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Abstract: Abandoned, lost, or otherwise discarded fishing gear (ALDFG) is a primary contributor to the
entanglement of numerous marine species. Utilizing digital media platforms like Google, Facebook, and
Instagram we conducted an assessment of the detrimental effects of ALDFG and plastic litter, on the
biodiversity of Italy's marine ecosystem. Our investigation revealed that plastic litter has adverse consequences
on various forms of marine life, including reptiles, mammals, birds, fish, crustaceans, and mollusks, along
different Italian geographical sub-areas. Several records of interaction between plastic and endangered and
vulnerable marine species have been described. Our reports even highlight the impact on marine turtles,
mainly on Caretta caretta. This is the first report of entangled with fishing nets in Cetorhinus maximus, Oblada
melanura, Serranus scriba, Homarus gammarus, Octopus vulgaris, and Phoenicopterus roseus. Furthermore, we
identified that ghost nets have repercussions for endangered and vulnerable marine species. This update sheds
light on the ongoing adverse effects of ghost nets on the Italian marine ecosystem, yet it is crucial to
acknowledge that the true extent of the problem remains underestimated.

Keywords: plastic pollution; biodiversity; entanglement; ingestion; endangered species; digital
media

Key Contribution: Plastic debris have adverse consequences on of marine life. Marine turtles
resulted the most impacted.

1. Introduction

Marine litter is becoming increasingly known as a major threat to marine wildlife. Plastics can
constitute most of the marine litter, and they have become ubiquitous in ocean basins [1]. Plastics are
known for their durability and low recycling rates, making them a persistent and pervasive problem
in marine ecosystems, with profound implications for marine biodiversity [1]. The increasing
accumulation of plastic waste in our seas is posing a grave threat to this delicate ecological balance
[2]. The impact of plastic debris on marine fauna is growing in marine ecosystems, with adverse
effects documented on over 900 species [3,4]. Abandoned, lost, or otherwise discarded fishing gear
(hereafter ALDFG) is a major threat to marine biodiversity [5]. The presence of ALDFG frequently
leads to ghost fishing, and is responsible for the entanglement of various organisms, including fish,
birds, turtles, and mammals [6-9]. Entanglement refers to the interaction between marine life and
anthropogenic debris that entraps animals or entangles their appendages within the loops and
openings of the debris [10]. Examples of such items include strapping bands, ropes, or plastic bags
that may encircle or create a loop around an animal [11], resulting in lacerations, mutilations,
infections, and ultimately, mortality [12]. Furthermore, fragments of fishing nets and other plastic
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debris can be ingested by several marine animals [4,13]. Marine animals often mistake plastic
fragments for a specific prey, and they may ingest plastic pieces that align with their anatomy and
foraging strategy [14], such as plastic bags are mistaken by jellyfish from marine turtles [15].

The Mediterranean Sea is considered one of the most polluted areas by plastic [16,17]. This is
worrying considering that the Mediterranean Sea is a hotspot for marine biodiversity hosting 4% to
18% of the world's marine species [18]. Italy, a country of south-central Europe, occupies a peninsula
that juts deep into the Mediterranean Sea. With almost 8,000 km of coasts, the Italian waters are some
of the Mediterranean’s most biodiverse, and host an estimated 14,000 marine species, of which 10%
are unique to the area [18]. Until now 32 marine protected areas were established in Italy, with a
covered surface of 57,181 km2 (10.1%) [19]. Italian coastal marine ecosystems are currently under
great pressure from marine litter. The Italian coasts are characterized by a large presence of plastic
debris on the seafloor at different depths, with accumulation zones reported in many different areas
[20-26], as well as in sea surface and water column [27], and on the beaches [28-31]. In the last decade,
many studies on plastic ingestion by marine mammals [32], reptiles [33], fish [34-36], shellfish [37,
38], and crustaceans [39] along the coasts of Italy were reported.

In this era of huge plastic production and consumption, it is crucial to understand the
multifaceted impact of plastic on marine biodiversity, as well as the urgency of taking collective
action to address this pressing problem [40]. Citizen science has emerged as a potent resource for
gathering data on the presence of marine litter and its effects on marine biota [9, 41]. In this context,
social media has evolved into a valuable tool for investigating the consequences of various activities
on biodiversity, encompassing the influence of marine litter on marine biodiversity [9]. Over the past
decade, information concerning the interaction between marine litter and marine in Italy was
disseminated through digital and social media. This research aims to identify the species affected by
marine litter and the hotspots of interaction between these species and marine litter along the Italian
coast by the collection and analysis of data coming from digital and social media.

