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Abstract
Species diversity assessments are an important step to evaluate the conservation status of a community, both in marine and 
terrestrial ecosystems. These assessments are pivotal if related to both, the constant increase of human pressure on ecosystems and 
the anthropogenic climate change occurring nowadays. Sharks and rays are globally threatened, and the situation is particularly 
alarming in the Mediterranean Sea where more than 50% of species are listed at risk of extinction by the International Union for 
Conservation of Nature (IUCN). In this paper, we revise and discuss the chondrichthyan species richness of the Mediterranean and 
the Black Sea. Through an accurate review of published taxonomic studies, historical data on species occurrence, analyses of 
scientific survey data and biodiversity databases and other scientific papers, we produced a revised list of species whose presence in 
the Mediterranean Sea is confirmed or highly probable and discussed on current taxonomic and occurrence disputes on the species 
that are instead rarer or claimed to be locally extinct. We listed a total of 88 species, representing 30 families and 48 genera that are 
currently present in the Mediterranean and the Black Sea. This number includes 48 shark species, 38 batoids, and 2 chimaeras. The 
review represents a reference for future conservation assessments of cartilaginous fish in the region and a guide for decision-makers 
when promoting the sustainable exploitation of fisheries resource within an ecosystem-based framework. This paper can help to set 
a baseline of the Mediterranean species and thus resolve some uncertainties regarding their conservation status, explaining the 
reasons for their prolonged absence in the reports. Indeed, failure to record over time may not be due to grubbing up, but because 
after careful review this species was not really part of the Mediterranean fauna.
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Introduction

Sharks, batoids (rays and skates), and chimaeras are 
grouped in the class Chondrichthyes. 1,282 species of 
chondrichthyans are described globally. These include 
1,226 of Elasmobranchii species (537 shark species 
belonging to 34 Families, and 689 batoid species 
belonging to 20 families), and 56 species of 
Holocephali belonging to 3 families (Ebert et al. 2013; 
Last et al. 2016a; Nelson et al. 2016; Scharpf & Lazara 

2019; Roskov et al. 2020). Chondrichthyans are widely 
distributed in marine ecosystems, and sometimes they 
are also found in freshwater environments (Ebert et al. 
2013). However, chondrichthyans’ classification is still 
unclear and debated for several species and genera 
(Compagno et al. 2005; Ebert & Stehmann 2013; 
UNEP/MAP SPA/RAC 2018). Taxonomic issues are 
even more severe in the Mediterranean Sea (Serena 
2005; Ebert et al. 2013), where lack of nomenclature 
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stability and taxonomic resolution frequently occurs 
(Iglésias 2014). In this region, Chondrichthyes diversity 
is still debated due to the ongoing changes in species 
occurrence and abundance in the different basins and 
sub-basins. Although the strong fishing pressure has led 
to local species depletion or even extinctions (Ferretti 
et al. 2008, 2013), the arrivals of new species through 
the Suez Canal, especially of Indo-Pacific origin, is 
increasing species richness in the eastern basin (Golani 
et al. 2002; Zenetos et al. 2010). While, the 
Mediterranean Sea is considered a Condrichthyes-rich 
basin, here there is the highest proportion of threatened 
species in the world (Dulvy et al. 2016); at least 53% of 
the species are classified by the IUCN as Vulnerable, 
Endangered and Critically Endangered (Dulvy et al. 
2014; Otero et al. 2019). Quite a large proportion of 
species (20%) are still classified as Data Deficient.

Recognizing that elasmobranchs are by far the most 
endangered group of fishes in the Mediterranean Sea, 
the Contracting Parties to the Barcelona Convention, 
within the framework of the Action Plan for the 
Protection of the Marine Environment and the 
Sustainable Development of the Coastal Area of the 
Mediterranean (MAP Phase II), prioritized their pro
tection entrusting SPA/RAC with the task of elaborating 
an action plan for the conservation of the chondrichth
yan populations of the Mediterranean. This Action Plan 
was adopted in 2003 and updated in 2019 (UNEP/ 
MAP SPA/RAC 2003, 2020) with the main objective 
being the facilitation and implementation of the UN 
FAO IPOA-Sharks (http://www.fao.org/ipoa-sharks 
/en/) by identifying the main priorities and actions to 
be undertaken at the national and international level to 
ensure that targeted and non-targeted fisheries are sus
tainable. Currently, 24 species listed in the Annex II (list 
of endangered or threatened species) of the SPA/BD 
Protocol are already protected in the Mediterranean 
Sea, meaning they cannot be trans-shipped, landed, 
transferred, stored, retained on board, sold or displayed 
or offered for sale, and must be released unharmed and 
alive to the extent if possible (GFCM 2018a).

Protecting cartilaginous fish diversity is part of the 
more comprehensive policy of the Convention on 
Biological Diversity (CBD 1992) which stems from 
the growing recognition that biological diversity is 
a world heritage for present and future generations 
across the world. Reducing the extinction risk for 
sharks, batoids and chimaeras assumes particular 
importance in an ecosystem-based approach of bio
diversity conservation considering the key role these 
species play in marine communities. Many large 
pelagic sharks are apex predators whose overexploi
tation can affect the abundance of lower-level 

consumers (Myers et al. 2007). Overexploitation of 
shark populations can have negative consequences 
both on the ecosystem functioning and even the 
human activities relying on it (Ferretti et al. 2010; 
Britten et al. 2014).

Even though the Mediterranean is a semi-enclosed 
sea covering less than 1% of the surface of the global 
oceans, it constitutes a general richness hotspot of 
total species on a global scale (Tortonese 1989; 
Bianchi & Morri 2000; Coll et al. 2010; Valavanidis 
& Vlachogianni 2011; Derrick et al. 2020) as a result 
of the climatic events of the Quaternary, which acted 
as a sort of “biodiversity pump” (Bianchi & Morri 
2000). During the Pleistocene, the Mediterranean 
Sea developed its current oceanographic features, 
showing a close affinity with the nearby Atlantic 
Ocean. This affinity is to be related to the fact that 
the Strait of Gibraltar never constituted a rigid 
boundary. For this reason, any biodiversity study 
should not strictly be limited to the Mediterranean 
area. Ekman (1953) proposed two main biogeogra
phical regions in the Atlantic (Lusitanic and the 
Mauritanian regions) close to the Mediterranean 
region; thus, according to this classical conception 
of biogeography, biodiversity studies should also 
take into account the area between the English 
Channel and Cape Verde. Furthermore, proximity 
to tropical regions favors the thermophilic 
Mediterranean fauna, which is further promoted by 
the current climate change through increasing water 
temperature (Coll et al. 2010; Azzurro et al. 2019). 
The present richness of cartilaginous and bony fishes 
is likely the result of the recolonization of the 
Mediterranean basin after the Messinian Salinity 
Crisis. As demonstrated for the great white shark 
(Leone et al. 2020), pulses of species immigrations 
occurred during the glacial and interglacial periods of 
the Quaternary, contributing to extinctions and spe
ciations (Bianchi et al. 2012). Although the expan
sion of non-indigenous species with Indo-Pacific 
origin is growing in the Eastern Mediterranean, spe
cies distribution in the basin is mainly linked to the 
differences in environmental conditions across the 
Mediterranean Sea with species richness decreasing 
along a longitudinal gradient from west to east 
(Melendez et al. 2017).

A relevant decrease of sharks and batoids populations 
was observed during the last 50 years in different 
Mediterranean sectors (Aldebert 1997; Maynou et al. 
2011; Guijarro et al. 2012; Ferretti et al. 2013; Barausse 
et al. 2014; Colloca et al. 2017a; Moro et al. 2019). This 
was likely as an effect of the increasing trend in fishing 
effort (Garcia 2011) and low population resilience to 
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harvesting, observed also for the most common species 
(Quetglas et al. 2016).

According to official statistics on capture production, 
countries contributing more to the elasmobranch land
ings in the Mediterranean Sea are Turkey, Tunisia, 
Greece, Italy, Spain, Croatia, and Egypt. The most 
commonly caught species are skates (Rajidae) and cat
sharks (Scyliorhinus spp. and Galeus spp.) (Walker et al. 
2005; Cashion et al. 2019). Different species of pelagic 
sharks, as well as eagle rays (Myliobatidae) and stingrays 
(Dasyatidae), are bycatch of pelagic and demersal fish
eries (Megalofonou et al. 2000; Damalas & 
Megalofonou 2012; Echwikhi et al. 2013).

In the last 50 years, monitoring programs aimed at 
evaluating the status and distribution of Mediterranean 
demersal resources promoted the collection of informa
tion on chondrichthyan presence and abundance that 
are useful to detect anthropogenic impact and changes 
in marine communities (Quignard & Capapé 1971; 
Fredj & Maurin 1987; Aldebert 1997; Moranta et al., 
1998; Bertrand et al. 2000; Megalofonou et al. 2000; 
Relini et al. 2000; Jukic-Peladic et al. 2001; Garofalo 
et al. 2003; Schembri et al. 2003; Fromentin & 
Farrugio 2005; Relini et al. 2010a; Serena et al. 2011; 
Maravelias et al. 2012; Tserpes et al. 2013; Follesa et al. 
2019). However, there are still knowledge gaps for both 
species richness and abundance of sharks, batoids and 
chimaeras in the different sectors of the Mediterranean 
Sea. These gaps often make hard for international orga
nizations such as FAO, UNEP, and IUCN to assess the 
conservation status of populations. Knowledge of chon
drichthyan abundance and richness is also relevant to 
any future strategic plan for the conservation of marine 
biodiversity in the region and for this group, which has 
played a key ecological role in Mediterranean trophic 
webs for thousands of years (Menesini 1968; Bellocchio 
et al. 1991; Marsili 2007; Ramírez-Amaro et al. 2017).

The present study aims at increasing our under
standing of the current status of the chondrichthyan 
species diversity in the Mediterranean Sea and at 
exploring possible drivers of change across different 
subregions, as well as at setting an important base
line for Mediterranean chondrichthyan diversity.

The Mediterranean area

On a global scale, the Mediterranean Sea is 
placed at the center of a three-continent conver
gence point: Europe, Africa, and Asia. It con
nects to the Atlantic Ocean through the Strait of 
Gibraltar (maximum depth 1,092 meters and 
minimum depth 300 meters), while it is linked 
eastward to the Black Sea through the Turkish 
Straits System, composed by the Marmara Sea, 
the Strait of the Dardanelles (91 meters deep), 
and the Bosporus Strait (72.8 meters deep). The 

Black Sea communicates with the Sea of Azov via 
the Kerč Strait. The Azov Sea constitutes a small 
basin, with a maximum length from east to west 
of 1,150 km, and a maximum width of 600 km. 
The Black Sea encloses a total surface of 
463,000 km2 and reaches a maximum depth of 
2,300 meters (Murray 1991; Oguz et al. 1993). 
By contrast, the Mediterranean Sea spans over an 
overall area of nearly 2.5 million km2, reaching 
a maximum depth of 5,267 in front of the south
ern coast of Greece, in the Calypso Pit. Since the 
opening of the Suez Channel, in 1869, the 
Mediterranean Sea is also connected with the 
Red Sea (Hopkins 1985; Pinardi et al. 2006). 
The Strait of Sicily divides the Mediterranean 
Sea in a western and an eastern sub-basin. 
Details on these two sub-regional areas are pro
vided by the General Fisheries Commission for 
the Mediterranean (GFCM), which also consid
ers aspects linked to fisheries (Figure 1).

The average salinity in the Mediterranean Sea is 
36.2–39‰, with higher average values recorded in 
the eastern area (37.5–39.5‰). Annually, surface 
temperatures range between 11°C and 32°C, with 
some local differences. Large portions of the 
Mediterranean basin are classified as deep sea, 
even if they show specific features that differ from 
the nearby Atlantic waters, such as the high home
othermy detected from 300–500 meters depth to the 
bottom. The bottom temperature varies from 12.8° 
C–13.5°C in the western basin, and 13.5°C–15.5°C 
in the eastern side (Emig & Geistdoerfer 2005).

Due to hydrological and climatic characteristics, the 
Mediterranean average primary production is much 
lower than what is commonly observed in most oceanic 
areas (130–140 gC m−2 g−1) (Bosc et al. 2004). 
Exceptions are the Adriatic Sea, the Gulf of Lion, the 
Northern Aegean and the Alboran Sea, where this value 
ranges from 160 to 300 gC m−2 g−1 due to an extra
ordinary concentration of medium nutrients coming 
from the rivers’ run-off that enriches the coastal ecosys
tems (Agenzia Europea Dell’Ambiente (AEA) 2000; 
Bosc et al. 2004). Primary productivity in the Black 
Sea is also higher (140–150 g C m−2 g−1) (Demidov 
2008) compared to other Mediterranean sectors since it 
is influenced by high productivity along the coasts of 
Ukraine, Romania, and Bulgaria (Shlyakhov & 
Daskalov 2008). Even if primary productivity in the 
Black Sea is higher than in the Mediterranean Sea, 
eutrophication affected marine ecosystems in both 
basins, with cross-border repercussions on biological 
diversity. Some fish stocks showed declines over the 
last 30 years as a consequence of high eutrophication 
(European Commission 2009).
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Materials and methods

This study was developed following two lines of inves
tigations. One was based on a careful bibliographic and 
museum search for occurrence records and preserved 
individuals indicating the presence of chondrichthyan 
species in the region (Mancusi et al. 2000; Nicolosi et al. 
2019). The second line examined the taxonomic 
records of data collected by monitoring commercial 
fisheries and in scientific surveys carried out throughout 
the Mediterranean and Black Sea (Bertrand et al. 1997, 
2000; GFCM 2018b). This allowed us to establish and 
investigate the diversity patterns in the different sub- 
regions of the Mediterranean and Black seas.

