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Abstract

Bibliographic analysis shows that the Mediterranean Sea is a hot spot for cartilaginous spe-
cies biodiversity, including sharks, rays, and chimaeras; 49 sharks and 36 rays were recorded
in this region. However, they are by far the most endangered group of marine fish in the
Mediterranean Sea. The IUCN Red List shows clearly the vulnerability of elasmobranchs
and the lack of data; 39 species (53% of 73 assessed species) are critically endangered, endan-
gered, or vulnerable. The biological characteristics of elasmobranchs (low fecundity, late
maturity, and slow growth) make them more vulnerable to fishing pressure than most tele-
ost fish. Overfishing, the wide use of nonselective fishing practices, and habitat degradation
are leading to dramatic declines of these species in the Mediterranean Sea. In general, elas-
mobranchs are not targeted but are caught incidentally. In many fisheries, they are, how-
ever, often landed and marketed. A decline in cartilaginous fish species landings has been
observed while fishing effort has generally increased. Better understanding of the composi-
tion of incidental and targeted catches of sharks by commercial fisheries are fundamentally
important for the conservation of these populations. Moreover, problems encountered by
elasmobranchs in the area are highlighted, and conservation measures are suggested.

Keywords: elasmobranchs, Mediterranean Sea, bycatch, biodiversity, fisheries

1. Introduction

The Mediterranean is known to be an important habitat for cartilaginous fish and is thought
to encompass unique breeding grounds for species such as the white shark Carcharodon
carcharias (Linnaeus, 1758) and the thornback ray Raja clavata Linnaeus, 1758. Forty-nine
sharks and thirty-six rays were recorded in this region.
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Elasmobranchs represent about 1 percent of the total fish landings. These landings decrease
from about 26,000 tons in 1984 to about 14,000 in 2015 (official statistic FAO).

Going back in the history, it has been demonstrated that sharks in the Mediterranean Sea have
declined by more than 97 percent in number and “catch weight” over the last 200 years. They risk
extinction if current fishing pressure continues [1]. The last 200 years have seen a dramatic decline
of large predatory sharks in the Mediterranean Sea. This loss of top predators could hold serious
implications for the entire marine ecosystem, greatly affecting food webs throughout this region.

There is evidence that the elasmobranchs of the Mediterranean are declining in abundance,
diversity, and range due to the intense fishing activity primarily in response to the rapidly
increasing demand for shark fins, meat, and cartilage. However, this direct fishing mortality
is not the only impact on elasmobranch populations. There are fishing impacts on habitats
through disturbance of biotic communities and substrates. Shipping and underwater explora-
tion, construction, mining, and electrical installation and aquaculture offshore in cages also
affect habitats, and increasing ambient sound, light, electromagnetic fields, and chemical con-
tamination stimulate the sensory systems of these fishes.

Cartilaginous species, including sharks, rays, and chimaeras, are by far the most endangered group
of marine fish in the Mediterranean Sea; among 73 assessed species in the Mediterranean, the Red
List status of Chondrichthyans shows that 39 (53% of all) are critically endangered, endangered, or
vulnerable [2]. The biological characteristics of elasmobranches (low fecundity, late maturity, slow
growth) make them more vulnerable to fishing pressure than most teleost fish. Overfishing, the
wide use of nonselective fishing practices, and habitat degradation are leading to dramatic declines
of these species in the Mediterranean Sea. In general, elasmobranchs are not targeted but are caught
incidentally. In many fisheries they are, however, often landed and marketed. Better understand-
ing of the composition of incidental and targeted catches of sharks by commerecial fisheries is fun-
damentally important for conservation of these populations.

In this chapter, we try to provide an overview on the bycatch of sharks in the Mediterranean,
their impact on biodiversity, and some recommendations for the conservation of this group
of fish. We refer when necessary to the Gulf of Gabes (Tunisia). The Gulf of Gabes is in fact
a “marine biodiversity hot spot” of significant regional importance and the most important
fishery area of the Tunisian fishing fleet. The Gulf is the preferred habitat for many iconic
Mediterranean vertebrate species—a wintering and foraging area for the loggerhead turtle
(Caretta caretta (Linnaeus, 1758)), a nursery for several elasmobranch species, and a suitable
habitat to many other fish species such as groupers and tunas. Cetaceans, especially bottle-
nose dolphin (Tursiops truncatus (Montagu, 1821)), are encountered there.

2. Status of elasmobranches in the Mediterranean Sea

2.1. Mediterranean elasmobranch fauna

Cartilaginous fishes belong to the Chondrichthyes class comprising sharks, batoids (skates,
stingrays, guitarfishes, and sawfishes), and chimaeroid fishes and including about 1200 living
species [3]. The chimaeras fall in the subclass of Holocephali and the sharks and rays in the
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subclass of Elasmobranchii. For chimaeroid, two species occur in the Mediterranean, the com-
mon rabbitfish Chimaera monstrosa Linnaeus, 1758, and the large-eyed rabbitfish Hydrolagus
mirabilis (Collett, 1904). The latter species is widespread; it is probably relatively common in
the Northeast Atlantic and less common in the western and southern Atlantic [4]. In 2013, a
large female was recorded in the eastern Mediterranean Sea for the first time by Hassan [5].
We deal in this review with this latter subclass, generally named elasmobranchs comprising
sharks (Squalii and Pleurotremata) and rays (Batoidea and Hypotremata).

According to [6], 86 species of elasmobranchs thought to occur in the Mediterranean Sea. This
number comprises 49 species of sharks from 17 families and 37 batoid species from 9 families.

Recently captures of the spinetail devil rays Mobula japanica (Miiller and Henle, 1841) were
reported from the northern coast of Tunisia (central Mediterranean) [7, 8] from Algerian
coasts [9] and from Turkey [10]. Comparison with the partial mitogenome of M. japanica sug-
gests sister-cryptic species complex and two different taxonomic units. However, the limited
divergence within the species (>99.9% genetic identity) may be the result of a geographi-
cally and numerically restricted population of Mobula mobular (Bonnaterre, 1788) within the
Mediterranean Sea [11]. Another genetic study combined genetic and morphological data
challenges the notion that M. mobular and M. japanica are two separate species. However,
additional and population-level sampling, combined with genetic analysis and morphologi-
cal examination, are necessary before any conclusions can be drawn about the species status
of M. japanica [12]. According to its status, M. japonica is not considered in this work.

