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Abstract

The Risso's dolphin, Grampus griseus, is a deep-sea cetacean

with a predominantly teuthophagous diet. Its distribution in

the northwest Mediterranean is generally in deeper waters,

but there is little information on diet or feeding areas. To

extend knowledge of the diet of G. griseus, the stomach

contents of six stranded Risso's dolphins in the Mediterra-

nean Sea were analyzed. A total of 578 cephalopod beaks

(166 uppers and 392 lowers) were found, identified as

386 individuals from 19 different species of Coleoidea

cephalopods, one Sepiolida, eight Octopoda, and ten spe-

cies belonging to the Order Oegopsida. This adds six spe-

cies of cephalopods to those previously recorded in the

Mediterranean Sea: Rondeletiola minor, Eledone moschata,

Scaeurgus unicirrhus, Bathypolypus sponsalis, Pteroctopus

tetracirrhus and Taonius pavo. In this study the most abun-

dant prey family was Histioteuthidae. In addition, based on

the available literature, the diet of 39 Risso's dolphins was

reviewed in Mediterranean waters. The abundance of ceph-

alopod species in the diet of these specimens was com-

pared according to genus, geographical area, season, and

age. The habitat of the prey of G. griseus was reviewed,

suggesting a teuthophagous diet in this area. This study

helps to identify both the prey species and the areas where

prey are available in the northwest Mediterranean, which

Received: 22 July 2020 Accepted: 4 August 2021

DOI: 10.1111/mms.12869

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and

reproduction in any medium, provided the original work is properly cited.

© 2021 The Authors. Marine Mammal Science published by Wiley Periodicals LLC on behalf of Society for Marine Mammalogy.

Mar Mam Sci. 2022;38:725–741. wileyonlinelibrary.com/journal/mms 725

https://orcid.org/0000-0002-8006-1035
mailto:amluna@uvigo.es
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/mms


are key factors in establishing the limits and regulations of

the “Northwest Mediterranean Sea, Slope and Canyon

IMMA System” (Important Areas for Marine Mammals) pro-

posed by the Working Group on Marine Mammal Protected

Areas (MMPATF - IUCN).

K E YWORD S

Cephalopoda, cetacean stranding, Grampus griseus, NW
Mediterranean Sea, stomach contents

1 | INTRODUCTION

The Risso's dolphin (G. griseus, Cuvier, 1812), the smallest member of the subfamily Globicephalinae (Delphinidae),

is a common odontocete in the Mediterranean Sea; however, it is one of the lesser-known species because of its

patchy distribution (Podestà & Meotti, 1991) and its low stranding frequency (Hartman, 2018). This cosmopolitan

species lives in temperate and tropical waters throughout the world (Baird, 2009; Leatherwood et al., 1980;

Riccialdelli et al., 2012), roughly between 64�N and 46�S (Jefferson et al., 2013). Although G. griseus occurs in

coastal to oceanic habitats, it shows a strong preference for mid-temperate waters warmer than 12�C and it does

not occur in polar regions (Hartman, 2018; Jefferson et al., 2013). It has been sighted in deep offshore waters

(200–1,200 m depth; Jefferson et al., 2013; Pereira, 2008). Its distribution is concentrated on the upper continen-

tal slope and around steep shelf-edge areas (Jefferson et al., 2013; Notarbartolo di Sciara, 2002), often near the

slope edge (Cañadas et al., 2002; Fabbri et al., 1992; Kenney & Winn, 1986), around strong bathymetric features

such as submarine canyons and seamounts (Chicote et al., 2013; Gazo et al., 2004; Kenney & Winn, 1987;

Waring, 1993), and oceanic trenches (Chicote et al. 2015; Toledano, 2003). It has been found to have a closer

association with submarine canyons than other species (Chicote et al. 2015); however, long distance movements

have been reported within NW Mediterranean waters (Lanfredi et al., 2018). This may be due to its preferred

prey, cephalopods, and their particular ecological requirements (Notarbartolo di Sciara et al., 1993). Shallower

occurrences are less frequent, and Risso's dolphins seem to favor areas where the shelf is narrow, such as near

islands (Notarbartolo di Sciara et al., 1993; Palacios, 2003; Shane, 1995). Inshore movements and site fidelity have

been documented off the United Kingdom and in the Mediterranean Sea (Jefferson et al., 2013). This cetacean

inhabits most European coasts from Norway to Greece (Frantzis & Herzing, 2002; Jefferson et al., 2013; Raga

et al., 1985) and can be found around all Macaronesian Archipelagos (Fernández et al., 2009; Freitas et al., 2012;

Pereira, 2008; Reiner et al., 1996).

The species is distributed throughout the Mediterranean and has been reported in the Alborán Sea (Cañadas

et al., 2002; Gannier, 2005; García-Polo et al., 2014), Ligurian Sea (Azzellino et al., 2008, 2012; Di Méglio et al., 1999;

Gannier, 2005; Moulins et al., 2008; Notarbartolo di Sciara et al., 1993), Tyrrhenian Sea (Campana et al., 2015; Marini

et al., 1996), Adriatic Sea (Azzellino et al., 2016), Ionian Sea (Dimatteo et al., 2011; Frantzis et al., 2003), and Aegean

Sea (Frantzis et al., 2003).

Very few Risso's dolphins have been stranded in the Mediterranean in a good enough condition to conduct full

necropsies, and therefore little is known about their diet in the region [Podestà & Mettioni (1991), Würtz

et al. (1992), and Orsi Relini et al. (1997) in the Ligurian Sea; Bello & Bentivegna (1996), Carlini et al. (1992), and

Maio (1998) in the Tyrrhenian Sea; Bello (1992, 1996) in the Adriatic Sea; Blanco et al. (2006, Valencia Gulf), García-

Polo et al. (2014, Alborán Sea), Pedà et al. (2015, Tuscany), and the present study (Catalan Maresme) in the western

Mediterranean; Öztürk et al. (2007, Turkish waters) and Milani et al. (2017, Greek waters) in the eastern Mediterra-

nean)]. Moreover, not many individuals have been taken as bycatch (Öztürk et al., 2007).
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Cephalopods are a key component of marine food-webs worldwide (Boyle & Rodhouse, 2005; Hunsicker

et al., 2010). It is known that many odontocetes feed on commercially exploited and unexploited cephalopods

(Clarke, 1996). Risso's dolphins have a clear teuthophagous diet (Bello, 1992, 1996; Bello & Bentivegna, 1996;

Blanco et al., 2006; Clarke, 1996; Clarke & Pascoe, 1985; García-Polo et al., 2014; Milani et al., 2017; Öztürk

et al., 2007; Pedà et al., 2015; Podestà & Meotti, 1991; Würtz et al., 1992), with a preference for deep-sea squids

(Benoit-Bird et al., 2019). Benoit-Bird et al. (2019) showed that Risso's dolphins dive to depths exceeding 500 m

both during the day and night, switching frequently throughout the day from being more generalist predators near

the surface to specializing on larger squids at deeper depths. By analyzing cephalopod prey composition in teu-

thophagous cetaceans it is possible to determine details of the predator's trophic habitat and behavior, as well as

gain information about the cephalopod prey in the dietary ecology of the cetaceans (Clarke, 1996; Pedà et al., 2015;

Santos et al., 2001).

Data about the diet of many predators, such as sperm whales Physeter macrocephalus Linnaeus, 1758

(Clarke, 1977) and other cetaceans, seals (Clarke & Trillmich, 1980), albatrosses (Clarke et al., 1981), tuna (Downes

et al., 2017), and swordfish Xiphias gladius Linnaeus, 1758 (Bello, 1991), can be effectively used to determine the

biology and relative ecological importance of mesopelagic prey, such as cephalopods, which would otherwise be dif-

ficult to sample from open ocean marine ecosystems (Clarke & Kristensen, 1980; Downes et al., 2017). Until

recently, stomach content analysis was the main method used for diet studies. Lower beaks of cephalopod species

have proven to be extremely valuable for identifying the cephalopods in the predator's diet due to their resistance to

digestive juices (Cherel, 2006; Clarke, 1986, 1996; Clarke & Kristensen, 1980).

