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Abstract. In small-scale fishing in the northern Adriatic
region, a certain percentage of catches consists of
cartilaginous fish, and is still considered as bycatch.
Despite global concerns about their overfishing, they are
still understudied. In orderto obtain data on the presence
of cartilaginous fish in catches, 13 fishing trials using
trammel nets were carried out from October 2020 to
March 2021 at three fishing locations along the Istrian
coast (northern Adriatic): Umag, Pore¢ and Cape
Kamenjak. Nets were set in the afternoon and hauling
was performed the nextday. Thestretched mesh sizes of
the bottom trammel nets were 80 and 140 mm and the
total length of the nets was 30,700 m. Among the 33
species with 403 specimens recorded in the total catch,
six species with 23 specimens were cartilaginous:
Dasyatis pastinaca, Mustelusmustelus, Prionace glauca,
Scyliorhinus canicula, Scyliorhinus stellaris, Torpedo
marmorata. Since our preliminary results show that
cartilaginous species are common in Istrian waters, we
suggest more accurate record keeping of their catches,
considering existing fisheries management strategies.
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1. Introduction

In small-scale coastal fishing, which ranks second in
terms of catch in the Republic of Croatia, just after
pelagic fishing, gill nets and trammel nets are the most
used fishing gears (Mati¢-Skoko et al., 2010). Trammel
nets are not very selective and are quite effective in
catching a wide range of organisms (Stergiou et al.,
2006). They also capture a high diversity of species,
which are mostly classified as non-targetspecies (Batista
et al., 2009), especially elasmobranchs (Beata et al,
2009). Inthis context, the incidental catch of vulnerable
species such as elasmaobranchs is considered one of the
threats to the profitability and sustainability of fisheries
as well asto wider marine biodiversity (FAO, 2011).
Their landings reported to the Food and Agriculture
Organization of the United Nations increased to a peak
in 2003, and subsequently decreased by 20% (FAO,
2010, Frodella et al., 2016). However, recentglobal data
showan increase of 42% ofthetrade in shark meat (FAQ,

2015) and the true total catch is considered to be about
75% greater than reported (Worm et al., 2013). Most
elasmobranchs catches are unregulated and often
misidentified, unrecorded, aggregated or discarded at
sea, resulting in a lack of species-specific landings
information (Bornatowski et al., 2013., Cariani et al.,
2017). However, bycatch volumes and species
compositionof elasmobranchs are poorly documented in
the Mediterranean and data are rarely incorporated into
national and international statistics (GFCM, 2014).
Despite a wide range of efforts in different mitigation
measures which are applied to reduce elasmobranchs
bycatch, it is still a problem of global concern. In this
context, lack of quantitative and qualitative data on
incidental catch ofelasmobranchs in fishing gears is one
of the primary limitations (FAO, 2019). According to
Campanelliet al. (2011), the northern Adriatic and its
Istrian waters are the most productive area of the whole
Mediterranean Sea. Therefore, in addition to researching
the composition of fish catches in fishing gear widely
used by local fishermen in Istria, it was necessary to
investigatetheshare of elasmobranchspeciesin the total
catch.

Materialsand methods

This study was performed from autumn 2020 (October)
till the end of winter 2021 (March). Bottom trammel nets
were used in 13 fishing operations on three locations
(Umag, Pore¢ and Cape Kamenjak area) along the Istrian
peninsula (northern Adriatic Sea, Figure 1). Mesh size of
the inner panel of trammel nets was 80 and 140 mm
respectively. A total of 30,700 m of trammel nets were
deployed throughout the research period. The average
depthsat which the nets were laid was 40 m, on grounds
typically used by local fisherman when targeting
commercially valuable species that are seasonally
abundant in the area. After hauling, each fish was
identified, counted and weighed. Subsequently the fish
were divided into bony (Class: Actinopterygii) and
cartilaginous  species  (Class:  Elasmobranchii).
Numerical fraction of each individual bony and
cartilaginous species in the total catch during the entire
sampling period was calculated aswellas monthly catch

CEST2021_00457



during each month for elasmobranchs. Microsoft Excel
2016 was used for data processing.
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Figure 1. Sampling locations along the Istrian coast in
northern Adriatic Sea (1: Umag, 2: Poreé¢, 3: Cape
Kamenjak).

