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Bycatch of cartilaginous species is considered one of the main drivers for the

dramatic declines observed in many populations. Pelagic longlines and passive

nets impact many species depending on their life stage and habitat use. Here, we

present an updated list of incidental catches collected through a 4-year fishery-

dependent survey. We documented the bycatch of four critically endangered

species, particularly 13 individuals of Isurus oxyrinchus, Prionace glauca, and

Mobula mobular by longlines and one specimen of Lamna nasus by trammel

nets in the Asinara Gulf (Northern Sardinia, Italy). As almost all specimens were

juveniles or newborns, we explored and discussed the potential drivers explaining

their prevalence in the sample. Despite our low sample size, of the four possible

options discussed, the role of the Asinara Gulf as an Important Shark and Ray Area

(ISRA) for large pelagic elasmobranch species is one worth considering.

KEYWORDS

bycatch, Isurus oxyrinchus, Lamna nasus, Prionace glauca, young, Mobula
mobular, newborns
1 Introduction

Bycatch is considered one of the main drivers determining many population declines

observed for k-selected cartilaginous fish worldwide (Heppell et al., 1999; Musick et al.,

2000; Pacoureau et al., 2021), especially for large and highly migratory demersal–pelagic

shark and ray species particularly vulnerable to pelagic longlines (Beerkircher et al., 2002;
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fmars.2023.1303961/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1303961/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1303961/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1303961/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1303961/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1303961/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1303961/full
https://orcid.org/0000-0002-4334-727X
https://orcid.org/0000-0002-5358-5159
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2023.1303961&domain=pdf&date_stamp=2023-11-28
mailto:umberto.scacco@isprambiente.it
https://doi.org/10.3389/fmars.2023.1303961
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2023.1303961
https://www.frontiersin.org/journals/marine-science


Scacco et al. 10.3389/fmars.2023.1303961
Coelho et al., 2005; Megalofonou et al., 2005; Gilman et al., 2007a;

Gallagher et al., 2014; Kroodsma et al., 2018; Queiroz et al., 2019)

and set gillnets and trammel nets (Perez and Wahrlich, 2005;

Valenzuela et al., 2008; Thorpe and Frierson, 2009; Benjamins

et al., 2010; Tiralongo et al., 2018a) in offshore and coastal waters

depending on their life stage and habitat use. The shortfin mako

shark Isurus oxyrinchus Rafinesque, 1810, the porbeagle shark

Lamna nasus (Bonnaterre, 1788), the blue shark Prionace glauca

(Linnaeus, 1758), and the spinetail devil ray Mobula mobular

(Bonnaterre, 1788) are, at different extents, large pelagic

migratory species in the world ocean and semi-enclosed basins

(Ebert et al., 2021), such as the Mediterranean Sea. The shortfin

mako and the porbeagle sharks, representative of the Lamnidae

family (Compagno et al., 2005; Ebert et al., 2021), are typical top

predator species on medium–large bony fish and cephalopods

(Compagno et al., 1989; Revill et al., 2009); they actively hunt in

the water column of open waters, thanks to their high swimming

efficiency (Carrier et al., 2022; Waller et al., 2023). In contrast, the

blue shark is an opportunistic feeder and has less pelagic habits, like

many other requiem sharks (Carcharhinidae) to which it belongs

(Compagno et al., 2005; Ebert et al., 2021). As a matter of fact,

species belonging to Carcharhinidae are associated with rocky

bottoms and shoals (Last and Stevens, 1994; Mundy, 2005),

compared with the more pelagic-adapted lamnids. The spinetail

devil ray, a pelagic-readapted batoid (McEachran and Capapé, 1984;

Notarbartolo di Sciara and Bianchi, 1998; Ebert et al., 2021), is a

filter-feeding species on planktonic preys throughout the water

column, thanks to its peculiar cephalic fins and gill rakers (Abudaya

et al., 2018). The species here considered have a natural low density

in the Mediterranean (Tortonese, 1956; Notarbartolo di Sciara and

Bianchi, 1998), and fishery-dependent occurrence data are sparse

along different fishing gear and fishing zones (Carpentieri et al.,

2021). Pelagic longlines are the most threatening fishery (Bartolı ́
et al., 2017), as bycatch of large pelagic sharks has been reported in

the Adriatic (Carbonara et al., 2023), Ligurian (Garibaldi, 2015),

Ionian Sea (Megalofonou et al., 2005), Sicilian Channel (Burgess

et al., 2010; Cattano et al., 2023a), Spanish (Mejuto et al., 2002),

Greek (Peristeraki et al., 2008), French (Doherty et al., 2022), and

southeastern (Damalas and Megalofonou, 2012) Mediterranean

waters. Recreational fishery has also a relevant role, as it shows an

important bycatch of many pelagic shark and ray species in the

Mediterranean (Panayiotou et al., 2020). Unfortunately, fishing

areas often overlap with pelagic shark and ray aggregation sites

(Kroodsma et al., 2018; Queiroz et al., 2019) that may meet the

criteria to be considered Important Shark and Ray Areas (ISRAs),

thanks to the presence of favorable biotic and abiotic parameters.

