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Abstract

The Mediterranean Sea has a long-lasting history of fishery exploitation that, together with other anthropogenic impacts, has
led to declines in several marine organisms. In particular, elasmobranch populations have been severely impacted, with drastic
decreases in abundance and species diversity. Based on their experience, fishers can provide information on marine species oc-
currence, abundance and behavioural traits on a long-term scale, therefore contributing to research on the poorly studied biolog-
ical aspects of elusive or rare elasmobranch species. In this study, for the first time, the Local Ecological Knowledge (LEK) of
fishers was applied to study the behavioural traits of sharks, rays and skates in 12 FAO-GFCM geographical sub-areas (GSAs)
of the Mediterranean Sea. This study found both new insight and proved the reliability of LEK-based catch seasonality, reflect-
ing seasonal movements, by comparing LEK-based findings and available literature on five elasmobranch taxa (Mustelus spp.,
Squalus acanthias, Raja spp., Myliobatis aquila and Scyliorhinus stellaris) in the Adriatic Sea and 7 taxa (Mustelus spp., Raja
spp., Prionace glauca, Scyliorhinus canicula, Torpedo spp., Pteroplatytrygon violacea and Isurus oxyrinchus) in the remaining
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Mediterranean GSAs. In addition, LEK provided new insights into a novel comprehensive representation of species aggregations
(Mustelus spp., S. acanthias, M. aquila and S. canicula) in the sampled GSAs and supplied the first descriptions of the size, num-
ber of individuals and sex composition of the aggregations. When the limits and shortcomings of LEK-based research are consid-
ered, this methodology can be a complementary and cost-effective tool used to study elasmobranchs in either a data-poor scenario
or a scenario in which a baseline is missing. LEK can also be useful for the evaluation and inclusion of fishers’ perceptions of
bottom-up management and to provide important evidence for conservation plans.

Keywords: Fishery; space use; aggregations; migration; management; shark; ray.

Introduction

The study of different aspects of the biology of elas-
mobranchs, a class of cartilaginous fish including sharks,
rays and skates, has always been challenging. Their gen-
erally low abundances compared to other marine taxa,
such as most teleosts, and their elusive nature makes
several elasmobranch species difficult to observe and
study in the field (Chin & Pecl, 2019; Bargnesi et al.,
2020). Therefore, these difficulties have led to a paucity
of published data on the behaviour and ecology of elas-
mobranchs, such as the use of space by the animals at
different life stages or sexes as well as the movements,
mating and feeding behaviours of the animals. Since
these species constitute the target or accidental catch of a
wide range of fisheries, such as longliners, trawlers and
gillnets, landing data often constitute the most accessible
source of information in developed countries (Casey &
Myers, 1998; Morgan & Burges, 2005; Serena, 2021).
Fishery-independent methods also represent powerful
tools to study these species, including scientific surveys
(see, for instance, Sguotti et al., 2016), satellite tracking
(Hammerschlag et al., 2011), and, more recently, envi-
ronmental DNA analyses (Bakker et al., 2017) and the
citizen science approach (Chin & Pecl, 2019; Bargnesi
et al., 2020).

Sharks, rays, and skates are particularly exposed to
human activities such as habitat degradation, fishery ex-
ploitation and pollution (Myers & Worm, 2003; Barria
et al., 2015). One-quarter of chondrichthyans (including
chimaeras) are estimated to be threatened by extinction
at the global scale (Dulvy et al., 2014). The risk of ex-
tinction increases in small ocean basins, such as the
Mediterranean Sea; according to the last IUCN regional
assessment, in the Mediterranean Sea, among the 73 as-
sessed species (in a total of 88 species registered in the
Mediterranean Sea; Serena et al., 2020), 20 are listed as
“Critically Endangered” and 11 as “Endangered” (Dul-
vy et al., 2016). Gaps in the knowledge of some elas-
mobranch species have not been filled despite research
advancements. There are 13 data-deficient species living
in the Mediterranean Sea (Dulvy et al,, 2016).

The vulnerability of elasmobranchs to fisheries and
other anthropogenic activities is tightly related to their
life history and behavioural traits. Slow growth rates, late
maturity at large sizes, long pregnancies, the deposition
of eggs on the seabed and generally large body sizes are
recognised as factors that make these species vulnerable
and poorly resilient to overexploitation (Ricklefs, 1979;
Dulvy & Reynolds, 2002; Field et al., 2009). Additional-
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ly, behaviours such as long migrations, sexual segrega-
tions, aggregations for reproduction and site fidelity, and
the need for specific, often coastal, areas as nurseries are
known to contribute to the risks associated with elasmo-
branch survival and reproduction and thus to their decline
(Maguire et al., 2006; Jacoby et al., 2012; Braccini et al.,
2016; Byrne et al., 2017; Dulvy et al., 2017).

The gaps in knowledge encompass several aspects
of elasmobranch biology, from their current geograph-
ical distribution to the details of their life-history traits
and from their trophic ecology to their use of space and
behavioural traits (Huepel et al., 2019). Additionally, the
incorporation of specific information on these aspects is
essential for developing appropriate and effective man-
agement strategies (Jacoby et al., 2012; Chapman et al.
2015; Braccini et al., 2016). While several studies in the
Atlantic and Pacific Oceans have been performed on the
social behaviours, movements and migration of elasmo-
branchs (see, for review, Jacoby et al., 2012; Braccini et
al., 2016), very little information is currently available in
the Mediterranean Sea (Abudaya et al., 2018; Barash et
al., 2018; Chaikin et al., 2020).

The movements, use of space, and behavioural traits
such as the occurrence of sexual segregations, social in-
teractions, and aggregations of elasmobranchs may be
investigated using different tools and approaches, such
as the application of satellite and radio tracking, genet-
ic analyses, and fishery data (Hammerschlag et al. 2011;
Chapman et al., 2015). These approaches may also be
combined (Kessel et al., 2014).

An emerging approach to studying wildlife is repre-
sented by the collection of information from nonscientist
stakeholders. In particular, so-called Local Ecological
Knowledge (LEK), i.e., the knowledge that people in
direct contact with wildlife may have on species/eco-
systems, often as the result of extensive observation, is
increasingly recognised as an important source of infor-
mation (Huntington, 2000; Anadén et al., 2009; Albu-
querque et al., 2021). In the marine environment, LEK
usually involves fishers and has been demonstrated to
provide relevant information, mainly on species abun-
dances and distributions and their changes over time
(e.g., Azzurro et al., 2011, 2019; Maynou et al., 2011;
Fortibuoni et al., 2016; Bastari et al., 2017; Penaherre-
ra-Palma et al., 2018; Taylor et al., 2018; Colloca et al.,
2020), as well as on seascape management (Berkstrom
et al, 2019). For some species, LEK may also provide
information on the habitat, diet, reproductive season and
even behaviours, such as the occurrence of aggregations
(Colin et al., 2003; Moreno et al., 2007; Gerhardinger et
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al., 2009; Begossi, 2008; Begossi et al., 2019).