2. Resultsanddiscussion

A total of 33 fish species represented by 403 specimens
were caughtfrom October 2020 to March 2021 in bottom
trammel nets on three fishing areas in Istrian waters
(Table 1). Bony fish were numerically more abundant,
and among all species the highest numerical ratio was
recorded for Solea vulgaris (76,92%), confirming this
fish as the main target species in the northern Adriatic
small-scale fisheries duringautumn and winter along the
Istrian coast (Grati et al., 2018). Cartilaginous fish,
elasmobranch, were represented with six speciesand 23
specimens: small-spotted catfish, Scyliorhinus canicula,
nursehound, Scyliorhinus stellaris, marbled electric ray,
Torpedo marmorata, common stingray, Dasyatis
pastinaca, common smouth-hound, Mustelus mustelus
and blueshark, Prionace glauca. In the total catch of
elasmobranchs, highest numerical representation was
recorded for T. marmorata (1.99%), while the strictly
protected species P. glauca and D. pastinaca were
presented with onespecimeneach (Figure 2). According
to Follesa et al. (2018), apart from S. canicula, as the
most abundant species caught in all fishing areas of the
northern Mediterranean, T. marmorata had the highest
frequency of occurrence on the continental shelf among
the 41 recorded cartilaginous species, which is
comparable to our data. The highest diversity of
elasmobranchs in our study was recorded in December
2020, as well as the highest numerical ratio in the total
catch (15.79%). Elasmobranchs were not recorded after
January 2021 (Figure 3). The results have shown that
captures of shark and raysrepresenta relatively small
numerical percentage oftotal catches. Nevertheless, as it
was accentuated by Stevens et al. (2000), influence of

trammel nets onthese species should be inspected further
given the fact that they are widely used fishing gear in
Istrian waters. Fishing pressure should be considered as
one of the main variables affecting the abundance of
chondrichthyans, but not the only one (Frodella et al.,
2016). Decrease in the number of chondrichthyan
species has been detected in the northern Adriatic from
the middle of 20" century on (Jukié-Peladi¢ et al., 2001,
Colletal., 2009, Ferrettietal., 2013, Follesa etal., 2018).
This confirms the known structural depletion of the
demersal community in termsof diversity during the last
few decades. On the other hand, in the Bay of Medulin
Ivesa etal. (2021) have noticeda significant increase of
T.marmorata and D. pastinaca in bottom trammel net
catches during 2020 when comparing with the same
period of 2018. These data, in contrast to our research.
were obtained during the warmest part of the year.
Taking into account the preliminary scope of this
research andthelimited data from the literature, the need
to continue the researchwithin this study is evident.

able 1. Species recorded in trammel nets from October
2020 to March 2021 (* marks cartilaginous species).

Species Numberof Numerical
specimens fraction
Soleasolea 310 76.92%
Pagellus erythrinus 9 2.23%
Scorpaena porcus 8 1.99%
Scorpaena scrofa 8 1.99%
Torpedomarmorata* 8 1.99%
Sparusaurata 7 1.74%
Scyliorhinus canicula* 6 1.49%
Phycis phycis 4 0.99%
Scyliorhinus stellaris* 4 0.99%
Triglalyra 4 0.99%
Merlangius merlangus 3 0.74%
Mustelus mustelus* 3 0.74%
Scophthalmus rhombus 3 0.74%
Triglalucerna 3 0.74%
Zeusfaber 3 0.74%
Pagellusacarne 2 0.50%
Trachurus trachurus 2 0.50%
Citharus linguatula 1 0.25%
Dasyatis pastinaca* 1 0.25%
Diplodus vulgaris 1 0.25%
Lithognathus mormyrus 1 0.25%
Lophius piscatorius 1 0.25%
Platichthys flesus 1 0.25%
Prionace glauca* 1 0.25%
Sarpasalpa 1 0.25%
Scoarpena notata 1 0.25%
Scomber scomber 1 0.25%
Spicarasmaris 1 0.25%
Symphodus ocellatus 1 0.25%
Trachinusdraco 1 0.25%
Trigloporus lastoviza 1 0.25%
Trisopterus minutus 1 0.25%
Uranoscopus scaber 1 0.25%
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Cartliaginous fish Prionace glauca 4,35%
5,71%