The definition of an ISRA refers specifically to elasmobranch

species, i.e., “a discrete, tri-dimensional portions of habitat,

important for one or more shark species, that have the potential

to be delineated and managed for conservation” (IUCN, 2023a).

Within an ISRA, the general criteria used to characterize an

Ecologically or Biologically Significant marine Area (EBSA) may

apply, i.e., a spatially defined area where aggregations of individuals

of species are known to display biologically important behavior

such as breeding, foraging, resting, or migration (Convention on

Biological Diversity (CBD), 2023). During recent years, increasing
Frontiers in Marine Science 02
effort has been spent by the General Fisheries Commission for the

Mediterranean (GFCM) and the European Union (EU) to improve

elasmobranch conservation by contrasting underreporting, illegal

fishing, and trade of these species, as well as bycatch, within the

European Community waters and the Mediterranean basin (EU,

2019; GFCM, 2021). In this context, gathering information on the

size structure of large shark populations at the local scale is of

paramount importance to a regionally focused conservation

management in the Mediterranean Sea. For instance, the

juvenile–adult ratio in a fishery bycatch area can provide clues on

the presence of potential ISRAs, which can hold nursery, mating,

foraging, and/or refuge grounds, particularly where marine

environments are favorable, thanks to high biodiversity and

optimal hydrological condition (Ward-Paige et al., 2014; Roff

et al., 2018). In general, the higher availability of both refuges and

food resources that is found in coastal and land-surrounded waters

favors particularly the occurrence of the most fragile life stages, such

as newborns and, consequently, “parturient” females (Vandeperre

et al., 2014). This favorable condition advantages also growing

individuals, such as the young of the year (YOY), i.e., individuals

aged up to 1 year, and juveniles, i.e., individuals that are older than 1

year and below the size at first maturity (Nakano and Stevens,

2009). Contrastingly, open waters are typical of adult specimens for

hunting, mating, and migrations (Branstetter, 1990; Heupel et al.,

2007). Indeed, it is suspected that large pelagic elasmobranch

species regularly exploit the whole Mediterranean basin to set

their nursery and foraging areas for newborns and juveniles,

particularly in favorable coastal and slope habitats (Kohler et al.,

2002), respectively. In this context, the Asinara Gulf and Bonifacio

Mouths are already known for the particularly high biodiversity of

marine habitats and peculiar hydrological circulation (Bell and

Harmelin-Vivien, 1983; Francour, 1994; CoNiSMA, 2018;

Pascucci et al., 2018). In fact, the area benefits from a high

protection regime, thanks to the presence of the Asinara National

Park and the Marine Protected Area of Punta Falcone Capo Testa,

both in the Northern Sardinia and the Bonifacio and the Scandola

Marine Reserves in the southern and western Corse, respectively.

The Asinara Gulf embraces the Castel Sardo Canyon, one of the

most important Mediterranean canyons (Würtz, 2012). Such a

deeply incised geological structure has a peculiar morphology and

generates upward and downward (turbidites) movements of water

masses from the deep western Mediterranean into the Gulf and vice

versa, respectively (Kenyon et al., 2002). Thanks to the consequent

cascade effect occurring throughout the whole local trophic chain,

prey available to top predator species increases in abundance in

such an area (Würtz, 2012). Bonifacio Mouths connect the wide

northern-central part of the Tyrrhenian Sea to the wider region of

the western Mediterranean. This narrow passage, together with the

geographical disposition of emerged lands and seas, has peculiar

hydrological conditions. Strong and seasonal currents and local

wind-induced gyres are generated by the Bernoulli’s effect that takes

place in the area, altering wind and seawater speed (Gérigny et al.,

2015). Indeed, hydrological constraints are known to model the

distribution of migratory species such as large pelagic

elasmobranchs (Campana and Joyce, 2004; Riede, 2004; Grose

et al., 2020; Swift and Portnoy, 2021). Areas characterized by
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important interchanges of water masses between basins are

attractive for large pelagic migratory sharks and rays (Capapé and

Zaouali, 1976; Capapé et al., 1990; Braun et al., 2019). They exhibit

highly mobile adult individuals on conservative routes, at the

regional (Cox and Francis, 1997; Kohler et al., 2002; Swift and

Portnoy, 2021; Gennari et al., 2022) and even at the hemispheric

scales (Stevens, 1976; Stevens, 1990; Cox and Francis, 1997;

Compagno, 2001). In contrast, juveniles are unable to migrate

long distances (Nakano and Stevens, 2009; Vandeperre et al.,

2014) due to a less efficient swimming ability they exhibit

compared with adults (Sepulveda et al., 2007; Saraiva et al., 2023).

