s dolphin (Grampus griseus) in
the western Mediterranean Sea. Sci. Mar. 70 (3), 407-411.

Blanco, C., Salomén, O., Raga, J., 2001. Diet of the bottlenose dolphin (Tursiops
truncatus) in the western Mediterranean Sea. J. Mar. Biol. Assoc. U. K. 81,
1053-1058. https://doi.org/10.1017/50025315401005057.

Bloch, D., Desportes, G., Harvey, P., Lockyer, C., Mikkelsen, B., 2012. Life history of
Risso’s dolphin (Grampus griseus) (G. Cuvier, 1812) in the Faroe Islands. Aquat.
Mamm. 38 (3), 250-266. https://doi.org/10.1578/AM.38.3.2012.250.

Borrell, A., Gazo, M., Aguilar, A., Raga, J.A., Degollada, E., Gozalbes, P., Garcia-
Vernet, R., 2021. Niche partitioning amongst northwestern Mediterranean cetaceans
using stable isotopes. Prog. Oceanogr. 193, 102559 https://doi.org/10.1016/j.
pocean.2021.102559.

Calzada, N., Aguilar, A., 1995. Geographical variation in body size in western
Mediterranean striped dolphins (Stenella coeruleoalba). Zeitschrift fiir
Saugetierkunde 60, 257-264.

Caracappa, S., Puleio, R., Loria, G., Gentile, A., Persichetti, M.F., Caracappa, G.,
Licitra, F., Arculeo, M., 2018. Stranding patterns of the striped dolphin (Stenella
coeruleoalba, Meyen 1833, Delphinidae) along the Sicilian coast (Mediterranean
Sea). Mar. Mamm. Sci. 35, 1083-1091. https://doi.org/10.1111/mms.12569.

Cardellicchio, N., Giandomenico, S., Ragone, P., Leo, A., 2000. Tissue distribution of
metals in striped dolphins (Stenella coeruleoalba) from the Apulian coasts. Southern
Italy. Mar. Environ. Res. 49, 55-66. https://doi.org/10.1016/50141-1136(99)
00048-3.

Carlini, R., de Francesco, M.C., Della Libera, S., 2014. Biometric measures indicating
sexual dimorphism in Stenella coeruleoalba (Meyen, 1833) (Delphinidae) in the
north-central Tyrrhenian Sea. Aquat. Mamm. 40 (1), 59-68. https://doi.org/
10.1578/AM.40.1.2014.59.

Carlucci, R., Capezzuto, F., Cipriano, G., et al., 2021a. Assessment of cetacean-fishery
interactions in the marine food web of the gulf of taranto (northern Ionian Sea,
central Mediterranean Sea). Rev. Fish Biol. Fish. 31, 135-156. https://doi.org/
10.1007/5s11160-020-09623-x.

Carlucci, R., Manea, E., Ricci, P., Cipriano, G., Fanizza, C., Maglietta, R., et al., 2021b.
Managing multiple pressures for cetaceans’ conservation with an ecosystem-based
marine spatial planning approach. J. Environ. Manag. 287, 112240 https://doi.org/
10.1016/j.jenvman.2021.112240.

Carlucci, R., Cipriano, G., Santacesaria, F.C., Ricci, P., Maglietta, R., Petrella, A., et al.,
2020. Exploring data from an individual stranding of a cuvier’s beaked whale in the
gulf of taranto (northern Ionian Sea, central-eastern Mediterranean Sea). J. Exp.
Mar. Biol. Ecol. 533, 151473.

Carlucci, R., Fanizza, C., Cipriano, G., Paoli, C., Russo, T., Vassallo, P., 2016. Modeling
the spatial distribution of the striped dolphin (Stenella coeruleoalba) and common
bottlenose dolphin (Tursiops truncatus) in the gulf of Taranto (Northern Ionian Sea,
Central-eastern Mediterranean Sea). Ecol. Indicat. 69, 707-721. https://doi.org/
10.1016/j.ecolind.2016.05.035.

Grampus griseus 200th anniversary: Risso’s dolphins in the contemporary world. In:
Chen, I., Hartman, K., Simmonds, M., Wittich, A., Wright, A.J. (Eds.), 2013. Report

12

Estuarine, Coastal and Shelf Science 298 (2024) 108622

from the European Cetacean Society Conference Workshop, Galway, Ireland, vol. 54.
European Cetacean Society Special Publication Series, p. 108.

Chivers, S.J., 2009. Cetacean life history. In: Perrin, W.F., Wiirsig, B., Thewissen, J.G.M.
(Eds.), Encyclopedia of Marine Mammals, second ed. Elsevier Inc., Academic Press,
Cambridge, Massachusetts, pp. 215-220. https://doi.org/10.1016/B978-0-12-
373553-9.00055-9.

CIBRA, 2006. Interdisciplinary Center for Bioacoustics and Environmental Research. htt
p://mammiferimarini.unipv.it/index.php, 10/2021.

Clarke, P.J., Cubaynes, H.C., Stockin, K.A., Olavarriam, C., de Vosm, A., Fretwell, P.T.,
Jackson, J.A., 2021. Cetacean strandings from space: challenges and opportunities of
very high resolution satellites for the remote monitoring of cetacean mass
strandings. Front. Mar. Sci. 8, 650735 https://doi.org/10.3389/fmars.2021.650735.