Data collection

Data collected primarily came from national and 
international scientific programs, targeted to eval
uate fish resources. The most important of which 
was the European Union-Data Collection 
Framework (EU DCF), that includes both echo 
and trawl surveys (Ninni 1912; Mancini 1922; 
D’Ancona 1949; Aloncle 1972; Fredj & Maurin 
1987; Gil De Sola 1994; Aldebert 1997; Bertrand 
et al. 2000; Megalofonou et al. 2000; Jukic- 
Peladic et al. 2001; Schembri et al. 2003; 
Fromentin & Farrugio 2005; Serena et al. 2005a, 
2011, 2014; Relini et al. 2010a, 2010b). The 
MEDIterranean Trawl Survey (MEDITS) pro
gramme of the EU DCF (since 1994) covers on 
average about 543,000 km2, with just over 1,280 
tows per year conducted according to the standar
dized protocol covering the European countries 

bordering the Mediterranean Sea (Albania, 
Croatia, Cyprus, France, Greece, Italy, Malta, 
Montenegro, Slovenia, and Spain) (Spedicato 
et al. 2019). Tows allocation in trawl surveys 
were done according to a random-stratified sam
pling scheme including five bathymetric strata: 
10–50 m, 51–100 m, 101–200 m, 201–500 m, 
and 501–800 m (Relini et al. 2000; Bertrand 
et al. 2002; Massutí & Moranta 2003; Tserpes 
et al. 2013; Serena et al. 2014). Additional data 
came from samplings from landings of industrial 
and small-scale fisheries, in particular for what 
concern data from North African non-European 
countries (Tunisia, Egypt, Lebanon, Libya, Syria, 
Turkey, and Morocco), as well as from the Black 
Sea (GFCM 2018b). As opposed to the MEDITS 
surveys, most of the latter information came from 
research programs focused on resource evaluation 
of the relative studied areas. Nevertheless, such 
data have been very useful to provide important 
baselines of biological diversity in the investigated 
area (El Sayed 1994; Golani 1996; Öztürk 1999; 
Mejuto et al. 2002; Schembri et al. 2003; 
Shlyakhov & Daskalov 2008; Bariche & Fricke 
2020). Final reports, scientific publications, and 
in many cases even raw data were used for the 
general analysis.

To explore spatial patterns of species distribution, all 
data were geographically organized to refer to the 
Subregions identified by GFCM (Western 
Mediterranean, Central Mediterranean, Eastern 
Mediterranean, Adriatic Sea, and the Black Sea) 
(Figures 1 and 2).

Figure 1. GFCM subregions and geographical subareas from SOMFI 2018 (FAO 2018c). Reproduced with permission of FAO.
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Data analysis

To get an overall picture of a biodiversity status 
for the Mediterranean chondrichthyans, while 
dealing with the heterogeneity of available data 
and lack of information for some areas, we used 
a traffic light classification system (Caddy 1999, 
2015). This approach was considered as the most 
appropriate for this preliminary and semi- 
quantitative assessment of the species present in 
the Mediterranean and Black seas. According to 
the collected information (e.g., number or biomass 
or presence/absence of specimens in the area), 
discrete levels of abundance (represented as traffic 
light colors) were assigned to the presence fre
quency of each species in each Mediterranean 
sector: red to indicate rare, yellow for occasional 
and green for abundant species. White was 
assigned to indicate the absence of the species in 
the considered area. For each species, an indica
tion of their occurrence status such as confirmed 
or rare, or common, or questionable, or vagrant 
was also included (Figure 2), where vagrant means 
occasional adult visitor, in agreement with Golani 
et al. (2002) and in contrast with immigrant spe
cies that come to inhabit permanently in the 
Mediterranean area. Figure 2 lists the species 
that can be found in the Mediterranean and the 
Black Sea. Almost all of these species have been 
confirmed as valid for the Mediterranean basin. 
However, some of them remain questionable and 
need confirmations (FAO 2018a, 2018b; Otero 
et al. 2019). A few species have seen only once. 
Others seem to be present in the Mediterranean 
only occasionally. In this review, special attention 
was given to discuss the status of the dubious, 
rare, vagrant, declining, recovering, or extinct spe
cies in the Mediterranean. Species without taxo
nomic issues and showing a fairly assessed and 
stable occurrence status were not described in 
detail.

To better describe the chondrichthyan biodiversity 
of the Mediterranean and Black seas, a semi- 
quantitative biodiversity score was given to each sub- 
region. First, we assigned a score traffic to the light 
categories as follows: 0 for absent species, 0.33 for rare 
species, 0.66 for occasional species and, 1 for abun
dant species. Secondly, all values obtained by species 
in each Mediterranean sector were added up. Finally, 
to standardize this overall biodiversity score, we 
divided the summed values by the total surface 
(expressed as thousands square kilometers) covered 
by each region.

A chi-square test (α = 0.05) was performed to 
evaluate the independence between the region and 
the traffic light abundance index. Independence 
was tested for the entirety of chondrichthyan spe
cies as well as separate shark species and batoids. 
Given that only two species of chimaeras are 
represented in the Mediterranean Seas they were 
not tested as separate groups. Since the values of 
the chi-square tests for sharks and batoids were 
expected to be particularly low, p-values were 
computed using a Monte-Carlo simulation with 
2000 replicates.

The whole set of FAO publications relevant for 
the region, such as Synopses, Identification Field 
Guides, and Identification Cards (Compagno 
1984a, 1984b; Fisher et al. 1987; Bonfil & 
Abdallah 2003; Serena 2005; FAO 2007, 2009; 
Ebert et al. 2013), were used as main references 
for taxonomic issues. Moreover, other taxonomic 
references (Tortonese 1956; Bini 1967; Hureau & 
Monod 1979; Whitehead et al. 1984; Bouchot 
1987; Lloris & Rucabado 1998; Compagno et al. 
2005; Last et al. 2016a; Bariche & Fricke 2020, 
etc.) and scientific contributions (Ben–Tuvia 
1971; Quignard & Capapé 1971; Aloncle 1972; 
Capapé 1989; El Sayed 1994; Ferguson 1994; 
Papaconstantinou et al. 1994; Moreno 1995; 
Aldebert 1997; Kabasakal 1998; Mate et al. 
1999; Bertrand et al. 2000; Relini et al. 2000; 
Jukic-Peladic et al. 2001; Bradaï et al. 2002; 
Başusta et al. 2005; Compagno et al. 2005; 
Golani 2005; Hemida 2005; Saad et al. 2005; 
Serena 2005; Soldo & Peirce 2005; Capapé et al. 
2006; Bradaï et al. 2012; etc.) ensured the tech
nical support needed to confirm the validity of 
species collected from different sources.

The DNA barcoding library of the regional net
work for Mediterranean chondrichthyans was con
sulted to support the current identification keys and 
the reliable identification of specimens. The main 
reference for comparisons and confirmations of spe
cies identification was the “Barcoding Gap Analysis” 
tool on BOLD (Ratnasingham & Hebert 2007).

Regarding the scientific nomenclature, we fol
lowed the Online Database of Eschmeyer’s Catalog 
of Fishes, which is the authoritative reference for 
taxonomic fish names, together with World 
Register of Marine Species (WoRMS) and 
FishBase (Froese & Eds 2019; Fricke 2020a; 
WoRMS Editorial Board 2020). However, the 
family-group names of chondrichthyans are ulti
mately regulated by the International Code of 
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Order Family Species Authors
WESTERN 

MEDITERRANEAN
CENTRAL 

MEDITERRANEAN
EASTERN 

MEDITERRANEAN
ADRIATIC

SEA
BLACK

SEA
Staus of

occurrence
Red List

categories

Year 
of first 
record

First References

HEXANCHIFORMES
Hexanchidae Gray 1851

Heptranchias perlo (Bonnaterre, 1788) Confirmed DD
Hexanchus griseus (Bonnaterre, 1788) Confirmed LC
Hexanchus nakamurai Teng, 1962 Vagrant DD 1986 Tortonese 1986

LAMNIFORMES

Odontaspididae Müller & Henle, 1839
Carcharias taurus Rafinesque, 1810 Decline CR
Odontaspis ferox (Risso, 1810) Decline CR

Lamnidae Bonaparte, 1835
Carcharodon carcharias (Linnaeus, 1758) Vagrant CR
Isurus oxyrinchus Rafinesque, 1810 Recovery CR
Isurus paucus Guitart Manday, 1966 Vagrant DD 2001 Hemida & Capapé 2008
Lamna nasus (Bonnaterre, 1788) Decline CR

Cetorhinidae Gill, 1861
Cetorhinus maximus (Gunnerus, 1765) Confirmed EN

Alopiidae Bonaparte, 1835
Alopias superciliosus Lowe, 1841 Increase EN 1966 Gruber & Compagno 1981
Alopias vulpinus (Bonnaterre, 1788) Confirmed EN

CARCHARHINIFORMES

Pentanchidae Smith, 1912
Galeus atlanticus (Vaillant, 1888) Confirmed NT 1985 Mugnos Chapuli & Ortega 1985
Galeus melastomus Rafinesque, 1810 Increase LC

Scyliorhinidae Gill, 1862
Scyliorhinus canicula (Linnaeus, 1758) Confirmed LC
Scyliorhinus stellaris (Linnaeus, 1758) Decline NT

Triakidae Gray, 1851
Mustelus asterias Cloquet, 1819 Decline VU
Mustelus mustelus (Linnaeus, 1758) Confirmed VU
Mustelus punctulatus Risso, 1827 Confirmed VU
Galeorhinus galeus (Linnaeus, 1758) Decline VU

Carcharhinidae Jordan & Evermann, 1896

Carcharhinus altimus (Springer, 1950) Vagrant DD 1983 Moreno & Hoyos 1983

Carcharhinus brachyurus (Günther, 1870) Confirmed DD 1981 (1881) Cigala Fulgosi 1983b/Garrick 1982
Carcharhinus brevipinna (Valenciennes, 1839) Confirmed NA
Carcharhinus falciformis (Bibron, 1839) Vagrant NA 1987 Moreno 1987
Carcharhinus limbatus (Valenciennes, 1839) Vagrant DD
Carcharhinus melanopterus (Quoy & Gaimard, 1824) Questionable NA 1951 Tortonese 1951
Carcharhinus obscurus (Lesueur, 1818) Confirmed DD 1979 Capape et at. 1979
Carcharhinus plumbeus (Nardo, 1827) Confirmed EN
Galeocerdo cuvier (Péron & Lesueur, 1822) Vagrant NA 2015 Tobuni et al. 2016
Prionace glauca (Linnaeus, 1758) Confirmed CR
Rhizoprionodon acutus (Rüppell, 1837) Vagrant NA 1985 Pastore & Tortonese 1985

Sphyrnidae Bonaparte, 1840
Sphyrna lewini (Griffith & Smith, 1834) Rare NA
Sphyrna mokarran (Rüppell, 1837) Vagrant NA 1969 Boero & Carli 1977
Sphyrna tudes (Valenciennes, 1822) Vagrant NA 1951 Tortonese 1951
Sphyrna zygaena (Linnaeus, 1758) Rare CR

SQUALIFORMES

Dalatiidae Gray, 1851
Dalatias licha (Bonnaterre, 1788) Confirmed VU

Etmopteridae Fowler, 1934
Etmopterus spinax (Linnaeus, 1758) Confirmed LC

Somniosidae Jordan, 1888
Centroscymnus coelolepis Barbosa du Bocage & de Brito Capello, 1864 Confirmed LC
Somniosus rostratus (Risso, 1827) Confirmed DD

Oxynotidae Gill, 1863
Oxynotus centrina (Linnaeus, 1758) Confirmed CR

Centrophoridae Bleeker, 1859
Centrophorus cf. uyato (Rafinesque, 1810) Questionable CR

Squalidae de Blainville, 1816
Squalus acanthias Linnaeus, 1758 Confirmed EN
Squalus blainville (Risso, 1827) Confirmed DD
Squalus megalops (Macleay, 1881) Questionable DD 1984 Muñoz-Chápuli et al. 1984

Echinorhinidae Gill, 1862
Echinorhinus brucus (Bonnaterre, 1788) Rare EN

SQUATINIFORMES

Squatinidae de Blainville, 1816
Squatina aculeata Cuvier, 1829 Decline CR
Squatina oculata Bonaparte, 1840 Decline CR
Squatina squatina (Linnaeus, 1758) Decline CR

TORPEDINIFORMES

Torpedinidae Henle, 1834
Tetronarce nobiliana (Bonaparte, 1835) Confirmed LC
Torpedo  marmorata Risso, 1810 Confirmed LC
Torpedo sinuspersici Olfers, 1831 Questionable NA 2003 Saad et al. 2004
Torpedo torpedo (Linnaeus, 1758) Confirmed LC

RHINOPRISTIFORMES
Rhinobatidae Last, Séret & Naylor, 2016

Rhinobatos rhinobatos (Linnaeus, 1758) Decline EN
Glaucostegidae Bonaparte, 1835

Glaucostegus cemiculus (Geoffroy St. Hilaire, 1817) Decline EN
Glaucostegus halavi (Forsskål, 1775) Questionable NA 2004 Souissi et al. 2007

Pristidae Bonaparte, 1835
Pristis pectinata Latham, 1794 Extinct CR
Pristis pristis (Linnaeus, 1758) Extinct CR

RAJIFORMES

Rajidae de Blainville, 1816
Dipturus batis (Linnaeus, 1758) Questionable CR
Dipturus nidarosiensis (Storm, 1881) Rare NA 2005 Cannas et al. 2010
Dipturus oxyrinchus (Linnaeus, 1758) Confirmed NT
Leucoraja circularis (Couch, 1838) Confirmed CR
Leucoraja fullonica (Linnaeus, 1758) Questionable CR
Leucoraja melitensis (Clark, 1926) Confirmed CR
Leucoraja naevus (Müller & Henle, 1841) Confirmed NT
Raja asterias Delaroche, 1809 Confirmed NT
Raja brachyura Lafont, 1873 Confirmed NT
Raja clavata Linnaeus, 1758 Confirmed NT
Raja miraletus Linnaeus, 1758 Confirmed LC
Raja montagui Fowler, 1910 Rare LC
Raja polystigma Regan, 1923 Confirmed LC
Raja radula  Delaroche, 1809 Confirmed EN
Raja undulata Lacepède, 1802 Confirmed NT
Rostroraja alba (Lacepède, 1803) Confirmed EN

MYLIOBATIFORMES

Dasyatidae Jordan & Gilbert, 1879
Bathytoshia lata (Garman, 1880) Confirmed VU
Dasyatis marmorata (Steindachner, 1892) Confirmed DD 1970 Maurin & Bonnet 1970
Dasyatis pastinaca (Linnaeus, 1758) Confirmed VU
Dasyatis tortonesei Capapé, 1975 elbanoitseuQ? NA 1974 Capapé 1974
Himantura leoparda Manjaji-Matsumoto & Last, 2008 Questionable NA 2016 Yucel et al. 2016 
Himantura uarnak (Gmelin, 1789) Rare NA 1955 Ben Tuvia 1955
Pteroplatytrygon violacea (Bonaparte, 1832) Confirmed LC
Taeniurops grabatus (Geoffroy St. Hilaire, 1817) Rare DD

Gymnuridae Fowler, 1934
Gymnura altavela (Linnaeus, 1758) Decline CR

Aetobatidae Agassiz, 1858
Aetomylaeus bovinus (Geoffroy St. Hilaire, 1817) Confirmed CR

Myliobatidae Bonaparte, 1835
Myliobatis aquila (Linnaeus, 1758) Confirmed VU

Rhinopteridae Jordan & Evermann, 1896
Rhinoptera marginata (Geoffroy St. Hilaire, 1817) Rare DD

Mobulidae Gill, 1893
Mobula mobular (Bonnaterre, 1788) Recovery EN 1798 Lacépéde 

CHIMAERIFORMES

Chimaeridae Rafinesque, 1815
Chimaera monstrosa Linnaeus, 1758 Confirmed NT
Hydrolagus mirabilis (Collett, 1904) Questionable NA 2011 Hassan 2013

RARE
OCCASIONAL
ABUNDANT
ABSENT

SHARKS

BATOIDS

CHIMAERAS

Figure 2. Faunistic list of the chondrichthyans of the Mediterranean and Black seas. When available the year of the first finding is shown. Colours 
correspond to the kind of occurrence in the subregions. The Red List categories is also considered for which species assessed. The status of 
occurrence suggests only the probability to meet the species and does not want represent the conservation status. Therefore, this evaluation is only 
the result of our observations made during the development of this synthesis study.
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Zoological Nomenclature (Code) and published by 
the International Commission on Zoological 
Nomenclature (ICZN 1999) as the 4th edition of 
the Code (on 1 January 2000).