The Mediterranean subpopulation of G. griseus is still classified as “Data Deficient ” on the International Union

for the Conservation of Nature (IUCN) Red List (Gaspari & Natoli, 2012). The Mediterranean Grampus Project 2.0

report (Lanfredi et al., 2018) highlighted the necessity to include the species in the EU Habitats Directive and to re-

assess the IUCN assessment status for the Mediterranean subpopulation. Aligned with the specific situation of

G. griseus in the western Mediterranean, the establishment of “the North West Mediterranean Sea, Slope and Can-

yon System IMMA,” (Important Marine Mammal Areas, IMMAs) was proposed by The Marine Mammal Protected

Areas Task Force (MMPATF - IUCN). This study aims to make a valuable contribution by determining both the prey

species in the diet and prey availability areas, key factors for establishing boundaries and regulations to implement

marine protected areas for teuthophagous species.

The present study adds new information from the stomach contents of six Risso's dolphins and conducts a com-

parative analysis of all available information on the diet of G. griseus in the Mediterranean, thus increasing under-

standing of the ecology of G. griseus in the area. This study enlarges the list of cephalopod prey captured by this

species in the Mediterranean.

2 | MATERIAL AND METHODS

2.1 | Sampling and stomach contents

Between December 2012 and April 2016, six Risso's dolphins were stranded on the central Catalan coast in a good

enough conservation state to conduct a full necropsy. The cetaceans were recovered by the Servei de Biodiversitat i

Protecci�o dels Animals (Departament d'Agricultura, Ramaderia, Pesca, Alimentaci�o i Medi Natural. Generalitat de

Catalunya) and the necropsy was conducted by the Servei de Diagnòstic de Patologia Veterinària (Universitat

Aut�onoma de Barcelona). G1 was an adult female (309 cm length) found floating near the Castelldefels coast

(Barcelona, December 2012), with no external evidence of human interaction. G2 was an adult male (316 cm) that

was stranded in Calafell (Tarragona, August 20, 2013). It was beached alive but died during the rescue attempt. G3

was an adult female (290 cm) that also beached alive in El Vendrell (Tarragona, February 11, 2016) and was eutha-

nized on that same beach. G4 was an adult male (310 cm) found stranded on the beach of Buda Island (Ebro Delta)
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in Tarragona (April 10, 2016). G5 was a malnourished adult male (310 cm) with a seemingly poor body condition that

was found stranded in the Ebro Delta on March 14, 2016, but died shortly after. G6 was an adult female (290 cm)

found alive on San Salvador Beach (El Vendrell, February 11, 2016) and died shortly after. The stomach contents

were frozen (�20�C) to temporarily fix the tissues until they were analyzed later in the laboratory. After specimens

had been extracted and cleaned, they were preserved in 70% ethanol. Cephalopod beaks found in the stomachs

were used to determine the taxonomy of the specimens following the specific method developed mainly by

Clarke (1986) and Pérez-Gándaras (1986), and also by using the reference collection in the Instituto de Ciencias del

Mar (CSIC). The standard way of counting the number of individuals is to study only the lower beaks, which are more

distinctive and characteristic than upper beaks (Clarke, 1986). It is assumed that the number of upper and lower

beaks will be the same in predator diet samples, and more effort has been made to create keys for the lower beaks

(Xavier et al., 2011). G1 was a seemingly healthy animal. G2, G3, and G6 had not ingested food recently, and were

parasitized by nematodes (Crassicauda grampicola). G4 had not ingested food recently either, but seemed healthy

and well-fed. G5 was a malnourished animal with a seemingly poor body condition. The list of cephalopod species

recovered from the stomachs is shown in Appendix S1.

2.2 | Data analysis

We conducted a thorough review of the studies on the diet of G. griseus from the Mediterranean Sea (35 specimens)

and determined the relationship between our results and those of other similar works (Bello, 1992, 1996; Blanco

et al., 2006; Milani et al., 2017; Öztürk et al., 2007; Appendix S2).

Prior to analyses, Theuthida A, B, C, and D (Milani et al., 2017) were included as a single taxon. Histioteuthis Type

A (Öztürk et al., 2007) is considered a valid species. Statistical analyses were conducted on cephalopod abundance in

the contents of each stomach. We used the PRIMER statistical software to perform multivariate analyses of the spe-

cies prey data (Clarke & Warwick, 1994). A cluster analysis using the Bray–Curtis similarity index was carried out

with double square root transformed data, and dendrograms were made using the group average clustering method.

The resulting similarity matrices were then used to perform nonmetric multidimensional scaling (MDS). The cephalo-

pod species in the work of Blanco et al., 2006 were not differentiated by individual dolphin; therefore, this work is

not included in the dendrogram. The analyses aimed to determine diet differences between sex, age, geographical

area, and season variables between all specimens studied (both the specimens necropsied and those found in the lit-

erature). The work by García-Polo et al. (2014) did not include data on age or sex, and therefore is not included in

the MDS diagrams.

The maximum length of subadults of G. griseus was difficult to determine with complete certainty because there

are practically no data on this in the specialized literature. According to Evans (2008, 2013) the calves reach a maxi-

mum length of 135 cm, and the adults have a maximum length of 300–400 cm. Hartman et al. (2008), in a study

based in Azores waters, define calves as individuals that are a maximum of 75% of adult size and are accompanied

by adults. The sizes used in the present study for G. griseus were subadult (135–278 cm) and adult (278–

380/400 cm).

3 | RESULTS

3.1 | New information about the diet of G. griseus

Entire prey, beaks and cephalopod eyeballs were found in the six analyzed stomachs. In G1 there were three semi-

digested octopods (with the beak still attached), 73 single beaks (40 uppers and 33 lowers), six cephalopod eyeballs

and other semidigested unidentifiable remains. The beaks of the half-digested cephalopod bodies were removed and
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studied. In G2 there was only one upper beak (Ommastrephes caroli) and a cephalopod eyeball, as well as some very

digested and unidentifiable remains. G3 had 269 beaks (122 uppers and 147 lower) and an additional 20 beaks that

were too damaged to be identified. In G4 there were 151 lower beaks. G5 contained 44 lower beaks, and in G6 there

were only 14 lower beaks and some cephalopod eyeballs. The results of the new information about the six Risso's

dolphins' diets are shown in Table 1 and Appendix S1.

In total, 578 beaks were recovered from the stomachs. A total of 21 cephalopod species were recorded, without

counting the unidentified specimens and those only determined to family level. Two beaks, upper and lower of simi-

lar height, were counted as the same individual, similarly to the Argonauta argo case (Table 1). Histioteuthis bonnellii

represented 51.7% of all the cephalopod beaks found in the stomach of the six Risso's dolphins, followed by Eledone

cirrhosa (15.7%), Histioteuthis reversa (11.8%), and Octopoteuthis sicula (5.6%). Each of the other prey species made

up less than 4% of the diet. Table 1 and Figure 1 show the species that were identified in this work and their abun-

dance per stomach.

3.2 | Data analysis

All the cases were stranded adults or subadults. Of the 39 specimens from the Mediterranean Sea, 12 were adult

females, seven adult males, five subadult females, and six subadult males. The sex and size of the specimens of Orsi

Relini et al. (1997; six specimens) and García-Polo (2014; three specimens) were unknown.

Figure 2 shows the mean depth range of species found in the stomachs of G. griseus depending on whether they

are benthic or pelagic species.

The results of the cluster analysis and the MDS (Figures 3–6) failed to find significant differences for sex,

age, season, or geographical zone. The model associates the individuals based on the similarity of their diet.

Although no pattern can be seen in the cluster analysis, some specimens show great similarity between them.

For example, G7 (female, adult, Central Catalan Coast, spring) and G33 (female, adult, Tuscany, spring) have in

common that they have eaten H. bonnelli but not H. reversa; G3 (female, adult, Central Catalan Coast, winter)

and G4 (male, adult, Central Catalan Coast, spring) are the only ones that have eaten O. sicula; G5 (male, adult,

Central Catalan Coast, winter) and G6 (female, adult, Central Catalan Coast, winter) have eaten almost the

same cephalopod species and in very similar amounts. However, other specimens have very different stomach

contents from the rest of the analyzed samples. Individuals G2 (male, adult, Central Catalan Coast, summer)

and G8 (female, adult, Tyrrhenian, winter), completely separated from the rest, had only eaten one cephalopod

species.