Clarke, K., Gorley, R., Somerfield, P., Warwick, R., 2014. Change in Marine
Communities: an Approach to Statistical Analysis and Interpretation, third ed.
PRIMER-E, Plymouth.

Cuvertoret-Sanz, M., Lopez-Figueroa, C., O'Byrne, A., Canturri, A., Marti-Garcia, B.,
Pintado, E., et al., 2020. Causes of cetacean stranding and death on the Catalonian
coast (western Mediterranean Sea), 2012-2019. Dis. Aquat. Org. 142, 239-253.
https://doi.org/10.3354/DA003550.

Dede, A., Salman, A., Tonay, A.M., 2016. Stomach contents of by-caught striped dolphins
(Stenella coeruleoalba) in the eastern Mediterranean Sea. J. Mar. Biol. Assoc. U. K. 96
(4), 869-875. https://doi.org/10.1017/50025315415001538.

Di-Meglio, N., Romero-Alvarez, R., Collet, A., 1996. Growth comparison in striped
dolphins, Stenella coeruleoalba, from the Atlantic and Mediterranean coasts of France.
Aquat. Mamm. 22 (1), 11-21.

Duyar, H.A., BILGIN, S., 2018. Common Dolphin, Delphinus delphis (Cetacean:
Dolphinidae) Stranding off Sinop Peninsula in the Black Sea. YYU TAR BiL DERG
(YYU J AGR SCI) 28 (2), 209-214.

Esposito, M., Capozzo, D., Sansone, D., Lucifora, G., La Nucara, R., Picazio, G., et al.,
2020. Mercury and cadmium in striped dolphins (Stenella coeruleoalba) stranded
along the Southern Tyrrhenian and Western Ionian coasts. Mediterr. Mar. Sci. 21,
519-526. https://doi.org/10.12681/mms.22204.

Esteban, R., Verborgh, P., Gauffier, P., Giménez, J., Martin, V., Pérez-Gil, M., et al., 2016.
Using a multi-disciplinary approach to identify a critically endangered killer whale
management unit. Ecol. Indicat. 66, 291-300. https://doi.org/10.1016/j.
ecolind.2016.01.043.

Francese, M., Picciulin, M., Tempesta, M., Zuppa, F., Merson, E., Intini, A.,
Mazzatenta, A., 2007. Occurrence of striped dolphins (Stenella coeruleoalba) in the
gulf of trieste. Ann. Ser. Hist. Nat. 17, 185-190.

Geocetus, 2023. Centro Studi Cetacei Onlus. https://geocetus.spaziogis.it/, 10/2021.
Giménez, J., Authier, M., Valeiras, J., Abad, E., Marcalo, A., et al., 2021. Consumption
rates and interaction with fisheries of Mediterranean common dolphins in the

Alboran Sea. Regional Studies in Marine Science 45, 101826.

Giménez, J., Louis, M., Bardn, E., Ramirez, F., Verborgh, P., Gauffier, P., et al., 2018.
Towards the identification of ecological management units: a multidisciplinary
approach for the effective management of bottlenose dolphins in the southern
Iberian Peninsula. Aquat. Conserv. Mar. Freshw. Ecosyst. 28, 205-215. https://doi.
org/10.1002/aqc.2814.

Giménez, J., Marcalo, A., Ramirez, F., Verborgh, P., Gauffier, P., et al., 2017. Diet of
bottlenose dolphins (Tursiops truncatus) from the Gulf of Cadiz: insights from
stomach content and stable isotope analyses. PLoS One 12 (9), e0184673. https://
doi.org/10.1371/journal.pone.0184673.

Giralt Paradell, O., Methion, S., Rogan, E., Diaz Lopez, B., 2021. Modelling ecosystem
dynamics to assess the effect of coastal fisheries on cetacean species. J. Environ.
Manag. 285, 112-175. https://doi.org/10.1016/j.jenvman.2021.112175.

Gnone, G., Bellingeri, M., Airoldi, S., Gonzalvo, J., David, L., Di-Méglio, N., Canadas, A.
M., Akkaya, A., Awbery, T., Mussi, B., et al., 2023. Cetaceans in the Mediterranean
Sea: encounter rate, dominant species, and diversity hotspots. Diversity 15, 321.
https://doi.org/10.3390/d15030321.

Gnone, G., Bellingeri, M., Molinari, Y., Dhermain, F., Labach, H., Diaz Lopez, B.,
David, L., Di Meglio, N., Azzinari, G., Azzinari, C., et al., 2022. The seabed makes the
dolphins: physiographic features shape the size and structure of the bottlenose
dolphin geographical units. J. Mar. Sci. Eng. 10, 1036. https://doi.org/10.3390/
jmsel0081036.

Gower, J.C., 1966. Some distance properties of latent root and vector methods used in
multivariate analysis. Biometrika Trust 53, 325-338. https://doi.org/10.1093/
biomet/53.3-4.325.