Results

A total of 88 chondrichthyan species, representing 30 
families and 48 genera, were listed using the informa
tion from historical data, scientific campaigns, scien
tific papers, and observations at landing sites all 
around the Mediterranean Sea (Figure 2). This list 
includes 48 species of sharks, belonging to 17 families 
and 27 genera, 38 species of batoids, belonging to 12 
families and 19 genera and two chimaeras belonging 
to two different genera (Figure 3).

Taxonomic account

Approximately, 48% of these species are constantly 
recorded, while the remaining are characterized by 
14% of species increasingly rare. About 20% of these 
species are rare or questionable, and 11% can be con
sidered vagrant (10 species of which 4 are views once) 
(Figure 4). Most of this 52% is composed of species 
that were not anymore recorded in recent years, in 
particular, the two species belonging to the genus 
Pristis Linck 1790 can be considered extinct in the 
Mediterranean basin. However, Mobula mobular 
(Bonnaterre, 1788) and Isurus oxyrinchus Rafinesque, 
1810 show an apparent increase in the relative abun
dance that needs further investigations to be confirmed. 
More than half of the species listed in the 
Mediterranean basin require special consideration to 
clarify their current occurrence status in this area.

The current inferred abundance, frequency of 
occurrence and geographical distribution of sharks, 
batoids and chimaeras in the Mediterranean and 
Black seas is described by family according to the 
ordination suggested by the Eschmeyer’s Catalog 
of Fishes and WoRMS (WoRMS Editorial Board 
2020; Fricke et al. 2020b). Additional details are 
provided for the species whose presence in the area 
is still considered uncertain or rare. Whenever pos
sible, the year of the first Mediterranean record for 
uncertain or rare species is reported, as well as the 
time elapsed without additional sightings 
(Figure 2).

CLASS ELASMOBRANCHII
Cohort Selachii (Sharks)

Lateral gill slits, pectoral fin not attached to the side 
of the head. Tapered body.

Order Hexanchiformes – Cow sharks

Only one family in the Mediterranean and the 
Black Sea.

Family Hexanchidae Gray, 1851

Sharks with six or seven pairs of gill slits; single 
dorsal fin without spines; anal fin present. Eyes 
without a nictitating eyelid.

The Hexanchidae family is represented in the 
Mediterranean by two genera and three species. 
Heptranchias perlo (Bonnaterre, 1788) and 
Hexanchus griseus (Bonnaterre, 1788) are distribu
ted in the entire Mediterranean Sea. H. griseus is 
also found in the Black Sea. Conversely, 
Hexanchus nakamurai Teng, 1962 is very rare 
and apparently differs from the congeneric only 
in the position of the dorsal fin with respect to 
the ventral and anal fins. Only three records are 
available to date. Indeed, Tortonese (1986), also 
referring to Whitehead et al. (1984), mentioned 
a specimen of H. nakamurai preserved at the 
Museum of Natural History of the University of 
Florence (Vanni 1992). More recently, in 
May 2001, another specimen was caught off the 
western coast of Crete Island (Damalas & 
Megalofonou 2012). Lastly, in 2017, an individual 
of H. nakamurai was accidentally caught by a set 
gillnet near Himara (South Albania), at a depth of 
550 m. No genetic analyses were carried out to 
confirm the exact identity of the individual (Bakiu 
et al. 2018). H. nakamurai can surely be consid
ered vagrant.

Order Lamniformes – Mackerel sharks

Four families in the Mediterranean and the Black 
Sea. Eyes without a nictitating eyelid.

Family Odontaspididae Müller & Henle, 1839

Sharks with trunk compressed-cylindrical and stout. 
Snout pointed and conical; gill openings moderately 
large, not extending onto the dorsal surface. Anal 
and ventral fins about as large as the dorsal fins or 
somewhat smaller.

The Odontaspididae family is represented in the 
Mediterranean by two genera and two species: 
Carcharias taurus Rafinesque, 1810 and Odontaspis 
ferox (Risso 1810). Both species seem to have 
declined in the Mediterranean and their sightings 
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are very rare (Fergusson et al. 2002; Bargnesi et al. 
2020).

Family Lamnidae Bonaparte, 1835

Sharks with gill openings large, just extending onto 
the dorsal surface, gill rakers absent. Two dorsal 
fins, caudal fin nearly symmetrical; strong lateral 
keel on the caudal peduncle.

The Lamnidae family is represented by three gen
era and four species: Carcharodon carcharias 
(Linnaeus, 1758), I. oxyrinchus, Isurus paucus 

Guitart Manday, 1966 and Lamna nasus 
(Bonnaterre, 1788). Despite being part of protection 
agreements of the main Conventions such as 
Barcelona, C. carcharias and L. nasus have shown 
clear signs of decline (Ferretti et al. 2008; Moro 
et al. 2019). Conversely I. oxyrinchus seems to be 
in a recovery phase (Serena & Silvestri 2018; 
Mancusi et al. 2020). For this reason, they require 
careful monitoring. In particular, Biscoito and Wirtz 
(1994) and Moreno (1995) reported the presence of 
I. paucus in the Mediterranean waters, later con
firmed by Hemida and Capapé (2008). Indeed, in 
2001 two specimens of I. paucus were sold at the 

Figure 3. Synoptic table showing the number of species belonging to each systematic group of chondrichthyans. The relationship between 
Mediterranean chondrichthyans and global one is compared in terms of percentage.

Figure 4. Percentage representation of the species occurrence according to a consideration linked to the analysis made in the text and 
which takes into account the date of first finding. The period between the first finding and subsequent records of these species highlights 
the peculiarities of the Mediterranean basin. To these presences specific codes have been assigned.
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Algiers’ fish market. Whether I. paucus (commonly 
known as longfin mako shark) is a permanent resi
dent of the Mediterranean Sea remains unclear. 
These recent records, and the historical accounts, 
are too sporadic and isolated to constitute sufficient 
proof that the species regularly occur off the 
Algerian coasts or in other parts of the 
Mediterranean Sea. Therefore, we consider this spe
cies vagrant.

Family Cetorhinidae Gill, 1861

Sharks with extremely long gill slits nearly encircling the 
head, extending onto the dorsal surface, internal gill 
openings with prominent gill rakers. Caudal fin nearly 
symmetrical; strong lateral keel on the caudal peduncle.

The Cetorhinidae family is represented globally by 
only one species: Cetorhinus maximus (Gunnerus, 
1765). In the Mediterranean Sea, it occurs mainly in 
the western part, being a frequent component of the 
bycatch of artisanal fishery especially in the spring 
season (Serena et al. 2000; Mancusi et al. 2005, 
2020). C. maximus is absent in the Black Sea; the 
species is declared Endangered by the IUCN Red 
List (Sims et al. 2016).

Family Alopiidae Bonaparte, 1835

Sharks with extremely elongated upper lobe of the 
caudal fin. No keels on the caudal peduncle.

The Alopidae family is represented in the 
Mediterranean by only one genus and two spe
cies. Alopias superciliosus Lowe, 1841 is a highly 
cosmopolitan, migratory, epi-mesopelagic spe
cies, occurring circumglobally in tropical and 
temperate seas. Hence, it is likely to hypothesize 
the entry of this species in the Mediterranean Sea 
from the Atlantic Ocean via the Strait of 
Gibraltar. The presence of this species in the 
Mediterranean Sea was unknown until the early 
1980s (Tortonese 1937–1938; Hureau & Monod 
1979; Gruber & Compagno 1981; Quèro 1984). 
Gruber and Compagno (1981) mentioned 
a specimen captured in 1966 by a longline in 
the Ionian Sea, but they did not provide any 
further detail. Cigala Fulgosi (1983a) cited four 
specimens captured in the Strait of Sicily (Italy), 
while Corsini-Foka and Sioulas (2009) published 
two findings of bigeye thresher shark caught in 
1952 and 1954 in the waters of the Dodecanese. 
These records, therefore, represent the first offi
cial reports of the presence of the species for the 
entire Mediterranean Sea. Furthermore, Golani 

(1996) and Golani & Capapé (2004) detected 
the species in Israeli waters. Megalofonou et al. 
(2005) mentioned it for the Aegean Sea. More 
recently, this species was also reported in the 
Marmara Sea (Kabasakal & Karhan 2007). In 
recent years, records have considerably increased 
and various authors do not exclude that the spe
cies may have a stable population in the 
Mediterranean Sea, though this species is much 
rarer than the congener Alopias vulpinus 
(Bonnaterre, 1788), which occurs more fre
quently in the area (Zenetos et al. 2005, 2008; 
Clò et al. 2008; Sperone et al. 2018).

Order Carcharhiniformes - Ground sharks

Five families in the Mediterranean, one 
(Scyliorhinidae) also present in the Black Sea. Eyes 
with a nictitating eyelid.

Family Pentanchidae Smith, 1912

Sharks with dorsal fins similar and positioned in the 
posterior part of the body. Nictitating eyelids rudi
mentary. Supraorbital crests on the chondrocranium 
absent.

The Pentanchidae family, previously included as 
a subfamily in the Schyliorhinidae, is represented in 
the Mediterranean by two species of small deep- 
water sharks belonging to the genus Galeus 
Rafinesque, 1810. In 2005, Iglésias et al. proposed 
a new classification for the group, with the redefini
tion of the family Scyliorhinidae sensu stricto and the 
resurrection of the family Pentanchidae. The validity 
of this family is still questioned by some taxonomic 
authorities, and it is not recognized by certain orga
nizations like the Integrated Taxonomic Information 
System (Roskov et al. 2020), which prefer to classify 
its genera in the Scyliorhinidae family. Finally, the 
Catalog of Fishes and WoRMS consider the 
Pentanchidae as a valid Family (Fricke 2020a; 
WoRMS Editorial Board 2020).

Regarding the genus Galeus, Muñoz-Chápuli and 
Ortega (1985) described for the first time some impor
tant morphological differences to distinguish some spe
cimens of Galeus melastomus Rafinesque, 1810 and 
reassigning them to the congener species Galeus atlanti
cus (Vaillant, 1888). Indeed, G. atlanticus, has been 
synonymous with G. melastomus for a long time until 
Muñoz-Chápuli and Ortega (1985) disputed this sta
tus. Distinguishing the two species by using morpholo
gical features is somewhat problematic, if not 
impossible. The identification key used so far probably 
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does not guarantee the exact specific determination 
since the morphological differences are very subjective. 
However, the subsequent genetic analysis confirmed 
the presence of G. atlanticus in the Mediterranean Sea, 
even though in a very restricted area corresponding to 
the Alboran Sea (Rey et al. 2010).

Family Scyliorhinidae Gill, 1862

Sharks with dorsal fins similar and positioned in the 
posterior part of the body. Nictitating eyelids rudi
mentary. Supraorbital crests on the chondrocranium 
present.

The Scyliorhinidae family is represented in the 
Mediterranean by only one genus and two species.

Scyliorhinus canicula (Linnaeus, 1758) is a common 
species in the Mediterranean and relatively abundant 
in various areas, while Scyliorhinus stellaris (Linnaeus, 
1758), retaining more coastal habits on hard bottoms, 
have shown declines in abundance in different 
Mediterranean sectors (Abella et al. 2017d). In their 
recent study on the genus Scyliorhinus Blainville, 1816 
Soares and De Carvalho (2019) analyzed samples 
from the Adriatic and Algerian coasts and opted for 
the resurrection of the species Scyliorhinus duhamelii 
(Garman 1913), following the Garman’s assumptions 
based on differences in color pattern, the shape of 
anterior nasal flaps, and clasper morphology in com
parison to S. canicula. Garman (1913) distinguished 
S. duhamelii from S. canicula and S. stellaris simply by 
the position of the dorsal fins, which would be more 
posterior than the other two species.

S. duhamelii has never been detected during the sev
eral campaigns of the MEDITS trawl survey program 
(Bertrand et al. 2002) and in the ELASMOMED pro
gram (Cariani et al. 2017). Therefore, currently, this 
species is considered invalid for the Mediterranean Sea, 
in disagreement with the Catalog of Fish (Fricke et al. 
2020b) and in agreement with both WoRMS and 
FishBase, not accepting S. duhamelli (Froese & Pauly 
2019; WoRMS Editorial Board 2020). They consider 
Catulus duhamelii (Garman 1913) as junior synonym of 
S. canicula (Compagno 1984b). To clarify this issue, we 
suggest that more detailed studies, that include mole
cular taxonomy analysis are undertaken.

Family Triakidae Gray, 1851

Sharks with dorsal fins different in shape and posi
tioned centrally on the body. The second dorsal fin 
is always slightly smaller.

The Triakidae family is represented in the 
Mediterranean by only two genera and four species. 

In particular, the genus Mustelus Linck, 1790 is 
poorly represented in the Western Mediterranean 
subregion, especially in the northern area. 
However, in the northern Adriatic Sea, there are 
frequent large catches of Mustelus mustelus 
(Linnaeus, 1758) and Mustelus punctulatus Risso, 
1827, while Mustelus asterias (Cloquet, 1819) is to 
be considered rare (Marino et al. 2017). On the 
other hand, the species Galeorhinus galeus 
(Linnaeus, 1758) has now become extremely rare 
in all subregions. However, it is worth noting the re- 
capture of two adult females of G. galeus off the 
southern coast of Sicily in 2014 and 2017 respec
tively, which were tagged in Scotland and Ireland, 
showing unprecedented migratory routes for this 
species (Colloca et al. 2020).