The bycatch size structure can be the result of a size-dependent

selectivity of the gear, which depends on the interaction between the

fishing gear (type of gear and fishing techniques) and the species’

life-history traits (Ellis et al., 2017). For instance, ontogenic and

species-specific differences in resistance to capture (Scacco et al.,

2023a) and in the probability of escape (Gilman et al., 2016) can

influence the size structure of the bycatch in longlines. The latter

can be influenced also by changes in feeding habits during ontogeny

of the species such that bait preference can be size-dependent as

well. Even though cephalopods and fish are constant components in

the diet of some of the species considered, changes are mainly in the

size and type of prey (Joyce et al., 2002; Maia et al., 2006; Kubodera

et al., 2007). Some data show that the replacement of cephalopods

with fish as bait in the swordfish pelagic longlines can reduce the

bycatch of the blue shark (Watson et al., 2005; Gilman et al., 2007b;

Galeana-Villasenor et al., 2009; Petersen et al., 2009) and also of

other shark species, together with the use of circular hooks (Gilman

et al., 2007a), but a size effect on bait preference was not observed.

Additionally, a size-dependent selectivity of the gear can depend on

the interaction between sex and/or size-dependent habitat use, as

observed in some large pelagic sharks (Mucientes et al., 2009; Schlaff

et al., 2014; González-Andrés et al., 2021; Gennari et al., 2022; Kock

et al., 2022), and the operational fishing depth of the gear. For

instance, it has been shown that deploying hooks at an increased

fishing depth can reduce the bycatch of P. glauca, Carcharhinus

falciformis (Müller and Henle, 1839), Carcharhinus longimanus

(Poey, 1861), and Carcharhinus obscurus (Lesueur, 1818) though

the bycatch size composition of single species is not affected as

observed in the pelagic longlines deployed in the Pacific Ocean

(Williams, 1999; Hinke et al., 2004; Ward and Myers, 2005; Gilman

et al., 2008). Indeed, juveniles and adults of large pelagic sharks are

generally distributed along an inshore–offshore gradient

(Branstetter, 1990; Heupel et al., 2007), respectively, rather than

along a surface–deep water slope in the offshore waters.

Finally, the size structure of a fishery bycatch may be the result

of the populations’ demographic condition of the species caught.

According to the general principles in population dynamics,

multiple different-aged cohorts of individuals are expected to

coexist in a healthy elasmobranch population, with the frequency

of occurrence of individuals steadily decreasing with the increasing

age of the cohorts, i.e., the larger the specimens, the rarer they are

(Cortés, 1998; Cortés, 2002). It follows that the population in which

only the cohorts of juveniles are present raises concern (Froese et al.,

2017). Just like most elasmobranchs, the species that we considered

have particularly low resilience against number depletion induced
Frontiers in Marine Science 03
by fishing activity (Ferretti et al., 2008; Froese et al., 2017). This is

due to general low fecundity, late maturing, and marked longevity

(Cortés, 1998; Cortés, 2002). Such characteristics, typical of k-

selected species, and cumulated anthropic pressures act

synergically in determining the high extinction risk observed in

the populations of several elasmobranch species across different

geographical scales (Walls and Dulvy, 2020; Pacoureau et al., 2021),

as assessed by the International Union for the Conservation of the

Nature (IUCN, 2023b). On the other hand, the globally increased

implementation of conservation actions in recent years seems to be

inked with some signs of population recovery actually observed for

a limited number of elasmobranch species, such that a green list,

complementary to the IUCN red list for elasmobranchs, has been

proposed (Grace et al., 2021). For Mediterranean elasmobranch

species, Scacco et al. (2023b) recently suggested that the severity of

IUCN assessments depends on the interaction between the species-

specific characteristics of the life history traits (Cheung et al., 2005;

Cheung et al., 2007) and the variation in the intensity of the fishing

threats posed by different fishing gear on different species at a given

geographic scale. The aim of this work is to report on the prevalence

of juveniles and newborns of endangered elasmobranchs observed

in the bycatch of pelagic longlines and trammel nets of the Asinara

Gulf. Despite the boundaries associated with such a limited data

collection, the potential drivers explaining the reported occurrences

are explored and discussed based on the present 4-year fishery-

dependent data and available information from the literature.
2 Materials and methods

2.1 Study area and fishing activities

The fishery-dependent monitoring survey covered a 4-year

period (2018–2021) during the fishing activities of a vessel (vessel

length 12 m, gross tonnage 15 tons, engine power 300 kW). The

boat is permitted for professional small-scale long line targeting

Xiphias gladius Linnaeus, 1758, and trammel net fishery targeting

high-commercial value fish (Sparidae, Sciaenidae, and

Scorpaenidae), crustaceans (Palinuridae), and cephalopods

(Octopodidae and Loliginidae) in the offshore and inshore waters

of Asinara Gulf and Bonifacio Mouths (Figure 1), respectively. The

Asinara Gulf shows a high heterogeneity of seabed, strong

variations in bathymetry (presence of shoals and canyons), and

the relevant presence of important habitats, such as posidonia

meadows (Telesca et al., 2015), coralligenous (Cocito and

Ferdeghini, 2001; Tonin, 2018), sandy, muddy, and rocky

grounds (Cossu and De Luca, 2016), favoring high species

richness (Cossu et al., 2009; Interreg technical report, 2013). The

gear commonly used in each fishing trip by the vessel was a pelagic

longline set using a monofilament both for the leading rope

(diameter 1.50 mm) and the armrests (diameter 1.20 mm).