Fishing practices are often tightly linked to the knowl-
edge of the behavioural traits of a species, and fishers
may adjust fishery activities according to species migra-
tions and uses of space (Moreno et al., 2007). Moreover,
fishery exploitation of spawning aggregations is a well-
known phenomenon for species such as groupers (Sadovy
de Mitcheson & Colin, 2011; Russel et al., 2014), but
shark aggregations are also known and exploited (Bada-
Sanchez et al, 2019). Therefore, experienced fishers
may highly contribute to the knowledge of these bio-
logical aspects. The involvement of fishers in gathering
information may also constitute the first step towards a
comanagement approach (Begossi, 2008; Berkstrom et
al., 2019), especially if fishers perceive these species as
important for ecosystems.

This study aims to benefit from the experience gained
by fishers in the Mediterranean Sea to 1) evaluate the

potential of LEK in reconstructing the behavioural traits
of elasmobranchs, in particular movements and aggrega-
tions, and 2) collect fishers’ perceptions on the relevance
of elasmobranch to fisheries and their conservation im-
portance.

Materials and Methods
Study area

The survey was conducted opportunistically in several
locations in the Mediterranean Sea, in 12 (6, 9, 10, 11, 13,
16, 17, 18, 19, 20, 22 and 28) out of the 30 Mediterranean
GSAs (Resolution GFCM/33/2009/2; FAO, 1990-2021)
(Fig. 1a) and in seven countries (Italy, Croatia, Montene-
gro, Greece, Spain, Tunisia and Turkey). The number of
interviews per site depended on fishers’ availability and
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Fig. 1: Sampled GSA of the Mediterranean Sea with a focus on Adriatic sampling points. Coloured bubbles represent the number
of interviews in (A) the different Mediterranean GSAs and (B) sampling sites in the Adriatic Sea.
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actual opportunities to interview them. In GSA 11, fishers
operate in both GSA 11.1 and 11.2, hereafter referred to as
GSA 11. Within GSAs 17 and 18, seven different sites were
sampled: Ancona (ANC), Chioggia (CHIO), Marano La-
gunare (ML), northern Istria (NI; including Funtane, Novi-
grad, Pore¢, Savudrija, Umag, Vabriga, and Vrsar), south-
ern Istria (SI; including Banjole, Pula, Rovinj, and Rabac),
the eastern Adriatic coast (EAC; including Crikvenica,
Dubrovnik, KrK, Losinj, Punat, Primosten, Privlaka, Split,
and Zadar) and Montenegro (MON; including Bar, Budva,
Herceg Novi, Tivat, and Ulcinj) (Fig. 1b).

Starting from previously available studies (see, for in-
stance, Azzurro et al., 2011, 2019; Maynou et al., 2011),
a semistructured questionnaire was developed and trans-
lated into different languages. The questionnaire response
collection was carried out by trained marine biologists
assisted with species tables to allow accurate taxonomic
identification by fishers. To facilitate fisher collaboration,
all interviewers were local and had previous experience
working with fishers. The interviews were completed be-
tween spring 2017 and spring 2019.

Fisher interviews were structured in five sections: (7)
demographics and technical information (question num-
bers, QNs, 1 to 3); (i) description of catch abundance
and diversity (QNs 4 to 12); (iii) knowledge about elas-
mobranch movement and catch seasonality (QNs 13 to
15); (iv) knowledge about elasmobranch aggregations
(i.e., a conspecific and high-density aggregation during
a specific time of the year; Colin, et al., 2003; Sadovy de
Mitcheson & Colin 2011) and their characteristics (QNs
16 to 20); and (v) fisher opinion on the elasmobranch
role and value in the marine environment (QNs 21 to 23)
(Supplementary data, Fig. S1).

In the first section, personal information (fisher age
and years of fishing experience) and information on the
fishery (gear type, number of fishing trips per year, past
and present fishing areas) were included. The gear types
were categorised into gillnets (GNS), longlines (LLS),
bottom otter trawls (OTB), beam trawls (TBB) and oth-
ers, such as purse seines (PS) and traps (FPO).

The catch data section (QNs 4 to 12) included in-
formation on four time periods of twenty years each
(1940-1960, 1960-1980, 1980-2000 and 2000-present).
The interviewed fishers were asked to indicate the rel-
ative abundance of sharks, skates and rays in the four
time periods, naming the species in an open question and
choosing among five categories (Very abundant - more
than 3 times more abundant in comparison to the pres-
ent; Abundant - twice more abundant than in the present;
The same; Less abundant; No assessment). The fishers
were then asked to indicate the main species perceived
as declining or disappearing and if they witnessed any
change in size. These data were collected to provide a key
for the interpretation of the general framework of species
presence in the different Mediterranean areas according
to fisher perception and therefore to help to understand
the answers of the fishers to the following questions.

Seasonality (QNs 13 to 15) was investigated by col-
lecting responses on the main seasons of catch and the
main migration drivers (e.g., reproduction, foraging or
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abiotic factors).

In the fourth section, questions on elasmobranch aggre-
gations included their occurrence (QN 16), frequency (QN
17) and features such as number, size, and sex composition
over the four abovementioned periods (QN 18). Addition-
ally, the area where and the period of the year when the
aggregation takes place were assessed (QNs 19 and 20).

Finally, fishers were asked to express their opinion on
the ecological value, commercial significance and con-
servation importance of sharks, skates, and rays, as well
as what measures they would adopt to conserve the spe-
cies (QNs 21, 22 and 23).

Data processing and analyses

No-answer entries (NA) and null answers (NULL)
were identified and discarded because they were too
vague (e.g., use of general terms such as shark, ray, and
skate instead of specifying a species name) throughout
the whole questionnaire. Concerning the second section
(description of catch abundance and diversity), the ranges
of the frequency of NA and null answers were between
18% and 30%. The third section, regarding the catch
season (movement and catch seasonality), had an over-
all frequency of discarded NA and null answers of 14%.
To depict general patterns, a minimum response thresh-
old was set in which only species that were indicated by
at least 25% of the interviewees in each GSA were con-
sidered (Supplementary data, Tables S1 and S2). Genera
were used instead of species when scientific names were
not reported in the answers (e.g., Raja spp. and Mustelus
spp.). The fourth section (elasmobranch aggregations and
their features) had different percentages of NULL and
NA answers among different periods, with valid answers
collected only for the 1960-1980 period. Data on aggre-
gation features were retrieved while considering only
the last three time frames (1960-1980, 1980-2000 and
2000-present) and keeping the Adriatic and other GSA
entries separate (Tables S3 and S4). The other GSA data
were pooled together due to the limited sample size (Ta-
ble S5). QNs 14, 15, 19 and 20, from the third and fourth
sections, were excluded from further analyses because of
overall inconsistent and generalist answers. Only a few
fishers marked an aggregation area on the provided map;
thus, this part was not included.

Data on fisher age, years of fishing activity and an-
nual fish trips were evaluated to check similarity by the
Kruskal-Wallis test in R studio (R Studio team 2020).