4 | DISCUSSION

4.1 | New insights into the diet of G. griseus

Figure 3 clearly shows most specimens of the family Histioteuthidae in the stomachs of G3 and G5, as well as

Eledone cirrhosa in G1 and Pteroctopus tetracirrhus in G5. The most abundant species was H. bonnellii, with 91 records

in G3, 89 in G4, 13 in G5, 4 in G6, and 1 in G1 (this stomach only had this beak), similar to other Mediterranean stud-

ies (Bello, 1992, 1996; Milani et al., 2017; Podestà & Mettioni, 1991). Six cephalopod species not previously

recorded in the stomachs of Mediterranean specimens included: Rondeletiola minor, Eledone moschata, Scaeurgus uni-

cirrhus, Bathypolypus sponsalis, P. tetracirrhus, and Taonius pavo.

There are probably fewer than 60 cephalopod species that are a regular part of the diet of cetaceans

(Clarke, 1996). The latest studies added some species to Bearzi et al.’s (2011) review of the ecology of G. griseus in

the Mediterranean Sea (Appendix S2). The list was extended to a total of 50 identified taxa in the diet of this
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TABLE 1 Species found in the analyzed Risso's dolphins.

Species N % of the N total Stomach

Order Sepioidea

Family Sepiolidae

Rondeletiola minor (Naef, 1912) 16 2.8 G3(1), G4(7), G5(5), G6(3)

Order Oegopsida

Family Brachioteuthidae

Brachioteuthis riisei (Steenstrup, 1882) 12 2.1 G3(6), G4(6)

Family Chiroteuthidae

Chiroteuthis veranii (Férussac, 1834) 8 1.4 G3(1), G4(3), G5(1), G6(1)

Chiroteuthis sp. 1 0.2 G4(1)

Family Cranchiidae

Taonius pavo (Lesueur, 1821) 1 0.2 G3(1)

Taonius sp. 1 0.2 G4(1)

Family Histioteuthidae

Histioteuthis bonnellii (Férussac, 1834) 198 34.2 G1(1), G3(91), G4(89), G5(13), G6(4)

Histioteuthis reversa (Verrill, 1880) 48 8.3 G3(21), G4(22), G5(4), G6(1)

Family Octopoteuthidae

Octopoteuthis sicula (Rüppell, 1844) 20 3.5 G3(1), G4(10)

Family Ommastrephidae

Illex coindetii (Vérany, 1839) 2 0.4 G3(1), G4(1)

Ommastrephes caroli (Furtado, 1887) 1 0.2 G2(1)

Todarodes sagittatus (Lamarck, 1798) 23 4 G1(1), G3(5), G4(9), G5(5), G6(3)

Todarodes sp. (Steenstrup, 1880) 1 0.2 G3(1)

Order Octopoda

Family Argonautidae

Argonauta argo (Linnaeus, 1758) 1 0.2 G1(1)

Family Bathypolypodinae

Bathypolypus sponsalis 1 0.2 G4(1)

Family Eledonidae

Eledone cirrhosa (Lamarck, 1798) 29 5 G1(28), G5(1)

Eledone moschata (Lamarck, 1798) 1 0.2 G1(1)

Family Octopodidae

Octopus vulgaris (Cuvier, 1797) 3 0.6 G1(3)

Pteroctopus tetracirrhus 16 2.8 G5(14), G6(2)

Scaeurgus unicirrhus (delle Chiaje, 1841) 1 0.2 G1(1)

Family Tremoctopodidae

Tremoctopus violaceus (delle Chiaje, 1830) 2 0.4 G3(1), G4(1)

Total 578

Note: N, number of specimens for this species; Stomach, individuals in which the beaks were found; in parentheses, number

of specimens for each stomach. The percentages are in reference to the total number of beaks; G1–6: G. griseus stomachs.
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cetacean in this area, 39 of which were identified to species level. With a review of the G. griseus diet literature, the

list now includes the sepiolid R. minor, the squid T. pavo, Tewthowenia sp., P. margaritifera, and the octopuses

B. sponsalis, P. tetracirrhus, O. tuberculata, S. unicirrhus, E. moschata, and T. violaceus.

The poor condition (very digested and fragmented) of most of the beaks in the collection indicate that they had

been in contact with gastric juices for some time. However, it is impossible to determine exactly how long the beaks

had been in the stomachs (Xavier et al., 2007).

4.2 | Comparison of the different studies on the diet of G. griseus in the
Mediterranean Sea

Except for the studies of Bello & Bentivegna (1996), Maio (1998), and Pedà et al. (2015), the rest of the articles find

Histioteuthidae to be among the most abundant families, and the majority state that this family represents the larg-

est number of individuals. These papers generally have a small sample size, and therefore their statistical results must

be seen as preliminary.

In the Mediterranean Sea, the following authors found species in common with the 18 species found in the pre-

sent study (Appendix S2): Podestà & Meotti (1991) had two cephalopod species in common: H. bonnellii and

E. cirrhosa. Carlini et al. (1992) had six (or seven) species in common: T. sagittatus, I. coindetii, H. bonnellii, A. argo, and

Eledone sp. (this specimen could be either E. cirrhosa or E. moschata; finally, E. cirrhosa was chosen because of its

greater abundance compared with E. moschata, but it could not be confirmed with the existing data). Würtz

et al. (1992) had three species in common: T. sagittatus, H. reversa and H. bonnellii. Öztürk et al. (2007) had seven spe-

cies: B. riisei, C. veranii, T. pavo, O. sicula, T. sagitattus, I. coindetii, H. bonnellii, H. reversa, O. caroli. Bello (1992, 1996)

had six matching species: C. veranii, T. sagitattus, H. bonnellii, H. reversa, A. argo. Bello & Bentivegna (1996) and

F IGURE 1 Number of individuals of each cephalopod species per stomach.
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Maio (1998) only had one species in common with the present study: T. sagitattus. Orsi Relini et al. (1997) also found

H. bonnelli and H. reversa in common with the present study. Blanco et al. (2006) found nine prey that coincide with

this work: Brachioteuthis riisei, C. veranii, T. sagittatus, I. coindetii, O. caroli, H. bonnellii, H. reversa, A. argo, E. cirrhosa,

O. vulgaris. García-Polo et al. (2014) had three species in common: H. bonnellii, H. reversa, T. sagittatus, and

O. vulgaris. Pedà et al. (2015) had three cephalopod species in common: C. veranii, H. bonnellii, and T. violaceus.

Finally, there were three matching species in the work of Milani et al. (2017) and the present study: H. bonnellii,

H. reversa, and A. argo.

4.3 | Cephalopod families

The most abundant families found in the present study were Histioteuthidae (246 beaks, 42.5% of the total beaks),

Eledonidae (29 beaks, 5%), and Ommastrephidae (27 beaks, 4.7%). These results confirm the information gained from

previous studies; that is, in Mediterranean waters, G. griseus feeds primarily on the Histioteuthidae family

(Appendix S2).

Clarke (1996) reported that G. griseus generally eats both oceanic and neritic cephalopods from 14 families

(Ommastrephidae, Onychoteuthidae, Enoploteuthidae, Ancistrocheiridae, Octopoteuthidae, Histioteuthidae,

Loliginidae, Sepiidae, Sepiolidae, Octopodidae, and others) with Histioteuthidae as the most important family in the

Mediterranean. According to Clarke, the most important families of cephalopods in cetacean diets are by far the oce-

anic Ommastrephidae, Histioteuthidae, and Cranchiidae, with the neritic Loliginidae being the most abundant on the

continental shelves (Clarke, 1996).

F IGURE 2 Mean depth range of benthic and pelagic species found in stomachs of G. griseus.