Guarino, F.M., Di Nocera, F., Galiero, G., Iaccarino, D., Giglio, S., Madeo, E., et al., 2021.
Age estimation and growth of striped dolphins Stenella coeruleoalba stranded along
the coasts of south-western Italy. Eur. Zool. J. 88 (1), 417-424. https://doi.org/
10.1080/24750263.2021.1892218.

Giicliisoy, H., Veryeri, N., Cirik, S., 2004. Cetacean strandings along the coast of izmir
Bay, Turkey. Zool. Middle East 33 (1), 163-168. https://doi.org/10.1080/
09397140.2004.10638075.

Hammer, @., Harper, D.A.T., Ryan, P.D., 2001. PAST: paleontological statistics software
package for education and data analysis. Palaeontol. Electron. 4 (1), 1-9.

Hammerschlag, N., Schmitz, O.J., Flecker, A.S., Lafferty, K.D., Sih, A., Atwood, T.B.,
Gallagher, A.J., Irschick, D.J., Skubel, R., Cooke, S.J., 2019. Ecosystem function and
services of aquatic predators in the anthropocene. Trends Ecol. Evol. 34 (4),
383-3689. https://doi.org/10.1016/j.tree.2019.01.005.

Hart, L.B., Wells, R.S., Schwacke, L.H., 2013. Reference ranges for body condition in wild
bottlenose dolphins Tursiops truncatus. Aquat. Biol. 18, 63-68. https://doi.org/
10.3354/ab00491.

Honda, K., Tatsukawa, R., Fujiyama, T., 1983. Distribution characteristics of heavy
metals in the organs and tissues of striped dolphin, Stenella coeruleoalba. Agric. Biol.
Chem. 46 (12), 3011-3021.


http://refhub.elsevier.com/S0272-7714(24)00009-X/sref3
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref3
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref3
https://doi.org/10.1002/aqc.3072
https://doi.org/10.1371/journal.pone.0210659
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref6
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref6
https://doi.org/10.1016/0048-9697(91)90072-M
https://doi.org/10.1016/0048-9697(91)90072-M
https://doi.org/10.3354/meps12063
https://doi.org/10.1002/aqc.1123
https://doi.org/10.1111/j.1365-2907.2008.00133.x
https://doi.org/10.1016/j.ecolmodel.2017.05.001
https://doi.org/10.1016/j.ecolmodel.2017.05.001
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref14
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref14
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref14
https://doi.org/10.1007/s00128-012-0716-6
https://doi.org/10.1007/s00128-012-0716-6
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref16
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref16
https://doi.org/10.1017/S0025315401005057
https://doi.org/10.1578/AM.38.3.2012.250
https://doi.org/10.1016/j.pocean.2021.102559
https://doi.org/10.1016/j.pocean.2021.102559
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref21
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref21
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref21
https://doi.org/10.1111/mms.12569
https://doi.org/10.1016/s0141-1136(99)00048-3
https://doi.org/10.1016/s0141-1136(99)00048-3
https://doi.org/10.1578/AM.40.1.2014.59
https://doi.org/10.1578/AM.40.1.2014.59
https://doi.org/10.1007/s11160-020-09623-x
https://doi.org/10.1007/s11160-020-09623-x
https://doi.org/10.1016/j.jenvman.2021.112240
https://doi.org/10.1016/j.jenvman.2021.112240
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref27
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref27
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref27
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref27
https://doi.org/10.1016/j.ecolind.2016.05.035
https://doi.org/10.1016/j.ecolind.2016.05.035
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref29
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref29
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref29
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref29
https://doi.org/10.1016/B978-0-12-373553-9.00055-9
https://doi.org/10.1016/B978-0-12-373553-9.00055-9
http://mammiferimarini.unipv.it/index.php
http://mammiferimarini.unipv.it/index.php
https://doi.org/10.3389/fmars.2021.650735
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref33
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref33
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref33
https://doi.org/10.3354/DAO03550
https://doi.org/10.1017/S0025315415001538
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref38
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref38
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref38
http://refhub.elsevier.com/S0272-7714(24)00009-X/optMQiGE7PBpU
http://refhub.elsevier.com/S0272-7714(24)00009-X/optMQiGE7PBpU
http://refhub.elsevier.com/S0272-7714(24)00009-X/optMQiGE7PBpU
https://doi.org/10.12681/mms.22204
https://doi.org/10.1016/j.ecolind.2016.01.043
https://doi.org/10.1016/j.ecolind.2016.01.043
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref41
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref41
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref41
https://geocetus.spaziogis.it/
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref43
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref43
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref43
https://doi.org/10.1002/aqc.2814
https://doi.org/10.1002/aqc.2814
https://doi.org/10.1371/journal.pone.0184673
https://doi.org/10.1371/journal.pone.0184673
https://doi.org/10.1016/j.jenvman.2021.112175
https://doi.org/10.3390/d15030321
https://doi.org/10.3390/jmse10081036
https://doi.org/10.3390/jmse10081036
https://doi.org/10.1093/biomet/53.3-4.325
https://doi.org/10.1093/biomet/53.3-4.325
https://doi.org/10.1080/24750263.2021.1892218
https://doi.org/10.1080/24750263.2021.1892218
https://doi.org/10.1080/09397140.2004.10638075
https://doi.org/10.1080/09397140.2004.10638075
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref52
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref52
https://doi.org/10.1016/j.tree.2019.01.005
https://doi.org/10.3354/ab00491
https://doi.org/10.3354/ab00491
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref55
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref55
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref55

R. Carlucci et al.

Huang, S.-1., Chou, L.-S., Ni, L.-H., 2009. Comparable length at weaning in cetaceans.
Mar. Mamm. Sci. 25, 875-887. https://doi.org/10.1111/j.1748-7692.2009.00288.x.