2.2. Spatial distribution of elasmobranchs in the Mediterranean Sea

Historically, the diversity of Chondrichthyans was greatest in the western Mediterranean Sea,
particularly in the coastal waters of North African countries (Figure 1). Diversity is slightly
lower in the northwest Mediterranean countries [2]. This spatial distribution is also shown in
works of [13, 14].

Within the Mediterranean, the distribution of elasmobranch fishes is not homogenous [15].
Some areas are considered critical habitat for elasmobranchs. However, a big lack of knowledge
on critical habitats for this group was noted in the Mediterranean. For example, the Tunisian
waters provide a nursery area for the white shark C. carcharias (center of Tunisia), for the sand-
bar shark Carcharhinus plumbeus (Nardo, 1827) [16, 17] (Gulf of Gabes, south of Tunisia), and
for the blackchin guitarfish Glaucostegus cemiculus (Geoffroy Saint-Hilaire, 1817) [17].

2.3. Elasmobranch landings

Elasmobranch species are exploited mainly for their fins and meat. They are sometimes tar-
geted by commercial fisheries, while in majority of the cases, they are incidentally caught as
bycatch. In the Mediterranean Sea, elasmobranch fish catches represent only 1.15 percent of
the total landings (Statistic FAO 1980-2015). A decline in cartilaginous species landings has
been observed while fishing effort has generally increased. According FAO statistics of elas-
mobranchs, the catches show a decreasing trend: 26000 tons in 1983-1984 and 14,000 in 2015
(Figure 2).

213



214  Marine Ecology - Biotic and Abiotic Interactions

45°NA

40°N+

35°N
Species
per 100 km?
30°NA 1-120
12.1-29.0
29.1-46.0 ‘
46.1-57.0 ‘
57.1-690 e e L |
250N 0 250 500 1,000 km

Figure 1. Historical species richness of Chondrichthyans within the Mediterranean Sea [2].

The increase of production noted after 2008 is not really related to augmentation of catch but
to the contribution of new countries to the FAO official statistic such as Libya. The contribu-
tion of African countries is becoming noticeable; in fact, they contributed by more than 70% of
elasmobranch production of the area during the last 7 years (Figure 2).
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Figure 2. Mediterranean elasmobranch production according to FAO statistics from 1980 to 2015.
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Figure 3. Contribution of some countries in the Mediterranean elasmobranch production according to FAO statistics
from 1980 to 2015.

During the last 7 years, the major elasmobranch-fishing countries within the Mediterranean
are Libya and Tunisia; in fact they contributed by more than 70% of production (Figure 3). Italy
and Turkey known to be the major elasmobranch-fishing countries within the Mediterranean,
between 1980 and 2008, register a dramatic decrease in catch. Tunisian landings did not show
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Figure 4. Landing evolution of some elasmobranch groups in the Mediterranean between 1980 and 2015.
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any notable variations from 1980 to 2015. Those from Libya appear for the first time in FAO
statistics and seem to be important (Figure 3).

It should be noted that the Mediterranean landings of Carcharhiniformes, the most repre-
sented group among the elasmobranchs and the most commercially fished, recorded notable
decrease (Figure 4).

3. Elasmobranch fisheries

Effects of fishing on marine megafauna are widespread and diverse, primarily due to overex-
ploitation and bycatch [18, 19]. The capture of threatened vertebrates in fisheries is an increas-
ingly prominent international issue [20]. There are particular concerns on elasmobranchs as
they are particularly vulnerable to fishing mortality because of their life histories including
slow growth, late maturity, and low fecundity rates [21, 22]. Elasmobranchs are less able to
sustain their populations under fishing pressures that are sufficient to sustain target teleost
and invertebrate species [23]. According to [22], a decline in elasmobranch populations has
been observed throughout the world and was particularly marked in the Indo-Pacific and
Mediterranean Sea. The loss of some shark and batoid populations from aquatic ecosystems
has socioeconomic and ecological consequences [24, 25].

The Mediterranean is considered a biodiversity hot spot for elasmobranchs [6, 22], being at the
same time the area in the world with the highest proportion of threatened species because of
unregulated fishing [2]. Besides fishery activities, Mediterranean elasmobranch populations
are affected by pollution and habitat degradation resulting in drastic population declines [1].
In this area, some species are commercially targeted, but the majority are taken incidentally.
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Figure 5. Temporal distribution of the number of published papers dealing with elasmobranch captures in the region in
the Mediterranean Sea.
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Mediterranean elasmobranch species are mainly coastal occurring within the range of fisher-
ies, potentially producing high bycatch mortality [6].

The historically low economic value of elasmobranch products compared to bony fishes has
resulted in a lower priority for research and conservation of these species in the Mediterranean
Sea. The chronology of appearance of publications related to elasmobranch captures in the
Mediterranean Sea shows an increased concern in recent year (Figure 5).

Given the socioeconomic and ecological consequences of declining shark and ray populations,
there is an imperative to address declines by implementing effective conservation management.

3.1. Fisheries targeting elasmobranchs

In the Mediterranean Sea, few fisheries are targeting elasmobranchs; this fish group is mainly
landed as bycatch [6, 26]. Elasmobranch species were targeted due to the decline of bony fish
stocks and the increase in shark domestic consumption. The elasmobranch species were tar-
geted mainly using specific gillnets and longline.

3.1.1. Gillnets

Fisheries targeting sharks in the Mediterranean Sea are generally seasonal and local [27-29].
These fisheries operate on the basis of the seasonal abundance of elasmobranch species.
Furthermore, in some coastal communities, sharks represent a subsistence fishery between
more profitable fishing seasons for teleosts, mollusks, and crustaceans [29]. These fisheries are
very heterogeneous because the targeted species, the type of vessels, and the gears used vary
locally and seasonally. Few studies have been undertaken to assess the biological characteris-
tics and impact of these fisheries.