732 LUNA ET AL.



4.4 | Bathymetric distribution of the prey

Like other teuthophagous cetaceans, G. griseus finds prey both in pelagic waters and in benthic areas of the conti-

nental slope, which they probably reach by long deep dives (Carlini et al., 1992; Clarke & Pascoe, 1985). As

Baumgartner (1997) hypothesized, it is possible that Risso's dolphins take advantage of a wide variety of cephalopod

prey, since the upper continental slope and shelf break region is a transition zone between two distinct ecosystems:

the continental shelf and oceanic waters. Subsequent studies are needed to determine whether G. griseus dives to

these depths to obtain food or whether it feeds in shallower depths, because Grampus are believed to forage on

neritic and mesopelagic oceanic cephalopods that make diel vertical migrations to surface waters at night (Riccialdelli

et al., 2012; Soldevilla et al., 2010). However, according to Würtz et al., 1992, whether Risso's dolphin preys on the

diel migrators (Eledone sp. in our case) in midwater or on the bottom depends on time of day/night day. Benoit-Bird

et al. (2019) show that Risso's dolphins dive to depths exceeding 500 m during both the day and night. The cosmo-

politan habitat of these oceanic cephalopods and of the Risso's dolphin must be taken into consideration, as well as

the scarce data on their bathymetry. The studies of Azzellino et al. (2008), Cañadas et al. (2002), Casacci &

Gannier (2000), Gannier (2005), and Moulins et al. (2008) all describe that Risso's dolphins prefer steep gradients and

submarine canyons. Grampus typically inhabits oceanic waters associated with slope break boundaries (400–1,000 m

depth; Baumgartner, 1997; Olavarría et al., 2001), but normally dives to depths of <50 m with maximum dive times

of 10–30 min (Cañadas et al., 2002; Riccialdelli et al., 2012; Wells et al., 2009). Beyond this, however, no references

F IGURE 3 Dendrogram of abundance of cephalopod prey captured by G. griseus in the Mediterranean Sea based
on Bray-Curtis distance.
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to possible bathymetric preferences have been found. Their oceanic distribution limits the possibilities for systemati-

cally studying their movements and dive patterns (Wells et al., 2009). Furthermore, considering the cosmopolitan dis-

tribution of Grampus, it is possible that their feeding area could be larger than the Mediterranean Sea and they could

travel sporadically and find prey in nearby areas.

According to Baumgartner (1997), a physical mechanism that may explain the diet of G. griseus is the shelf/

oceanic water exchange at the upper continental slope and shelf break because the currents or physical features,

such as the boundary between shelf and oceanic waters, could be a strategic location for a Risso's dolphin to take

advantage of cephalopod aggregations.

The data presented are useful for understanding the ecology of G. griseus better, as well as for determining ceph-

alopod assemblages in the Mediterranean. It must be emphasized that there are three main cephalopod communities

in the Mediterranean Sea (González & Sánchez, 2002; Quetglas et al., 2000; Sánchez et al., 1998): the shelf commu-

nity (<150 m, with Alloteuthis media as indicator species), the middle slope community (>480 m, with T. sagittatus as

indicator species of this group) and the transitional zone community (ecotone; Margalef, 1974), as well as a group of

cephalopods that are distributed more abundantly on the lower continental shelf-upper slope (150–480 m; with

E. cirrhosa and O. vulgaris as indicator species) with overlapping species of the two previous communities. This phe-

nomenon is due to the combination of changes in environmental and biological factors along the depth gradient and

their interaction (Abell�o et al., 1988; González & Sánchez, 2002; Moranta et al., 1998; Sardà et al., 1994).

In the present study, there are species belonging to the three assemblages, in agreement with the data collected

in trawl surveys along the west Mediterranean coast (González & Sánchez, 2002; Quetglas et al., 2000): R. minor,

overlaps with the shelf and middle slope group; E. moschata is in the lower continental shelf-upper slope group;

H. reversa is in the middle slope community; I. coindetti and O. vulgaris overlap with shelf and lower continental shelf-

upper slope groups; T. sagittatus and H. bonnellii overlap with lower continental shelf-upper slope and middle slope

communities; and E. cirrhosa overlaps with the three groups.

F IGURE 4 MDS diagram of abundance of cephalopod prey captured in relation to G. griseus sex in the

Mediterranean Sea. F, female; M, male; O, unknown. Analysis carried out with stress of 0.9.
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It is interesting to note that E. cirrhosa, the curled octopus, was one of the main prey types found in Risso's dol-

phins stranded in the U.K. (Clarke & Pascoe, 1985; 16 specimens, 38%). In the present study, E. cirrhosa represents

5% of the total cephalopod species (76% of one of the stomachs studied), but in the rest of the Mediterranean stud-

ies, it is not a very common species.

The bathymetric distribution of the species found in the present study includes a wide range of depths (Appen-

dix S2). The mean depth range of species found in G. griseus stomachs depending on whether they are benthic or

pelagic species (Figure 2) suggest that this cetacean has a teuthophagous diet in this area and that in the Mediterra-

nean it not only feeds on the middle continental slope, as previously thought (Blanco et al., 2006), but also on the

continental shelf. There are benthic animals (Eledone sp., O. vulgaris, S. unicirrhus, B. sponsalis, P. tetracirrhus) that live

on the continental shelf and on the middle slope as deep as 770–800 m, in the case of E. cirrhosa, P. tetracirrhus, and

S. unicirrhus, which reach deeper depths in their life cycle. In addition, there is a deep-sea species, B. sponsalis, which

inhabits depths from 200 to 2,300 m depth. We also found oceanic species (H. bonnellii, A. ago, B. riisei, T. pavo,

O. sicula), whose maximum depth reaches bathyal or abyssal zones, and they are able to move around the shelf. The

available data about the Mediterranean deep-sea teuthofauna are fragmentary and limited to studies on a small num-

ber of captured individuals (Bello, 1985; Quetglas et al., 2000; Roper, 1974; Villanueva, 1992) or information from

indirect data from stomach content analyses of cephalopod predators (Bello, 1991, 1992, 1996; Milani et al., 2017;

Würtz et al., 1992). Therefore, this information improves our knowledge of this fauna. The present study shows

(Table 2) that the majority of both species and specimens found in the stomachs are pelagic: 18 species (61.1% of

the species) and 386 specimens (82.6% of the total number of specimens). This is supported by other works such as

Blanco et al. (2006) and Benoit-Bird et al. (2019). It seems clear that G. griseus prefers pelagic cephalopods.

Bello (1992, 1996), Öztürk (2007), and Podestà and Meotti (1991) also showed oceanic preferences in their studies.

F IGURE 5 MDS diagram of abundance of cephalopod prey captured in relation to G. griseus age class in the
Mediterranean Sea. A, adult; SA, subadult; O, unknown. Analysis carried out with stress of 0.9.

LUNA ET AL. 735



However, the information available is rather limited and fragmentary because most cephalopods are active swift

swimmers and can avoid all types of nets, and because sampling at such great depths is difficult. Therefore, to

increase the data on this fauna, different information sources, such as scientific surveys, data from the commercial

fleet and stomach content studies of teuthophagous species, must be explored.

4.5 | Final remarks

In cephalopods, seasonality is related to their short life span, rapid population turnover, and reproductive behavior

(Sánchez & Martín, 1993). Moreover, large aggregations of G. griseus can occur in response to abundant but ephem-

eral pulses of productivity related to oceanographic fronts that attract their primary prey, squid (Bearzi et al. 2011;

Davis et al. 2002; Riccialdelli et al., 2012). Because G. griseus can exploit a wide variety of prey, depending on their

availability, it is possible that the species is an opportunistic feeder on seasonal blooms of cephalopods. The case of

G1 is consistent with this hypothesis. The most abundant species in this adult female was the benthic octopod

F IGURE 6 MDS diagram of abundance of cephalopod prey captured in relation to G. griseus from different
geographical areas in the Mediterranean Sea. M, Central Catalan Coast (present study); L, Liguria; Ty, Tyrrhenian; A,
Adriatic; Tur, Turkey; Tus, Tuscany. Analysis carried out with stress of 0.9.