Family Carcharhinidae Jordan & Evermann, 1896

Sharks with the dorsal fins positioned centrally on 
the body. The second dorsal fin always much smal
ler. Eyes round with nictitating eyelids well 
developed.

The Carcharhinidae family is represented in the 
Mediterranean by four genera and eleven species 
(Figure 2). Requiem sharks are distributed in tem
perate and tropical seas and oceans, with several 
species widely distributed. Their habitats range 
from the open sea to coastal areas, but they are 
also found in inland waters, rivers, and freshwater 
lakes (e.g., Carcharhinus leucas [Valenciennes, 
1839]). The genera belonging to the 
Carcharhinidae family are among the most difficult 
to identify, due to the very similar morphological 
features that they share, such as shape and livery. 
They also show overlapping distributions, which 
further complicate their identification easily solvable 
using the shark identification keys and field guides 
(Bigelow & Schroeder 1948; Springer 1950; Casey 
1964; Schwartz & Burgess 1975; Compagno 1984b; 
Gàrrick 1985; Grace 2001; etc.). Today, we count 
11 species belonging to the Carcharhinidae family 
likely to be present in the Mediterranean Sea. Some 
of these species are resident (e.g., Carcharhinus 
obscurus [Lesueur, 1818]; Carcharhinus plumbeus 
[Nardo, 1827]; Prionace glauca [Linnaeus, 1758]). 
While others occasionally enter in the 
Mediterranean Sea and can be considered vagrant, 
such as Galeocerdo cuvier (Péron & Lesueur, 1822) 
or Sphyrna mokarran (Rüppell, 1837). Finally, the 
presence of some species has to be confirmed (e.g., 
Carcharhinus melanopterus [Quoy & Gaimard, 
1824]). Some details related to vagrant and dubious 
species are reported below.
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Moreno and Hoyos (1983) described the first 
capture of Carcharhinus altimus (Springer 1950) off 
the coasts of Morocco in the Alboran Sea and he 
considered this specimen as came in from the Strait 
of Gibraltar. The species was also mentioned in the 
Algerian waters (Hemida & Labidi 2001). Azab 
et al. (2019) collected 14 specimens of 
Carcharhinus altimus (Springer 1950) at the 
Alexandria fish market. The fishes were caught in 
Egyptian waters but the authors did not include any 
detail on the utilized fishing gear. A single record is 
also reported in the Levantine waters (Golani 1996) 
and recently Ayas et al. (2020) report a juvenile 
specimen of C. altimus for the Mersin Bay 
(Turkey). To conclude, C. altimus can be considered 
as a vagrant species for the Mediterranean Sea.

Carcharhinus brachyurus (Günther, 1870) is 
mainly distributed in temperate waters of the 
Pacific and Atlantic oceans and could be considered 
an Atlantic immigrant that probably reached the 
Levantine Sea. Gàrrick (1982), in his revision of 
the genus Carcharhinus (Blainville, 1816) cites 
a female embryo of C. brachyurus preserved in the 
Museum of Natural History collection in Vienna. 
This specimen, caught in 1889 in front of the coasts 
of Nice (France), represents the first mention of the 
species in the Mediterranean Sea. In the same per
iod (1862–1892), Döderlein deposited two dry jaws 
of C. brachyurus in the collections of the Zoological 
Museum of the University of Palermo (Italy). These 
specimens were caught in the Sicilian waters and 
probably represent the first historical records of the 
species in the Mediterranean Sea (Psomadakis et al. 
2009). Cigala Fulgosi (1983b), described a female 
landed at the Mazara del Vallo fish market, that was 
caught in the area of the Strait of Sicily in 1981. 
Later on, other specimens were reported, especially 
in the north-western area of the Mediterranean Sea 
(e.g., Vacchi et al. 1996; Orsi Relini 1998; Zava 
et al. 2006). Recently, Azab et al. (2019) collected 
one specimen of C. brachyurus at the Alexandria 
(Egypt) fish market and its presence was also con
firmed in the Turkish waters (Kabasakal & 
Bilecenoğlu 2020). The presence of C. brachyurus 
in the Mediterranean Sea has been confirmed even 
before historical times: referring to fossil teeth. 
Marsili (2007) cites the observations of Menesini 
(1968) and Bellocchio et al. (1991) of 
C. brachyurus teeth collected in Miocene and 
Pliocene deposits.

Carcharhinus falciformis (Bibron, 1839) is an abun
dant species in the Eastern Atlantic, but it was 
reported only sporadically in the Alboran Sea, as 
well as along the Algerian and southern Spanish 

coasts (Moreno 1987; Barrul & Mate 2002; 
Hemida et al. 2002). Recently, other records of 
this species were reported: one from the Ligurian 
Sea (Garibaldi & Orsi-Relini 2012), two specimens 
from the Egyptian waters (Azab et al. 2019), and 
one from Turkey (Kabasakal & Bilecenoğlu 2020). 
C. falciformis can be considered a vagrant species in 
the Mediterranean Sea. Fossil teeth of this species 
were found in some Italian Miocene and Pleistocene 
deposits (Menesini 1968; Bellocchio et al. 1991).

Carcharhinus limbatus (Valenciennes, 1839) has 
a few records in the Mediterranean Sea and some 
authors consider its occurrence as occasional 
(Cadenat & Blache 1981). It is reported to occur 
in the whole Mediterranean basin except in the 
Adriatic (Serena 2005) as well south-eastern sectors 
all along the North African coasts, Levantine basin 
until the Turkish coasts (Branstetter 1984; 
Bi̇lecenoğlu et al. 2002). Fergusson (1994) reported 
the species as “fairly common”. In the western 
basin, the blacktip shark has been sporadically 
recorded. Capapé et al. (2004) cited only one indi
vidual from the Algerian coasts and Morey et al. 
(2008) another specimen from the Balearic Islands 
(Spain). In the central Mediterranean Sea 
C. limbatus seems to be more frequent (Capapé 
1975; Quignard & Ben Othman 1978; Capapé 
et al. 2004). Ben-Tuvia (1953) and Fredj and 
Maurin (1987) considered, instead, the blacktip 
shark mainly associated with the eastern 
Mediterranean basin, although Golani (2006) listed 
the species as rare off Israel. We believe that further 
investigations are warranted for this species.

Carcharhinus melanopterus (Quoy & Gaimard, 1824) 
is a species with an Indo-Pacific origin, likely entering 
the Mediterranean Sea via the Suez Canal. If this species 
is confirmed in the Mediterranean Sea, its presence is 
likely limited to the Levantine basin. Compagno 
(1984b, 2005) considered the species as valid for the 
Levantine basin and incurring from the Red Sea. This 
observation was possibly based on Tortonese (1951), 
who reported the species as present along the coasts of 
Egypt. However, no specimens are preserved for any 
comparisons (Golani et al. 2002). Ben-Tuvia (1966) 
expressed a doubt by stating that the main ecological 
features of this species are also found in endemic 
Mediterranean species, such as Carcharhinus brevipinna 
(Valenciennes, 1839). Serena (2005) considered the 
presence of this species in the Mediterranean basin 
doubtful and we think that further investigations are 
needed to clarify the situation.

Carcharhinus obscurus (Lesueur, 1818) was not part of 
the Mediterranean species list compiled by Gàrrick 
(1982) and Tortonese (1956). Tortonese eventually 
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confirmed its presence in Sicilian waters (Tortonese 
1987). The first finding of C. obscurus in the 
Mediterranean Sea was published by Capapé et al. 
(1979). The specimens observed by these authors was 
a female caught along the Tunisian coasts. It exhibited 
92 precaudal vertebrae, which constitutes the main 
diagnostic feature useful to distinguish C. obscurus 
from Carcharhinus galapagensis (Snodgrass & Heller, 
1905).

Tobuni et al. (2016) described the first well- 
documented occurrence of G. cuvier in the southern 
Mediterranean Sea. Although this record cannot 
suggest the stable occurrence of the species in the 
area, it can confirm its sporadic occurrence, sup
porting also some previous records considered 
doubtful: one from Malaga (Spain) (Pinto de la 
Rosa 1994), and the second from Sicily (Italy) 
(Celona 2000). The identification of these speci
mens was based only on the jaws description with 
no documented evidence on their origin. Moreover, 
both publications did not provide any photographic 
documentation of the entire individual.

In 2001, a specimen of Rhizoprionodon acutus 
(Rüppell, 1837) was caught off the western coasts 
of Crete Island (Greece) (Damalas & Megalofonou 
2012). This represented the second record for the 
species in the Mediterranean Sea. The first was cited 
by Pastore & Tortonese (1985) off the Calabrian 
coasts of the Ionian Sea. Two other specimens of 
this species have recently been caught incidentally 
by artisanal fisheries in Tunisian and Albanian 
waters (Ben Amor et al. 2016; Kousteni et al. 
2019). A fifth specimen was probably captured in 
the waters of Cyprus in 2019 (Giovos pers. comm.). 
This species is to be considered vagrant.

Other species such as C. leucas and Carcharhinus 
longimanus (Poey, 1861) cannot be included in the 
Mediterranean fauna, though they were found as 
fossils in the Miocene and Pleistocene deposits of 
the Italian, Maltese and Spanish continental terri
tories (Menesini 1968, 1974; Cigala Fulgosi 1986; 
Bellocchio et al. 1991; Cappetta & Nolf 1991). 
There are no confirmed reports of living individuals 
in the Mediterranean Sea.

Carcharhinus amboinensis (Müller & Henle, 1839) 
has only one record in the Mediterranean Sea and at 
present cannot be considered valid species of the 
Mediterranean Sea. This species was reported by 
De Maddalena and Della Rovere (2005) based on 
the description of jaws belonging to a specimen 
caught as bycatch in 2003 from commercial fishery 
off Crotone (Italy). Unfortunately, the authors did 
not provide detailed information on some key mor
phological features of the jaws that are useful for 

species identification and there is not track of the 
collected specimen. For these reasons, we consider 
the presence of this species, at the moment, anecdo
tic in agreement with Ebert et al. (2013). However, 
we cannot reject the possibility that individuals may 
incur in the Mediterranean Sea from the Red Sea. 
Indeed, Spaet et al. (2011), described a single speci
men of C. amboinensis caught in 2010 in the Al- 
Qunfudah waters (Saudi Arabia).

Finally, Carcharhinus acarenatus Moreno and 
Hoyos (1983) is now considered as a valid species, 
as reported by Almeida and Biscoito (2019) and in 
the Eschmeyer’s Catalog of Fishes (Fricke et al. 
2020b). However, this species is considered as 
a junior synonym of C. brachyurus by Compagno 
(1984b) and Froese and Pauly (2020a) and invalid 
by Ebert et al. (2013). Therefore, it is currently con
sidered doubtful and invalid for the Mediterranean.

Family Sphyrnidae Bonaparte, 1840

Sharks with the dorsal fins positioned centrally on 
the body. The second dorsal fin always much smal
ler than the first. Eyes round with nictitating eyelids 
well developed. Peculiar head laterally expanded.

The Sphyrnidae family is represented in the 
Mediterranean by one genus and, probably, four 
species.

S. mokarran and Sphyrna tudes (Valenciennes 1822) 
were reported only once in the Mediterranean Sea. 
S. mokarran was recorded by Boero and Carli (1977), 
who described a specimen caught in the “tonnarella” 
(tuna trap) of Camogli (Italy) in 1969.

Sphyrna tudes (Valenciennes 1822), was described by 
Valenciennes (1822) in the Mediterranean waters and 
later was reclassified as Sphyrna couardi (Cadenac 1951) 
by Cadenat and Blache (1981) and Compagno 
(1984b). Eventually, Compagno et al. (2005) reconsi
der S. couardi as a non-valid species. The specimen 
described by Valenciennes (1822) was captured in 
Nice and preserved at the Natural History Museum in 
Paris. This description was accepted McEachran and 
Sèret (1987) who recognized the possible occasional 
presence of S. tudes in the Mediterranean Sea. Yet, 
Compagno (1984b) and Compagno et al. (2005) did 
not confirm the presence of this species in the eastern 
Atlantic and the Mediterranean Sea. Ebert et al. (2013) 
suggested that S. tudes occurred only along the South 
American Atlantic coasts. However, Tortonese (1951) 
described an additional S. tudes specimen, which was 
confirmed by Serena (2005) who observed the speci
men preserved at the Calci Museum of Natural History 
(University of Pisa, Italy), with catalog number 2347. 
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This second specimen was bought by Tortonese at the 
Livorno (Italy) fish market; hence, we cannot establish 
with complete certainty if the individual was caught 
within Mediterranean waters. In conclusion, S. tudes 
remains a doubtful inhabitant of the Mediterranean 
and further investigations need to be undertaken.

Vasil’eva (2007) cites the hammerhead species 
Sphyrna zygaena (Linnaeus, 1758) as present in the 
Romanian coasts of the Black Sea. However, this report 
was not documented and, certainly, its casual presence 
in the Black Sea must be confirmed. Regarding the 
Mediterranean Sea, there is no debate on the occur
rence of this species in the region (Tortonese 1987, 
Bello 1999; De la Serna et al. 2002; Di Natale et al. 
2005) even though its population has experienced steep 
declines under the impact of fishing (Ferretti et al. 
2008).

Order Squaliformes - Dogfish sharks

Seven families in the Mediterranean Sea, one of 
which (Squalidae) also in the Black Sea.

Family Dalatiidae Gray, 1851

Sharks with two dorsal fins without spines, pectoral 
fin with characteristic rounded edge.

The Dalatiidae family is represented in the 
Mediterranean by only one species Dalatias licha 
(Bonnaterre 1788). It is a demersal species living up to 
1,000 m of depth. More frequent in western than east
ern Mediterranean but never abundant, absent in the 
north Adriatic and Black seas (Bertrand et al. 2000; 
Baino et al. 2001).

Family Etmopteridae Fowler, 1934

Sharks with two small dorsal fins with spines, pec
toral fin with rounded edge.

The Etmopteridae family is represented in the 
Mediterranean by only one species, Etmopterus spi
nax (Linnaeus, 1758). This is a demersal species 
living up to 1,000 m of depth. More frequent in 
the western than eastern Mediterranean but rela
tively abundant, absent in the north Adriatic and 
Black seas (Bertrand et al. 2000; Baino et al. 2001; 
Serena et al. 2005b).