For the questions related to the second section (catch
abundance and diversity), the interviews were analysed
according to GSA (GSA 22 and 28 were grouped since
fishers from GSA 28 declared to also fish in GSA 22) and
period (A: 1940-1960; B: 1960-1980; C: 1980-2000; D:
2000-present). Because the different species of the genera
Mustelus (Marino et al., 2018) and Alopias (Serena et al.,
2005) present similar morphological traits, thus possibly
favouring misidentification, we chose to pool together in
the genus all answers related to the species belonging to
these taxa.
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Data on the declared most-fished species per period
and GSA were first transformed into ratios relative to
the total number of interviews that answered the relat-
ed question. Then, the data were analysed by calculat-
ing a Bray-Curtis similarity matrix and were represented
through cluster analysis (group average as cluster mode).
SIMPER analysis was applied to investigate which main
species were responsible for the similarity within each
GSA, with a threshold of 10% relative contribution to
the similarity. Multivariate analyses were performed us-
ing Primer 6 and PERMANOVA plus (Clarke & Gorley,
2006; Anderson et al., 2008).

To analyse which species were declared to have de-
clined (from the answers to questions in the catch abun-
dance and diversity section), the data on the declined
species per GSA were transformed into ratios relative to
the total number of interviews that answered the related
question.

Only in the Adriatic Sea seasonality data were trans-
formed by ratios over the total number of interviews and
visualised by QGIS (https://qgis.org) according to the ge-
ographic area or city. To investigate whether the fishers’
knowledge about seasonality was related to the fishers’
experience (years of fishing activity, days of fishing and
change in fishing area) and whether seasonality varied
according to sub-basins, we applied generalised linear
modelling (GLM) (Dobson & Barnett, 2008) by using R
(R studio team,2020). The presence of seasonality was
considered a binomial (yes/no) dependent variable. Three

Mediterranean areas, the Adriatic Sea (GSAs 17 and 18),
Central-Western Mediterranean (GSAs 6, 9, 10, 11, 16,
13) and Eastern Mediterranean (GSAs 19, 20, 22, 28),
were considered categorical dependent variables, and
years of fishing experience, days of fishing and change
in the fishing area (binomial, yes/no) were used as inde-
pendent variables. Years of experience and fishers’ age
showed collinearity, so only the first was kept in the anal-
ysis. Based on the Akaike information criterion (AIC)
values, the best GLM model was chosen.

Results

In total, 218 questionnaires were collected in the 12
GSAs of the Mediterranean Sea (Fig. 1a). The Adriatic
Sea (GSAs 17 and 18) was the sub-basin where the larg-
est number of interviews was gathered (N = 92) (Fig. 1b).
In the other areas, the number of interviews varied from
4 to 21 per GSA. The age of the fishers was not different
between GSA (Kruskal-Wallis chi-squared = 7.3876, df
=10, p value = 0.6884), whereas year of fishing activity
(Kruskal-Wallis chi-squared = 21.104, df = 11, p value
= 0.0323) and number of fishing trips (Kruskal-Wallis
chi-squared = 65.179, df = 11, p value = 9.971e-10) sig-
nificantly differed among sampled GSA (Fig. 2a, 2b, 2c¢).
Many interviewed fishers (65%) did not change the fish-
ing area from the beginning of their activity compared to
the current one, whereas 31% of them operated in other
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areas within the same GSA, and 9% did not reply. Nearly
all fishers had caught sharks in the past (96%), as in the
present (90%). Likewise, rays and skates were frequent
catches in the past (95%) and the present (81%). Across
GSAs, the fishers’ LEK was based on different fishing
gear (Table S6), among which the TTB was sampled only
in GSAs 13, 17 and 28 and the PTM was sampled only in
GSAs 6, 17, 18 and 28. LEK based on GNT fishers was
not collected in GSA 6 or GSA 28. The LLS and OTB
gears were represented in every GSA.

No LEK-based information was gathered for the pe-
riods 1940-1960 and 1960-1980 for either shark or ray/
skate abundance catches. Between 1980 and 2000, shark
catches were higher than those at present. In detail, for-
ty-two percent of fishers in all sampled GSAs indicated
that catches were either twice (21%) or three times (21%)
more abundant than in the present, while 25% perceived
that catch abundance remained the same. Only 9% indi-
cated that catches were less abundant between 1980 and
2000 than at present.

For rays and skates, fishers highlighted a sharp decline
in catch abundance in the last twenty-year period; 30% of
fishers expressed present catches as being less abundant,
34% described them as remaining the same, and only
16% suggested an increase in captures compared to the
present. Similar to sharks, in the 1980-2000 period, ray
and skate catches were shown to be greater than those in
the present. Between 2000 and the present, a decline in
catches was highlighted as well (Fig. 3a and 3b).

Most-fished species

Considering the species that were declared to be the
most fished reported per period and GSA, the cluster
analysis grouped the samples mainly according to geo-
graphic area, regardless of the period (Fig. 4). However,
clustering was not completely related to the contigui-
ty of the GSAs; some GSAs were clustered with other
distant GSAs (see, for instance, the clustering of GSA 9
with GSAs 17 and 18). Within each GSA, some temporal
trends are recognisable, with sample clustering mainly
by period. SIMPER analyses identified the main species
responsible for the similarity within each GSA, therefore
characterising the different GSAs (Table 1).

Declined species

Fishers indicated that 40 species declined in their fish-
ing areas. The species that were perceived as declining
the most, in more than half of the analysed GSAs (11
GSAs, with GSAs 22 and 28 grouped), were Alopias spp.
and Mustelus spp., with 8 GSAs reporting their decline
over time, followed by S. acanthias, P. glauca, Squatina
squatina and Raja clavata. GSA 17 was the one with the
highest number of declining species (n =27), followed by
GSA 11, with 17 species shown to have declined.

In general, there was no wide consensus among fishers
on the declining species; indeed, the percentage of fish-
ers who indicated that the same species had declined was
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1940-1960
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Fig. 3: Catches in the different time periods of Sharks (a) and Skates and Rays (b).
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Table 1. Species responsible for GSA similarity, listed by relative contribution (SIMPER analyses).