Armrests were usually 10 m in length, each mounted with a

traditional J hook (measure 2/0–3/0), baited with fresh fish of

several bony fish and cephalopods (principally Sardina pilchardus

(Walbaum, 1792) and Loligo vulgaris Lamarck, 1798), and spaced

30 m apart from each other for a total of 500 hooks along the
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leading rope (15,000 m). The fishing gear was lowered at sunset and

retrieved at dawn, for a total of approximately 8 h for each fishing

trip. The pelagic longline was dropped to an operational fishing

depth of approximately 20–30 m, within a water column ranging

between 50 and 400 m depth. Coastal trammel-fixed nets were also

used though secondarily in terms of the annual number of boat’s

fishing days per gear. For this type of gear, a fixed trammel net 1,000

m in length was usually set at sunset and hauled at dawn in coastal

waters between 15 and 40 m depth, with a mesh size of 3 cm for the

internal panel and 10–15 cm for the external one.
2.2 Data collection

Compatible with their professional fishing activity, the captain

and crew were instructed to take all possible biological data, fishing

coordinates, pictures, and/or videos of the bycatch specimens as

best as they could. To reduce bias related to the lack of on-board

scientific observers, fishermen were also provided with field guides

(Serena, 2005) for shark and ray species identification, together with

general biological information on species potentially present in the

bycatch of the gear they used, such as pelagic longlines and trammel

nets. When in safe condition with an animal on board, the crew

took or estimated biometric measures such as total length (TL; cm)

by a tape measure, weight (W; kg) by a dynamometer, and sex (M or

F, male or female, respectively) based on the presence/absence of

claspers. Fishery data (date, latitude, and longitude) were collected
Frontiers in Marine Science 04
for each bycatch occurrence as well. Fishers were also instructed to

adopt the best manipulating handling practices when facing alive

animals at recovery on board to collect biometric measures and to

facilitate its release, according to the “Good practice guide for the

handling of sharks and rays caught incidentally in Mediterranean

pelagic longline fisheries” (FAO and ACCOBAMS, 2018). All

carcasses of dead animals were discarded in compliance with

updated fishery regulations of the Common Fisheries Policy (EU

Regulation 2017/2107; EU, 2017).
2.3 Statistical analyses

CPUEs were calculated based on the effort calculated over the

number of hooks per positive set (relative, informing on the bycatch

intensity by species) and in all sets (absolute, informing on bycatch

rate by species). To calculate total effort, we considered the eight

longline fishing campaigns performed during the entire observational

period. For CPUE in the trammel net, we considered the number of

caught individuals caught per meter of net deployed, considering the

10 net sets deployed at sea by the boat during the entire period.

Statistical significance of the difference in the number between sexes

was checked through a chi-square test with Yates correction for

continuity in species having more than two specimens in the

corresponding sample. The life stages of the specimens sampled

were assessed as newborn, juvenile, and adult based on the observed

size and corresponding information available from the literature for
FIGURE 1

Map of the study area (Asinara Gulf and Bonifacio’s mouths, Northern Sardinia, Italy) provided with the positions (letters) where bycatch occurred in
the longline sets deployed at sea during the observational period (2018–2021). Letters (a to h) denote correspondence with specimens and fishery
information provided in Table 2. Green shadowed areas inside the large panel indicate the position of MPAs surrounding the study area (North: La
Scandola Marine Reserve; East: Punta Falcone Capo Testa Marine Protected Area and Bonifacio Marine Reserve; West: Isola dell’Asinara National
Park). Latitude and longitude are reported as decimal degrees, depth in metres and scale bars in kilometres. North (N) arrow is represented.
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each species separately (Table 1). Also, in this case, a chi-square test

and a 2 × 3 contingency table with Yates correction were used to

check for the difference in number between stages (newborn plus

juveniles vs. adults) within single (one species) and across species,

respectively. Finally, a chi-square test was used to check for

differences in the number of bycatch events between years.
3 Results

3.1 Characteristics of the sample

We recorded the bycatch of seven specimens of I. oxyrinchus

(Figures 2A–F), five of P. glauca (Figures 2G, H, 3J–L), and one
Frontiers in Marine Science 05
newborn ofM. mobular (Figure 3N; Supporting Video 1) by pelagic

longlines and one juvenile of L. nasus (Figure 3M) by trammel nets

(Tables 1, 2). Total length varied between 110 and 180 cm with a

median value of 155 cm for the shortfin mako sharks and between

100 and 200 cm with a median value of 170 cm for the blue sharks

(Table 2). The sex ratio was balanced in both the shortfin mako and

the blue sharks (c2 ≈ 0, d.f. = 1, p ≈ 1). Juveniles of shortfin makos

were exclusive in the sample, whereas the number of juvenile blue

sharks appeared higher compared with adults (two specimens, the

smaller one presumably a maturing individual, Table 1), yet not

significantly (c2 = 0.8, d.f. = 1, p > 0.05). When cumulating all the

species, the young life stage (newborn plus juveniles) had more

individuals than the adult one, with the shortfin mako shark

showing the highest percentage of juveniles between the species
TABLE 1 Data and references used to assess the life stage based on the size of the specimens of four critically endangered elasmobranch observed in
the bycatch of pelagic longline and trammel net fisheries through a 4-year fishery-dependent survey (2018–2021) in the Asinara Gulf.