Family somniosidae Jordan, 1888

Sharks with two dorsal fins with or without very 
small spines, inner edge broadly rounded.The 

Somniosidae family is represented in the 
Mediterranean by two genera and two species: 
Centroscymnus coelolepis Barbosa du Bocage & de 
Brito Capello, 1864 and Somniosus rostratus 
(Risso, 1827). Both species are benthic living up 
to 1,000 and 2,700 m of depth respectively. They 
are present mainly in the western Mediterranean 
however not abundant. Rare in the eastern sector 
and absent in the north Adriatic and Black seas 
(Cigala Fulgosi & Gandolfi 1983; Bertrand et al. 
2000; Baino et al. 2001; Barrull & Mate 2001; Clò 
et al. 2002; Serena et al. 2005a).

Family Oxynotidae Gill, 1863

Sharks with two high sail-shaped dorsal fins with 
spines.

The Oxynotidae family is represented in the 
Mediterranean by only one species. Oxynotus cen
trina (Linnaeus, 1758) is common throughout the 
entire Mediterranean, although not abundant, 
absent in the Black Sea (Bertrand et al. 2000; 
Baino et al. 2001).

Family Centrophoridae Bleeker, 1859

Sharks with two dorsal fins different in shape with 
spines with lateral grooves.

The Centrophoridae family is represented in the 
Mediterranean by one genus and probably only one 
species.The taxonomy of the genus Centrophorus 
Müller & Henle, 1837 has not been settled, and 
some species are still under investigation (White 
et al. 2013, 2017a). Also, the validity of 
Centrophorus granulosus (Bloch & Schneider, 1801) 
vs. Centrophorus uyato (Rafinesque, 1810) is still 
debated among taxonomists. Some researchers sta
ted that the Mediterranean species of Centrophorus 
should be named correctly (and definitively) as 
C. uyato (Bonaparte 1834), while others proposed 
a new description of the species and to establish 
a neotype for C. uyato (Guallart pers. comm.). 
Recently, molecular approaches, in agreement with 
the studies of Verissimo et al. (2014), demonstrated 
the presence of a unique mitochondrial clade within 
the Mediterranean Sea (Benvenuto 2019). Such 
results, confirmed by morphometric analyses, sug
gest that a unique morphological and distinct group 
characterize all the Mediterranean Centrophorus sp. 
and indicate the occurrence of a single Centrophorus 
species (probably C. uyato) in the Mediterranean 
Sea. In this sense, a revision of the genus taxonomy 
in the area is needed (Cariani et al. 2017). Based on 
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White et al. (2013), we consider Centrophorus cf. 
uyato as the valid species in the Mediterranean Sea.

Family Squalidae de Blainville, 1816

Sharks with two dorsal fins different in shape with 
long spines without grooves.

The Squalidae family is represented in the 
Mediterranean and Black seas by the only genus 
Squalus Linnaeus, 1758 and, probably, three species: 
Squalus acanthias Linnaeus, 1758; Squalus blainville 
(Risso, 1827) and Squalus megalops (Macleay, 1881). 
Several scientific studies such as MEDITS trawl sur
vey contributed to clarifying the real presence of these 
species in the Mediterranean Sea. S. acanthias and 
S. blainville are mostly found in the northern part of 
the Mediterranean Sea, and the Adriatic including the 
Black Sea (Bat et al. 2005; Serena et al. 2009; Bonello 
et al. 2015; Giarruso 2019). S. megalops seems to be 
present mainly along the African coasts of Tunisia 
(Marouani et al. 2012). Some taxonomic and nomen
clatural problems affect the group of the species in 
question. Excluding S. acanthias, easily recognizable 
thanks to its specific pattern, characterized by small 
white spots on the body, the correct identification of 
the other two species requires the observations of the 
dermal denticles, meristic features or even genetic 
analysis. Certain authors use incorrectly the denomi
nation Squalus blainvillei (Risso, 1827) (Marouani 
et al. 2012; Viana et al. 2016), but the name must be 
considered senior synonym of S. blainville, as indicated 
by Froese and Pauly (2019), Fricke (2020a) and 
WoRMS Editorial Board (2020).

Regarding S. megalops, described for the first time 
by Muñoz-Chápuli et al. (1984), its occurrence in 
the Mediterranean is still debated and needs to be 
confirmed (Muñoz-Chápuli & Ramos 1989; 
Marouani et al. 2012; Bonello et al. 2015; 
Kousteni et al. 2016; Verissimo et al. 2016; Vella 
et al. 2017; Bellodi et al. 2018; Giarruso 2019). In 
any case, specimens of S. megalops for which the 
identification is considered feasible were rarely 
reported in the catches (Bonello et al. 2015; 
Bellodi et al. 2018). Most of the catches of this 
species are recorded from the northern coasts of 
Canary Islands, Morocco and southern Spain 
(Malaga). Furthermore, the first records of this spe
cies in the northern Atlantic and the Mediterranean 
Sea refer to another scientific name, that succes
sively entered into synonymy: Squalus acutipinnis 
Regan, 1908. The firsts records of the species in 
the African equatorial zone are reported by Poll 
(1951), and in the south African area by Krefft 
(1968). However, the real presence of S. megalops 

is still unclear not only for the Mediterranean Sea 
but also for the neighboring Atlantic area (Last et al. 
2007; Verissimo et al. 2016) and some evidences 
confirm the inconsistency of the species identifica
tion keys to distinguish between the Atlantic and 
Mediterranean Squalus, concerning S. blainville and 
S. megalops (Verissimo et al. 2016). Muñoz-Chápuli 
et al. (1984) stated that, once solved these taxo
nomic issues, the species would probably be listed 
as present also in Tunisian, Libyan, and Italian 
waters. Marouani et al. (2012) confirmed the pre
sence of this species in the Gulf of Gabés (Tunisia). 
In conclusion, a taxonomic uncertainty still exists 
for the genus Squalus. This means that more studies 
are required to confirm the validity of the different 
morphological features of these sharks.

Family Echinorhinidae Gill, 1862

Sharks with the body covered with irregularly der
mal denticles on the skin that form flat shields, 
varying in diameter, with large finely ridged spines. 
Two dorsal fins with apex rounded are located in the 
rear part of the body over pelvic fins.

The Echinorhinidae family is represented in the 
Mediterranean Sea (absent in the Black Sea) by only 
one species: Echinorhinus brucus (Bonnaterre, 1788). 
This species is very rare in the area.

Order Squatiniformes - Angel sharks

One family in the Mediterranean Sea included the 
Black Sea

Family Squatinidae de Blainville, 1816

Sharks with a dorso-ventrally depressed body, pec
toral fins greatly expanded along sides of the head as 
a free triangular lobe; no anal fin.

The Squatinidae family is represented in the 
Mediterranean by the genus Squatina Duméril, 1805 
with three different species: Squatina aculeata Cuvier, 
1829; Squatina oculata Bonaparte, 1840; Squatina squa
tina (Linnaeus, 1758). They are all Critically 
Endangered in the Mediterranean Sea according to 
IUCN Red List criteria (Ferretti et al. 2016a, 2016b; 
Soldo & Bariche 2016). No specimens of Squatina were 
recorded in some Mediterranean areas for many years, 
such as in the North-Western Mediterranean Sea 
(Lawson et al. 2019) except the seven specimens 
found in Corsica Island (Lapinsky & Giovos 2019). In 
the Black Sea, only one species of angel shark 
(S. squatina) is present, with few sporadic reports. The 
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last record from the area is a specimen found at the 
Istanbul fish market in 2005 (Pers. obs.). Previously, 
Kabasakal (2002) reported an incidental capture of 
S. squatina in the waters in front of the city of Şile 
(Turkey), in the southwestern Black Sea. Since the 
1960s, this species was officially quoted in the waters 
of the Black Sea (Geldiay 1969; Whitehead et al. 1984; 
Mater & Meriç 1996; Golani 1996; Öztürk 1999; 
Bi̇lecenoğlu et al. 2002; Fricke et al. 2007; Keskin 
2010; Bi̇lecenoğlu et al. 2014; Yankova et al. 2014).

In order to preserve the angel shark populations sev
eral international and national initiatives have been acti
vated (Lauria et al. 2015; Lawson et al. 2019). 
Currently, a study coordinated by Shark Trust is in 
progress to promote an Action Plan for the conservation 
of the angel sharks in the Mediterranean, including the 
Black Sea area (Gordon et al. 2019).

Cohort Batoidea (Rays)

Ventral gill slits, pectoral fin attached to the side of 
the head. Flattened body

Order Torpediniformes - Electric rays

One family in the Mediterranean Sea absent in the 
Black Sea

Family Torpedinidae Henle, 1834

Batoids with pectoral fins greatly enlarged, forming 
a large oval disc. Large electric organ on each side of 
the head.

The Torpedinidae family is represented in the 
Mediterranean by two genera and probably four spe
cies. Saad et al. (2005) surveyed along the Syrian 
coasts, reported the first finding of Torpedo sinuspersici 
Olfers, 1831, a Lessepsian migrant. However, the 
authors neither collected any morpho-biometric 
information nor added any precise indications about 
the sighting location. Moreover, to date, no genetic 
analyses have been carried out to confirm the species 
identification, which is very difficult to distinguish on 
a morphometric basis with the congener Torpedo mar
morata Risso (1810).

With exception of Torpedo torpedo (Linnaeus, 1758), 
which have a very characteristic dorsal side pattern, 
the genus Torpedo Duméril, 1805 has identification 
issues in general. The other genus, Tetronarce Gill, 
1862, represented by a single species, Tetronarce nobili
ana (Bonaparte, 1835), always shows a dark blue pat
tern that is almost black, easy to identify.

As mentioned above, genetic analysis can provide 
valuable help in solving many identification problems, 
although it may be insufficient. Some species in certain 
cases, such as Torpedo alexandrinsis Mazhar, 1987 and 
Torpedo fuscomaculata Peters, 1855 are still erroneously 
reported in the Mediterranean Sea (Quignard & 
Tomasini 2000; Psomadakis et al. 2009; Muammer 
Oral 2010; Zenetos et al. 2010; Almeida & Biscoito 
2019; Froese & Pauly 2020b). In particular, the descrip
tion of T. alexandrinsis is based on five specimens found 
in Alexandria (Egypt) but the types are not available. 
Therefore, Serena (2005) and Weigmann (2016) later 
considered T. alexandrinsis an invalid species for the 
Mediterranean Sea since its presence was based on 
anecdotal information. Subsequently, de Carvalho et 
al. (2016) excluded it from the world’s fish fauna. 
More recently, Fricke (2020a) considered this species 
valid for the Red Sea, hypothesizing also an endemism 
in the northern part of this sea supported by DiBattista 
et al. (2015), even though Bonfil and Abdallah (2003) 
did not list it among the chondrichthyans of the Red 
Sea. T. fuscomaculata was listed today in the Southeast 
Atlantic and Western Indian Ocean from South Africa 
to Tanzania, and off Madagascar, Mauritius, and 
Seychelles (Last et al. 2016a) and later confirmed by 
Fricke (2020a). Though, Muammer Oral (2010) cited 
it for the Turkish waters of the Eastern Mediterranean. 
Despite T. fuscomaculata being mentioned in the 
Lessepsian immigrant group by Quignard and 
Tomasini (2000), based on one record collected in 
Alexandria (Egypt) (Mazhar 1982), its validity for the 
Mediterranean remains questionable. Serena (2005) 
suggested that its presence in the Mediterranean was 
probably linked to a misidentification of T. marmorata 
due to a very similar pattern of the dorsal side. No 
further evidence of these species in the Mediterranean 
has been published nor have genetic analyses been car
ried out on the specimen previously collected. 
Therefore, we do not consider T. fuscomaculata a valid 
species for the Mediterranean Sea.

Order Rhinopristiformes - Guitarfishes

Two families in the Mediterranean Sea, absent in 
the Black Sea

Family Rhinobatidae Last, Séret & Naylor, 2016

Batoids with pectoral fins enlarged, and a strongly 
depressed trunk. Snout elongate and pointed.

The Rhinobatidae family is represented in the 
Mediterranean by only one species: Rhinobatos rhi
nobatos (Linnaeus, 1758) Historically common 
throughout the northern Mediterranean Sea, this 

Diversity of Mediterranean and Black Sea Chondrichthyes 511



species has gone through substantial declines in 
population abundance of range contractions. Its 
conservation status in the Mediterranean is consid
ered Endangered by the IUCN Red List and today 
the species is likely still present in the least exploited 
parts of the southern and eastern Mediterranean Sea 
(Bradai & Soldo 2016).

Family Glaucostegidae Bonaparte, 1835

Batoids with pectoral fins enlarged and strongly 
depressed trunk; the position of the dorsal fins is 
more anterior compared to those of R. rhinobatos. 
Snout elongate and pointed.

The Glaucostegidae family is represented in the 
Mediterranean by one genus and probably two 
species.

Glaucostegus halavi (Forsskål, 1775), was identi
fied for the first time by Vinciguerra (1884) in the 
Gulf of Tunis. However, Quignard and Capapé 
(1971), on the base of morphological features, 
modified the determination in Rhinobatos cemiculus 
(Geoffroy St. Hilaire, 1817). Tortonese (1951) 
recorded the presence of G. halavi along the 
Egyptian coasts, but no specimens were described 
or preserved and, consequently, their presence was 
not confirmed (Ben-Tuvia 1966). In 2004, 
a female of G. halavi was caught by a longline 
16 nm off Zarzis, in the Gulf of Gabes, and the 
capture was reported by Ben Souissi et al. (2007). 
Nevertheless, this record seems to be doubtful and 
might require a reconsideration of the specimen 
classification (Bradaï et al. 2012). Hence, the pre
sence of this species in the Mediterranean still 
needs confirmation. By contrast, Glaucostegus cemi
culus (Geoffroy St. Hilaire, 1817) is certainly 
a Mediterranean species, which has now disap
peared from the northern areas probably due to 
the strong fishing effort (Colloca et al. 2020).

Order Rhinopristiformes – Sawfishes

Only one family in the Mediterranean

Family Pristidae Bonaparte, 1835

Batoids with a strongly depressed trunk and snout 
elongate and pointed with a long rostrum having 
15–32 teeth.

The Pristidae family is represented in the 
Mediterranean by one genus and two species: 
Pristis pectinata Latham, 1794 and Pristis pristis 

(Linnaeus, 1758) The presence of stable popula
tions for these two sawfishes in the Mediterranean 
Sea has been debated for decades (Tortonese 1956; 
Whitehead et al. 1984; Bi̇lecenoğlu et al. 2002; 
Leone et al., 2014). Both species have alternatively 
been included in regional faunal lists of the 
Mediterranean Sea (Tortonese 1956; Whitehead 
et al. 1984) or cited as dubious/questionable for 
the area (Tortonese 1987; Serena 2005). Last et al. 
(2016a) considered the species P. pectinata part of 
the Mediterranean fauna even if they stated that the 
population is now fragmented, and the species have 
to be considered locally extinct over almost its entire 
original range. Regarding P. pristis, the authors did 
not include the species in the Mediterranean faunal 
list. Recently, Faria et al. (2013) suggested that saw
fishes have never been resident populations in the 
Mediterranean basin. Similarly, Harrison and Dulvy 
(2014) stated that the Mediterranean Sea has never 
been included in the sawfishes’ historical distribu
tion boundaries proposing that the few occurrences 
reported in the literature have to be considered 
vagrant specimens coming from outside the 
Mediterranean Sea.