Smooth-hound sharks (Mustelus sp.) are targeted by specific gillnets in the north Adriatic
Sea during spring [27] and in restricted area along the Mediterranean Turkish coasts [28]. In
Tunisia, the fishery of smooth-hounds began in the mid-1980s using special gillnets called
“Gattatia” from February to June along the Gulf of Gabes coasts (Figure 6). This gillnet has
a stretched mesh size of 120-160 mm [29]. In recent years, sandbar sharks and the blackchin
guitarfishes have become the object of directed artisanal fisheries using a special gillnet
(stretched mesh size of 240-340 mm) locally known as “kallabia.” Sandbar sharks are targeted
through April-June and, moreover, the guitarfishes during summer months [29]. In addition,
Carcharhinus sp. and guitarfishes have become the object of directed artisanal fisheries along
the Libyan coasts using gillnets [30, 31]. During the fishery season, gillnets are left in place
and inspected daily.

3.1.2. Longlines

The longline targeting sharks is known mainly in Tunisia and Libya. Decline in catches of
swordfish in the area has shifted the pelagic longline to target elasmobranchs. The sandbar
sharks are fished through July—October [32]. During 2007/2008 the catch rates of C. plumbeus
in pelagic longline were 15.22 invidious/1000 hooks [32]. On the other hand, Carcharhinus sp.
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Figure 6. Elasmobranch species landed by specific gill nets in the Gulf of Gabes.

and guitarfishes are seasonally fished along Libyan coasts using bottom and pelagic longlines
[30, 31]. Unfortunately, there is no data on species composition and catch rates about Libyan
shark fisheries.

Although, these gears are considered selective, they bring several other nontarget species:
Scyliorhinus canicula (Linnaeus, 1758); Squalus acanthias Linnaeus, 1758; Scyliorhinus stel-
laris (Linnaeus, 1758); Muyliobatis Aquila (Linnaeus, 1758); Pteromylaeus bovinus (Geoffroy
Saint-Hilaire, 1817); Galeus melastomus (Rafinesque, 1810); Centrophorus granulosus (Bloch
& Schneider, 1801); Raja radula Delaroche, 1809; Raja miraletus Linnaeus, 1758; Carcharhinus
sp.; Dasyatis sp.; etc. [27, 29-32]. Among sharks, Mustelus genus is the most targeted species
throughout the whole Mediterranean Sea [27, 29-32]. Indeed, this genus is present in the
entire Mediterranean Sea, while the other species such as guitarfishes and sandbar sharks are
more abundant in Tunisia and Libya [30, 31, 33].

3.2. Incidental capture

Research on elasmobranch bycatches has focused mainly on industrial fisheries [34]. However,
recently, it appears that small-scale fisheries are also an important source of mortality for
marine vertebrates [35, 36]. In fact, all cartilaginous fishes are caught accidentally in most
fishing gear in the Mediterranean [37].

3.2.1. Small-scale fisheries

Small-scale fisheries, including artisanal and traditional fisheries, comprise over 80% of the
Mediterranean fleets [38]. In the Mediterranean Sea, small-scale fisheries represented essen-
tially by set nets and bottom longline are included in various métiers that are characterized by
different fishing grounds, seasons, and target species.
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The small-scale fisheries capture mainly elasmobranch species inhabiting the continental
shelf [38-42]. In general, species composition and importance varied regionally. In the Gulf of
Gabes, trammel net captures were dominated by the smooth-hound sharks; however, sting-
rays and skates were the most captured species in Balearic Islands, Corsica, and Aegean Sea
[38—42].

Bottom longline targeting teleost fishes caught incidentally several demersal elasmobranch
species [43—45]. In the Aegean Sea, skates (R. radula, R. clavata, and R. miraletus) represent 6
to 19% of the total catch. These rates vary with the hook size [43, 44]. In Adriatic Sea, bottom
longline capture Raja sp., G. melastomus, and Mustelus mustelus (Linnaeus, 1758) [45]. Along
the Lebanese coasts, small-scale fisheries capture incidentally more batoids than sharks:
Rhinobatos rhinobatos (Linnaeus, 1758); Torpedo marmorata Risso, 1810; R. miraletus; G. cemic-
ulus; and C. granulosus are the most fished species. [46]. Furthermore, small-scale fisheries
affect mainly small species or newborns and juveniles of large species [42]. Among captured
elasmobranch, discards and retained species varied also regionally based on its economic
value [38-44].

The Mediterranean elasmobranch species are mainly coastal and benthic (80%), which make
them vulnerable to fishing activities concentrated mainly on the coasts [6]. Considering the
importance of small-scale fleet in the Mediterranean Sea, they represent a significant source
of mortality for early-life stages of elasmobranch species. These fisheries operate mainly in
nursery areas and coincide with the parturition period of most species. Because of the overlap
of small-scale fisheries with critical area worldwide, they may be among the greatest current
threats to nontargeted megafauna [35, 47].

3.2.2. Industrial fisheries

All cartilaginous fishes are caught accidentally in most industrial fishing gear in the
Mediterranean [37]. It seems that trawlers, pelagic longlines, and purse seine constitute the
most important threat to elasmobranch species.

3.2.2.1. Trawlers

Although trawlers represent about 10% of the Mediterranean fleet, they contribute by approx-
imately 50% of the landed catch, which emphasize their importance. This technique generates
several problems: juvenile catches, important discards, and negative impact on the environ-
ment [48]. In the Mediterranean, discards constitute over 40 percent of the catch [49].

For this fishing gear, very often the information concerns a listing of species without an esti-
mate of catch rates by fishing effort. Recently, preliminary information on this issue was
reported in the Aegean Sea [50], in the Gulf of Gabes [51], and in Turkish coasts [52].

All elasmobranch species are caught by trawlers; 62 species are listed in trawl fisheries in
Greece, 62 species in Catalonia and 74 in Italian waters, 31 species in the Gulf of Gabes, and
20 species in Iskenderun bay [51-53]. However, demersal species, particularly Etmopterus
spinax (Linnaeus, 1758), G. melastomus, S. canicula, Mustelus sp., and Rajidae are most caught
[50, 54-56].
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The proportion of elasmobranch in catch varied locally. In the Alboran Sea, elasmobranch
species represent 4.91 to 8.24 percent by weight of total catches [56]. In Iskenderun bay and
the Gulf of Gabes, elasmobranchs represent 23% and 5.4%, respectively [51, 52].