Species Average relative presence Contribution (%)
GSA 6: average similarity 61.67 %

Scyliorhinus canicula 0.67 18.69
Galeus melastomus 0.55 13.06
GSA 9: average similarity 63.26 %

Raja clavata 0.43 19.29
Scyliorhinus canicula 0.40 15.50
Raja asterias 0.38 15.50
Pteroplatytrygon violacea 0.28 10.26
GSA 10: average similarity 59.07 %

Raja clavata 0.91 19.77
Prionace glauca 0.65 12.29
GSA 11: average similarity 43.23 %

Scyliorhinus canicula 0.60 11.73
Raja polystigma 0.56 11.30
Prionace glauca 0.48 10.39
GSA 16: average similarity 66.73 %

Mustelus spp. 0.80 30.10
Raja miraletus 0.63 26.14
Raja clavata 0.67 19.54
GSA 17: average similarity 81.83 %

Mustelus spp. 1.00 17.53
Squalus acanthias 0.74 12.64
Raja clavata 0.76 11.16
GSA 18: average similarity 54.04

Mustelus spp. 0.80 45.73
Mbyliobatis aquila 0.65 31.50
GSA 19: average similarity 56.93 %

Prionace glauca 0.60 19.73
Alopias spp. 0.38 12.53
Isurus oxyrinchus 0.43 12.53
Sphyrna zigaena 0.34 11.20
GSA 20: average similarity 77.78 %

Mustelus spp. 0.25 29.76
Squalus acanthias 0.25 29.76
Scyliorhinus canicula 0.25 29.76
Rhinobatos rhinobatos 0.38 10.71
GSA 22-28: average similarity 80.07

Dasyatis pastinaca 0.54 18.33
Alopias spp. 0.42 12.77
Scyliorhinus canicula 0.42 12.77
Galeus melastomus 0.42 12.77
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generally below 20% among the GSAs (Fig. 5). There are
many factors at play, such as the different distributions
of elasmobranch species, different fishing pressures, and
different gear types. Considering the species most report-
ed by fishers, pelagic sharks such as P. glauca, Alopias
spp. and 1. oxyrinchus and some demersal species, such
as Mustelus spp., S. acanthias, S. stellaris and S. squati-
na, were reported to decline in the Adriatic Sea (GSAs
17 and 18). Similarly, rays and skates such as R. clava-
ta, Raja asterias and Raja miraletus have become less
abundant than in the past. In the other sampled GSAs,
different species were indicated as relatively abundant.
The most-indicated species within GSAs were Mustelus
spp. in GSAs 9 and 11, S. acanthias in GSA 9, Squati-
na spp. in GSA 11, R. clavata in GSA 6, Aetomylaeus
bovinus in GSA 19, Dipturus oxyrinchus in GSA 6, and
Rhinobatos rhinobatos in GSAs 16 and 20 (Table 2). The
other survey questions in this section (QNs 6, 7, 10 and
11) were not included in the analyses due to the extensive
lack of answers.

Seasonality

The seasonality of catches was indicated for 5 elasmo-
branchs (Mustelus spp., S. acanthias, Raja spp., M. aq-
uila and S. stellaris) in the Adriatic Sea and 7 (Mustelus
spp., Raja spp., P. glauca, S. canicula, Torpedo spp., P.
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Squalus acanthias
Squatina squatina
Galeorhinus galeus
Prionace glauca
Alopias spp.
Scyliorhinus stellaris
Scyliorhinus canicula
Isurus oxyrinchus
Carcharhinus plumbeus
Hexanchus griseus
Lamna nasus
Oxynotus centrina
Cetorhinus maximus
Galeus melastomus
Carcharodon carcharias
Sphyrna zigaena

Squatina oculata

Squalus blainville

violacea and I. oxyrinchus) in the remaining Mediterra-
nean GSAs.

According to the lowest AIC value, the best-fit model
(dispersion parameter equal to 0.8) included the Mediter-
ranean subdivisions, years of fishing experience, fishing
days and fishing area as variables (Table 3). The GLM
parameters showed that species seasonality was correlat-
ed with the considered subdivisions (Adriatic Sea and
Central-Western Mediterranean, both p values < 0.001,
and Eastern Mediterranean, p < 0.05), whereas years of
experience of the fishers, days of fishing and fishing area
change were found not to be significantly correlated with
the occurrence of seasonality (Table 4).

Adriatic fishers indicated a north-south (GSAs 17)
and in-offshore migration (GSA 18) of Mustelus spp.,
as represented by a stronger seasonality of catches in the
north (CHIO, NI and ML) in summer than in the SI site.
At the central and southern sites of the Adriatic (EAC and
MON), strong seasonality also emerged in summer. Win-
ter was broadly a time period with low catches (Fig. 6a).

S. acanthias did not show any clear pattern of sea-
sonality across the Adriatic sites, except for ECA and
MON, where catches reached a peak between spring and
summer (Fig. 6b). M. aquila showed a marked peak at
the northeastern sites (ML and NI) in summer. In con-
trast, this species presented no seasonality at the ECA site
(Fig. 6¢). Regarding Raja spp., LEK information showed
that catches were equally common throughout the year,

B)Rays & Skates

0.05 0.1 0.15 0.2 0.25 03

=}

0.35
Raja clavata

Rhinobatos rhinobatos
Pteroplatytrygon violacea
Aetomylaeus bovinus
Raja miraletus

Raja asterias

Dasyatis pastinaca
Dipturus oxyrinchus
Rostroraja alba

Raja brachyura
Myliobatis aquila
Dipturus cf. batis

Raja radula

Torpedo marmorata
Torpedo torpedo

Raja cf. polystigma

Bathytoshia lata

Fig. 5: Declined sharks (A) and rays and skates (B) according to fishers’ perception (ratio calculated over the total answers for

each species).
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Table 2. Species indicated to be declined in each GSA. The
ratio consists of species frequency in the answers over the total.

GSA Species Ratio
GSA6 Raja clavata 0.57
Prionace glauca 0.36

Cetorhinus maximus 0.36

GSA9 Mustelus spp. 0.76
Squalus acanthias 0.41

GSA 10  Lamna nasus 0.43
Pteroplatytrygon violacea 0.33

Raja clavata 0.33

Raja miraletus 0.33

Rostroraja alba 0.33
Aetomylaeus bovinus 0.33

GSA 11 Mustelus spp. 0.58
Scyliorhinus canicula 0.33

GSA 16  Scyliorhinus stellaris 0.36
Rhinobatos rhinobatos 0.50

GSA 17  Squalus acanthias 0.45
Raja clavata 0.42

Mustelus spp. 0.33

Prionace glauca 0.33
Scyliorhinus stellaris 0.32

GSA 18  Mustelus spp. 0.50
Raja asterias 0.40

Squalus acanthias 0.30

Isurus oxyrinchus 0.30

GSA 19  Aetomylaeus bovinus 0.67
Pteroptlatytrygon violacea 0.67

Dasyatis pastinaca 0.33

Moustelus spp. 0.33
Carcharhinus plumbeus 0.33

GSA20  Rhinobatos rhinobatos 0.75
GSA 22-28 Squalus acanthias 0.33
Prionace glauca 0.33

Dasyatis pastinaca 0.33

whereas marked seasonality was reported exclusively in
EAC and MON (Fig. 6d). The lack of seasonal move-
ments indicated for S. stellaris was not surprising given
that this species showed no seasonality in abundance at
the ML and NI sites.

Even though it was not possible to sample several
sites in the other Mediterrancan GSAs, LEK indicates
that some species do follow a seasonal trend in catches,

Table 3. Formula of tested GLMs and corresponding AIC value.