These disputes were eventually reviewed by 
Ferretti et al. (2015) who also carried out further 
bibliographic and archival/museum investigations. 
This study reported that between 1576 and 1959, 
there have been numerous accounts documenting 
the occurrence of both sawfish species (P. pristis 
and P. pectinata) in the Mediterranean Sea, includ
ing 24 catches also pertaining to juvenile specimens. 
Extinction models on these historical records 
revealed that the species became likely extinct in 
the Mediterranean Sea between the 1960s-70s 
(Ferretti et al. 2015).

Order Rajiformes - Skates and rays

Only one family in the Mediterranean and the 
Black Sea

Family Rajidae de Blainville, 1816

Batoids with a depressed body almost circular to 
rhombic disc. Tail well demarcated from the disc.

The Rajidae family is represented in the 
Mediterranean by four genera and sixteen species, 
some of which are questionable (Figure 2). Dipturus 
batis (Linnaeus, 1758) shows evident phenotypic 
differences among the individuals, indicating that 
a careful re-examination of its taxonomy is required. 
In the past, two distinct species were gathered under 
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the single scientific name D. batis. Today more care
ful studies tend to separate the common skate 
D. batis species-complex into two nominal species, 
the blue skate (temporarily called Dipturus cf. flos
sada [Risso, 1826]) and the flapper skate (Dipturus 
cf. intermedia [Parnell, 1837]) (Iglésias et al. 2010). 
More recently, Last et al. (2016a) recognized 
D. batis, also referred to as Dipturus sp. cf. flossada, 
as a valid species. This species was previously con
fused with the larger sympatric flapper skate, 
D. intermedius, now considered as a species apart 
(Last et al. 2016b). Although these authors included 
the Mediterranean Sea in the distribution range of 
both species, they did not give any indication about 
their spatio-temporal distribution. Looking at pre
vious classification attempts, Tortonese (1956) pro
vided a very good description of the species based on 
juvenile specimens from museum collections, but, at 
the same time, he stated there were not enough 
elements to distinguish the Mediterranean indivi
duals from the Atlantic ones. In this sense, he indi
cated a single taxonomic entity: Raja batis 
(Linnaeus, 1758), calling the Mediterranean indivi
duals Raja macrorhynchus Rafinesque, 1810, which 
was later abandoned. Döderlein (1879) considered 
the presence of R. batis as uncertain in the 
Mediterranean Sea. Similarly, Clark (1926) and 
Norman (1935) expressed doubts on the existence 
of R. batis in the Mediterranean Sea, in contrast with 
Risso (1810), who firstly described R. batis from 
specimens caught in the area. Last et al. (2016a) 
did not consider D. batis as a complex species and 
they did not include it among the Mediterranean 
skates. Given this long history of debates, more 
effort in clarifying the current status and taxonomy 
of this species is necessary. It is important, not only 
to investigate whether the species is currently pre
sent in the area but also to verify the documentation 
about the specimens recorded in the past. To this 
end, a review of the museum collections in the 
Mediterranean area could provide useful and defini
tive information on the real occurrence of the spe
cies in these waters (Nicolosi et al. 2019).

Regarding Dipturus oxyrinchus (Linnaeus 1758) 
Iglésias (mentioned in Ebert and Stehmann 
[2013]) indicated that this species could appear to 
be a composite species as well, just like D. batis, 
namely one smaller form occurring in the North- 
Eastern Atlantic and the Mediterranean Sea, and 
a larger form only found in the North-Eastern 
Atlantic. A recent publication by Griffiths et al. 
(2011) suggests that the Mediterranean stock may 
be genetically isolated from stocks outside the 
Mediterranean Sea. The reasons for such stock 

differentiation should be based on differences in 
maximum size and egg capsule size.

Dipturus nidarosiensis (Storm, 1881) was known as 
an endemic species of the North-Eastern Atlantic 
Ocean, even though it was rarely caught 
(Stehmann & Bürkel 1984; Williams et al. 2008). 
However, its distribution range seems to be 
enlarged. Indeed, in recent times, some individuals 
linked to this species have also been caught in the 
Mediterranean Sea during research expeditions car
ried out between 2005 and 2008 (Cannas et al. 
2010; Follesa et al. 2012; Ramírez-Amaro et al. 
2017; Carbonara et al. 2019; Geraci et al. 2019). 
Although Cannas et al. (2010) and Carbonara et al. 
(2019) confirmed the species identification by 
genetics, Ebert and Stehmann (2013) suggested 
that individuals caught in the Mediterranean might 
belong to a smaller morphotype of Dipturus sp. not 
described yet. Despite the presence of this species in 
the Mediterranean has been confirmed, it is neces
sary to deepen the rather complex structure of the 
genus Dipturus (Rafinesque, 1810) and its several 
composite species distributed in the North-Eastern 
Atlantic Ocean and the Mediterranean Sea.

Both Whitehead et al. (1984) and Last et al. 
(2016a) mentioned Leucoraja fullonica (Linnaeus, 
1758) as present in the North-Eastern Atlantic 
coasts, from Madeira and Morocco, having a wide 
northward distribution, reaching the Southern 
Iceland, Norway, and the northern North Sea and 
Skagerrak. They also included the species in the 
Mediterranean Sea, especially in its western areas. 
Previously, Tortonese (1956) had reported the pre
sence of L. fullonica in the Mediterranean Sea, 
asserting its rarity in the Adriatic Sea and indicating, 
oddly for Last et al. (2016a), the Suez Canal as the 
way of entrance. Indeed, the genus Leucoraja 
(Malm, 1877) has never been recorded in the Red 
Sea (Bonfil & Abdallah 2003). However, this species 
is difficult to find in professional fisheries catches, 
especially for trawlers. Since the start of the 
Barcoding program in 2005, this species has never 
been recorded (Cariani et al. 2017). Therefore, we 
need confirmation of the current presence of this 
species in the Mediterranean Sea.

Leucoraja melitensis (Clark 1926) is an endemic 
species of the Mediterranean Sea, described for the 
first time in the waters around Malta (Clark 1926). 
Its distribution is limited to a restricted area of the 
Central Mediterranean Sea (Serena 2005). Recently, 
it is cited on the coasts of Tunisia, it is considered 
rare off Algeria, and just one record from Italian 
waters is available (Dieuzeide et al. 1953-55; 
Tortonese 1956; Torchio 1960; Capapé 1977a). 
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L. melitensis is considered relatively simple to identify, 
but not abundant in the area except for the Strait of 
Sicily (Ragonese et al. 2003; Serena et al. 2011). 
There are still several knowledge gaps for this species.

Raja africana Capapé, 1977 is sometimes reported 
in the taxonomic lists of the Mediterranean Sea and 
cited as an immigrant species from the Atlantic 
Ocean. This species, previously defined as dubious 
by Compagno (1999) and Serena (2005), has not 
been confirmed by the recent genetic study carried 
out by Cariani et al. (2017). Therefore, this species 
is invalid for the Mediterranean Sea. The indication 
reported in Last et al. (2016a) should also be con
sidered a mistake.

Raja asterias Delaroche, 1809 is a very common 
species and it is mentioned as endemic inside the 
Mediterranean Sea, both in the past and in 
a recently annotated global checklist of chondrichth
yans (Tortonese 1956; Serena 2005; Weigmann 
2016). Several scientific contributions citing 
R. asterias as present in the Atlantic waters can be 
considered anecdotal since they did not report any 
morphological or genetic features useful for confir
mation (Coelho et al. 2005; Serghini et al. 2008; Tai 
et al. 2010). However, Ordines et al. (2017) has 
recently confirmed the presence of R. asterias in the 
Atlantic waters after studying a specimen captured 
in the Gulf of Cadiz.

Raja clavata (Linnaeus, 1758) is a species with 
a wide geographical distribution. It inhabits coastal 
and upper slope waters of the North-Eastern 
Atlantic Ocean, from the north-western part to the 
south of the African continent where Stehmann 
(1995) defined its taxonomic status as certain for 
African populations. Its geographical range includes 
the European coasts of the Atlantic Ocean, the 
Baltic Sea, the Mediterranean Sea, and the Black 
Sea. It was also found in the South-Western Indian 
Ocean (Stehmann & Bürkel 1984).

Regarding its taxonomic status, it must be said 
that recently some authors (e.g., Dulvy et al. 2016; 
Bradaï et al. 2018), have used an incorrect nomen
clature referring to Malacoraja clavata (Linnaeus, 
1758). In agreement with the Catalog of Fish, 
WoRMS, and FishBase (Froese & Pauly 2019; 
Fricke 2020a; WoRMS Editorial Board 2020) as 
well as the indications of the Zoological Record, 
we believe that the use of this scientific name is 
improper and, at the moment, to be rejected. In 
fact, M. clavata is to be considered a senior synonym 
of R. clavata (McEachran & Dunn 1998).

The two species Raja montagui Fowler, 1910 and 
Raja polystigma Regan, 1923 have been confused for 

each other, according to a misspecification of diag
nostic features required for the correct identifica
tion. The dichotomous key based on the presence 
or absence of small black spots on the pectoral fins 
edge does not seem to allow a good distinction 
between the two species. Even in recent years, they 
have often been considered a single species (Raja 
montagui). As already known, R. montagui is widely 
distributed mainly in the North-Eastern Atlantic, 
from Norway to Morocco, including the Canarian 
Islands (Serena 2005; Ebert & Stehmann 2013; Last 
et al. 2016a). Recent genetic studies clarified the 
real distinction between the two species and their 
distribution in the Mediterranean Sea: R. montagui 
is limited to the north African coasts of Algeria and 
Tunisia, while R. polystigma is endemic and distrib
uted along the whole Mediterranean coasts 
(Frodella et al. 2016). A deeper investigation of 
genetic and morphological aspects concerning 
these two species is required to obtain simplified 
identification keys.

Order Myliobatiformes – Stingrays, butterfly 
rays, eagle rays, and devilrays

Six families occur in the Mediterranean Sea, two of 
which are also in the Black Sea (Dasyatidae and 
Gymnuridae). Tail well demarcated from the disc, 
slender or whip-like, with one or several spines; 
usually with a single dorsal fin, but no caudal and 
anal fins.

Family Dasyatidae Jordan & Gilbert, 1879

Batoids with depressed body almost circular to 
rhombic disc.

The Dasyatidae family is represented in the 
Mediterranean by five genera and eight species 
(Figure 2).

Tortonese (1956) reports how Garman (1913) 
uselessly ascribed the European species to the sub
genus Dasybatus (Garman, 1885) defining 
Pastinachus marinus (= Dasyatis centroura [Mitchill, 
1815]). CLOFNAM (Check-list of the Fishes of the 
NE Atlantic and the Mediterranean) and FNAM 
(Fishes of the NE Atlantic and the Mediterranean) 
refer explicitly to D. centroura whose distribution 
includes the Atlantic coasts of Spain, Portugal, 
Africa, and the entire Mediterranean Sea, as well 
as the Western Atlantic Ocean (Hureau & Monod 
1979; Whitehead et al. 1984). Ebert and Stehmann 
(2013) confirm this geographical distribution. 
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Furthermore, Iglésias (2014) in his “Handbook of the 
marine fishes of Europe” considers D. centroura as 
a valid species. Afterward, Weigmann (2016), on 
the basis of few specimens, introduces Dasyatis lata 
(Garman, 1880) for the waters of Taiwan, distin
guishing it from D. centroura of the coasts off 
Quilon, India. Séret (2016) still considers 
D. centroura to be in the Western-North Atlantic 
from Cape Cod to the Gulf of Mexico, and in the 
South-Western Atlantic from Brazil to Argentina as 
well as in the eastern Atlantic Ocean from Bay of 
Biscay to Angola, including the Mediterranean Sea. 
Finally, Last et al. (2016b) declared D. centroura as 
a synonymy, preferring the genus of Bathytoshia 
Whitley, 1933. Above all, they make a clear distinc
tion regarding the geographical distribution of 
Bathytoshia centroura (Mitchill, 1815), which is not 
included in the Mediterranean Sea but only to the 
western Atlantic. At the same time, Bathytoshia lata 
(Garman, 1880) is indicated for the 
Mediterranean Sea.

Eventually, the authors in agreement with Last 
et al. (2016b) consider B. lata for the 
Mediterranean as a rare species. However, the col
lection of a significant number of specimens is abso
lutely necessary to deepen morphological and 
genetic studies in order to confirm the species occur
rence within this sea.

Last et al. (2016a) reports Dasyatis marmorata 
(Steindachner, 1892) as present in the Eastern 
Central Atlantic Ocean, from Mauritania to Congo, 
also considering a possible presence in the eastern part 
of the Mediterranean Sea. In fact, after a long and 
complex comparison between D. marmorata and 
Dasyatis chrysonota (Smith, 1828), where the first one 
was previously considered a junior synonym of the 
blue stingray (D. chrysonota), the actual geographic 
distribution of these species has been clarified. 
D. chrysonota is distributed in the South Eastern 
Atlantic Ocean and the South Western Indian 
Ocean, while D. marmorata can be considered 
a tropical Atlantic species that has rapidly spread 
throughout the Mediterranean Sea (Quignard & 
Tomasini 2000). The first finding of D. marmorata 
was recorded in the southern part of Tunisia by 
Maurin and Bonnet (1970), later confirmed by 
Capapé and Zaouali (1992, 1995)). Other records 
were from the Mediterranean coasts of Israel (Golani 
et al. 2002; Golani & Capapé 2004), Turkey (Erguden 
et al. 2014) and Lebanon (Lteif pers. comm.).