Among rays, it is noted that R. clavata, R. radula, and R. miraletus are the species most com-
monly caught in the Mediterranean trawling [53, 57]. This technique generates occasional
catch of pelagic sharks as Alopias vulpinus (Bonnaterre, 1788); Prionace glauca (Linnaeus,
1758); Isurus oxyrinchus Rafinesque, 1810; C. carcharias; and rarely Cetorhinus maximus
(Gunnerus, 1765).

3.2.2.2. Longlines

Generally, two types of longlines are used in the Mediterranean: bottom and surface longlines.

The surface longline targets, according to the hook size and immersion depth, swordfish
(Xiphias gladius Linnaeus, 1758), albacore (Thunnus alalunga Bonnaterre, 1788), and tuna. This
gear captures accidentally at least 12 species of sharks [58-62]. The most affected species are
P. glauca and 1. oxyrinchus. The catch rate of sharks was highest in the Alboran Sea followed
by the Adriatic Sea [60-62].

Bottom longline catches especially batoids; in the Aegean Sea, the Rajidae (R. radula, R. clavata,
and R. miraletus) represent 6 to 19 percent of the total catch. These rates vary with the hook
size [42]. In the Gulf of Gabes, bottom longline targeting groupers captures incidentally the
most abundant species such as Mustelus sp. and Rhinobatos sp. [31].

3.3. Impact of fisheries

Despite their sensible life-history characteristics, Mediterranean shark captures have histori-
cally received less attention than bony fish. Unfortunately, the overexploitation added to bio-
logical characteristics of the group has led many species to be threatened or disappeared from
many areas [31].

Scarce data exist to quantify the historical level of elasmobranch exploitation in the
Mediterranean, as the long-term sources of information to assess shark removals are very rare
in this region [63]. The decline of elasmobranch species in the Mediterranean was recognized
by IUCN [2] and also confirmed by fishers [64], while the rate of reduction in the different
sectors of the Mediterranean is unclear by species. The decline importance varies locally in
relation to fisheries importance (Figure 7).

Spatiotemporal analyses of large shark abundances in the Mediterranean Sea show that
population status spatially ranges from overexploited to locally depleted and local extinc-
tion [1]. The case was also reported for Squatina squatina (Linnaeus, 1758) [65]. Recent
analysis of the frequency of occurrence of smooth-hounds in fishery catch data showed
that the species have declined by 80-90% since the beginning of last century to almost dis-
appear in a large part of their original distributional range during the 1980s and 1990s [66].
Bibliographic data gathered in scientific bottom trawl surveys carried out off the south-
ern coasts of Sicily from 1994 to 2009 and between a depth of 10 and 800 m indicated an
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Figure 7. Extinct and possibly extinct species in the Mediterranean Sea, showing that local extinctions have been most
prevalent in the NW Mediterranean Sea [2].

important decline in abundance of the most captured species [67]. Analysis of Italian annual
landing for elasmobranchs between 1997 and 2004 decreased 77% compared with the pre-
vious years (1959-1982). This decrease may be attributed to overharvesting that occurred
during the 1980s and 1990s in Italian seas [68]. Several species (Rhinobatos sp., Carcharhinus
sp., Mustelus sp., etc.) previously considered as common along the Mediterranean Sea
were absent on MEDITS trawling surveys between 1994 and 1999 and currently appear to
be disappeared from the north coasts [53].

In the frame of ACCOBAMS-GFCM Project on mitigating interactions between endangered
marine species and fishing, developed with the collaboration of the RAC/SPA and a sub-
stantial financial support from the MAVA foundation, results of a pilot action on mitigating
bycatch and depredation of elasmobranchs, sea turtles, and cetaceans in surface and bottom
longline fisheries operating in the Gulf of Gabes (2016-2017) indicate a significant decline
in catch rates of the most targeted species mainly C. plumbeus comparatively to summer
2007/2008. In addition, there is a shift for other species habitually considered as unwanted
such as Dasyatis sp.

This decline can be attributed to a number of factors, mainly the intense fishing activity
throughout the coastal and pelagic waters of the basin, such as the Gulf of Lions [69], the
Tyrrhenian Sea [63], and the Adriatic Sea [70]. Moreover, the lack of biological information
and appropriate fishery databases limits the assessment and management plan of elasmo-
branchs in this area [36].

Today, it is thought that economically viable and biologically sustainable yields can be
taken from some of the relatively more productive species, such as Mustelus, under care-
ful management [36]. However, in the Mediterranean Sea, bycatch and direct fisheries
are unregulated, unmonitored, and unreported to national or international management
agencies.
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4. Compilation of conservation and mitigation measures for
elasmobranch bycatch

Given this situation, several conservation measures for these fish are taken or suggested at the
national, regional, and international levels. We review some of them.

4.1. General measures

e The shark fin trade

The trade in shark fins consists of cutting and keeping the fins of the shark and throwing the
mutilated living part back into the sea. This is a cruel and wasteful practice since only 2 to 5%
of the shark is exploited. Although the actual extent of shark fin trade in the Mediterranean is
unknown, this practice is now a major global problem.

According to GFCM regulations (REC.CM-GFCM, 36/2012/3), the removal of fins and their
purchase and sale are prohibited. Similarly, the butchering of specimens onboard the vessel
and prior landing is prohibited.

* Marine protected areas

Marine protected areas (MPAs) are recognized as effective tools for protecting the marine
environment and as an approach that takes into account the ecosystem as a whole. Today,
most of these protected areas occur in coastal waters in the north of the region, highlighting
the importance of identifying MPAs along the southern and eastern coasts, as well as on the
high seas.

¢ International conventions

Several conventions relating to the conservation and management of ichthyofauna in the
Mediterranean Sea have been ratified by all Mediterranean countries.

4.2. Mitigation of incidental catches of elasmobranchs by longline

In the light of the experiences of several longline fisheries, the following recommendations
should be noted:

* Plunge hooks deeper and the day.

The main species of pelagic sharks, as well as stingrays (Dasyatis sp.), are generally taken in
surface waters, and shark activity is generally nocturnal.

¢ Avoid attracting sharks and rays.
In particular, avoid dumping garbage, viscera, and unmarketable fish into a fishing area if

you do not want to attract scavengers like most elasmobranchs.