Models ID Formula AlC
value
Model 1  glm (formula = Seasonality ~ 136
Subdivision + Years of experience +
Fishing days + Fishing area, family =
binomial (link = “logit™))
Model 2 glm (formula = Seasonality ~ 147
Subdivision + Years of experience +
Fishing days, family = binomial
(link = “logit™))
Model 3 glm (formula = Seasonality ~ 155

Subdivision + Years of experience,
family = binomial (link = “logit”))

while others appear to have an unclear pattern. For in-
stance, spring and summer seem to be the catch seasons
for Torpedo spp. (GSAs 11 and 19), I. oxyrinchus (GSA
19), S. canicula (GSA 11) and P. violacea (GSA 6). More-
over, some aspects of species seasonality are consistent
with the data from the Adriatic Sea; for instance, Raja
spp. shows highly variable seasonality across GSAs 9, 11,
22/28 and is catchable year-round. In contrast, Mustelus
spp. does not appear to have strong seasonality in GSA
16, likely since LEK-based information may suffer from
seasonal shifts in the fishery distribution in that GSA. P
glauca catches present an equivocal pattern; no season-
al trend appears in GSAs 19 and 6, while the species is
likely to occur in autumn and winter in GSA 9 (Table 5).

Aggregations

Many fishers experienced the occurrence of elasmo-
branch aggregations in the Mediterranean Sea, either
through catches or visual witnesses. In the Adriatic Sea,
such events were experienced by 80% of the interviewed
fishers, while 13% did not report having experienced
them, and 7% did not answer. Mustelus spp. (57%), S.
acanthias (32%), M. aquila (26%) and Raja spp. (11%)
were the most frequent species caught in aggregations
in both GSA 17 and 18. Other species, such as P. glau-
ca and Dasyatis pastinaca, were indicated to be rare
catches in aggregations (Fig. 7). In the other sampled
GSAs, a large portion of the interviewed fishers (58%)
confirmed having fished on an elasmobranch aggrega-
tion. In comparison, 31% of fishers declared to have not
had this experience, and 11% did not answer. By com-

Table 4. Model 1: Estimated regression parameters, standard errors, z-values and P-values. Significant values in bold.

Variable Estimate Std. Error z-value p-value
Adriatic Sea 3.756273 1.012022 3.712 <0.001
Central-Western Mediterranean -3.182497 0.669038 -4.757 <0.001
Eastern Mediterranean -1.775696 0.896434 -1.981 <0.05
Years of experience -0.004263 0.019640 -0.217 >0.05
Fishing Days -0.002594 0.003186 -0.814 >0.05
Fishing Area 0.138850 0.547402 0.254 >0.05
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Fig. 6: Seasonality of Mustelus spp., Squalus acanthias, Myliobatis aquila, Raja spp. as perceived by fishers at the Adriatic sites:
Ancona (ANC), Chioggia (CHIO), Marano Lagunare (ML), northern Istria (NI) and southern Istria (SI), the eastern Adriatic coast
(EAC) and Montenegro (MON). The ratio of answers over the total in the four seasons (spring (SP), summer (SU), autumn (AU)

and winter (WI) and throughout the year (TY).

Table 5. Seasonality in Mediterranean GSAs (Italy (ITA), Turkey (TUR), Spain (SPA)). GSAs 17 and 18 are not included. Values
are reported as a ratio, meaning the frequency of each species in fisher’s answers over the total. Throughout the year (TY).

GSA Country Species Spring Summer Autumn Winter TY N
9 ITA Raja spp. 0.1 0.2 0.3 0.3 0.1 21
9 ITA P. glauca 0.0 0.0 0.5 0.5 0.0 21
28/29 TUR Raja spp. 0.8 0.0 0.0 0.0 0.3 10
11 ITA Raja spp. 0.5 0.3 0.1 0.0 0.1 14
11 ITA S. canicula 0.3 0.8 0.0 0.0 0.0 14
11 ITA Torpedo spp. 0.5 0.5 0.0 0.0 0.0 14
16 ITA Mustelus spp. 0.1 0.1 0.3 0.2 0.3 15
6 SPA P, violacea 0.1 0.5 0.0 0.2 0.2 15
6 SPA P. glauca 0.0 0.5 0.0 0.3 0.3 15
10 ITA L oxyrinchus 0.0 0.5 0.5 0.0 0.0 6
19 ITA P. glauca 0.3 0.2 0.2 0.0 0.3 6
19 ITA Torpedo spp. 0.3 0.8 0.0 0.0 0.0 6
612 Medit. Mar. Sci., 22/3 2021, 603-622



bining all sampled GSAs, Raja spp. (25%), S. canicula
(19%) and Mustelus spp. (14%) appeared to be the most
common species caught in aggregations. Other elasmo-
branchs, such as Mobula mobular, P. violacea, Galeus
melastomus, P. glauca, D. pastinaca, Squalus blainville,
Cetorhinus maximus, Torpedo spp., Etmopterus spinax,
Hexanchus griseus, Sphyrna zygaena, and S. acanthias,
were occasionally caught in aggregations. Nevertheless,
such events appear to be rare (between 1% and 8% of
answers) (Fig. 7). The latter species group includes less
commercially relevant species, such as P. violacea, D.
pastinaca and Torpedo spp., and rare species, according
to the results of this survey regarding the most fished
elasmobranchs. Overall, some species aggregations were
present in more GSAs than other species. For instance,
Raja spp. and Mustelus spp. aggregations appeared in the
highest number of GSAs in eight and five GSAs, respec-
tively (Fig. 7).

In both the Adriatic Sea and the other Mediterranean
GSAs, LEK indicated declining trends in aggregation oc-
currence for Mustelus spp., S. acanthias, M. aquila and S.
canicula. Regarding the frequency of Raja spp., a slight
trend seems to indicate an increase only in the Adriatic
Sea (Fig. 8a and 8b).

LEK information allowed the description of some ag-
gregation features, such as individual number, size, and

10°0.000'E

sex composition (Fig. 8a and b). There is a general con-
sistency in the results among the Mediterranean GSAs
regarding the aggregation characteristics of Mustelus spp.
Comparing the three periods represented by the fishers’
answers, more than fifty individuals were usually found
in the aggregations, there was a prevalent presence of
mixed sexes in the aggregations, and pregnant females
were commonly encountered. Adriatic LEK on S. acan-
thias showed that the individual composition of aggre-
gations changed over time in number, decreasing from
more than fifty animals to a few per aggregation. The
individual size remained the same over time, as did the
presence of mixed sexes. The characteristics of M. aquila
aggregations in the Adriatic Sea were similar across peri-
ods; most of the aggregations were formed by more than
fifty individuals and were composed of mixed sizes and
sexes. Raja spp. were frequently found in aggregations
that were consistently composed of more than ten indi-
viduals and mixed sexes. In all the Mediterranean GSAs,
a size reduction was noted for Raja spp. aggregations.
Only for GSAs 9, 11 and 6 information on S. canicula ag-
gregations was collected. The data showed an increase in
the number of individuals per aggregation and a constant
presence of medium-size individuals. Mixed sexes were
common across the investigated periods.
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Fig. 7: Data on aggregating species in sampled GSAs in the Mediterranean Sea. The absence of icon means zero aggregating
species (GSA 19) or no-available data for the GSA (GSA 13). Species name and used abbreviations: Cetorhinus maximus (CM),
Carcharhinus plumbeus (CP), Dasyatis pastinaca (DP), Etmopterus spinax (ES), Galeus melastomus (GM), Hexanchus griseus
(HG), Myliobatis aquila (MA), Mobula mobular (MM), Mustelus spp. (M), Prionace glauca (PG), Pteroplatytrygon violacea
(PV), Raja spp. (R), Squalus acanthias (SA), Scyliorhinus canicula (SC), Squalus blainville (SB), Sphyrna zygaena (SZ), Torpedo
marmorata (TM).
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Fig. 8: Characteristics of the aggregations of the main elasmobranch species indicated by fishers in the Adriatic Sea (11a) and in
other Mediterranean GSAs (11b). Legend by colours refers to answer ratio in percentage.