1Jsseldijk, L.L., ten Doeschate, M.T.I., Brownlow, A., Davison, N.J., Deaville, R.,
Galatius, A., et al., 2020. Spatiotemporal mortality and demographic trends in a
small cetacean: strandings to inform conservation management. Biol. Conserv. 249,
108733 https://doi.org/10.1016/j.biocon.2020.108733.

Ingrosso, M., Cipriano, G., Santacesaria, F.C., Cascione, D., Labriola, M.S., Fanizza, C.,
et al., 2022. Length-Weight relationships and consumption rates of the striped
dolphin (Stenella coeruleoalba) in the Mediterranean Sea. In: 2022 IEEE
International Workshop on Metrology for the Sea, vol. 2022. Learning to Measure
Sea Health Parameters (MetroSea), Milazzo, Italy, pp. 247-251. https://doi.org/
10.1109/MetroSea55331.2022.9950832.

Innes, S., Lavigne, D.M., Earle, W.M., Kovacs, K.M., 1987. Feeding rates of seals and
whales. J. Anim. Ecol. 56, 115-130.

Jefferson, T., Webber, M., Pitman, R., 2008. Marine Mammals of the World. Academic
Press, Burlington, MA.

Jusufovski, D., Saavedra, C., Kuparinen, A., 2019. Competition between marine
mammals and fisheries in contemporary harvested marine ecosystems. Mar. Ecol.
Prog. Ser. 627, 207-232. https://doi.org/10.3354/meps13068.

Karns, B.L., Ewing, R.Y., Schaefer, A.M., 2019. Evaluation of body mass index as a
prognostic indicator from two rough-toothed dolphin (Steno bredanensis) mass
strandings in Florida. Ecol. Evol. 9 (18), 10544-10552. https://doi.org/10.1002/
ece3.5574 oi:

Kaschner, K., Karpouzi, V., Watson, R., Pauly, D., 2006. Forage fish consumption by
marine mammals and seabirds. In: Alder, J., Pauly, D. (Eds.), On the Multiple Uses of
Forage Fish: from Ecosystems to Markets. Fisheries Centre Research Reports 14(3.
Fisheries Centre, University of British Columbia, pp. 33-46.

Kaschner, K., Stergiou, K.L., Weingartner, G., Kumagai, S., 2004. Trophic levels of marine
mammals and overlap in resource utilization between marine mammals and fisheries
in the Mediterranean Sea. CIESM Workshop Monogr. 23, 51-58.

Kiszka, J.J., Woodstock, M.S., Heithaus, M.R., 2022. Functional roles and ecological
importance of small cetaceans in aquatic ecosystems. Front. Mar. Sci. 9, 803173
https://doi.org/10.3389/fmars.2022.8031732021. Grampus griseus (Mediterranean
subpopulation). The IUCN Red List of Threatened Species 2021: e.
T16378423A190737150.

Lanfredi, C., Arcangeli, A., David, L., Holcer, D., Rosso, M., Natoli, A., 2021. Risso’s
dolphin,Grampus griseus, Mediterranean subpopulation. The IUCN Red List of
Threatened Species. Politecnico di Milano, University of Technology, Milano, Italy.

Laran, S., Joris, C., Gannier, A., Kenney, R.D., 2010. Seasonal estimates of densities and
predation rates of cetaceans in the Ligurian Sea, northwestern Mediterranean Sea: an
initial examination. J. Cetacean Res. Manag. 11 (1), 31-40.

Leaper, R., Lavigne, D., 2002. Scaling prey consumption to body mass in cetaceans, Paper
SC/J02/FW2. In: International Whaling Commission, Modelling Workshop on
Cetacean-Fishery Competition, 2002. La Jolla, pp. 1-12.

Libralato, S., Coll, M., Tempesta, M., Santojanni, A., Spoto, M., Palomera, 1., et al., 2010.
Food-web traits of protected and exploited areas of the Adriatic Sea. Biol. Conserv.
143 (9), 2182-2194.

Luna, A., Sanchez, P., Chicote, C., Gazo, M., 2022. Cephalopods in the diet of Risso’s
dolphin (Grampus griseus) from the Mediterranean Sea: a review. Mar. Mamm. Sci.
38 (2), 725-741. https://doi.org/10.1111/mms.12869.

Macias Lopez, D., Garcia Barcelona, S., Béez, J.C., de la Serna, J.M., Ortiz de Urbina, J.
M., 2012. Marine mammal bycatch in Spanish Mediterranean large pelagic longline
fisheries, with a focus on Risso’s dolphin (Grampus griseus). Aquat. Living Resour.
25, 321-331. https://doi.org/10.1051/alr/2012038.