* Reduce the time of setting, to avoid that elasmobranchs are attracted in large numbers by
captured prey.
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* Avoid certain types of bait that may be more attractive than others; several observations
made by professionals have shown that sharks are more attracted to squid than to fish. To
avoid catching stingrays and sharks mackerel or horse mackerel should be used instead of
sardines.

On the other hand, the development of artificial baits could be an important contributor to the
reduction of catches of sharks and rays.

* Reduce the mortality caused by fishing operations.

Most of the elasmobranchs caught by longlines are alive at the time of longline recovery; it
is advisable to be able to release them immediately by avoiding, if possible, any bruising. In
general, the use of monofilament snoods, which sharks can more easily cut, is preferable than
any other type of braided synthetic fiber or steel [57].

* Move elasmobranchs away from baited hooks.

Pretreatment of baits with some synthetically produced substances may keep Carcharinids
away without affecting other fish.

* Small magnets of steel alloy, neodymium, and boron would be able to keep small sharks or
skates away from baited hooks.

* Guidelines for Recreational Fishing for Sharks and Rays in the Mediterranean Prepared by
RAC/SPA for recreational fishermen as a contribution to the Action Plan for the Conserva-
tion of Cartilaginous Fish in the Mediterranean Sea aim, among other things, to reduce the
potentially harmful impacts of recreational fishing activities on the Mediterranean shark
and ray populations by advocating release. This Code of Conduct recommends the use of
circular hooks; J-hooks are more likely to be swallowed than circular hooks. Barbed hooks
are difficult to remove and can cause damage to internal organs. Circular hooks generally
cling to the jaw and are easier to catch for quick release.

In order to evaluate the efficiency of some measures to reduce bycatch in the Gulf of Gabes
(Tunisia), we evaluated the effect of hook shape (circle hook) and bait nature during experi-
mental trips (23 fishing sets) conducted during summer 2016.

The nature of the bait and the shape of the hook may have impact on CPUE of the sandbar
shark and other endangered shark listed in appendix II of the SPA/BD Protocol.

The CPUE of sandbar shark varies from 6.73 (individual/1000 hooks) with mackerel or other
teleost used as bait to 17.94 when using elasmobranch bait. The use of circular hooks increased
shark caches and specimens size while allowing more easy release of captured shark.

We focus mainly on endangered species in appendix 2 of the protocol concerning specially
protected areas and biological diversity in the Mediterranean because this list was adopted
by the GFCM in the Recommendation GFCM/36/2012/3 on fishery management measures for
conservation of sharks and rays in the GFCM area.
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In fact, GFCM parties shall ensure a high protection from fishing activities to elasmobranch
species listed in Annex II of the SPA/BD protocol of the Barcelona Convention (list of
endangered or threatened species) that must be released unharmed and alive to the extent
possible.

Specimens of sharks’ species listed in Annex II of the SPA/BD Protocol cannot be retained on
board, transshipped, landed, transferred, stored, sold, or displayed or offered for sale.

5. Conclusion

About 86 species of elasmobranchs are thought to occur in the Mediterranean Sea (49 spe-
cies of sharks and 37 batoids). The distribution of elasmobranch fishes is not homogenous.
Concentration of rays and sharks occurred in coastal waters of the western basin and the
central Mediterranean, especially in the waters of Tunisia and Libya.

Some areas are considered as critical habitats for elasmobranchs such as the Gulf of Gabes
(Tunisia).

Elasmobranchs are incidentally caught as bycatch, but sometimes they are directly targeted
by commercial and recreational fisheries in some areas. Catches represent a mean of 1.1 per-
cent of the total landings during the last 35 years. The catches show a decreasing trend from
1983 (about 26,000 tons) to 2015 (about 14,000 tons). The major elasmobranch-fishing coun-
tries within the Mediterranean are Libya and Tunisia for the last 7 years.

Small-scale fisheries, represented essentially by set nets and bottom longline, engender cap-
ture of several demersal species, with variable abundance among areas. All cartilaginous
fishes are caught accidentally in most industrial fishing gear in the Mediterranean. It seems
that trawlers, pelagic longlines, and purse seine constitute the most important threat to elas-
mobranch species.

Protection is currently granted to chondrichthyan fish species under various regional and
international conventions where generally few species are considered. Few countries have
developed their own legislation.

Taking action to collect reliable statistics on landings and bycatch of elasmobranchs should be
a priority for shark’s conservation. Thanks are given to the GFCM which started a program to
collect data on bycatch in the Mediterranean Sea.

Acknowledgements

The authors gratefully acknowledge the Regional Activity Center for Specially Protected
Areas (SPA/RAC) for its contribution in funding some of our research projects and the cost of
editing this chapter.



Overview on Mediterranean Shark’s Fisheries: Impact on the Biodiversity 225
http://dx.doi.org/10.5772/intechopen.74923

Author details

Mohamed Nejmeddine Bradai', Bechir Saidi* and Samira Enajjar'*
*Address all correspondence to: enajjarsamira@yahoo.fr
1 Institut National des Sciences et Technologies de la Mer, Tunisia

2 Faculty of Sciences of Gafsa, Tunisia

References

[1] Ferretti F, Myers RA, Serena F, Lotze HK. Loss of large predatory sharks from the
Mediterranean Sea. Conservation Biology. 2008;22:952-964

[2] Dulvy NK, Allen DJ, Ralph GM, Walls RHL. The Conservation Status of Sharks, Rays
and Chimaeras in the Mediterranean Sea [Brochure]. Malaga, Spain: IUCN; 2016

[3] Compagno LJV. Checklist of living elasmobranchs. In: Sharks, Rays and Chimaeras: The
Status of the Chondrichthyan. IUCN SSC Shark Specialist Group. Gland, Switzerland
and Cambridge, UK: IUCN; 2005. pp. 401-423

[4] Ebert DA, Stehmann MFW. 2013. Sharks, batoids, and chimaeras of the North Atlantic.
FAO Species Catalogue for Fishery Purposes. No. 7. Rome, FAO. 523 pp

[5] Hassan M. Occurrence of large-eyed rabbitfish Hydrolagus mirabilis, Chimaeridae, in
Syrian waters (eastern Mediterranean). Marine Biodiversity Records. 2013;6:7