Fishers’ perceptions of elasmobranch value

Regarding the value and role of elasmobranchs in eco-
systems, it was generally acknowledged by fishers that
elasmobranch species are important for the marine en-
vironment (77% YES, 8% NO and 15% no answer-NA).
Similarly, sharks, rays and skates were also recognised
to have relevant economic value for fishery revenue
(75% YES, 21% NO and 4% NA). Interestingly, 74%
of the interviewed fishers answered that there is a need
for conservation actions for elasmobranchs. In compari-
son, 10% did not agree, and the rest (16%) of the fishers
did not answer the question (Fig. 9a). Fishers in favour
of elasmobranch protection indicated three actions: (i)
spatial-temporal closures (17%), for instance, during
the reproductive season; (ii) release of captured small
relative-sized individuals (e.g., newborn or juveniles)
as good fishing practice (10%); and (iii) catch control,
such as regulation surveillance and enforcement, to more
broadly reduce illegal, unreported and unregulated fish-
ing (21%). Other measures made up 8% of the answers,
whereas 44% of interviewed fishers did not give any indi-
cation of specific measures, although they were in favour
of conservation measures (Fig. 9b).

614

Discussion

This study has shown that LEK can be useful for col-
lecting behavioural and ecological information on elas-
mobranch populations. LEK has already proven to be im-
portant for studying abundance trends of commercially
exploited elasmobranchs in GSA 16 (Colloca et al., 2020)
as well as several aspects of other marine species (Azzur-
ro et al., 2011, 2019; Maynou et al., 2011), but this is the
first time that the study of elasmobranch behaviour has
been applied in Mediterranean GSAs collectively. As a
general perspective on LEK-based information, the ro-
bustness of the data collected from fishers was supported
by their long average fishing experience and by the fact
that many fishers did not change fishing areas during their
activity, and if changed, the new fishing areas were with-
in the same GSA. As a consequence, the fishers provided
long-term data referring to specific areas. Interviewed
fishers used different fishing gear and were therefore able
to provide information on different species. Their ability
to provide a reliable picture is supported by the high cor-
respondence of the species distribution and changes over
time reconstructed by fishers” LEK with those evaluated
with scientific and fishery surveys in the Mediterranean
Sea (Ferretti et al., 2013; Barausse et al., 2014; Colloca
et al., 2017; Follesa et al., 2020; Ramirez -Amaro et al.,
2020). For instance, according to LEK, Mustelus spp., S.
acanthias and S. squatina were widely caught in several
GSAs in the past. The decline of these species has already
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Fig. 9: Elasmobranch importance in the marine environment, fishery revenue and conservation aspects according to fishers (12a).
Measures for elasmobranch conservation proposed by fishers: spatial-temporal closure (Spatio-Temp), newborn release (new-

born), catch control (e.g., quotas, law enforcement) and others.

been documented in the Mediterranean Sea (Ferretti et
al., 2013; Fortibuoni et al., 2016; Colloca et al., 2017,
Gordon et al., 2019). Similarly, pelagic species such as
Alopias spp., Lamna nasus, P. glauca and I. oxyrinchus
have recently experienced drastic decreases, and the LEK
results indicated similar trends (Ferretti et al., 2008). Con-
versely, other species have remained at stable levels or
are less affected by fishery exploitation, as is the case for
G. melastomus, S. canicula and R. clavata in the western
Mediterranean Sea (Abella et al., 2017; Ramirez -Amaro
et al., 2020) and in the northern lonian Sea (Serena, 2014;
Ricci et al., 2021). If the correspondence between LEK
and scientific data is important to evaluate LEK reliabil-
ity, fishers provided new insights for other species, both
commercial, such as D. oxyrinchus in GSA 6, and even
noncommercial, such as 4. bovinus, in GSA 19.

Species seasonality

The present study suggests that LEK can be an impor-
tant source of information about seasonal migrations of
species in the Mediterranean Sea. Several species were
indicated by fishers as showing seasonality in catches as
the likely consequence of seasonal movements. More-
over, some differences in migratory patterns among ar-
eas emerged. It could have been expected that fishers’
knowledge of fish movement could be related to their ex-

Medit. Mar. Sci., 22/3 2021, 603-622

perience at sea. Our analyses did not show any influence
of fishers’ experience on this information, highlighting
either that our sample included experienced fishers or
that even fishers with a short time of activities can have
a clear perception of fish movements. Before discussing
the results for the different species, it is also worth not-
ing that the distribution of fishing efforts may influence
the perceptions of catch seasonality if fishing grounds
change seasonally. While this point was not highlighted
by fishers, it could limit the reliability of some informa-
tion, especially in some areas, such as the largest Medi-
terranean subbasins (e.g., the central, western and eastern
Mediterranean areas), and therefore the comparability
between areas. However, this issue appears to be less
relevant for other areas, such as the Adriatic Sea, where
fishery distribution does not show a wide spatial differ-
ence across seasons (Russo et al., 2020). In addition, to
overcome this potential bias, the 25% answer threshold
was set to establish coherence across the fishers’ replies.
In general, both static and active fishing gear may be used
in different areas to follow fish movements; therefore, the
use of different fishing gear is not expected to provide
differently biased results.
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Species seasonality of demersal species

Migration patterns in the Adriatic Sea have already
been suggested for some demersal species (Fortuna et al.,
2010; Bonanomi et al., 2018). The application of season-
ality in catches as an indicator of seasonal migrations has
been proposed for Mustelus spp., S. acanthias and M. aq-
uila (Bonanomi et al., 2018). In the present study, fishers
indicated similar seasonality patterns for these species as
well.