Mallette, S.D., McLellan, W.A., Scharf, F.S., Koopman, H.N., Barco, S.G., Wells, R.S., Ann
Pabst, D., 2016. Ontogenetic allometry and body composition of the common
bottlenose dolphin (Tursiops truncatus) from the U.S. mid-Atlantic. Mar. Mamm. Sci.
32, 86-121. https://doi.org/10.1111/mms.12253.

Mancusi, C., Ria, M., Cecchi, E., Voliani, A., Baino, R., Abella, A., et al., 2014. L attivita
di ARPAT nel monitoraggio dei cetacei e delle tartarughe in toscana. L’attivita di
ARPAT. Report 2014.

Margalo, A., Giménez, J., Nicolau, L., Frois, J., Ferreira, M., Sequeira, M., Eira, C.,
Pierce, G.J., Vingada, J., 2021. Stranding patterns and feeding ecology of striped
dolphins, Stenella coeruleoalba, in Western Iberia (1981-2014). J. Sea Res. 169,
101996 https://doi.org/10.1016/j.seares.2021.101996.

Marsili, L., Jiménez, B., Borrell, A., 2018. Persistent Organic Pollutants in Cetaceans
Living in a Hotspot Area: the Mediterranean Sea. Elsevier Inc. https://doi.org/
10.1016/B978-0-12-812144-3.00007-3.

Marsili, L., Casini, C., Marini, L., Regoli, A., Focardi, S., 1997. Age, growth and
organochlorines (HCB, DDTs and PCBs) in Mediterranean striped dolphins Stenella
coeruleoalba stranded in 1988-1994 on the coasts of Italy. Mar. Ecol. Prog. Ser. 151,
273-282. https://doi.org/10.3354/meps151273.

Mazzoldi, C., Bearzi, G., Brito, C., Carvalho, 1., Desidera, E., Endrizzi, L., et al., 2019.
From sea monsters to charismatic megafauna: changes in perception and use of large
marine animals. PLoS One 14 (12), €0226810. https://doi.org/10.1371/journal.
pone.0226810.

McDonald, J.H., 2014. Handbook of Biological Statistics, third ed. Sparky House
Publishing, Baltimore, MD, USA.

Milani, C.B., Vella, A., Vidoris, P., Christidis, A., Koutrakis, E., Frantzis, A., et al., 2018.
Cetacean stranding and diet analyses in the north Aegean Sea (Greece). J. Mar. Biol.
Assoc. U. K. 98, 1011-1028.

Miokovi¢, D., Kovaci¢, D., Pribani¢, S., 1999. Stomach content analysis of one bottlenose
dolphin (Tursiops truncatus, Montagu, 1821) from the Adriatic Sea. Nat. Croat. 8,
61-65. ISSN 1330-0520.

13

Estuarine, Coastal and Shelf Science 298 (2024) 108622

Miyazaki, N., Fujise, Y., Fujiyama, T., 1981. Body and organ weight of striped (Stenella
coeruleoalba) and spotted (Stenella attenuata) dolphins of the Pacific coast of Japan.
Sci. Rep. Whales Res. Inst. 33, 27-67.

Morissette, L., Christensen, V., Pauly, D., 2012. Marine mammal impacts in exploited
ecosystems: would large scale culling benefit fisheries? PLoS One 7 (9), e43966.
https://doi.org/10.1371/journal.pone.0043966.

Moritz, C., 1994. Defining ‘evolutionarily significant units’ for conservation. Trends Ecol.
Evol. 9, 373-375.

Neri, A., Sartor, P., Voliani, A., Mancusi, C., Marsili, L., 2023. Diet of bottlenose dolphin,
Tursiops truncatus (Montagu, 1821), in the northwestern Mediterranean Sea.
Diversity 15 (1), 21. https://doi.org/10.3390/d15010021.

Notarbartolo di Sciara, G., 2016. Marine mammals in the Mediterranean Sea: an
overview. Adv. Mar. Biol. 75, 1-36. https://doi.org/10.1016/bs.amb.2016.08.005.

Novillo, O., Raga, J.A., Tomas, J., 2020. Evaluating the presence of microplastics in
striped dolphins (Stenella coeruleoalba) stranded in the Western Mediterranean Sea.
Mar. Pollut. Bull. 160, 111557 https://doi.org/10.1016/j.marpolbul.2020.111557.

Oztiirk, B., Salman, A., Oztiirk, A.A., Tonay, A., 2007. Cephalopod remains in the diet of
striped dolphins (Stenella coeruleoalba) and Risso’s dolphins (Grampus griseus) in the
Eastern Mediterranean Sea. Vie Milieu 57 (1/2), 53-59.

Pace, D.S., Panunzi, G., Arcangeli, A., Moro, S., Jona-Lasinio, G., Martino, S., 2022.
Seasonal distribution of an opportunistic apex predator (Tursiops truncatus) in marine
coastal habitats of the Western Mediterranean Sea. Front. Mar. Sci. 9, 939692
https://doi.org/10.3389/fmars.2022.939692.

Pace, D.S., Tizzi, R., Mussi, B., 2015. Cetaceans value and conservation in the
Mediterranean Sea. J Biodivers. Endanger. Species. https://doi.org/10.4172/2332-
2543.51.004. S1:51.004.