Capapé (1977b) and Beveridge et al. (2004) 
believed that a new Mediterranean species of stingray, 
called Tortonese’s stingray, could also be present 
along the eastern coasts of the Atlantic Ocean, but it 

was mentioned to be outside the Mediterranean Sea 
only once during the last century until its first real 
recording by Diatta et al. (2001) off the coasts of 
Senegal. The first description of Dasyatis tortonesei 
Capapé, 1975 in the Mediterranean Sea was given by 
Capapé (1974, 1975, 1977b) on the basis of 
a specimen caught in Tunisian waters. This species 
was considered a junior synonym of the common stin
gray Dasyatis pastinaca (Linnaeus, 1758) and its taxo
nomic status questioned by various authors (Séret & 
McEachran 1986; Tortonese 1987; Compagno 1999; 
Schrynmakers 2001; Serena 2005; Ebert & Stehmann 
2013). However, it was reassigned as a valid species by 
some other authors referring to specimens collected in 
the eastern Mediterranean Sea (Golani 1996; Neifar 
et al. 2000; Golani & Capapé 2004; Golani 2005; El 
Kamel et al. 2009; Saadaoui 2010). Recently, Last 
et al. (2016a) stated that this species differs from 
D. pastinaca on some important features, such as the 
shape of the dorsal skinfold, aspect, and number of 
oral papillae. This species needs to be more clearly 
confirmed as valid for the Mediterranean Sea.

Himantura uarnak (Gmelin, 1789), commonly 
known as honeycomb stingray, is a widely distributed 
species. Its presence is known from the Indo-Pacific 
to the Red Sea, from eastern to northern Africa, and 
in the Philippines (Last et al. 2016a). Recently, its 
geographical boundaries were expanded from the 
Red Sea to the Eastern Mediterranean Sea through 
the Suez Canal (Golani et al. 2002). The first record 
in the Mediterranean Sea is reported by Ben-Tuvia 
(1955). Later on, other records were reported, all 
from the Levantine Basin (Ben-Tuvia 1966; 
Mouneimne 1977; El Sayed 1994; Başusta et al. 
1998; Golani 2005; Ali et al. 2010, 2013). More 
recently, another species of honeycomb stingray, 
Himantura leoparda Manjaji-Matsumoto & Last, 
2008, was reported in the Mediterranean Sea by 
Yucel et al. (2017). They used both morphological 
and molecular techniques, providing the first DNA 
barcode of the species in the Mediterranean Sea 
(Manjaji-Matsumoto & Last 2008). Analyzing more 
specimens is recommended to confirm the presence 
and distribution of this species in the 
Mediterranean Sea.

Taeniurops grabatus (Geoffroy St. Hilaire, 1817) is 
a Dasyatidae present on the Atlantic coasts of West 
Africa (Whitehead et al. 1984), and it is especially 
found along the African coasts of Morocco, 
Mauritania, Senegal, Angola, and also in the Cape 
Verde Islands, Canary, and Madeira (Biscoito & 
Wirtz 1994; Monteiro et al. 2008). The presence 
of this species in these areas was confirmed since 
the Miocene (Antunes et al. 1999). In the 
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Mediterranean Sea, it is present mainly along the 
North African coasts. Contrary to statements by 
some authors, it is not present in the Red Sea 
(Bonfil & Abdallah 2003; Serena 2005), where it is 
probably confused with the congeneric species 
Taeniurops meyeni (Müller & Henle, 1841). Some 
individuals of T. meyeni likely entered the 
Mediterranean Sea from the Suez Canal, but their 
presence is still not documented (Adi Barash pers. 
com). T. grabatus has settled down along the coasts 
of North Africa, where it is relatively abundant, 
especially in Tunisian waters and in the Gulf of 
Gabès (Tortonese 1956; Capapé 1983). There are 
also reports from the Levantine basin, where, in 
1998, a young male was caught in Iskenderun Bay, 
Turkey (Başusta et al. 1998). In the previous year, 
a female was captured along the coasts of Tuscany, 
in the northernmost part of the Western 
Mediterranean Sea. A second specimen, caught in 
the same area with an artisanal fishing net was 
released, still alive, after an accurate identification 
(Serena et al. 1999).

Family Rhinopteridae Jordan & Evermann, 1896

Batoids with a depressed body almost circular to 
rhombic disc. Head marked off from the trunk, 
two subrostral fins incised.

The Rhinopteridae family is represented in the 
Mediterranean by only one species.

Rhinoptera marginata (Geoffroy St. Hilaire, 1817) 
is a bathypelagic batoid species inhabiting the 
inshore waters of the Eastern Atlantic Ocean from 
southern Spain to Senegal, including the entire 
Mediterranean basin but not the Black Sea 
(McEachran & Capapé 1984; McEachran & Séret 
1990; Serena 2005; Ebert & Stehmann 2013). 
Commonly known as Lusitanian cownose ray, it is 
considered a rare and, hence, a “Data Deficient” 
species in the Mediterranean Sea (Başusta & 
Erdem 2000; Ferretti et al. 2016c), according to 
the IUCN regional Red List (Dulvy et al. 2016). It 
has been absent from the catches for a long time in 
the North-Western Mediterranean Sea, probably 
due to overfishing. Very little is known about the 
species in the area, as only a few sightings from the 
Levantine basin are available (Barrul & Mate 2002; 
Başusta et al. 2012). Recently, in the Eastern 
Mediterranean Sea (Mersin Bay in Turkey), 129 
specimens have been accidentally caught in a single 
haul at a depth of 30 m by a commercial purse 
seiner (Mumtaz & Başusta 2018). Thirty-six speci
mens were pregnant, each bearing one embryo at 
a terminal phase of gestation. For this reason, 

Mumtaz and Başusta (2018) suggested that the 
area can be considered as breeding and/or nursery 
area. This reinforces the importance of the 
Levantine basin in terms of biodiversity 
conservation.

Family Mobulidae Gill, 1893

Batoids with a depressed body and rhomboidal disc. 
Two characteristic prominent cephalic lobes extend
ing forward on the head

The Mobulidae family is represented in the 
Mediterranean by only one species.

Tortonese (1956), mentioning Duhamel Du 
Monceau (1777) and Lacépéde (1798), which first 
described M. mobular based on the observation of 
Mediterranean specimens, stated that this species is 
present in the eastern Mediterranean Sea and the 
Atlantic Ocean, from England to Senegal, and occa
sionally in the Western Atlantic Ocean. Currently, 
the species is considered rare. More recently, many 
authors wrote about real population distribution and 
provided elements for its distinction from the con
gener species Mobula japanica (Müller & Henle, 
1841) (Serena 2005; Couturier et al. 2012; Holcer 
et al. 2012; Ebert & Stehmann 2013; Fortuna et al. 
2014; Notarbartolo Di Sciara et al. 2015; Poortvliet 
et al. 2015; Last et al. 2016a; White et al. 2017b; 
Hosegood et al. 2018; etc.). Ebert and Stehmann 
(2013) stated that the presence of M. mobular out
side the Mediterranean Sea should still be consid
ered uncertain, while Poortvliet et al. (2015) 
affirmed that M. mobular has a geographical range 
restricted to the Mediterranean Sea. Moreover, they 
suggested a morphological affinity between 
M. mobular and M. japanica. Although differences 
in teeth morphology suggest that M. japanica and 
M. mobular are separate species (Adnet et al. 2012), 
more detailed studies on the morphology and 
genetic of the species are necessary to confirm 
whether M. japanica is a valid species. Hosegood 
et al. (2018), in agreement with the conclusion of 
White et al. (2017b), found no proofs to support the 
thesis of two different species. Their cluster analyses 
indicated modest differences between the Indo- 
Pacific and the Atlantic (including the 
Mediterranean) groups. Consequently, they upheld 
M. mobular as a single species, with M. japanica 
considered as a junior synonym of it. Therefore, 
M. mobular can be assessed as a circumglobally dis
tributed species. Perhaps it would be necessary to 
concentrate more studies on the possibility to recog
nize subpopulations between the Indo-Pacific and 
the Atlantic and/or between the latter and the 
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Mediterranean regions (Notarbartolo di Sciara pers. 
comm.). However, all these studies require 
a statistically reliable number of specimens to be 
analyzed, both for morphological features and mole
cular techniques.

CLASS HOLOCEPHALI
Order Chimaeriformes - Chimaeras

One family in the Mediterranean Sea, absent in the 
Black Sea.

Family Chimaeridae Rafinesque, 1815

A single external gill opening on each side of head; 
naked skin; first dorsal fin with a long and hard 
spine; elongate tapering tail.

The Chimaeridae family is represented in the 
Mediterranean by two genera and two probably 
species.

Chimaera monstrosa Linnaeus, 1758 has always 
represented the group of chimaeras in the 
Mediterranean. However, nine years ago another spe
cies of chimaera was fished for the first time in Syrian 
and subsequently in Egyptian waters. In fact, Hassan 
(2013) cited a large female specimen of the chimaera 
Hydrolagus mirabilis (Collett, 1904) caught for the first 
time in the Mediterranean Sea along the Syrian coast 
in 2011. The specimen was caught by a bottom trawler 
operating at 500-meter depth. Later, in 2015, ten 
additional specimens of H. mirabilis were caught dur
ing a deep-sea research fishing cruise carried out along 
the Egyptian coasts with a commercial bottom trawl at 
depths between 300–800 m (Farrag 2016). These last 
captures could confirm the occurrence of H. mirabilis 
in the Mediterranean Sea. Anyway, this immigrant 
species from the Atlantic Ocean must be considered 
a rare or doubtful species as of now. Further confirma
tions are needed.

Overall Elasmobranchs biodiversity in the 
Mediterranean and Black seas

In general, the highest number of elasmobranch species 
(84%) were recorded in the western Mediterranean 
Sea, and followed, along a west-east gradient, by the 
Central Mediterranean Sea (81%), the Eastern 
Mediterranean Sea (78%), Adriatic Sea (60%) and by 
the Black Sea, with only 13% of the species represented. 
This west-east gradient applies even if we just refer to 
the 48 Mediterranean shark species. When only batoids 
were considered, a greater richness is detected in the 

Eastern and Central Mediterranean Sea (79% each) 
than the western region (74%). By applying the traffic 
light classification scheme, “rare” species represented 
the largest portion in all considered regions, from 50% 
in the Western Mediterranean to 5% in the Black Sea. 
“Occasional” species showed the highest values in the 
Central Mediterranean Sea (27%), while “abundant” 
species were relatively more frequent in the Western and 
Central Mediterranean (16% each). Considering sharks 
and rays separately, sharks are more frequently classified 
as “rare” (40.8%) than rays (26.8%) (Figure 5).

The Black Sea was the area with the lowest diver
sity, with eleven species of cartilaginous fishes 
(Figure 6) (Tortonese 1969; Whitehead et al. 
1984; Bouchot 1987; Fredj & Maurin 1987; 
Bi̇lecenoğlu et al. 2002; Yankova et al. 2014). 
Some are considered very rare such as S. squatina 
or doubt such as Raja brachyura Lafont, 1873 while 
others (such as S. zygaena and A. vulpinus) were 
recorded just once or a few times.

Even if western, central, and eastern 
Mediterranean regions showed a high number of 
species recorded, the Adriatic Sea was the main 
Mediterranean biodiversity hotspot for elasmo
branchs in terms of diversity score (Figure 7; 
Dulčić et al., 2005). Given that the diversity score 
is weighted by the surface of each sector, this result 
is mainly due to the relatively small size of the 
Adriatic basin. Fifty-three species of cartilaginous 
fish have been recorded in the Adriatic area and, it 
represents the lowest number of species after the 
Black Sea. In general, the occurrence of cartilagi
nous fish is lower in the northern part of the Adriatic 
Sea, where its shallower waters reduce the presence 
of deep-sea species. Few species are widely distrib
uted in the Adriatic Sea such as S. canicula, Mustelus 
spp, P. glauca, S. acanthias, R. clavata, etc., while 
some bathyal species inhabit exclusively the central 
and southern area around the Pomo Pit (Jardas 
1984).

P-values of all chi-square tests highlighted 
a significant dependency between sub-region and 
abundance index for the entire taxonomic group 
(p-value: 6.26*10-24) and, separately considering 
sharks (p-value: 0.00045) and rays (p-value: 
0.00045).

Notes on demersal species

Taking into account the demersal species collected dur
ing the scientific trawl surveys (e.g., MEDITS surveys), 
which has systematically sampled European 
Mediterranean Waters since 1994, some species were 
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commonly recorded in both the Mediterranean and the 
Black Sea (S. canicula; R. clavata; S. acanthias, etc.). 
Other species are common in the west sub-region 
(G. melastomus; E. spinax; S. blainville) or the east por
tion, including the Black Sea (S. acanthias and 
R. brachyura). By contrast, other species were confined 
in restricted areas: Raja miraletus Linnaeus, 1758 mostly 
in the Tyrrhenian Sea, R. brachyura and Raja undulata 
Lacepède, 1802 in the Aegean Sea and G. atlanticus in 
the Alboran Sea. The deep-water species such as 
E. spinax, C. monstrosa, S. rostratus, C. coelolepis, 
G. melastomus and C. cf. uyato were absent in some 

areas such as the northern Adriatic Sea, due to relatively 
low depths. S. canicula was widely distributed on sandy, 
muddy or gravelly bottoms, from coastal waters down 
to 550 m depth, and it was more frequently recorded on 
the continental shelf between 50 and 250 m. S, canicula 
also showed very low abundances in terms of overall 
biomass in some restricted areas such as the North 
Adriatic Sea, Eastern Sicily, and Northern Ionian Sea. 
R. clavata occurred preferentially at the edge of the shelf 
and in the upper slope (200–500 m) showing an irre
gular pattern of distribution and likely absent in some 
East-Central Mediterranean areas (Gil De Sola 1994; 

Figure 5. Relative species abundance in the five Mediterranean sectors considered in the present study (a). Relative abundance if 
considering separately sharks, rays and chimaeras (b). Relative number of species occurring in each sector according to the traffic light 
classification (c-d).

Figure 6. Number of species involved in each subregion. The status of occurrence is utilized to express their trend from west to east.
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Relini et al. 2000; Massutí & Moranta 2003; Sion et al. 
2004; Massutí & Reñones 2005; Megalofonou et al. 
2005; Serena 2005, 2007; Serena et al. 2009; Damalas 
& Vassilopoulou 2011; Ragonese et al. 2013; Tserpes 
et al. 2013; Ramírez-Amaro et al. 2015; Abella et al. 
2017a, 2017b, 2017c, 2017d; Melendez et al. 2017; 
Bradaï et al. 2018; Serena et al. 2018; Follesa et al. 
2019).

In general, within the framework of the (MEDITS) 
trawl surveys, 45 species of chondrichthyans (18 
sharks, 2 angel sharks, 4 stingrays, 3 skates, 14 rays, 
3 electric rays, and 1 chimaera) were recorded and 
included in a taxonomic list (Anonymous 2017). In 
addition to the species mentioned above, single or 
sporadic captures were also recorded (e.g., H. griseus, 
Mustelus spp., Squatina spp., R. marginata) (Bertrand 
et al. 2000; Relini et al. 2000, 2010a).