[6] Bradai MN, Saidi B, Enajjar S. Elasmobranchs of the Mediterranean and Black Sea: Status,
Ecology and Biology. Bibliographic Analysis. Studies and Reviews. General Fisheries
Commission for the Mediterranean. No. 91. Rome: FAO; 2012. p. 103

[7] Capapé C, Rafrafi-Nouira S, El Kamel-Moutalibi O, Boumaiza M, Reynaud C. First
Mediterranean records of spinetail devil ray, Mobula japonica (elasmobranchii: Rajiformes:
Mobulidae). Acta Ichthyologica et Piscatoria. 2015;45:211-215

[8] Rafrafi-Nouira S, El Kamel-Moutalibi O, Ben Amor MM, Capapé C. Additional records
of spinetail devil ray Mobula japanica (Chondrichthyes: Mobulidae) from the Tunisian
coast (Central Mediterranean). Annales. Series Historia Naturalis. 2015;2:103-108

[9] Hemida F, Kassar A, Capape C. Mediterranean occurrence of mobula japanica (chon-
drichthyes: Mobulidae) with first record from the Algerian coast. Rapport de la
Commision Internationale pour I"Exploration Scientifique de la Méditerranée. 2016;41

[10] Sakalli A, Yucel N, Capapé C. Confirmed occurrence in the Mediterranean Sea of Mobula
japanica (Miiller & Henle, 1841) with a first record off the Turkish coasts. Journal of
Applied Ichtyology. 2016;32:1232-1234



226 Marine Ecology - Biotic and Abiotic Interactions

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Bustamante C, Barria C, Vargas-Caro C, Ovenden JR, Bennett MB. The phylogenetic position
of the giant devil ray Mobula mobular (Bonnaterre, 1788) (Myliobatiformes, Myliobatidae)
inferred from the mitochondrial genome. Mitochondrial DNA Part A. 2016;27

Poortvliet M, Olsen JL, Croll DA, Bernardi G, Newton K, Kollias S, O’Sullivan ],
Fernando D, Stevens G, Galvan Magana F, Seret B, Wintner S, Hoarau G. A dated molec-
ular phylogeny of manta and devil rays (Mobulidae) based on mitogenome and nuclear
sequences. Molecular Phylogenetics and Evolution. 2015;83:72-85

Coll M, Piroddi C, Steenbeek ], Kaschner K, Ben Rais Lasram F, Aguzzil ], Ballesteros
E, Nike Bianchi C, Corbera ], Dailianis T, Danovaro R, Estrada M, Froglia C, Galil B,
Gasol JM, Gertwagen R, Gil ], Guilhaumon F, Kesner-Reyes K, Kitsos MS, Koukouras
A, Lampadariou N, Laxamana E, Lopez-Fe CM, De la Cuadra CM, Lotze HK, Martin
D, Mouillot D, Oro D, Raicevich S, Rius-Barile J, Saiz-Salinas JI, San Vicente C, Somot
S, Templado ], Turon X, Vafidis D, Villanueva R, Voultsiadou E. The biodiversity of the
Mediterranean Sea: Estimates, patterns, and threats. PLoS One. 2010;5:11842

Meléndez M], Baez JC, Serna-Quintero JM, Caminas JA, Fernandez IL, Real R, Macias
D. Historical and ecological drivers of the spatial pattern of Chondrichthyes species rich-
ness in the Mediterranean Sea. PLoS One. 2017;12:e0175699

Serena F. Field Identification Guide to the Sharks and Rays of the Mediterranean and
Black Sea. FAO Species Identification Guide for Fishery Purposes. Rome: FAO; 2005;
p- 97

Bradai MN, Saidi B, Bouain A, Guelorget O, Capapé C. The gulf of Gabes (southern
Tunisia, Central Mediterranean): A nursery area for sandbar shark, Carcharhinus
plumbeus (Nardo, 1827) (Chondrichthyes: Carcharhinidae). Annales Series Historia
Naturalis. 2005;15:187-194

Enajjar S, Saidi B, Bradai MN. The Gulf of Gabes (Central Mediterranean Sea): A nurs-
ery area for sharks and batoids (Chondrichthyes: Elasmobranchs). Cahiers de Biologie
Marine. 2015;56:143-150

Hall MA, Alverson DL, Metuzals KI. By-catch: Problems and solutions. Marine Pollution
Bulletin. 2000;41:204-219

Worm B, Barbier EB, Beaumon N, Dufty JE, Folke C, Halpern BS, Jackson JBC, Lotze HK,
Micheli F, Palumbi SR, Sala E, Selkoe KA, Stachowicz JJ, Watson R. Impacts of biodiver-
sity loss on ocean ecosystem services. Science. 2006;314:787-790

Camhi MD, Valenti SV, Fordham SV, Fowler SL, Gibson C. The Conservation Status
of Pelagic Sharks and Rays: Report of the IUCN Shark Specialist Group Pelagic Shark
Red List Workshop. Newbury, UK: IUCN Species Survival Commission Shark Specialist
Group; 2009. p. 78

Gallucci VF, Taylor IG, Erzini K. Conservation and management of exploited shark
populations based in reproductive value. Canadian Journal of Fisheries and Aquatic
Sciences. 2006;63:931-942



[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Overview on Mediterranean Shark’s Fisheries: Impact on the Biodiversity
http://dx.doi.org/10.5772/intechopen.74923

Dulvy NK, Fowler SL, Musick JA, Cavanagh RD, Kyne PK, Harrison LR, Carlson JK,
Davidson LNK, Fordham SV, Francis MP, Pollock CM, Simpfendorfer CA, Burgess
GH, Carpenter KE, Compagno L]V, Ebert DA, Gibson C, Heupel MR, Livingstone SR,
Sanciangco JC, Stevens JD, Valenti S, White WT. Extinction risk and conservation of the
world’s sharks and rays. eLife. 2014;3:e00590

Simpfendorfer CA. Predicting population recovery rates for endangered western
Atlantic sawfishes using demographic analysis. Environmental Biology of Fishes.
2000;58:371-377