Peltier, H., Dabin, W., Daniel, P., Van Canneyt, O., Dorémus, G., Huona, M., Ridoux, V.,
2012. The significance of stranding data as indicators of cetacean populations at sea:
Modelling the drift of cetacean carcasses. Ecol. Indic. 18, 278-290. https://doi.org/
10.1016/j.ecolind.2011.11.014.

Perrin, W.F., Dolar, M.L.L., Chan, C.M., Chivers, S.J., 2005. Length-weight relationships
in the spinner dolphin (Stenella longirostris). Mar. Mamm. Sci. 21, 765-778. https://
doi.org/10.1111/§.1748-7692.2005.tb01264.x.

Piroddi, C., Coll, M., Liquete, C., Macias, D., Greer, K., Buszowski, J., Steenbeek, J.,
Danovaro, R., Christensen, V., 2017. Historical changes of the Mediterranean Sea
ecosystem: modelling the role and impact of primary productivity and fisheries
changes over time. Sci. Rep. 7, 44491 https://doi.org/10.1038/srep44491.

Piroddi, C., Bearzi, G., Gonzalvo, J., Christensen, V., 2011. From common to rare: the
case of the Mediterranean common dolphin. Biol. Conserv. 144 (10), 2490-2498.
https://doi.org/10.1016/j.biocon.2011.07.003.

Reeves, R., Stewart, B., Clapham, P., Powell, J., 2002. Sea Animals of the World. A & C
Black Publishers, New York.

Ricci, P., Serpetti, N., Cascione, D., Cipriano, G., D'Onghia, G., D. De Padova, D.,
Fanizza, C., Ingrosso, M., Carlucci, R., 2023. Investigating fishery and climate
change effects on the conservation status of odontocetes in the Northern Ionian Sea
(Central Mediterranean Sea). Ecol. Model. 485, 110500 https://doi.org/10.1016/j.
ecolmodel.2023.110500.

Ricci, P., Carlucci, R., Capezzuto, F., Carluccio, A., Cipriano, G., D’Onghia, G.,
Maiorano, P., Sion, L., Tursi, A., Libralato, S., 2022. Contribution of intermediate
and high trophic level species to benthic-pelagic coupling: insights from modelling
analysis. Front. Mar. Sci. 9, 887464 https://doi.org/10.3389/fmars.2022.887464.

Ricci, P., Manea, E., Cipriano, G., Cascione, D., D’Onghia, G., Ingrosso, M., Fanizza, C.,
Maiorano, P., Tursi, A., Carlucci, R., 2021. Addressing cetacean-fishery interactions
to inform a deep-sea ecosystem-based management in the gulf of taranto (northern
Ionian Sea, central Mediterranean Sea). J. Mar. Sci. Eng. 9 (8), 872. https://doi.org/
10.3390/jmse9080872.

Ricci, P., Ingrosso, M., Carlucci, R., Fanizza, C., Maglietta, R., Santacesaria, C., et al.,
2020. Quantifying the dolphins-fishery competition in the gulf of Taranto (Northern
Ionian Sea, central Mediterranean Sea). In: Proceedings of the IMEKO Metrology for
the Sea, Naples, Italy, 5-7 October 2020, pp. 135-140.

Rojo—Nieto, E., Alvarez-Diaz, P.D., Morote, E., Burgos-Martin, M.,

Montoto-Martinez, T., Sdez-Jiménez, J., Toledano, F., 2011. Strandings of cetaceans
and sea turtles in the Alboran Sea and Strait of Gibraltar: a long-time glimpse of the
north coast (Spain) and the south coast (Morocco). Anim. Biodivers. Conserv. 34 (1),
151-163.

Roman, J., Estes, J.A., Morissette, L., Smith, C., Costa, D., McCarthy, J., Nation, J.B.,
Nicol, S., Pershing, A., Smetacek, V., 2014. Whales as marine ecosystem engineers.
Front. Ecol. Environ. 12 (7), 377-385.

Rossi, E., Scordamaglia, E., Bellingeri, M., Gnone, G., Nuti, S., Salvioli, F., Manfredi, P.,
Santangelo, G., 2017. Demography of the bottlenose dolphin Tursiops truncatus
(Mammalia: Delphinidae) in the eastern Ligurian Sea (NW Mediterranean):
quantification of female reproductive parameters. Europ. Zool. J. 84 (1), 294-302.
https://doi.org/10.1080/24750263.2017.1334839.

Saavedra, C., Garcia-Polo, M., Giménez, J., Mons, J.L., Castillo, J.J., Fernandez-
Maldonado, C., et al., 2022. Diet of striped dolphins (Stenella coeruleoalba) in
southern Spanish waters. Mar. Mamm. Sci. 1- 17 https://doi.org/10.1111/
mms.12945.

Salgado-Hernanz, P.M., Regaudie-de-Gioux, A., Antoine, D., Basterretxea, G., 2022.
Pelagic primary production in the coastal Mediterranean Sea: variability, trends, and
contribution to basin-scale budgets. Biogeosciences 19, 47-69. https://doi.org/
10.5194/bg-19-47-2022.