Species
Life stage (in cm as total length or

disk width*)
Reference

Life stage Newborn YOY Juvenile Adult

Isurus oxyrinchus 60–70 71–100 101–200 >200 Compagno (2001); Nosal et al. (2019); Ebert et al. (2021)

Prionace glauca 35–45 46–80 81–180 >180 Compagno and Niem (1998), Nosal et al. (2019); Ebert et al. (2021)

Mobula mobular* 170–180 181–260 261–300 >300 Notarbartolo di Sciara and Bianchi (1998); McEachran and Séret (1990); Compagno et al. (2005)

Lamna nasus 60–80 81–120 121–180 >180 Compagno et al. (1989); Last and Stevens (1994); Compagno (2001)
TABLE 2 Bycatch data of four large elasmobranch species collected during a 4-year (2018–2021) fishery-dependent survey on board a longliner (PL)-
netter (TRN) fishing boat in the Asinara Gulf.

Species Bycatch date Gear Latitude Longitude TL or DW (cm) W (kg) Sex Remarks Life stage

Isurus oxyrinchusA 1,2 20/08/2021 PLa 41°05′06″N 008°31′18″E 155 30 ♂ D1 J

Isurus oxyrinchusB 20/08/2021 PLa 41°05′06″N 008°31′18″E 140 25 ♀ D J

Isurus oxyrinchusC 22/08/2021 PLb 41°02′24″N 008°32′36″E 170 50 ♀ D J

Isurus oxyrinchusD 19/12/2018 PLc 41°18′01″N 008°35′23″E 160 40 ♀ D J

Isurus oxyrinchusE 19/12/2018 PLc 41°18′01″N 008°35′23″E 110 10 ♂ D J

Isurus oxyrinchusF 28/12/2018 PLd 41°09′45″N 008°32′50″E 1804 604 ♀ RS2 J

Isurus oxyrinchus 03/06/2019 PLe 41°11′10″N 008°30′00″E 120 15 ♂ D J

Prionace glaucaG 28/12/2018 PLd 41°09′45″N 008°32′50″E 170 70 ♀ D J

Prionace glaucaH 28/12/2018 PLd 41°09′45″N 008°32′50″E 160 60 ♀ D J

Prionace glaucaJ 19/12/2018 PLc 41°18′01″N 008°35′23″E 100 10 ♀ D J

Prionace glaucaK 1,2 19/12/2018 PLc 41°18′01″N 008°35′23″E 200 130 ♂ D A

Prionace glaucaL 1,2,3 21/07/2018 PLf 41°09′37″N 008°36′51″E 180 90 ♂ D J-M

Lamna nasusM 1,2 08/08/2020 TRNh 40°52′37″N 008°28′27″E 150 60 ♂ D J

Mobula mobularN 07/09/2021 PLg 41°10′02″N 008°55′06″E 170*4 1504 na RS NB3
Superscripts as capital letters denote correspondence with individuals shown in Figures 2, 3. Superscripts as normal letters denote correspondence with fishing trips represented in the study area’s
map in Figure 1. Superscripts as numbers are footnotes to Table 1. Life stages are denoted as capital letters (J, juvenile; J-M, juvenile-maturing; A, adult; NB, newborn). The symbols ♀ and ♂ stand
for females and males, respectively. TL and DW indicate the total length and disc width. Data for M. mobula are estimated from the Supporting Video (SV1).
1D: dead at catch.
2RS: released alive at sea.
3Supporting video.
4Estimated.
*DW (disk with).
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sampled (c2 = 9.98, d.f. = 3, p < 0.001). Most of the incidental

catches occurred in open waters in the proximity of the Castelsardo

submarine canyon, where the target species X. gladius is usually

caught (Figure 3O). Differently, the bycatch of the porbeagle shark

and the spinetail devil ray occurred in coastal waters in the

southwestern and northeastern parts of the Asinara Gulf,

respectively (Figure 1, Table 2). Occurrences were concentrated in

2018 with eight records, followed by 2021 with four records

(c2 = 9.71, d.f. = 3, p < 0.01) (Table 2). The blue and the shortfin

mako sharks showed the highest relative and absolute CPUEs,

respectively, and the porbeagle shark had the lowest values

(Table 3), compared with the other species sampled. Considering

all incidental catches in longline, it is worth noting that a bycatch–

entanglement event had a very high (87.5%) probability per set.
3.2 IUCN extinction risk

According to the IUCN, the extinction risk of the species here

reported varies as the geographical scale of the assessment varies

(Table 3). In fact, the shortfin mako and the porbeagle sharks are

currently evaluated as both Critically Endangered (CR) in the

Mediterranean waters and at high extinction risk (Endangered:

EN and Vulnerable: VU, respectively) in the world ocean (Table 3).