TABLE 2 Number of cephalopod species and specimens according to whether they are pelagic.

Total Pelagic Benthic % benthic

Species 18 11 7 38.9

Specimens 386 319 67 17.4
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E. cirrhosa (nearly 85% of its stomach content), making up more than 30% of the total species found in the stomachs.

The hypothesis is supported by the study of Clarke and Pascoe (1985) carried out on a G. griseus stranded on the

British coast, and the work of González et al. (1994) in Galician waters (northwestern Spanish Atlantic coast).

ACKNOWLEDGMENTS

The authors would like to thank researcher Juan Manuel Martínez for comments on earlier drafts of this review, Laura

Puche for the support given in the taxonomic identification, and Catherine Stonehouse for her priceless help with the

English improvement. In addition, the authors would like to thank the researchers who provided access to unpublished

data on stomach content analysis and information on published accounts, particularly Giambattista Bello, Nicola Maio,

and Giovanni Bearzi and the anonymous reviewers for their comments on previous versions of the manuscript. This

research received no specific grant from any funding agency, commercial, or not-for-profit sectors. Funding for open

access charge: Universidade de Vigo/CISUG.

AUTHOR CONTRIBUTIONS

Amanda Luna: Conceptualization; data curation; formal analysis; investigation; methodology; project administration;

software; visualization; writing – original draft. Pilar Sánchez: Data curation; formal analysis; resources; software;

supervision; validation; visualization; writing – review and editing. Carla Chicote: Resources. Manel Gazo: Conceptu-

alization; resources; supervision.

ORCID

Amanda Luna https://orcid.org/0000-0002-8006-1035

REFERENCES

Abell�o, P., Valladares, F. & Castell�on, A. (1988). Analysis of the structure of decapod crustacean assemblages off the Catalan

coast (North-West Mediterranean). Marine Biology, 98, 39–49. https://doi.org/10.1007/BF00392657
Azzellino, A., Gaspari, S., Airoldi, S., & Nani, B. (2008). Habitat use and preferences of cetaceans along the continental slope

and the adjacent pelagic waters in the Western Ligurian Sea. Deep Sea Research Part 1: Oceanographic Research Papers,

55(3), 296–323. https://doi.org/10.1016/j.dsr.2007.11.006
Azzellino, A., Panigada, S., Lanfredi, C., Zanardelli, M., Airoldi, S., & Notarbartolo di Sciara, G. (2012). Predictive habitat

models for managing marine areas: Spatial and temporal distribution of marine mammals within the Pelagos Sanctuary

(Northwestern Mediterranean Sea). Ocean and Coastal Management, 67, 63–74. https://doi.org/10.1016/

j.ocecoaman.2012.05.024

Azzellino, A., Airoldi, S., Gaspari, S., Lanfredi, C., Moulins, A., Podestà, M., Rosso, M., & Tepsich, P. (2016). Risso's dolphin,

Grampus griseus, in the western Ligurian Sea: trends in population size and habitat use. Advances in Marine Biology, 75,

205–232. https://doi.org/10.1016/bs.amb.2016.08.003

Baird, R. (2009). Risso's dolphin, Grampus griseus. In W. F. Perrin, B. Würsig, & J. G. M. Thewissen (Eds.), Encyclopedia of

marine mammals (2nd ed., pp. 975–976). Academic Press.

Baumgartner, M. (1997). The distribution of Risso's dolphin (Grampus griseus) with respect to the physiography of the north-

ern Gulf of Mexico. Marine Mammal Science, 13(4), 614–638. https://doi.org/10.1111/j.1748-7692.1997.tb00087.x
Bearzi, G., Reeves, R. R., Remonato, E., Pierantonio, N., & Airoldi, S. (2011). Risso's dolphin Grampus griseus in the Mediterra-

nean Sea. Mammalian Biology, 76(4), 385–400. https://doi.org/10.1016/j.mambio.2010.06.003

Bello, G. (1985). Preliminary note on Cephalopods in the stomach content of swordfish, Xiphias gladius L., from the Ionian

and Adriatic Seas. Rapports et Procès-Verbaux des Réunions de la Commission Internationale pour l'Exploration Scientifique

de la Mer Méditerranée, 29(8), 2 pp.

Bello, G. (1991). Role of cephalopods in the diet of the swordfish, Xiphias gladius, from the eastern Mediterranean Sea.

Bulletin of Marine Science, 49(1–2), 312–324.
Bello, G. (1992). Stomach contents of a Risso's dolphin, Grampus griseus. Do dolphins compete with fishermen and swordfish,

Xiphias gladius? European Research of Cetaceans, 6, 199–202.
Bello, G. (1996). Teuthophagous predators as collectors of oceanic cephalopods: the case of the Adriatic Sea. Bollettino

Malacologico, 32(1–4), 71–78.

LUNA ET AL. 737

https://orcid.org/0000-0002-8006-1035
https://orcid.org/0000-0002-8006-1035
https://doi.org/10.1007/BF00392657
https://doi.org/10.1016/j.dsr.2007.11.006
https://doi.org/10.1016/j.ocecoaman.2012.05.024
https://doi.org/10.1016/j.ocecoaman.2012.05.024
https://doi.org/10.1016/bs.amb.2016.08.003
https://doi.org/10.1111/j.1748-7692.1997.tb00087.x
https://doi.org/10.1016/j.mambio.2010.06.003


Bello, G., & Bentivegna, F. (1996). Cephalopod remains from the stomach of a Risso's dolphin, Grampus griseus (Cetacea: Del-

phinidae), stranded along the eastern Tyrrhenian coast. Atti della Societá italiana di Scienze naturali e del Museo civico di

Storia Naturale di Milano, 135(2), 467–469.
Benoit-Bird, K. J., Southall, B. L., & Moline, M. A. (2019). Dynamic foraging by Risso's dolphins revealed in four dimensions.

Marine Ecology Progress Series, 632, 221–234. https://doi.org/10.3354/meps13157

Blanco, C., Raduán, �A., & Raga, J. A. (2006). Diet of Risso's dolphin (G. griseus) in the Western Mediterranean Sea. Scientia

Marina, 70(3), 407–411.
Boyle, P., & Rodhouse, P. (2005). Cephalopods: Ecology and fisheries. Blackwell Science.

Campana, I., Crosti, R., Angeletti, D., Carosso, L., David, L., Di-Méglio, N., Moulins, A., Rosso, M., Tepsich, P., & Arcangeli, A.

(2015). Cetacean response to summer maritime traffic in the Western Mediterranean Sea. Marine Environmental

Research, 109, 1–8. https://doi.org/10.1016/j.marenvres.2015.05.009

Cañadas, A., Sagarminaga, R., & García-Tíscar, S. (2002). Cetacean distribution related with depth and slope in the Mediterra-

nean waters off southern Spain. Deep Sea Research, Part I: Oceanographic Research Papers, 49(11), 2053–2073. https://
doi.org/10.1016/S0967-0637(02)00123-1

Carlini, R., Pulcini, M. & Wurtz, M. (1992, February 20–22). Cephalopods from the stomachs of Risso's dolphins, Grampus

griseus (Cuvier, 1812), stranded along the Central Tyrrhenian coast. In P. G. H. Evans (Ed.), Proceedings of the Sixth Annual

Conference of the European Cetacean Society, San Remo, Italy.

Casacci, C., & Gannier, A. (2000). Habitat variability and site fidelity of the Risso's dolphin in the North-Western Mediterra-

nean: defining a home range for a nomad. European Research on Cetacean, 14, 19–22.
Cherel, Y. (2006). Stable isotopes and the trophic ecology of Southern Ocean cephalopods. In G. Jackson, P. Bustamante, Y. Cherel,

E. Fulton, E. Grist, E. Jackson, C. H., Nichols, P. D., Pethybridge, H., Phillips, K., Ward, R. D., & Xavier, J. C. (2007). Applying new

tools to cephalopod trophic dynamics and ecology: perspectives from the Southern Ocean Cephalopod Workshop, February

2–3, 2006. Reviews in Fish Biology and Fisheries, 17, 79–99. https://doi.org/10.1007/s11160-007-9055-9
Chicote, C. A., Hontangas, J., Crespo, E., Sáiz, L., & Gazo, M. (2013). Asociaci�on, fidelidad y uso de cañones submarinos por

una poblaci�on residente de calder�on gris (Grampus griseus) en aguas del noreste peninsular: implicaciones para la conser-

vaci�on de hábitat y especie [Association, fidelity and use of submarine canyons by a resident population of pilot whales

(Grampus griseus) in waters of the northeast peninsula: implications for the conservation of habitat and species]. Lecturer

at the VI Congress of the Spanish Cetacean Society, Tarifa, 4–7 October 2013.