Dasyatis pastinaca 4,35%

Torpedo
marmorata

Bony fish
94,29% Scyliorhini
canicula
26,09%
B

Platichthys flesus 0,26%
Sarpasalpa 0,26%

Lophius piscatorius 0,26%
Lithognathus mormyrus 0,26%
Diplodus vulgaris 0,26%
Citharus linguatula 0,26%

Scoarpena notata 0,26%
Scomber scomber 0,26%
Spicara smaris 0,26%
Symphodus ocellatus 0,26%
Trachinus draco 0,26%
Trigloporus lastoviza 0,26%
Trisopterus minutus 0,26%
Uranoscopus scaber 0,26%
Pagellus acarne 0,53%
Trachurus trachurus 0,53%
Merlangius merlangus 0,79%

P
/
Solea solea é
81.58% \
Scophthalmus rhombus 0,79%
Trigla lucerna 0,79%
Zeus faber 0,79%
Phycis phycis 1,05%
Triglalyra 1,05%
Scorpaena scorfa 2,11%  Sparusaurata 1,84%
Scorpaena porcus 2,11%

Pagellus erythrinus 2,37%

Figure 2. Numerical fraction of all fish species in the
total catch during the entire sampling period from
October 2020 to March 2021 (A = total catch, B =
cartilaginous fish, C =bony fish).
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B Torpedo marmorata Mustelus mustelus Prionace glauca

u Scyliorhinus canicula ™ Scyliorhinus stellaris ~ Dasyatis pastinaca

Figure 3. Numerical fraction of each cartilaginous
species in the total monthly catch.

3. Acknowledgments

The authors would like to thank fishermen Ranko
Bonaca, BojanIvesa and Daniele Turkovich involved in
field works and collection of data. We would also like to
thankthe Croatian Ministry of Agriculture - Directorate
of fisheries for choosing our project proposal as part of
the Measure 1.3 “Partnership between scientists and
fishermen” from the Operational Programme for
Maritime Affairs and Fisheries of the Republic of Croatia
for the programming period 2014-2020 financed by the
European Maritime and Fisheries Fund.

References

Batista, M. I., Teixeira, C. M., Cabral, H. N. (2009). Catches of
target species and bycatches of an artisanal fishery: the
case study of a trammel net fishery in the Portuguese
coast, Fisheries Research, 100(2), 167-177.

Mustelus mustelus 13,04%

Scyliorhinus stellaris 17,39%

Beata F., Batista M., Maia A., Costa M.J., Cabral H. (2010),
Elasmobranch bycatch in a trammel net fishery in the
Portuguese west coast. Fisheries Research, 102, 129-
129.

Bornatowski H., Braga R.R., Vitule J.R.S. (2013), Shark
mislabeling threatens biodiversity, Science, 340, 923.

Campanelli A., Grilli F., Paschini E., Marini M. (2011), The
influence of an exceptional Po riverflood on the physical
and chemical oceanographic properties of the Adriatic
Sea, Dynamics of Atmospheres and Oceans 52, 284-297.

Cariani A., Messinetti S., Ferrari A., Arculeo M., Bonello J.J.,
Bonnici L., Cannas R., Carbonara P., Cau A., Charilaou
C., El OQuamari, N. (2017), Improving the Conservation
of Mediterranean Chondrichthyans: The ELAS-
MOMED DNA Barcode Reference Library. PLoS ONE,
12,e0170244.

Coll M., Santojanni A., Palomera I., Arneri E. (2009), Food-
web changes in the Adriatic Sea over the last three
decades. Marine Ecology Progress Series, 381, 17-37.

FAO. (2010), The state of world fisheries and Aquaculture.
Food and Agriculture Organization of the United
Nations, Rome, 197 pp.

FAO. (2015), State of the global market for shark product -
FAO Fisheries and Aquaculture Technical Paper No.
590, Food and Agriculture Organization of the United
Nations, Rome, 187 pp.

FAO. (2019), Monitoring the incidental catch of vulnerable
species in Mediterranean and Black Sea fisheries:
Methodology for data collection - FAO Fisheries and
Aquaculture Technical paper No. 640, Food and
Agriculture Organization of the United Nations, Rome,
81 pp.