The LEK from the two sides of the Adriatic Sea pro-
vided a more comprehensive picture of the movements of
Mustelus spp. and M. aquila with respect to the available
data. For these species, indeed, in the Adriatic Sea, two
patterns emerged from LEK: a north-south pattern in the
northern Adriatic, as suggested by Bonanomi etal. (2018),
and an off-inshore pattern in the southern Adriatic. In-
terestingly, Mustelus spp. seasonality at the Montenegro
site may indicate a different migration pattern compared
to those indicated at the northern Adriatic sites, similar
to what was found for other species whose movement
is influenced by the abiotic characteristics of the Adri-
atic Sea (Papetti ef al., 2013). The greater depth of the
southern Adriatic, in comparison to the northern-central
Adriatic, may favour winter migration into deep waters
with mild temperatures, which are more favourable for
shark physiological needs such as metabolism and somat-
ic growth (Schlaff et al., 2014). Moreover, for Mustelus
spp. no clear evidence of seasonality emerged in GSA 16.
Differences in movement behaviours among areas are
not unexpected, considering that the common drivers of
such migrations, such as environmental factors, may in-
deed vary in their seasonality among areas. For instance,
compared to the Adriatic Sea, the Strait of Sicily does not
have a strong seasonal variation in sea water temperature
(Bethoux, 2003).

A comparison of the results between the two coast-
al areas of the Adriatic Sea showed seasonality but did
not reveal any clear pattern (i.e., north-south or west-east
movement) in the migrations of S. acanthias. In the At-
lantic Ocean, this species can have different movement
ranges in different study areas (Carlson et al., 2014),
and the distribution of S. acanthias has been found to
be affected by bottom temperatures and prey availability
(Sagarese et al., 2014).

In addition to providing new information on species
known to perform migrations, LEK also provided new
insights for some less-studied species in the Adriatic Sea
and the Mediterranean Sea. The interview results sug-
gested that Raja spp., S. stellaris and S. canicula may not
undertake migrations in Mediterranean GSAs, while the
seasonality that emerged for P. violacea is consistent with
its migratory behaviours reported in the Atlantic Ocean
(Weidner et al., 2014). For what concerns Torpedo spp.,
little is known about its movement, and more research is
therefore required.
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Species seasonality of pelagic species

This study suggests the existence of seasonality in
several GSAs (6, 9, 10, 19) for some pelagic species,
such as P. glauca and I. oxyrinchus. The movement of
P glauca has been largely studied in the Atlantic and
Pacific oceans (Kohler et al, 1998; 2002; Mucientes et
al., 2009; Stevens et al., 2010; Vandeperre et al., 2014).
Long-term migrations of P. glauca have been document-
ed by tagging studies, with some individuals moving
from the Atlantic Ocean to the Mediterranean Sea and
within the Mediterranean (Kohler ez al., 1998; 2002). In
particular, in the Mediterranean Sea, where mainly im-
mature individuals were tagged, only short movements
were observed for the two species (Kohler et al., 2002),
supporting the observation that juveniles display residen-
cy for at least two years after birth within the same area
(Vandeperre et al., 2014). Similarly, 1. oxyrinchus showed
seasonal movements in the Atlantic Ocean (Rogers et al.,
2015), while no data on this species are available for the
Mediterranean Sea. Considering the migratory behaviour
of these two species, it is conceivable that the seasonality
found in this study may be due to migrations. Consider-
ing the lack of information on this issue, the results of this
study encourage future studies on these two species in the
Mediterranean Sea to reconstruct their movements as an
accessory approach to a monitoring scheme focused on
large elasmobranchs (Mancusi et al., 2020).

Aggregation

This study allowed the investigation of elasmobranch
aggregations (i.e., conspecific and high-density aggrega-
tion during a specific time of the year) in the Mediterra-
nean Sea. In addition to sporadic and opportunistic events
published in the literature, the occurrence, frequency, and
species-specific characteristics of aggregations have of-
ten been overlooked for many elasmobranch species. In
this study, LEK provided information on species known
to perform aggregations but also some initial insights into
the aggregation occurrence of six species (P. violacea,
M. aquila, G. melastomus, S. blainville, T. marmorata,
E. spinax) and one genus (Raja spp.) for which, to our
knowledge, no previous data are available.

Aggregation - Demersal species

The occurrence of aggregations of Mustelus spp. and
S. acanthias are known in the Atlantic Ocean (Smale &
Compagno, 1997; da Silva et al., 2013; Carlson et al.,
2014) and hypothesised also in the Adriatic Sea (GSA 17)
(Bonanomi et al., 2018) and the Strait of Sicily (GSA 16)
(Colloca et al., 2017). LEK confirmed the occurrence of
aggregations in those GSAs and indicated new aggrega-
tion areas for Mustelus spp. in other GSAs (9 and 19).
For S. acanthias, the aggregation areas (GSAs 17 and 28)
indicated by LEK correspond to the areas where the spe-
cies is mostly found (Serena et al., 2009; Follesa et al.,
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2020). However, to our knowledge, this is the first report
of aggregation of S. acanthias in the Mediterranean Sea.
S. canicula aggregations have not been reported in Med-
iterranean sites (Wearmouth et al., 2012). Nonetheless,
LEK suggests the occurrence of such aggregations in 4
GSAs (6, 9, 11, 16), in close correspondence with the
main Mediterranean distribution of the species (Follesa
et al., 2020). Among Mediterranean batoids, aggregation
records have been published only for D. pastinaca in the
Levantine Sea (GSA 27) (Chaikin et al., 2020), but this
species occurrence has been documented in other coastal
areas of the central Mediterranean Sea (GSA 16, Tiralon-
go et al., 2020). This study highlighted two more GSAs
(11 and 17) where D. pastinaca aggregations occur ac-
cording to LEK.

For the first time, specific descriptions and tempo-
ral occurrences of aggregations were recovered for four
species in the Mediterranean Sea. In the Adriatic Sea,
considering LEK in only three time frames (1960-1980,
1980-2000 and 2000-present), the catch and sight fre-
quencies of aggregations decreased for Mustelus spp. and
S. acanthias, likely due to fishery-driven decline. The
general decline of these species was highlighted by fish-
ers in the interviews and is consistent with the findings
of Barausse et al. (2014). The opposite trend noted for
Raja spp. may reflect an increase in abundance observed
in landings (Clodia database, 2020) after a period of docu-
mented decline (Juki¢-Peladi¢ et al., 2001), but more stud-
ies are necessary to confirm this increase. In other GSAs,
Mustelus spp. aggregation occurrence and the number of
individuals decreased over time, as expected due to recent
exploitation-driven decline (Ligas et al., 2013; Colloca et
al., 2017). In contrast, Raja spp. and S. canicula did not
show substantial changes in aggregation occurrence; this
was expected since no decreasing trend in abundance
was observed over time in the western Mediterranean
(Ramirez-Amaro et al., 2020; Follesa et al., 2020).

Based on LEK interviews, the reported size and sex
composition of individuals in aggregations (large indi-
viduals, pregnant females) may support the role of ag-
gregations in reproductive scope (Mustelus spp., S. acan-
thias and Raja spp.). In these species in other geographic
areas, aggregations have been previously reported to be
composed of adults of both sexes (Jacoby et al., 2012).
On the other hand, in M. aquila and S. canicula, the re-
ported occurrence of aggregating individuals of different
sizes may support the role of aggregations as a defence
against predators (Sadovy de Mitcheson & Colin, 2011).