Chicote, C. A., Gazo, M., Cañadas, A., Pauner, O., Sáiz, L., Pastor, C., & Nuez, I. (2015). #ProyectoGrampus: Estudio y

seguimiento de la poblaci�on de calder�on gris asociada a cañones submarinos en la costa catalana [#GrampusProject: Study

and monitoring of the pilot whale population associated with submarine canyons on the Catalan coast] (Technical

report). Fundaci�on Biodiversidad.

Clarke, M. R. (1977). Beaks, nets and numbers. Symposia of the Zoological Society of London, 38, 89–126.
Clarke, M. R. (Ed.). (1986). A handbook for the identification of cephalopod beaks. Oxford University Press.

Clarke, M. R. (1996). Cephalopods as prey. III. Cetaceans. Philosophical Transactions of the Royal Society London B: Biological

Sciences, 351(1343), 1053–1065. https://doi.org/10.1098/rstb.1996.0093
Clarke, M. R., & Kristensen, T. K. (1980). Cephalopod beaks from the stomachs of two northern bottlenosed whales (Hyper-

oodon ampullatus). Journal of the Marine Biological Association of the United Kingdom, 60(1), 151–156. https://doi.org/
10.1017/S002531540002419X

Clarke, M. R., & Pascoe, P. L. (1985). The stomach contents of a Risso's dolphin (Grampus griseus) stranded at Thurlestone,

South Devon. Journal of the Marine Biological Association of the United Kingdom, 65(3), 663–665. https://doi.org/

10.1017/S0025315400052504

Clarke, M. R., & Trillmich, F. (1980). Cephalopods in the diet of fur seals of the Galapagos Islands. Journal of Zoology, 190(2),

211–215. https://doi.org/10.1111/j.1469-7998.1980.tb07767.x
Clarke, M. R., Croxall, J. P., & Prince, P. A. (1981). Cephalopod remains in regurgitations of the wandering albatross Diomedea

exulans L. at South Georgia. British Antarctic Survey Bulletins, 54, 9–21.
Clarke, K. R., & Warwick, R. M. (1994). Similarity-based testing for community pattern: the two-way layout with no replica-

tion. Marine Biology, 118, 167–176. https://doi.org/10.1007/BF00699231
Davis, R. W., Ortega-Ortiz, J. G., Ribic, C. A., Evans, W., Biggs, D., Ressler, P., Cady, R. B., Leben, R. R., Mullin, K. D., &

Würsig, B. (2002). Cetacean habitat in the northern oceanic Gulf of Mexico. Deep Sea Research, 49(1), 121–142. https://
doi.org/10.1016/S0967-0637(01)00035-8

Dimatteo, S., Siniscalchi, M., Esposito, L., Prunella, V., Bondanese, P., Bearzi, G., & Quaranta, A. (2011). Encounters with

pelagic and continental slope cetacean species near the northern shore of the Gulf of Taranto, Italy. Italian Journal of

Zoology, 78, 30–132. https://doi.org/10.1080/11250003.2010.532161
Di Méglio, N., David, L., & Beaubrun, P. (1999). Spatio-temporal distribution of Risso's dolphin, Grampus griseus (Cuvier,

1812) in summer in the North-Western Mediterranean Sea. European Research of Cetaceans, 13, 195–200.

738 LUNA ET AL.

https://doi.org/10.3354/meps13157
https://doi.org/10.1016/j.marenvres.2015.05.009
https://doi.org/10.1016/S0967-0637
https://doi.org/10.1016/S0967-0637
https://doi.org/10.1007/s11160-007-9055-9
https://doi.org/10.1098/rstb.1996.0093
http://10.0.3.249/S002531540002419X
http://10.0.3.249/S002531540002419X
https://doi.org/10.1017/S0025315400052504
https://doi.org/10.1017/S0025315400052504
https://doi.org/10.1111/j.1469-7998.1980.tb07767.x
https://doi.org/10.1007/BF00699231
https://doi.org/10.1016/S0967-0637
https://doi.org/10.1016/S0967-0637
https://doi.org/10.1080/11250003.2010.532161


Downes, K. J., Savage, J. A., & Brickle, P. (2017). New records of Cephalopods from Ascension Island (central Atlantic) found

in yellowfin tuna stomachs. Arquipelago - Life and Marine Sciences, 34, 45–49.
Evans, P. G. H. (2008). Risso's dolphin Grampus griseus. In S. Harris & D. W. Yalden (Eds.), Mammals of the British Isles (4th

ed., pp. 740–743). The Mammal Society, Southampton.

Evans, P. G. H. (2013). The Risso's dolphin in Europe. In I. Chen, K. Hartman, M. Simmonds, A. Wittich, & A. J. Wright (Eds.),

Grampus griseus 200th Anniversary: Risso's dolphins in the contemporary world. Proceedings of the ECS Workshop

Report. European Cetacean Society Conference, Galway, Ireland, 25 March 2013 (pp. 10–24). ECS Special Publication

Series No. 54.

Fabbri, F., Giordano, A., & Lauriano, G. (1992). A preliminary investigation into the relationship between the distribution of

Risso's dolphin and depth. In P. G. H. Evans (Ed.), European Research on Cetaceans, 6, 146–151.
Fernández, R., Santos, M. B., Carrillo, M., Tejedor, M., & Pierce, G. J. (2009). Stomach contents of cetaceans stranded in the

Canary Islands 1996–2006. Journal of the Marine Biological Association of the United Kingdom, 89(5), 873–883. https://
doi.org/10.1017/S0025315409000290

Fernández-�Alvarez, F. �A., Braid, H., Nigmatullin, C., Bolstad, K., Haimovici, M., Sánchez, P., Sajikumar, K. K., Ragesh, N., &

Villanueva, R. (2020). Global biodiversity of the genus Ommastrephes (Ommastrephidae: Cephalopoda): an allopatric

cryptic species complex. Zoological Journal of the Linnean Society, 190(2), 460–482. https://doi.org/10.1093/zoolinnean/
zlaa014

Frantzis, A., & Herzing, D. L. (2002). Mixed-species associations of striped dolphins (Stenella coeruleoalba), short-beaked

common dolphins (Delphinus delphis), and Risso's dolphins (Grampus griseus) in the Gulf of Corinth (Greece, Mediterra-

nean Sea). Aquatic Mammals, 28 (2), 188–197.
Frantzis, A., Alexiadou, P., Paximadis, G., Politi, E., Gannier, A., & Corsini-Foka, M. (2003). Current knowledge of the cetacean

fauna of the Greek Seas. Journal of Cetacean Research and Management, 5(3), 219–232.
Freitas, L., Dinis, A., Nicolau, C., Ribeiro, C., & Alves, F. (2012). New records of cetacean species for Madeira archipelago

with an updated checklist. Boletim do Museu Municipal do Funchal, 62, 25–43.
Gannier, A. (2005). Summer distribution and relative abundance of delphinids in the Mediterranean Sea. Revue d' �Ecologie,

60(3), 223–238.
García-Polo, M., Giménez, J., Mons, J., Castillo, J., De Stephanis, R., Santos, M., & Fernández-Maldonado, C. (2014, July 10–

11). Stomach contents of cetaceans in the Alborán Sea and Gulf of Cádiz [Conference abstract]. IMMR j International
Meeting on Marine Research 2014, Peniche, Portugal.

Gaspari, S., & Natoli, A. (2012). Grampus griseus (Mediterranean subpopulation). The IUCN Red List of Threatened Species,

2012, e.T16378423A16378453.