Ferretti F., Osio G., Jenkins C., Rosenberg A., Lotze H. (2013),
Long-term change in a meso-predator community in
response to prolonged and heterogeneous humanimpact
Scientific reports, 3, 1057.

Follesa M. C., Marongiu M. F., Zupa W., Bellodi A., Cau A.,
Cannas R., Colloca F., Djurovi¢ M., Isajlovi¢ 1., Jadaud
A., Manfredi C., Mulas A., Peristeraki P., Porcu C.,
Ramirez-Amaro S., Salmerén Jiménez F., Serena F., Sion
L., Thasitis I., Cau A., Carbonara P. (2019), Spatial
variability of Chondrichthyes in the northem
Mediterranean. Sciencia Marina, 83, 81-100.

FrodellaN., Cannas R., Velona A., CarbonaraP., Farrell E.D.,
Fiorentino F., Follesa M.C., Garofalo G., Hemida F.,
Mancusi C., Stagioni M., (2016), Population connectivity
and phylogeography of the Mediterranean endemic skate
Raja polystigma and evidence of its hybridization with
the parapatric sibling R. montagui. Marine Ecology
Progress Series, 554,99-113.

GFCM. (2014), Report of the Workshop on elasmobranch
conservation in the Mediterranean and Black Sea.
Scientific Advisory Committee of the General Fisheries
Commission for the Mediterranean, Sete, France, 26 pp.

Grati, F., Aladzuz, A., Azzurro, E., Bolognini, L., Carbonara,
P., Cobani, M., Demenichetti, F., Dragic¢evi¢, B., Dul¢i¢,
J., Purovi¢, M. Ikica, Z., Joksimovié, A., Kolitari, M.,

CEST2021_00457



Marceta, B., Skoko-Mati¢, S., Vrdoljak, D., Lembo, G,
Santojanni, A., Spedicato, M., Stagli¢i¢, N., Vrgo¢, N.,
Zerem, N., Arneri, E., Ceriola, L., Milone, N. (2018).
Seasonal dynamics of small-scale fisheries in the Adriatic
Sea, Mediterranean Marine Science, 19(1), 25-35.

Ivesa, N. Filipas R., Bari¢ O., Gelli M., Radeti¢ L., Castellicchio
A., Jug-Dujakovic¢ J., Gavrilovi¢ A. (2021), Trammel net
by-catch composition in the Bay of Medulin,
Proceedings of the 53th Croatian and 13th International
Symposium of Agriculture (in press).

Jukié-Peladié S., Vrgo& N., Krstulovi¢-Sifner S., Piccinetti C.,
Piccinetti-Manfrin G., Marano G., Ungaro, N. (2001),
Long-term changes in demersal resources of the Adriatic
Sea. Comparison between trawl surveys carried out in
1948 and 1998. Fisheries Research, 53, 95-104.

Mati¢-Skoko S., Staglaci¢ N., Kraljevic M., Pallaoro A.,
Tutman P., Dragi¢evi¢ B., Grgi¢evi¢ R., Dul¢i¢ J. (2010),
Croatian artisanal fisheries and the state of its littoral
resources on the treshold of enetering the EU:
effectiveness of conventional managment and
perspectivesfor the future. Acta Adriatica, 51(1), 9-33.

Stergiou K.I., Moutopoulos D.K., Soriguer M.C., Puente E.,
Lino P.G., Zabala C., Monteiro P., Errazkin L.A., Erzini
K. (2006), Trammel net catch species composition, caich
rates and meétiers in southern European waters: a
multivariate approach. Fisheries Research, 79, 170-182.

Stevens J.D., Bonfil R., Dulvy N.K., Walker P.A. (2000), The
effects of fishing on sharks, rays, and chimaeras
(chondrichthyans), and the implications for marine
ecosystems. ICES Journal of Marine Science 57, 476—
494,

Worm B., Davis B., Kettemer L., Ward-Paige C.A., Chapman
D., Heithaus M.R., Kessel S.T., Gruber S.H. (2013),
Global catches, exploitation rates, and rebuilding options
for sharks. Marine Policy, 40, 194-204.

CEST2021_00457