Stevens JD, Bonfil R, Dulvy NK, Walker PA. The effects of fishing on sharks, rays, and
chimaeras (chondrichthyes), and the implications for marine ecosystems. ICES Journal
of Marine Science: Journal du Conseil. 2000;57:476-494

Simpfendorfer CA, Heupel MR, White WT, Dulvy NK. The importance of research and
public opinion to conservation management of sharks and rays: A synthesis. Marine and
Freshwater Research. 2011;62:518-527

Walker P, Cavanagh RD, Ducrocq M. Fowler SL. Regional Overviews: Northeast
Atlantic (including Mediterranean and Black Sea). In: Sharks, Rays and Chimaeras: The
Status of the Chondrichthyan Fishes. [IUCN SSC Shark Specialist Group. IUCN, Gland,
Switzerland and Cambridge, UK. 2005. Pp. 71-95

Costantini M, Bernardini M, Cordone P, Guilianini PG, Orel G. Observations on fish-
ery, feeding habits and reproductive biology of Mustelus mustelus (Chondrichthyes,
Triakidae) in northern Adriatic Sea. Biologica Marina Mediterranea. 2000;7:427-432

Ceyhan T, Hepkafadar O, Tosunoglu Z. Catch and size selectivity of small-scale fishing
gear for the smooth-hound shark Mustelus mustelus (Linnaeus, 1758) (Chondrichthyes:
Triakidae) from the Aegean Turkish coast. Mediterranean Marine Science. 2010;11:213-223

Echwikhi K, Saidi B, Bradai MN, Bouain A. Preliminary data on elasmobranch gillnet
fishery in the Gulf of Gabes Tunisia. Journal of Applied Ichthyology. 2013;29:1080-1085

Bradai MN, Saidi B, Enajjar S, Bouain A. The gulf of Gabes: A spot for the Mediterranean
elasmobranches. In: Basusta N, Keskin C, Serena F, Seret B, editors. Proceedings of the
Workshop on the Mediterranean Cartilaginous Fish with emphasis on Southern and
Eastern Mediterranean. Vol. 23. Turkish Marine Research Foundation Publication. 2006.
pp- 107-117

Lamboeuf M. Artisanal fisheries in Libya, census of fishing vessels and inventory of
artisanal fishery metiers. FAO-Copemed-Mbrc. 2000:42

Echwikhi K, Saidi B, Bradai MN. Elasmobranchs longline fisheries in the Gulf of Gabes
(southern Tunisia). Journal of the Marine Biological Association of the United Kingdom.
2014;94:203-210

Ben-Abdalla AR, Al-Gmati H, Kasim AA, Al-Turkie AA, Ben-Moussa MN. Guide to car-
tilaginous fishes in Libyan waters. Marine Biology Research Center MBRC; 2012

Molina JM, Cooke SJ. Trends in shark bycatch research: Current status and research
needs. Reviews in Fish Biology and Fisheries. 2012;22:719-737

227



228 Marine Ecology - Biotic and Abiotic Interactions

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Soykan C, Moore ], Zydelis R, Crowder L, Safina C, Lewison R. Why study by-catch? An
introduction to the theme section on fisheries by-catch. Endangered Species Research.
2008;5:91-102

Moore JE, Cox TM, Lewison RL, Read AJ, Bjorkland R, McDonald SL, Crowder LB, Aruna
E, Ayissi I, Espeut P, Joynson-Hicks C, Pilcher N, Poonian CNS, Solarin B, Kiszka J.
An interview based approach to assess marine mammal and sea turtle captures in arti-
sanal fisheries. Conservation Biology. 2010;143:795-805

Cavanagh RD, Gibson C. Overview of the Conservation Status of Cartilaginous Fishes
(Chondrichthyans) in the Mediterranean Sea. Gland, Switzerland and Malaga, Spain:
IUCN; 2007. p. vi + 42

Stergiou KI, Moutopoulos DK, Soriguer MC, Puente E, Lino PG, Zabala C, Monteiro P,
Errazkin LA, Erzini K. Trammel net catch species composition, catch rates and métiers in
southern European waters: A multivariate approach. Fisheries Research. 2006;79:170-182

Morey G, Moranta J, Riera F, Grau AM, Morales-Nin B. Elasmobranchs in trammel
net fishery associated to marine reserves in the Balearic Islands (NW Mediterranean).
Cybium. 2006;30:125-132

Akyol O. Fish by-catch species from coastal small-scale shrimp trammel net fishery in
the Aegean Sea (Izmir Bay, Turkey). Journal of Applied Ichthyology. 2008;24:339-341

Le Direach L, Bonhomme P, Ourgaud M, Boudouresque C, Cadiou G. By-catch and dis-
cards of elasmobranchs in the artisanal net fishery in a Corsican MPA (North-Western
Mediterranean). Rapport de la Commision Internationale pour I’"Exploration Scientifique
de la Méditerranée. 2013;40:493

Saidi B, Enajjar S, Bradai MN. Elasmobranch captures in shrimps trammel net fish-
ery off the Gulf of Gabes (southern Tunisia, Mediterranean Sea). Journal of Applied
Ichthyology. 2016;32:421-426

Mancusi C, Clo S, Affronte M, Bradai MN, Hemida F, Serena F, Soldo A, Vacchi M. On
the presence of basking shark (Cetorhinus maximus) in the Mediterranean Sea. Cybium.
2003;29:399-405

Stergiou KI, Moutopoulos DK, Erzini K. Gill net and longlines fisheries in Cyclades
waters (Aegean Sea): Species composition and gear competition. Fisheries Research.
2002;57:25-37

Ungaro N, Marano G, De Zio V, Pastorelli AM, Rositani L. Some Information on Offshore
Bottom Longline Fishery in the Southern Adriatic Sea (GFCM Geographical Sub-Area
18). In Adriatic Sea Small-scale Fisheries. Report of the AdriaMed Technical Consultation
on Adriatic Sea Small-Scale Fisheries. Split, Croatia, 14th — 15th October 2003. FAO-
MiPAF Scientific Cooperation to Support Responsible Fisheries in the Adriatic Sea. GCP/
RER/010/ITA/TD15. AdriaMed Technical Documents. 2005;15:98-102