Gazo, M., Forcada, J., Aguilar, A., Fernández-Contreras, M. M., Borrell, A., Gonzalvo, J., & Tornero, V. (2004). Sector Norte

(Cataluña e Islas Baleares). In J. A. Raga & J. Pantoja (Eds.), Proyecto Mediterráneo. Zonas de especial interés para la conser-

vaci�on de los cetáceos en el Mediterráneo español [Mediterranean Project. Areas of special interest for the conservation

of cetaceans in the Spanish Mediterranean]. Naturaleza y Parques Nacionales [Nature and National Parks] (pp. 15–65).
Serie Técnica, Ministerio de Medio Ambiente, Madrid, Spain.

González, �A. F., L�opez, A., Guerra, �A., & Barreiro, A. (1994). Diets of marine mammals stranded on the North-Western Span-

ish Atlantic coast with special reference to Cephalopoda. Fisheries Research, 21(1–2), 179–191. https://doi.org/

10.1016/0165-7836(94)90103-1

González, M. & Sánchez, P. (2002). Cephalopod assemblages caught by trawling along the Iberian Peninsula Mediterranean

coast. Scientia Marina, 66 (S2), 199–208. https://doi.org/10.3989/scimar.2002.66s2199

Hartman, K. L. (2018). Risso's dolphin, Grampus griseus. In B. Würsig, J. G. M. Thewissen. & K. Kovacs (Eds.), Encyclopedia of

marine mammals (3rd ed., pp. 824–827). Elsevier.
Hartman, K. L., Visser, F. & Hendriks, A. (2008). Social structure of Risso's dolphin (Grampus griseus) at the Azores: a stratified

community based on highly associated social units. Canadian Journal of Zoology, 86(4), 294–206. https://doi.org/

10.1139/z07-138

Hunsicker, M., Essington, T., Watson, R. & Sumaila, U. (2010). The contribution of cephalopods to global marine fisheries:

can we have our squid and eat them too? Fish and Fisheries, 11(4), 421–438. https://doi.org/10.1111/j.1467-

2979.2010.00369.x

Jefferson, T. A., Weir, C. R., Anderson, R. C., Balance, L. T., Kenney, R. D., & Kiszka, J. J. (2013). Global distribution of Risso's dol-

phin Grampus griseus: a review and critical evaluation.Mammal Review, 44(1), 56–68. https://doi.org/10.1111/mam.12008

Kenney, R. D., & Winn, H. E. (1986). Cetacean high-use habitats of the northeast United States Continental Shelf. Fishery

Bulletin, 84(2), 345–357.
Kenney, R. D., & Winn, H. E. (1987). Cetacean biomass densities near submarine canyons compared to adjacent shelf/slope

areas. Continental Shelf Research, 7(2), 107–114. https://doi.org/10.1016/0278-4343(87)90073-2
Lanfredi, C., Remonato, E., & Airoldi, S. (Eds.). (2018). Preliminary report of the Mediterranean Grampus Project 2.0: Improving knowl-

edge and conservation of the Mediterranean population of Risso's dolphins through effective partnerships. La Spezia, Italy.

LUNA ET AL. 739

https://doi.org/10.1017/S0025315409000290
https://doi.org/10.1017/S0025315409000290
https://doi.org/10.1093/zoolinnean/zlaa014
https://doi.org/10.1093/zoolinnean/zlaa014
https://doi.org/10.1016/0165-7836
https://doi.org/10.1016/0165-7836
https://doi.org/10.3989/scimar.2002.66s2199
https://doi.org/10.1139/z07-138
https://doi.org/10.1139/z07-138
https://doi.org/10.1111/j.1467-2979.2010.00369.x
https://doi.org/10.1111/j.1467-2979.2010.00369.x
https://doi.org/10.1111/mam.12008
https://doi.org/10.1016/0278-4343


Leatherwood, S., Perrin, W. F., Kirby, V. L., Hubbs, C. L., & Dahlheim, M. (1980). Distribution and movements of Risso's dol-

phin, Grampus griseus, in the eastern North Pacific. Fishery Bulletin, 77(4), 951–963.
Maio, N. (1998). Studio di un grampo Grampus griseus (Cuvier, 1812) spiaggiato nel Golfo di Napoli (Cetacea, Delphinidae):

considerazioni sulle cause della morte [Study of a Grampus griseus (Cuvier, 1812) beached in the Gulf of Naples

(Cetacea, Delphinidae): considerations on the causes of death]. Atti della Società italiana di Scienze Naturali e del Museo

Civico di Storia Naturale di Milano, 139, 3–12.
Margalef, R. (1974). Ecología. Omega, Barcelona.

Marini, L., Consiglio, Angradi, A. M., Catalano, B. Sanna, A., Valentini, T., Finoia, M. G., & Villetti, G. (1996). Distribution,

abundance and seasonality of cetaceans sighted during scheduled ferry crossings in the central Tyrrhenian Sea:

1989–1992. Italian Journal of Zoology, 63(4), 381–388, https://doi.org/10.1080/11250009609356163
Milani, C. B., Vella, A., Vidoris, P., Christidis, A., Koutrakis, E., Frantzis, A., Miliou, A., & Kallianiotis, A. (2017). Cetacean

stranding and diet analyses in the North Aegean Sea (Greece). Journal of the Marine Biological Association of the United

Kingdom, 98(5), 1011–1028. https://doi.org/10.1017/S0025315417000339
Moranta, J., Stefanescu, C., Massutí, E., Morales-Nin, B. & Lloris, D. (1998). Fish community structure and depth-related

trends on the continental slope of the Balearic Islands (Algerian basin, western Mediterranean). Marine Ecology Progress

Series, 171, 247–259.
Moulins, A., Rosso, M., Ballardini, M., & Würtz, M. (2008). Partitioning of the Pelagos Sanctuary (North-Western Mediterra-

nean Sea) into hotspots and cold spots of cetacean distributions. Journal of the Marine Biological Association of the United

Kingdom, 88(6), 1273–1281. https://doi.org/10.1017/S0025315408000763
Notarbartolo di Sciara, G., Venturino, M. C., Zanardelli, M., Bearzi, G., Borsani, F. J., & Cavalloni, B. (1993). Cetaceans in the

central Mediterranean Sea: Distribution and sighting frequencies. Italian Journal of Zoology, 60(1), 131–138. https://
doi.org/10.1080/11250009309355800

Notarbartolo di Sciara, G. (2002). Summary. In G. Notarbartolo di Sciara (Ed.), Cetaceans of the Mediterranean and Black Seas:

state of knowledge and conservation strategies. A report to the ACCOBAMS Secretariat, Monaco.

Olavarría, C., Aguayo-Lobo, A. & Bernal, R. (2001). Distribution of Risso's dolphin (Grampus griseus, Cuvier 1812) in Chilean

waters. Revista de Biología Marina y Oceanografía, 36(1). https://doi.org/10.4067/S0718-19572001000100011

Orsi Relini, L., Garibaldi, F., & Poggi, R. (1997). Note sull'alimentazione del grampo nel Mar Ligure [Notes on the nutrition of

the grampus in the Ligurian Sea]. Convegno Nazionale sui Cetacei, 3, Napoli, Italy.

Öztürk, B., Salman, A., Öztürk, 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 et Milieu, Life and Environment,

57(1/2), 53–59.
Palacios, D. M. (2003). Oceanographic conditions around the Galapagos archipelago and their influence on cetacean community

structure [Doctoral dissertation]. Oregon State University.

Pedà, C., Battaglia, P., Scuderi, A., Voliani, A., Mancusi C, Andaloro, F. & Romeo, T. (2015). Cephalopod prey in the stomach

contents of odontocete cetaceans stranded in the Western Mediterranean Sea. Marine Biology Research, 11(6),

593–602. https://doi.org/10.1080/17451000.2014.966724
Pereira, J. N. D. (2008). Field notes on Risso's dolphin (Grampus griseus) distribution, social ecology, behaviour, and occur-

rence in the Azores. Aquatic Mammals, 34(4), 426–435. https://doi.org/10.1578/AM.34.4.2008.426

Pérez-Gándaras, G. (1986). Estudio de los cefal�opodos ibéricos: Sistemática y Bionomía mediante el estudio morfométrico com-

parado de sus mandíbulas [Study of Iberian cephalopods: Systematics and bionomics by comparative morphometric study

of their beaks] [Doctoral dissertation]. Universidad Complutense de Madrid.