Discussion

The Mediterranean Sea is a heterogeneous biogeo
graphic area that shows a high level of biological diver
sity. This sea constitutes a complex marine ecosystem 
within which elasmobranchs play a basic role in con
trolling trophic relationships (Katsanevakis et al. 
2014). This is related to multiple factors from its 
geological history to its peculiar oceanographic and 
ecological features. Human impact, however, has 
become a driving force in shaping the spatio- 
temporal patterns of species abundance and distribu
tion through direct and indirect effects of fishing 
exploitation, climate change - which also has pro
moted the immigration and expansion of thermophilic 
taxa - habitat destruction and pollution. These 

changes also affected the populations of cartilagi
nous fish.

The Mediterranean and the Black Sea contribute 
to the 6.9% of the global chondrichthyan species 
diversity with at least 48 species of sharks, 38 species 
of batoids (some of them need to be confirmed), and 
two chimaeras. Only 10–11 elasmobranch species 
are listed in the Black Sea (Bi̇lecenoğlu et al. 2002; 
Serena 2005; Hassan 2013; Yankova et al. 2014; 
Mahmoud 2016; FAO 2018a, 2018b) (Figures 2 
and 3). Endemism is low and recorded only in 
skates. Four species (L. melitensis, R. asterias, 
R. polystigma and Raja radula Delaroche 1809) 
could be considered indigenous, even if R. asterias 
has also been found outside the Gibraltar Strait and 
along the Portuguese coasts of the Gulf of Cádiz 
(Ordines et al. 2017).

Comparing the results of the present study with 
the taxonomic list provided by the FAO field guide 
(Serena 2005), this investigation suggests that at 
least 14 new species (8 sharks, 5 batoids, and one 
chimaera) have been added to the Mediterranean 
chondrichthyans fauna since 2005. Nine of these 
species remain questionable, ten are occasionally 
recorded (with just one or a few records), and 
some species still need to be confirmed (Figure 2).

To confirm the current presence of many species 
in the Mediterranean and the Black Sea for which 
very few records are available, here we carried out 
a thorough revision of the literature and museum 
collections and examined over 30 years of data pro
ceeding from fishery resource monitoring carried out 
in the Mediterranean Sea. This work allowed us to 
take an important snapshot of the local 

Figure 7. Relative abundance of species in all sub-regions (a). Biodiversity score in all sub-regions (b). Biodiversity score in all considered 
sub-regions taking only into account batoid (c) and shark species (d) respectively.
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chondrichthyan biodiversity and update previous 
references, and try to settle discussions, on the 
occurrence of chondrichthyans species in the 
Mediterranean basin. This work was necessary as 
the presence of important taxonomic issues, com
bined with critical conservation status, for many 
species make developing standardized protocols for 
chondrichthyan monitoring difficult in the region. 
Yet we were challenged by the variable level of the 
scientific accuracy of the scientific literature and the 
multitude of languages that sometimes make key 
references not readily available to research efforts. 
Many published studies indicating the first occur
rence of species in the region lacked detailed 
descriptions of the specimens. In other cases, speci
mens deposited in Museum collections lacked 
important information such as location, date, type 
of acquisition, as well as fishing gear involved in the 
capture.

There are several species of Figure 2, that still 
require an important review aimed at confirming 
their actual occurrence in the Mediterranean Sea. It 
was necessary to distinguish between species that have 
been constantly included in the taxonomic lists from 
others that have only occasionally been mentioned. 
For the latter species, it was necessary to provide 
some clarification on the causes of this scarcity of 
records. For example, D. batis has been frequently 
cited in old texts, but it is completely absent in the 
catches of any Mediterranean scientific survey pro
grams and of any commercial fisheries for at least 
50 years. This species was the subject of taxonomic 
discussions as it was considered a complex species 
(Iglésiasacross subregions. These range from et al. 
2010; Last et al. 2016b). For this nomenclatural 
issue, it is problematic to consider D. batis as a valid 
species for the Mediterranean Sea. In this sense, 
museum collections can provide useful support to 
solve some of these doubts. Conversely, 
D. nidarosiensis officially appeared in the 
Mediterranean faunistic lists only recently (Cannas 
et al. 2010) and subsequently was confirmed by dif
ferent authors (Follesa et al. 2012; Massi et al. 2017; 
Geraci et al. 2019; Carbonara et al. 2019) particularly 
for the western and central Mediterranean and the 
Adriatic Sea. Although, it should be said that further 
information on its status in the Mediterranean is 
recommended.

More than 20% of the Mediterranean species are 
considered questionable and vagrant (Figure 2). Many 
of the vagrant species reported in the literature have 
not been recorded for a long time such as the two 
species of hammerhead shark, S. mokarran and 
S. tudes. Other notable examples are Mediterranean 

sawfishes (P. pristis and P. pectinata), which have not 
been recorded in the region since the end of the 1960s. 
Data modeling performed on historical records of the 
species suggested that both species went extinct in the 
Mediterranean Sea between the 1960s and 1970s 
(Ferretti et al. 2015). In these cases, the challenge is 
recognizing when the lack of record of these occasion
ally recorded species are of ecological or biogeographic 
nature or due to the historical and undocumented 
depletion of the species in the area.

Another aspect we focused on in this study is the 
spatio-temporal changes of Mediterranean chon
drichthyan biodiversity. We detected a general 
decrease in biodiversity from north-western to 
south-eastern regions. This is a well-established gen
eral pattern in Mediterranean species diversity (Coll 
et al. 2010) probably due to a decreasing gradient of 
productivity from west to east and the presence of 
a threshold-strait or canal effect (e.g., Gibraltar, 
Sicily-Tunisia, Bosphorus and Suez) influencing 
species movements (Coll et al. 2010). Species rich
ness was lower in the Adriatic and the Black Sea 
with 53 and 10–11 species respectively (Figure 6) 
(Fredj & Maurin 1987; Garibaldi & Caddy 1998; 
Bi̇lecenoğlu et al. 2002; Yankova et al. 2014; and 
present study). Yet when these values are standar
dized by the area of the Mediterranean subregions, 
the Adriatic Sea has the highest number of species 
per unit surface (Figure 7).

There is a multitude of factors affecting the differ
ences observed in the chondrichthyan biodiversity 
across subregions (Guisande et al. 2013). These 
range from morpho-edaphic or oceanographic char
acteristics to levels of anthropogenic pressures such 
as fishing, habitat destruction, and pollution, to 
changes in ocean temperature and species invasions 
from surrounding areas such as the Red Sea through 
the Suez Canal and the Atlantic Ocean. These fac
tors are often difficult to disentangle but some ele
ments appear evident.

Fishing is one of the prevalent drivers for condi
tioning biodiversity of the marine ecosystem. The 
Mediterranean Sea is one of the most exploited 
ocean sectors on the planet (Colloca et al. 2017b; 
Fortibuoni et al. 2017; Kroodsma et al. 2018; 
Corrales et al. 2019; Giménez et al. 2020). 
Multiple species that are now extremely rare or no 
longer present in different subsectors were subject to 
prolonged and intense fishing exploitation in the 
region (Ferretti et al. 2013). For most of these spe
cies, scientific records may have detected just the tail 
end of their declining population trajectories. 
Hence, it is paramount now trying to reconstruct 
their population abundance and distribution 

520 F. Serena et al.



baselines by collecting and analyzing more historical 
information on their occurrence in the region and 
data on the intensity and distribution of current and 
historical Mediterranean fisheries (McClenachan 
et al. 2012; Ferretti et al. 2014).

Incidental catches of chondrichthyan species are 
still recorded in coastal and offshore fisheries. Large 
pelagic elasmobranchs are mostly caught as bycatch of 
longline fisheries. Drifting longlines targeting sword
fish produces relatively high bycatch of P. glauca and 
I. oxyrinchus (FAO 2018c). Demersal species are 
mainly caught by semi-industrial bottom trawlers 
(FAO 2018c). The most abundant catch is now 
S. canicula, G. melastomus, D. oxyrhinchus, E. spinax, 
M. mustelus, C. monstrosa, R. miraletus, and R. clavata 
(Follesa et al. 2019). Small-scale fisheries mainly catch 
large pelagic species such as M. mobular, C. maximus, 
etc. (Mejuto et al. 2002; Peristeraki et al. 2008; 
Barone & Serena 2018; Mancusi et al. 2020). In gen
eral, as Mediterranean biodiversity is higher in coastal 
and shelf waters than in deep-sea environments (Coll 
et al. 2010), most of the chondrichthyan catches result 
from coastal fishing activities. Spatially, in north- 
western Mediterranean areas where industrialized 
fisheries are more developed, chondrichthyan species 
occurrence shows critical concerning levels. While, in 
other areas such as the Levantine basin, where indus
trial fishing is still limited or almost absent, the carti
laginous fish are not exploited thus showing more 
stable situations in terms of occurrence and 
abundance.

Deepening our knowledge of elasmobranchs ecology, 
distribution, and abundance in the Mediterranean Sea 
is paramount for assessing their conservation status and 
eventually, for planning more efficient conservation 
actions. Particular attention needs to be paid on species 
currently listed as “Data Deficient” by the IUCN 
(Serena et al. 2019; Walls & Dulvy 2020). The lack of 
complete information on commercial catches, including 
historical records, precludes the possibility to perform 
quantitative analyses (Cashion et al. 2019). Finally, the 
lack of enough biological information (e.g., food prefer
ences, competition among species, trophic levels, etc.) is 
another problem for understanding some of the 
observed changes in the presence, abundance, and dis
tribution of these species in the area.

In the last twelve years, assessments carried out 
on the conservation status of chondrichthyans in the 
Mediterranean (Dulvy et al. 2016) showed an 
increase in the number of assessed species. Among 
the 88 species of Mediterranean chondrichthyans 
considered, of which 73 assessed, 53.4% are classi
fied as threatened (CR, EN, and VU) and therefore 
at high risk of extinction (Figure 8). More than one- 

third of the species were classified either as Data 
Deficient (17.8%), or not evaluated at all (17% or 
15 species). These results underline the need to 
increase efforts in acquiring more information on 
the conservation status of Mediterranean chon
drichthyans which is crucial to support necessary 
actions to preserve this important marine biodiver
sity component.

Mediterranean and Black Sea water masses are 
warming, and this is affecting the presence, abun
dance, and distribution of its marine species, as well 
as promoting the immigration of other species from 
the warmer Red Sea through the Suez Canal. This 
recent gateway is just an example of how human 
activities had an important role in the observed 
changes in the species diversity. It is worth noting 
that the exchange of species between the Red Sea 
and the Mediterranean is expected to increase in the 
near future due to the effects of both climate change 
and the enlargement of the Suez Canal which 
doubled its size in 2015.

Conclusion

Fishing activities, together with habitat destruction 
and climate change are profoundly altering the 
Mediterranean marine biodiversity, and, in particular, 
chondrichthyan species which show very low resilience 
to perturbations (Ferretti et al. 2008; Dulvy et al. 
2016).

Among the multiple threats chondrichthyans face 
in the Mediterranean Sea, fishing is currently the 
prevalent one. Elasmobranchs are often an impor
tant bycatch of multiple Mediterranean fisheries, 
and this, combined with their low biological produc
tivity (Ricklefs 1979), puts these animals at a high 
risk of extinction (Kindsvater et al. 2016). Technical 
measures as simply widening of the mesh size of the 
fishing nets are absolutely inappropriate measures 
for sound management of elasmobranch resources. 
In fact, in order to keep the populations of these 
fishes in balance, incisive management programs are 
required to guarantee stability for the populations. 
Pushing for a ban of the activities in nursery and 
mating fishing grounds is certainly the best if not 
a winning solution for sustainable exploitation of 
renewable resources. Consequently, these solutions 
also guarantee the conservation process of the most 
vulnerable species as the elasmobranchs. Among 
these management measures, the elimination or at 
least the reduction of the bycatch cannot be missing.

On the other hand, to guarantee high biodiversity in 
the Mediterranean Sea, we also need cautious man
agement throughout all the basin, especially in the 
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areas where fisheries are not fully developed yet, such 
as the Eastern Mediterranean Sea. These actions must 
be addressed to reduce fishing effort on chondrichth
yans, mitigate bycatch, and reduce the impact on mar
ine habitats. The GFCM must play an important role 
in coordinating all Mediterranean countries towards 
the development of an innovative and concerted 
approach for a sustainable fishery. The GFCM can 
enforce policy decisions and exert the right pressure on 
countries to adopt best practices for sustainable fish
ing. This aspect is strictly linked with the adoption of 
laws and regulations aimed to protect the renewable 
resources that are affected by all fishing activities, 
including recreational fishing. To gather as much 
information as possible, all of these considerations 
need to be confirmed with the use of more accurate 
monitoring programs, for both the Mediterranean and 
the Black Sea. Fortunately, it has been observed that 
some management measures are promoting recovery 
of shark biodiversity, such as the ban of drifting nets, 
which occurred eighteen years ago (Council 
Regulation EC 894/97).

To conclude, it is important to stress the great 
importance of a continuous collection of reliable 
data and the enforcement of data collection pro
grams in areas where such activities are not well 
developed. The use of the information collected 
within the European Data Collection Framework 
(DCF) and the Data Collection Reference 
Framework (DCRF) of the GFCM, provided, for 
the first time, an overall description of the 
Mediterranean species diversity of chondrichthyans. 
We focused on the main issues affecting our knowl
edge so far. Such descriptions will be useful for 
future assessments of any diversity change in the 
area and to better address management measures 
to keep biological diversity stable in space and 
time. In this sense, it is necessary to affirm the 
importance of a policy that operates seriously and 

that puts the precautionary approach into practice. 
In fact, Mediterranean elasmobranchs, perhaps 
more than others, are threatened and suffer over
fishing and habitat degradation. Moreover, the 
Mediterranean basin is a very heterogeneous and 
critical area from many points of view. Economic 
interests prevail over everything and often it is not 
possible to adopt a common policy for the manage
ment of resources, especially fish stocks. The 
European Union has the possibility of intervening 
only in a part of the Mediterranean, often causing 
contradictory situations regarding the countries of 
North Africa and the Levant. Taking all this into 
account, the role of the GFCM assumes a basic 
importance not only in the policies of management 
of fish resources but also as regards the conservation 
of vulnerable species such as elasmobranchs and 
consequently of the biodiversity of the marine eco
system (FAO 2019). In particular, the GFCM is the 
unique regional body able to monitor and to 
enforce, current protective instruments that may 
reduce further harm to highly threatened popula
tions such as the elasmobranchs.
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