The shortfin mako and the porbeagle sharks are assessed as EN and

Data Deficient (DD) on the Italian scale (Table 3). The conservation
Frontiers in Marine Science 06
status of the blue shark is Near Threatened (NT) at the global scale,

whereas the assessments are worse when global is compared with

the regional scales (CR and VU at the Mediterranean and Italian

scales, respectively) (Table 3). The IUCN extinction risk of the

spinetail devil ray is similarly high-leveled (EN) across all the IUCN

assessment scales (Table 3).
4 Discussion

Our results highlighted the almost exclusive presence of juvenile

specimens among the large, critically endangered elasmobranchs

collected as bycatch of the pelagic longline and trammel net

monitored through a 4-year fishery-dependent survey in the Asinara

Gulf. In fact, most of the recorded individuals can be classified as the

juveniles of I. oxyrinchus, P. glauca, and L. nasus based on the size

observed (Last and Stevens, 1994; Compagno, 2001; Nosal et al., 2019;

Ebert et al., 2021). Interestingly, the individual ofM. mobular recorded

was a newborn, according to its size (Notarbartolo di Sciara and

Serena, 1988; McEachran and Séret, 1990). The prevalence of juveniles

of different species in a bycatch, as found in this study, could be linked

to multiple and interacting drivers. Three main hypotheses can be

drawn to explain the present data, based on the limitations and

available information, these are related to the role of the Asinara

Gulf as a favorable habitat provided with peculiar hydrological

constraints, size selectivity of the gear, and population condition.
FIGURE 2

Pictures documenting some of the shark bycatch that occurred during the 4-year opportunistic survey on board a longliner in the Asinara Gulf: six
shortfin makos Isurus oxyrinchus (A1, B–F) and mouth’s details (A2); two blue sharks Prionace glauca (G, H). Specimens are juvenile or subadult
individuals in all the reported occurrences.
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4.1 Favorable habitat and
hydrological constraints

The prevalence of juveniles and newborns of different species of

large pelagic sharks and rays here reported adds new insights to the

environmental importance of the Asinara Gulf and Bonifacio Mouths

for elasmobranchs. As recently shown, the same area exhibits also a

high species diversity for the small- and medium-sized demersal

sharks and skates distributed in coastal and deep grounds of the Gulf

(Scacco et al., 2023b). Referring to the present sample, the bycatch of

juveniles of the shortfin mako and blue sharks occurred all in the

proximity of the Castelsardo Canyon, which is also the local fishing

area for the target species: the swordfish X. gladius (A.G.C.I, 2009).

The juveniles of the shortfin mako and blue shark might take

advantage of such a prey-productive area, thanks to its favorable

hydrological regime, both as a refuge and/or foraging area. In general,

fishing areas with a high density of tunas and swordfish overlap with

a high density of top predator sharks (Schindler et al., 2002; Romeo

et al., 2009; Moro et al., 2019) due to competition for common prey or

reciprocal predation (Revill et al., 2009; Li et al., 2016). Although the

incidental catches that occurred in the coastal waters of the Gulf are
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limited to single individuals, coastal marine-rich environments are

known to serve as a nursery ground for newborn spinetail devil ray

(Notarbartolo di Sciara and Serena, 1988; Notarbartolo di Sciara and

Bianchi, 1998), similar to what is presently observed. Otherwise, the

same environment could function as a preferential habitat for the

hunting activity of juvenile porbeagle shark, as suggested by the size

of the captured specimen (Compagno et al., 1989; Last and Stevens,

1994; Compagno, 2001) and as also reported in other favorable

coastal areas of the Mediterranean (Orsi Relini and Garibaldi, 2002;

Keramidas et al., 2019). On the other hand, the combined action of

huge water masses that exchange between the western Mediterranean

and the Tyrrhenian Sea through the Asinara Gulf and Bonifacio

Mouths could concentrate mostly juveniles and newborns of different

large pelagic elasmobranchs in the area. Despite the different

bioecological traits of the species, juveniles and newborns are more

constrained by hydrological regimes than adults are, as the latter can

take advantage of a higher swimming performance compared with

former individuals. In addition to this study, the prevalence of

juveniles in pelagic longline bycatch was recently observed in other

potential favorable shark and ray areas, such as the Gulf of Gabes

(Saidi et al., 2019), the southern Adriatic Sea (Carbonara et al., 2023),
FIGURE 3

Pictures documenting some of the shark and ray bycatch that occurred during the 4-year opportunistic survey on board a longliner-netter in the
Asinara Gulf: photos of three blue sharks Prionace glauca [J, K1, L1 (head), L2 (trunk), L3 (tail), K2 (injuring hook)]; one spinetail devil ray Mobula
mobular (N, a likely entanglement rather than a bycatch), and one porbeagle shark Lamna nasus (M1 whole individual, M2 details of the lower jaw
with teeth) in coastal fixed trammel net. Specimens are newborns, juveniles, or subadult individuals. Example of the main targeted species
(O, swordfish Xiphias gladius) usually fished during a longline trip.
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and the Pelagie Archipelago (Cattano et al., 2023a). A similar bycatch

size structure was also observed in coastal passive nets deployed in the

Ligurian and northern Tyrrhenian Seas for several species of large

elasmobranchs (Mancusi et al., 2023), as well as in Mediterranean

recreational fisheries, particularly blue shark (Panayiotou et al., 2020).
4.2 Size selectivity of the gear