Salgado-Hernanz, P.M., Regaudie-de-Gioux, A., Antoine, D., Basterretxea, G., 2022.
Pelagic primary production in the coastal Mediterranean Sea: variability, trends, and
contribution to basin-scale budgets. Biogeosciences 19, 47-69. https://doi.org/
10.5194/bg-19-47-2022.


https://doi.org/10.1111/j.1748-7692.2009.00288.x
https://doi.org/10.1016/j.biocon.2020.108733
https://doi.org/10.1109/MetroSea55331.2022.9950832
https://doi.org/10.1109/MetroSea55331.2022.9950832
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref59
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref59
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref60
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref60
https://doi.org/10.3354/meps13068
https://doi.org/10.1002/ece3.5574
https://doi.org/10.1002/ece3.5574
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref63
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref63
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref63
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref63
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref64
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref64
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref64
https://doi.org/10.3389/fmars.2022.8031732021
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref66
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref66
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref66
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref67
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref67
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref67
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref68
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref68
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref68
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref69
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref69
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref69
https://doi.org/10.1111/mms.12869
https://doi.org/10.1051/alr/2012038
https://doi.org/10.1111/mms.12253
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref73
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref73
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref73
https://doi.org/10.1016/j.seares.2021.101996
https://doi.org/10.1016/B978-0-12-812144-3.00007-3
https://doi.org/10.1016/B978-0-12-812144-3.00007-3
https://doi.org/10.3354/meps151273
https://doi.org/10.1371/journal.pone.0226810
https://doi.org/10.1371/journal.pone.0226810
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref78
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref78
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref80
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref80
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref80
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref81
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref81
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref81
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref82
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref82
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref82
https://doi.org/10.1371/journal.pone.0043966
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref84
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref84
https://doi.org/10.3390/d15010021
https://doi.org/10.1016/bs.amb.2016.08.005
https://doi.org/10.1016/j.marpolbul.2020.111557
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref88
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref88
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref88
https://doi.org/10.3389/fmars.2022.939692
https://doi.org/10.4172/2332-2543.S1.004
https://doi.org/10.4172/2332-2543.S1.004
https://doi.org/10.1016/j.ecolind.2011.11.014
https://doi.org/10.1016/j.ecolind.2011.11.014
https://doi.org/10.1111/j.1748-7692.2005.tb01264.x
https://doi.org/10.1111/j.1748-7692.2005.tb01264.x
https://doi.org/10.1038/srep44491
https://doi.org/10.1016/j.biocon.2011.07.003
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref94
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref94
https://doi.org/10.1016/j.ecolmodel.2023.110500
https://doi.org/10.1016/j.ecolmodel.2023.110500
https://doi.org/10.3389/fmars.2022.887464
https://doi.org/10.3390/jmse9080872
https://doi.org/10.3390/jmse9080872
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref98
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref98
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref98
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref98
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref99
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref99
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref99
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref99
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref99
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref100
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref100
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref100
https://doi.org/10.1080/24750263.2017.1334839
https://doi.org/10.1111/mms.12945
https://doi.org/10.1111/mms.12945
https://doi.org/10.5194/bg-19-47-2022
https://doi.org/10.5194/bg-19-47-2022
https://doi.org/10.5194/bg-19-47-2022
https://doi.org/10.5194/bg-19-47-2022

R. Carlucci et al.

Santos, M.B., Saavedra, C., Pierce, G.J., 2014. Quantifying the predation on sardine and
hake by cetaceans in the Atlantic waters of the Iberian peninsula. Deep Sea Res. Part
II Top. Stud. Oceanogr. 106, 232-244. https://doi.org/10.1016/j.dsr2.2013.09.040.

Scheinin, A.P., Kerem, D., Lojen, S., Liberzon, J., Spanier, E., 2014. Resource partitioning
between common bottlenose dolphin (Tursiops truncatus) and the Israeli bottom
trawl fishery? Assessment by stomach contents and tissue stable isotopes analysis.
J. Mar. Biol. Assoc. U. K. 94 (6), 1203-1220.

Scuderi, A., Voliani, A., Mancusi, C., Peda, C., Romeo, T., 2011. Stomach contents of
bottlenose dolphins stranded along the coasts of tuscany (north western
Mediterranean Sea). In: Proceedings of the 25th Annual Conference of the European
Cetacean Society, Cadiz, Spain, pp. 21-23.

Shapiro, S.S., Wilk, M.B., 1965. An analysis of variance test for normality (complete
samples). Biometrika 52, 591-611.

Sharir, Y., Kerem, D., Gol'din, P., Spanier, E., 2011. Small size in the common bottlenose
dolphin Tursiops truncatus in the eastern Mediterranean: a possible case of Levantine
nanism. Mar. Ecol. Prog. Ser. 438, 241-251.

Sibly, R.M., Hone, J., 2002. Population growth rate and its determinants: an overview.
Philos. Trans. R. Soc. B 357, 1153-1170. https://doi.org/10.1098/rstb.2002.1117.