In commercially exploited species, such as Mustelus
spp. and Raja spp., LEK has shown how well fishers
know this behavioural-reproductive driven phenomenon.
Therefore, fishers can effectively exploit such aggrega-
tions, further impacting species abundance and leading to
their decline, as supported by the decline in the aggregat-
ing species Mustelus spp. (Ligas et al., 2013; Colloca et
al., 2017). On the other hand, if fishers report the frequent
occurrence of large aggregations for a species, this may
indeed be an indicator of a good conservation status, as
suggested for S. canicula in non-Adriatic GSAs (6, 9, 11,
16) (Abella et al., 2017; Ramirez-Amaro et al., 2020).
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Aggregation - Pelagic species

Among pelagic sharks, P. glauca has been observed
to aggregate in other oceans, such as the aggregation of
adult individuals around seamounts (Litvinov, 2007) and
of juveniles in coastal areas (Litvinov, 2006; Serena &
Silvestri, 2018). In the Adriatic (GSAs 17 and 18) and
Ionian Seas (GSA 19), aggregations of P. glauca have al-
ready been observed (Clo & Bianchi, 1997; Pomi et al.,
1997). The present study provides, for the time, indica-
tions of P. glauca aggregations in GSAs 11 and 9.

Carcharhinus plumbeus has been seen aggregating in
Boncuk Cove (Turkey) (Filiz et al, 2019) and forming
seasonal aggregations in Israel (Barash et al., 2018) and
Lampione Island (Sicily) (Cattano et al.,, 2021). In ad-
dition, GSAs 10 and 19 were recognised as previously
unreported aggregating areas of C. plumbeus by LEK in
the present study.

Aggregating areas of C. maximus have been proposed
in the Ligurian Sea (Northern Tyrrhenian) and the Balear-
ic region (Mancusi et al., 2005). GSA 19 was indicated as
an additional aggregating area where the presence of this
species has been indeed reported (Carlucci et al., 2014).

In GSA 19, S. zygaena aggregation was indicated by
fishers, as already documented (Sperone et., 2012). In
addition, aggregation of this species was reported in the
central Mediterranean (Lampedusa Island) (Bigelow &
Schroeder, 1948).

Among Mobula species, the aggregation phenomenon
is well known (Ward-Paige et al., 2013). In the Mediter-
rancan Sea, studies on the abundance and habitat asso-
ciations of M. mobular have already suggested the oc-
currence of aggregations (Notarbartolo di Sciara et al.,
2015). Winter aggregations have also been observed in
the Levantine Sea (Gaza strip) for mating (Couturier et
al., 2013; Abudaya et al., 2018). Overall, these published
studies confirmed the LEK findings for this species.

Use of LEK in elasmobranch behavioural research

The use of LEK for the study of the behavioural traits
of elasmobranchs has some shortcomings and limitations.
First, LEK might tend to suffer cognitive biases, such as
judgement deviation, shifting baseline syndrome (Pauly,
1995), changes in fishing effort over time, or difficulties
in reconstructing past scenarios, as some elasmobranch
species are not the target but accidental catch for fish-
eries. Second, fishers’ attention may be more focused
on more commercially relevant species, and biological
traits may not be easily observed. For instance, for sev-
eral species, sex composition information based on LEK
may suffer from erroneous attribution of sex. However, in
elasmobranchs, sex is easily determined based on exter-
nal prominent copulatory organs called as claspers, which
are extensions of the posterior bases of the pelvic fins
(Musick & Ellis, 2005), and indeed, interviewed fishers
provided information on sex in aggregations. Among the
species reported by fishers, clasper presence may go un-
noticed in S. canicula, since they are enwrapped in pelvic
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fins (ICES, 2013). Therefore, sex misidentification for
this species may indeed occur and explain a possible in-
consistency between the indication of mixed-sex aggre-
gations by LEK and the well-known sexual segregation
of this species (Wearmouth et al.,, 2013; Finotto et al.,
2015). Third, after the progress in elasmobranch taxon-
omy by new genetic tools (see, for instance, Cariani et
al., 2017; Marino et al., 2018), interviewers and fishers,
depending on the geographical area, might have different
taxonomy expertise about the studied species. Fourth, the
quality of the LEK results may strongly depend on the
level of established trust between the interviewers and
fishers. All these factors should be carefully considered
when using LEK (Begossi et al., 2019). To minimise
these limits and collect more reliable data, in our study,
we chose to perform some analyses only above a certain
minimum sample size. In addition, we used available
scientific data to corroborate the fishers’ information, as
shown above. Moreover, the interviewers were scientists
working on fishery and/or elasmobranch species. Finally,
the structure of a questionnaire survey should always be
examined with regard to target questions and sampling
locations. The trade-off between the usage of open and
specific questions may dramatically affect the objectives
of a study in terms of the degree of freedom as well as
the quality of the results (Azzurro et al., 2019). In this
questionnaire survey, some questions were discarded due
to the inconsistency and discontinuity of the replies.

Fishers’ perceptions of elasmobranch value

Halting or reversing the dramatic situation of the de-
cline in fishery resources requires a comanagement plan
based on a bottom-up approach to provide practical and
feasible measures (Moller et al., 2004).

This study, in collecting fishers’ opinions on shark im-
portance, value, conservation and management, provides
key information for understanding the feasibility of fish-
ers’ involvement in the management process. The ecolog-
ical importance of sharks and their relevance for fisheries
was highlighted by fishers’ answers. In fact, shark and
ray meat consumption is still an important category of
sea-origin food in Mediterranean countries (FAO, 2020),
so the demand is still high enough to make this resource
commercially valuable. Not only were more than half of
the interviewed fishers in favour of conservation meas-
ures, but most of them had a pro-active and collaborative
attitude to propose their own ideas on shark and ray man-
agement plans that go beyond the existing national and
international protection and management regulations.
Interestingly, in addition to general catch control, fish-
ers indicated some more specific management strategies,
such as the temporal closure of specific areas hosting vul-
nerable stages (e.g., reproductive areas) and the release of
newborns. These answers confirm the knowledge of fish-
ers about the biology of these species. Moreover, some
fishers voluntarily and regularly release newborns, at least
in some areas, such as the northern Adriatic Sea (Barbato
& Mazzoldi, personal observation). The protection of ar-
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eas used during vulnerable stages of elasmobranch life is
recognised to be an effective tool by the scientific world
(e.g., Martins et al., 2018). On the other hand, the conser-
vation efficacy of newborn release should be evaluated
considering the population dynamics of the species and
explored along with other management strategies (Prince,
2002). Although the efficacy of the management actions
proposed by fishers might not be optimal, these strategies
should be considered and carefully evaluated.

These results highlight that it may be possible to
recognise priority measures in collaboration with fish-
ers, both for commercial elasmobranch species, which
are more sensitive to exploitation, and for nontarget and
commercially less important species.
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