Lteif M, Khalaf G, Jarraya M, Mouawad R, Lenfant P. The status of the cartilaginous
fish species in the Lebanese coastal waters. In: International Congress on “Estuaries and
Coastal Marine Protected Areas” ECPA 2014 (Izmir - Turkey), 2014. pp. 51-54



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Overview on Mediterranean Shark’s Fisheries: Impact on the Biodiversity
http://dx.doi.org/10.5772/intechopen.74923

Alfaro-Shigueto J, Mangel JC, Bernedo F, Dutton PH, Seminoff JA, Godley BJ. Small-
scale fisheries of Peru: A major sink for marine turtles in the Pacific. Journal of Applied
Ecology. 2011;48:1432-1440

Sacchi J. Impact des techniques de péche en Méditerranée: Solutions d’amélioration.
GFCM:SAC10/2007/Dma.3

Sanchez P, Demestre M, Martin P. Characterisation of the discards generated by bottom
trawling in the northwestern Mediterranean. Fisheries Research. 2004;67:71-80

Damalas D, Maravelias CD, Katsanevakis S, Karageorgis AP, Papaconstantinou
C. Seasonal abundance of non—commercial demersal fish in the eastern Mediterranean
Sea in relation to hydrographic and sediment characteristics. Estuarine, Coastal and
Shelf Science. 2010;89:107-118

Hamdaoui, B. 2009. Les élasmobranches dans les débarquements des chalutiers au port
de péche de Sfax, golfe de Gabes. Master. Faculté des Sciences de Sfax, Tunisie; 75p

Yaglioglu D, DeniZ T, Gurlek M, Erguden D, Turan C. Elasmobranch bycatch in a bottom
trawl fishery in the Iskenderun Bay, northeastern Mediterranean. Cahiers de Biologie
Marine. 2015;56:237-243

Bertrand ], Gil De Sola L, Papakonstantinou C, Relini G, Souplet A. Contribution on the
distribution of the elasmobranchs in the Mediterranean Sea (from the MEDITS surveys).
Biologia Marina Mediterranea. 2000;7:385-399

Baino R, Serena F, Ragonese S, Rey ], Rinelli P. Catch composition and abundance of
elasmobranchs based on the MEDITS program. Rapport de la Commision Internationale
pour I'Exploration Scientifique de la Méditerranée. 2001;36:234

Massuti E, Moranta J. Demersal assemblages and depth distribution of elasmobranchs
from the continental shelf and slope off the Balearic Islands (western Mediterranean).
ICES Journal of Marine Science. 2003;60:753-766

Carbonell A, Alemany F, Merella P, Quetglas A, Roman E. The by—catch of sharks in the
western Mediterranean (Balearic Islands) trawl fishery. Fisheries Research. 2003;61:7-18

Abella AJ, Serena F. Comparison of elasmobranch catches from research trawl sur-
veys and commercial landings at port of Viareggio, Italy, in the last decade. Journal
Northwestern Atlantic Fisheries Science. 2005;35:345-356

Di Natale A. By-catch of shark species in surface gear used by the Italian fleet for large
pelagic species. Collective Volume of Scientific Papers ICCAT. 1998;48:138-140

Mejuto ]JB, Garcia-Cortés B, de la Serna JM. Preliminary scientific estimations of by-
catches landed by the Spanish surface longline fleet in 1999 in the Atlantic Ocean and
Mediterranean Sea. ICCAT Collective Volume Series. 2002;54(4):1150-1163

Megalofonou P, Yannopoulos C, Damalas D, De Metrio G, Deflorio M, de la Serna M],
Macias D. Incidentals catch and estimated discards of pelagic sharks from the swordfish
and tuna fisheries in the Mediterranean Sea. Fishery Bulletin. 2005;103:620-634

229



230 Marine Ecology - Biotic and Abiotic Interactions

[61]

[62]

[63]

[65]

Gabr MH, El-Haweet A. Pelagic Longline fishery for albacore (Thunnus alalunga) in
the Mediterranean Sea off Egypt. Turkish Journal of Fisheries and Aquatic Sciences.
2012;12:735-741

Ceyhan T, Akyol O. On the Turkish surface Longline fishery targeting swordfish
in the eastern Mediterranean Sea. Turkish Journal of Fisheries and Aquatic Sciences.
2014;14:825-830

Ferretti F, Myers RA, Serena F, Sartor P. Long term dynamics of chondrichthyan fish com-
munity in the upper Tyrrhenian Sea. ICES Council meeting documents. Copenhagen.
ICES CM. 2005:25

Maynou F, Sbrana M, Sartor P, Maravelias C, Kavadas S, Damalas D, Cartes JE,
Osio G. Estimating trends of population decline in long-lived marine species in the
Mediterranean Sea based on fishers” perceptions. PLoS One. 2011;6:e21818

Fortibuoni T, Borme D, Franceschini G, Giovanardi O, Raicevich S. Common, rare or extir-
pated? Shifting baselines for common angelshark, Squatina squatina (Elasmobranchii:
Squatinidae), in the northern Adriatic Sea (Mediterranean Sea). Hydrobiologia.
2016;772:247-259

Colloca F, Enea M, Ragonese S, Di Lorenzo M. A century of fishery data document-
ing the collapse of smoothhounds (Mustelus spp.) in the Mediterranean Sea. Aquatic
Conservation: Marine and Freshwater Ecosystems. 2017:1-11

Ragonese S, Vitale S, Dimech M, Mazzola S. Abundances of Demersal sharks and chi-
maera from 1994-2009 scientific surveys in the Central Mediterranean Sea. PLoS One.
2013;8(9):e74865

Dell’Apa A, Kimmel DG, Clo S. Trends of fish and elasmobranch landings in Italy:
Associated management implications. ICES Journal of Marine Science. 2012;69:1045-1052

Aldebert Y. Demersal resources of the Gulf of lions (NW Mediterranean). Impact of
exploitation on fish diversity. Vie Milieu. 1997;47:275-284

Jukic-Peladic S, Vrgoc N, Krstulovic-Sifner S, Piccinetti C, Piccinetti-Manfrin G, Marano
G, Ungaro N. Long-term changes in demersal resources of the Adriatic Sea: Comparison
between trawl surveys carried out in 1948 and 1998. Fisheries Research. 2001;53:95-104