Simmonds, M.P., Eliott, W.J., 2009. Climate change and cetaceans: concerns and recent
developments. J. Mar. Biol. Assoc. U. K. 89 (1), 203-210.

Smith, L.A., Link, J.S., Cadrin, S.X., Palk, D.L., 2015. Consumption by marine mammals
on the Northeast U.S. continental shelf. Ecol. Appl. 25 (2), 373-389. https://doi.org/
10.1890/13-1656.1.

Spitz, J., Ridoux, V., Trites, A.-W., Laran, S., Authier, M., 2018. Prey consumption by
cetaceans reveals the importance of energy-rich food webs in the Bay of Biscay.
Progr. Oceanogr. 166, 148-158. https://doi.org/10.1016/j.pocean.2017.09.013.

Tamura, T., 2003. Regional assessment of prey consumption and competition by marine
cetaceans in the world. In: Sinclair, M., Valdimarsson, G. (Eds.), Responsible
Fisheries in Marine Ecosystems, Food and Agricultural Organisation of the. United
Nations & CABI Publishing, Wallingford, UK, pp. 143-170.

14

Estuarine, Coastal and Shelf Science 298 (2024) 108622

Tetley, M.J., Braulik, G.T., Lanfredi, C., Minton, G., Panigada, S., Politi, E.,

Zanardelli, M., Notarbartolo di Sciara, G., Hoyot, E., 2022. The important marine
mammal area network: a tool for systematic spatial planning in response to the
marine mammal habitat conservation crisis. Front. Mar. Sci. 9, 841789 https://doi.
org/10.3389/fmars.2022.841789.

Trites, A.W., Pauly, D., 1998. Estimating mean body masses of marine mammals from
maximum body lengths. Can. J. Zool. 76, 886-896.

Trites, A.W., Christensen, V., Pauly, D., 1997. Competition between fisheries and marine
mammals for prey and primary production in the Pacific Ocean. J. Northwest Atl.
Fish. Sci. 22, 173-187.

UNEP-MAP-RAC/SPA, 2010. In: Notarbartolo di Sciara, G., Agardy, T. (Eds.), Overview
of Scientific Findings and Criteria Relevant to Identifying SPAMIs in the
Mediterranean Open Seas, Including the Deep Sea. RAC/SPA, Tunis, p. 71pp.

Valsecchi, E., Amos, W., Raga, J.A., Podesta, M., Sherwin, W., 2004. The effects of
inbreeding on mortality during a morbillivirus outbreak in the Mediterranean
striped dolphin (Stenella coeruleoalba). Anim. Conserv. 7, 139-146. https://doi.org/
10.1017/581367943004001325.

Viale, D., 1985. Cetaceans in the Northwestern Mediterranean: their place in the
ecosystem. Oceanogr. Mar. Biol. Annu. Rev. 23, 491-571.

Viaud-Martinez, K.A., Brownell Jr., R.L., Komnenou, A., Bohonak, A.J., 2008. Genetic
isolation and morphological divergence of Black Sea bottlenose dolphins. Biol.
Conserv. 141, 1600-1611.

Wiirtz, M., Marrale, D., 1993. Food of striped dolphin, Stenella coeruleoalba, in the
Ligurian Sea. J. Mar. Biol. Assoc. U. K. 73, 571-578. https://doi.org/10.1017/
S0025315400033117.

Wiirtz, M., Poggi, R., Clarke, M.R., 1992. Cephalopods from the stomachs of Risso’s
dolphin (Grampus griseus) from the Mediterranean. J. Mar. Biol. Assoc. U. K. 72,
861-867. https://doi.org/10.1017/50025315400060094.


https://doi.org/10.1016/j.dsr2.2013.09.040
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref106
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref106
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref106
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref106
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref107
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref107
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref107
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref107
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref108
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref108
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref109
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref109
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref109
https://doi.org/10.1098/rstb.2002.1117
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref111
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref111
https://doi.org/10.1890/13-1656.1
https://doi.org/10.1890/13-1656.1
https://doi.org/10.1016/j.pocean.2017.09.013
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref113
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref113
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref113
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref113
https://doi.org/10.3389/fmars.2022.841789
https://doi.org/10.3389/fmars.2022.841789
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref115
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref115
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref116
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref116
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref116
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref117
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref117
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref117
https://doi.org/10.1017/S1367943004001325
https://doi.org/10.1017/S1367943004001325
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref119
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref119
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref120
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref120
http://refhub.elsevier.com/S0272-7714(24)00009-X/sref120
https://doi.org/10.1017/S0025315400033117
https://doi.org/10.1017/S0025315400033117
https://doi.org/10.1017/S0025315400060094

	Estimations of length-weight relationships and consumption rates of odontocetes in the Mediterranean Sea from stranding data
	1 Introduction
	2 Materials and methods
	2.1 Data collection and study areas
	2.2 Methodological approach
	2.3 Biometric traits analysis and Length-Weight relationships
	2.4 Food consumption analysis

	3 Results
	3.1 Food consumption rates

	4 Discussion
	4.1 Biometric traits and L-W relationships
	4.2 Food consumption patterns

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Appendix A Supplementary data
	References