Podestà, M., & Meotti, C. (1991). The stomach contents of a Cuvier's beaked whale, Ziphius cavirostris, and a Risso's dolphin,

Grampus griseus, stranded in Italy. European Research on Cetaceans, 5, 58–61.
Quetglas, A., Carbonell, A., & Sánchez, P. (2000). Demersal Continental Shelf and Upper Slope cephalopod assemblages from

the Balearic Sea (North-Western Mediterranean). Biological aspects of some deep-sea species. Estuarine, Coastal and

Shelf Science, 50(6), 739–749. https://doi.org/10.1006/ecss.1999.0603
Raga, J. A., Raduán, A., & Blanco, C. (1985). Contribuci�on al estudio de la distribuci�on de cetáceos en el Mediterráneo y

Atlántico ibérico [Contribution to the study of the distribution of cetaceans in the Mediterranean and Iberian Atlantic].

Miscellanea Zoologica, 9, 361–366.
Reiner, F., Dos Santos, M. E., Wenzel, F. W., & Allied Whale (1996). Cetaceans of The Cape Verde Archipelago. Marine Mam-

mal Science, 12(3), 434–443. https://doi.org/10.1111/j.1748-7692.1996.tb00595.x
Riccialdelli, L., Newsome, S. D., Goodall, R. N. P., Fogel, M. L., & Bastida, R. (2012). Insight into niche separation of Risso's

dolphin (Grampus griseus) in the South-Western South Atlantic via δ13C and δ15N values. Marine Mammal Science, 28(4),

503–515. https://doi.org/10.1111/j.1748-7692.2011.00554.x
Roper, C. F. E. (1974). Vertical and seasonal distribution of pelagic cephalopods in the Mediterranean Sea. Preliminary

report. Bulletin of the American Malacological Union, May, 27–30.

740 LUNA ET AL.

https://doi.org/10.1080/11250009609356163
https://doi.org/10.1017/S0025315417000339
https://doi.org/10.1017/S0025315408000763
https://doi.org/10.1080/11250009309355800
https://doi.org/10.1080/11250009309355800
https://doi.org/10.4067/S0718-19572001000100011
https://doi.org/10.1080/17451000.2014.966724
https://doi.org/10.1578/AM.34.4.2008.426
https://doi.org/10.1006/ecss.1999.0603
https://doi.org/10.1111/j.1748-7692.1996.tb00595.x
https://doi.org/10.1111/j.1748-7692.2011.00554.x


Sánchez, P., & Martín, P. (1993). Population dynamic of the exploited cephalopod species of the Catalan Sea

(NW Mediterranean). Scientia Marina, 57(2), 153–159.
Sánchez, P., Belcari, P. & Sartor, P. (1998). Composition and spatial distribution of cephalopods in two north-western

Mediterranean areas. South African Journal of Marine Science, 20(1), 17–24. https://doi.org/10.2989/

025776198784126584

Santos, M. B., Clarke, M. R., & Pierce, G. J. (2001). Assessing the importance of cephalopods in the diets of marine mammals

and other top predators: problems and solutions. Fisheries Research, 52(1–2), 121–139. https://doi.org/10.1016/S0165-
7836(01)00236-3

Sardà, F., Cartes, J., & Company, J. (1994). Spatio-temporal variations in megabenthos abundance in three different habitats

of the Catalan deep-sea (Western Mediterranean). Marine Biology, 120(2), 211–219. https://doi.org/10.1007/

BF00349681

Shane, S. H. (1995). Behavior patterns of pilot whales and Risso's dolphins off Santa Catalina Island, California. Aquatic

Mammals, 21(3), 195–197.
Soldevilla, M., Wiggins, S., & Hildebrand, J. (2010). Spatial and temporal patterns of Risso's dolphin echolocation in the

Southern California Bight. Journal of Acoustical Society of America, 127(1), 124–132. https://doi.org/10.1121/

1.3257586

Toledano, F. T. (2003). El calder�on gris [Risso's dolphin]. El Ecologista, 36, 38–39.
Villanueva, R. (1992). Deep-sea cephalopods of the North-Western Mediterranean: indications of up-slope ontogenetic

migrations in two bathybenthic species. Journal of Zoology, 227(2), 267–276. https://doi.org/10.1111/j.1469-

7998.1992.tb04822.x

Waring, G. T. (1993). Spatial patterns of six cetaceans along a linear habitat. International Council for the Exploration of the

Sea, (CM Papers and Reports), CM 1993/N:16.

Wells, R., Manire, C., Byrd, L., Smith, D., Gannon, J., Fauquier, D., & Mullin, K. (2009). Movements and dive patterns of a

rehabilitated Risso's dolphin, Grampus griseus, in the Gulf of Mexico and Atlantic Ocean. Marine Mammal Science, 25(2),

420–429. https://doi.org/10.1111/j.1748-7692.2008.00251.x
Würtz, M., Poggi, R., & Clarke, M. R. (1992). Cephalopods from the stomachs of a Risso's dolphin (Grampus griseus) from the

Mediterranean. Journal of the Marine Biological Association of the United Kingdom, 72(4), 861–867. https://doi.org/
10.1017/S0025315400060094

Xavier, J., Clarke, M. R., Magalh~aes, M. C., Stowasser, G., Blanco C., & Cherel, Y. (2007). Current status of using beaks to

identify cephalopods: III International Workshop and training course on Cephalopod beaks, Faial Island, Azores, April

2007. Arquipélago Life and Marine Sciences, 24, 41–48.
Xavier, J. C., Phillips, R. A., & Cherel, Y. (2011). Cephalopods in marine predator diet assessments: why identifying upper and

lower beaks is important. ICES Journal of Marine Science, 68(9), 1857–1864. https://doi.org/10.1093/icesjms/fsr103

SUPPORTING INFORMATION

Additional supporting information may be found in the online version of the article at the publisher's website.

How to cite this article: Luna, A., Sánchez, P., Chicote, C., & Gazo, M. (2022). Cephalopods in the diet of

Risso's dolphin (Grampus griseus) from the Mediterranean Sea: A review. Marine Mammal Science, 38(2),

725–741. https://doi.org/10.1111/mms.12869

LUNA ET AL. 741

https://doi.org/10.2989/025776198784126584
https://doi.org/10.2989/025776198784126584
https://doi.org/10.1016/S0165-7836
https://doi.org/10.1016/S0165-7836
https://doi.org/10.1007/BF00349681
https://doi.org/10.1007/BF00349681
https://doi.org/10.1121/1.3257586
https://doi.org/10.1121/1.3257586
https://doi.org/10.1111/j.1469-7998.1992.tb04822.x
https://doi.org/10.1111/j.1469-7998.1992.tb04822.x
https://doi.org/10.1111/j.1748-7692.2008.00251.x
https://doi.org/10.1017/S0025315400060094
https://doi.org/10.1017/S0025315400060094
https://doi.org/10.1093/icesjms/fsr103
https://doi.org/10.1111/mms.12869

	Cephalopods in the diet of Risso's dolphin (Grampus griseus) from the Mediterranean Sea: A review
	1  INTRODUCTION
	2  MATERIAL AND METHODS
	2.1  Sampling and stomach contents
	2.2  Data analysis

	3  RESULTS
	3.1  New information about the diet of G. griseus
	3.2  Data analysis

	4  DISCUSSION
	4.1  New insights into the diet of G. griseus
	4.2  Comparison of the different studies on the diet of G. griseus in the Mediterranean Sea
	4.3  Cephalopod families
	4.4  Bathymetric distribution of the prey
	4.5  Final remarks

	ACKNOWLEDGMENTS
	  AUTHOR CONTRIBUTIONS
	REFERENCES