Current bycatch rates, as relative and absolute estimates, of

shortfin mako and blue shark were found to be generally lower or at

most similar to other data for these species in the pelagic longlines

of the Mediterranean basin (Garibaldi, 2015; Bartolı ́ et al., 2017;
Saidi et al., 2019; Panayiotou et al., 2020; Carbonara et al., 2023;

Cattano et al., 2023a; Doherty et al., 2022). Differently, the bycatch

size composition and the at-vessel mortality rate obtained were

similar. At-vessel mortality was severe for juveniles, all caught

dead, except the largest shortfin mako observed (the only shark

alive, and released into the sea, at the time of capture) and the

newborn spinetail devil ray (disentangled from the gear and left at

sea). Species identity was not ascertained in the limited number of

catch escapes observed, as the larger specimens of other marine

vertebrates are generally able, like sharks and rays, to escape

capture by longline (Gilman et al., 2016; Piovano and Gilman,

2017; Papageorgiou et al., 2022). The high uncertainty on species

identity in escapes, plus the limited number of the latter, suggests

that escapes by the larger individuals of the elasmobranch species

sampled may have occurred on a few occasions, i.e., the size

structure observed has a very low probability to be affected by a

size-related resistance-dependent selectivity of the gear. Differently,

no conclusion can be argued about the effects of variation in both

bait and operational fishing depth of the longlines on the size

structure of the sample. In fact, fish and cephalopods were used in

similar quantities as baits, and hook size and fishing depth were

kept constant during the observational period of this study. The

bycatch of the porbeagle shark by trammel nets is noteworthy, as it

is emblematic of the rarity of this species in the Mediterranean Sea.

In fact, the porbeagle shark is seldom recorded in the bycatch of the

Mediterranean trammel net fishery (Scacco et al., 2012; Mancusi

et al., 2020), and the species almost disappeared from the

Mediterranean fishery statistics, particularly in pelagic longlines

(Bartolı ́ et al., 2017). A few scattered reports appear in the dated

elasmobranch checklists of the North Tyrrhenian and Ligurian Sea

(Vacchi and Serena, 1997; Orsi Relini and Garibaldi, 2002) and in
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updated checklists of Calabria (Leonetti et al., 2020) in the Italian

waters and of Croatia (Balàka et al., 2023) in the Adriatic Sea,

where records of the porbeagle shark appear particularly

concentrated (Marconi and De Maddalena, 2001; Soldo and

Jardas, 2002; Storai et al., 2005; Lipej et al., 2015). The record of

the spinetail devil ray was likely an entanglement rather than

bycatch, as already observed in pelagic longlines from other areas

(Ceyhan and Akyol, 2014; Mas et al., 2015). Hooks are dangerous

to this species not as bait but because of the large size, dorsal-

ventrally compressed shape of the species, and its habit to travel

across epipelagic waters (Notarbartolo di Sciara and Serena, 1988;

Notarbartolo di Sciara and Bianchi, 1998; Abudaya et al., 2018;

Lezama-Ochoa et al., 2019) where longlines are usually deployed

(FAO, 2016; JRC, 2020) and/or other pelagic gear poses a threat to

this species (Scacco et al., 2009). In the present occasion, the

specimen was released alive at sea cutting the fishing line without

recovery of the animal on board, following the recommendations

on handling practices of elasmobranchs in longline bycatch (FAO

and ACCOBAMS, 2018).
4.3 Population condition

As observed during the 4-year fishery-dependent survey in the

study area, the prevalence of juveniles of k-selected critically

endangered large elasmobranchs in the bycatch of longlines and

trammel nets is a constant feature of the bycatch size composition

recently observed in other areas of the Mediterranean (Saidi et al.,

2019; Panayiotou et al., 2020; Carbonara et al., 2023; Doherty et al.,

2022; Cattano et al., 2023a; Mancusi et al., 2023). Aside from large

elasmobranch species, coastal passive nets are also responsible for a

relevant bycatch of juveniles of several small- and medium-sized

endangered sharks and rays, as observed in the trammel net fishery

in the southeastern Sicily (Tiralongo et al., 2018a; Tiralongo et al.,

2018b). Inferring population condition-related explanations for such

common evidence is difficult as justification is twofold and

paradoxically opposite, i.e., a sign either of a general recovery of

large shark populations (an increase in the number of breeding

individuals and thus of juveniles) or of a poor population status

(overfishing, limited number of adult breeding individuals) in

Mediterranean waters. On the one hand, the high extinction risk

assessed by the IUCN for the elasmobranchs considered here suggests

that the prevalence of juveniles observed in the bycatch area, as

recently in other areas, may likely be a sign of a generalized poor
TABLE 3 Calculated CPUE (relative and absolute as number of specimens/hooks or/net length) of four large demersal–pelagic shark and ray species
present in the bycatch of a small-scale longliner-netter in the waters of Northern Sardinia during a 4-year fishery-dependent monitoring survey.

Species Relative CPUE Absolute CPUE IUCN GLO IUCN MED IUCN IT

Isurus oxyrinchus 2.8 * 10−3 a1.75 * 10−3 EN CR EN

Prionace glauca 3.3 * 10−3 a1.25 * 10−3 NT CR VU

Lamna nasus 1 * 10−3 b1 * 10−4 VU CR DD

Mobula mobular 2 * 10−3 a2.5 * 10−4 EN EN EN
fr
The letters a and b as superscripts denote pelagic longlines and trammel net, respectively. IUCN extinction risk categories are also provided at the global (GLO), Mediterranean (MED), and
Italian (IT) scales.
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population condition, with few reproductive individuals and reduced

resilience. On the other hand, the increased attention and

commitment to shark and ray species conservation by the public

audience and stakeholders (Hind, 2015; Giovos et al., 2016) could have

recently contributed significantly to the increase in reports of bycatch

or sightings of large sharks and rays. Although most of the

conservation effort still needed is far from being complete, the

actions actually implemented seem to entail some signs of

population recovery that have recently been detected, albeit for a

limited number of elasmobranch species, both globally (Grace et al.,

2021) and locally (Serena and Silvestri, 2018). However, the

information lacking at the subregional scale is still relevant for

several species, such as the porbeagle shark, which remains a data-

deficient species (DD) in the updated Italian IUCN assessment

(Rondinini et al., 2022). Indeed, the populations of lamnid sharks

have been decreasing dramatically in theMediterranean Sea due to the

collapse in the number of individuals existing during the last century

(Ferretti et al., 2008), as specifically observed for the great white shark

(Moro et al., 2019). Newly elaborated metrics suggest the porbeagle

shark, like several other DD species, should be assessed as EN or worst

in the corresponding IUCN assessment (Scacco et al., 2023a).
4.4 Final considerations and future
research prospects

Even though considering the boundaries of the fishery-dependent

data here presented, our results give strength to two of the hypotheses

made. On the one hand, the results are in line with current information

about the size structure of the bycatch in pelagic longlines and trammel

nets in other Mediterranean areas, suggesting that a poor population

condition is very likely for the local populations of large pelagic

elasmobranchs in the Asinara Gulf, as well as in other

Mediterranean areas. Measuring the kinship of sampled individuals

will be crucial to understand the actual population condition and its

time trajectory under anthropic pressure. The literature gives several

examples about the limited contact between shark and ray populations

at both large and small scales. For example, recent studies applying the

molecular approach have highlighted themain role of water circulation

and temperature in sharks (Di Crescenzo et al., 2022; Melis et al.,

2023a) and rays (Catalano et al., 2022; Melis et al., 2023b). Similarly,

evidence based on molecular data showed how biotic and abiotic

features such as bathymetry, hydrological constraints, and prey

abundance can influence the presence, movement, and dispersion of

sharks and rays (Catarino et al., 2015; Di Crescenzo et al., 2022). The

continued evolution and development of new and more resolutive

techniques are allowing the possibility to deeply understand the

biology and ecology of marine species, such as P. glauca for which

only recently the absence of panmixia worldwide was observed

(Nikolic et al., 2023). On the other hand, the presence of juveniles

and newborns of different species in the study area can be linked to its

high environmental value and the peculiar hydrological condition.

Such an environment could satisfy the multiple ecological

requirements that are functional to the different reproductive

strategies of species composing the assemblage sampled (Nakano
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and Stevens, 2009; Vandeperre et al., 2014). These characteristics can

meet the criteria established for consideration of the Asinara Gulf and

Bonifacio Mouths as an ISRA. Suggesting the study area as potential

ISRA will need future investigations, for instance, based on

interdisciplinary approaches such as dedicated surveys flanked by

citizen science initiative (Cattano et al., 2023b), molecular

investigation (barcoding and eDNA metabarcoding; Bakker et al.,

2017; Cariani et al., 2017; Albonetti et al., 2023; Jenrette et al., 2023),

specimen tracking and monitoring using BRUVs (Cattano et al., 2021;

Liu et al., 2022; Prat-Varela et al., 2023) and satellite tags and acoustic

telemetry (Williamson et al., 2019; Renshaw et al., 2023), multiboat

fishery-independent surveys (Scacco et al., 2023a), local ecological

knowledge-based investigations (Colloca et al., 2017), and spatially

explicit population models (Lauria et al., 2015). These tools will be

crucial to disentangle the hypotheses made on the prevalence of

juveniles observed in the bycatch area. As a complementary low-cost

and at the same time high-informative tool, the effort and collaboration

of the fishermen are decisive for obtaining documented fishery-

dependent observations. In turn, the latter is important as it

represents a first approach to data, above all suggesting research

avenues and methods to be implemented in future activities aimed

at verifying the hypotheses made. Knowledge of the population

abundance and size and sex-related structure at the subregional scale

is of paramount importance for the local conservation management

and the accuracy of the red list’s assessments at the greater scale,

particularly when referring to migratory species that unfortunately

stand a few steps to extinction.
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