2. Materials and Methods

For this study, we selected the predominant digital and social media platforms in Italy, namely
Google, Instagram, and Facebook. The authors used these platforms as data sources to investigate
the effects of marine litter on marine biodiversity along the coasts of Italy. To conduct our search, we

7

employed a set of combined keywords, including: “marine plastic + Italy”; “ghost fishing net + Italy”;

.,

“fishing net + marine animals”; “fishing net + entangled marine animals”; “ingestion of plastic +
Italy”; fishing lines + marine animals + Italy; “entanglement + plastic + Italy”; “conservation + plastic
+ Italy”; stranding + marine animals + plastics, findings + marine animals + plastics, entanglement +
marine fish + Italy; ingestion + marine fish+ Italy; entanglement + sharks+ Italy; ingestion + sharks+
Italy; entanglement +rays+ Italy; ingestion + rays+ Italy; entanglement + marine invertebrates+ Italy;
ingestion + marine invertebrates + Italy; entanglement + marine turtles+ Italy; ingestion + marine
turtles+ Italy; entanglement +seabirds+ Italy; ingestion + seabirds+ Italy; entanglement + cetaceans+
Italy and finally, ingestion + cetaceans+ Italy. We employed searches on Google, Instagram, and
Facebook to identify pages associated with organizations or communities dedicated to marine
pollution and conservation, and to find news in local newspapers. Every report was meticulously
reviewed and documented in our database (Table S1, Supplementary Material). All reported species
were recognized by photos and videos. The cases in which it was not possible to trace the species or
have information on the place of discovery, date, and type of incident were discarded. We classified
“ingestion” as the presence of material in the digestive tract and “entanglement” as the presence of
material around or within a part of the body. For each record, we documented the species, the
geographic location, the litter type, and the type of litter interaction. Additional information is shown
in Table S1 (Supplementary Material). The species were identified using field guides and general
morphological characteristics. In case of doubt about the identity of the species, photographs were
sent to scientists for confirmation. We used specific literature to assess the conservation status of the
species [42].
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Additionally, data were analyzed considering the geographical subareas (GSAs) in which the
report fell. The Italian GSAs recognized within the General Fisheries Commission for the
Mediterranean framework are seven, namely GSA 9 — Ligurian and Northern Tyrrhenian Sea, 10 -
Central and Southern Tyrrhenian Sea, GSA 11 — Sardinia, GSA 16 - Southern Sicily, GSA 17 -
Northern Adriatic Sea, GSA 18 — Southern Adriatic Sea, GSA 19 — Western Ionian Sea (Figure 1). The
Spearman test was applied to evaluate temporal trend of entanglement cases.

Figure 1. Mediterranean Geographical Sub-Areas (GSAs) — FAO- Res. GFCM/33/2009/2 on the
establishment of geographical subareas in the GFCM area of application. —www.fao.org/
gfcm/data/gsas/en/.

3. Results

The study conducted during the last fifteen years (2009 - 2023), showed that the major
information source was Google (52%), followed by Facebook (32%), and Instagram (16%). A total of
127 cases involving interactions between marine species and marine litter were documented along
the Italian coasts. A significant positive trend (rs== 0.88, p < 0.01) was observed starting from 1% in
2009 and reaching 24% by 2021 (Figure 2). Most of the cases were reported in autumn (38%), followed
by summer (26%), spring (23%), and winter (13%).
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Figure 2. Temporal trend of the number of entanglement and ingestion records reported by digital
media between 2009 -2023 in Italy.

Out of these recorded cases of interaction with marine litter, 16 distinct species were identified
(the species are listed in Table S1 supplementary material). Our results showed that 61% of cases
were entanglement and 39% of plastic ingestion. Additionally, a single record of concurrent
entanglement and ingestion was observed. Marine turtles (78%) were the most affected marine
animals, followed by cetaceans (9%), seabirds (5%), elasmobranchs (4%), teleost (2%), and
invertebrates (2%) (Figure 3).
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Figure 3. Percentage of records in marine animals.

Marine turtles, Caretta caretta, Chelonia mydas, and Dermochelys coriacea, were the most impacted
by plastics (Table S1). Among the three species reported, C. caretta was the most frequently recorded
(94 records) (Figure 4).
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Figure 4. Map of records in marine turtles (a). Caretta caretta and Dermochelys coriacea entangled in
fishing nets (b,c); C. caretta entangled in plastic packaging (d); C. caretta entangled in fishing net and
ropes (e); C. caretta entangled in a plastic sheet (f); C. caretta with fishing line and hook within the
digestive  tract (g). https://www.ilgolfo24.it/salvata-una-tartaruga-intrappolata-in-una-rete/;
https://m.facebook.com/story.php?story_fbid=836762696444440&id=814078758712834&sfnsn=scwsp

mo; https://www.ansa.it/canale_ambiente/notizie/animali/2017/06/12/salvata-tartaruga-charlie-
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quasi-uccisa-dalla-plastica_46d5dd4d-dc28-4aec-b335-7cfe123b68el.html;
https://www.ilgolfo24.it/salvata-una-tartaruga-intrappolata-in-una-rete/;
https://m.facebook.com/story.php?story_fbid=836762696444440&id=814078758712834&sfnsn=scwsp
mo; https://www.ansa.it/canale_ambiente/notizie/animali/2017/06/12/salvata-tartaruga-charlie-
quasi-uccisa-dalla-plastica_46d5dd4d-dc28-4aec-b335-7cfe123b68el.html;
https://www.instagram.com/p/CJ1sxhmF9gc/?igshid=MTc4MmM1YmI2Ng%3D%3D;https://www. £
acebook.com/photo.php?tbid=300158085684564&set=pb.100070711249928.-
2207520000&type=3;https://www.instagram.com/p/CESMRPODrnr/?igshid=MTc4MmM1YmI2Ng%
3D%3D.

The cetaceans constituted the largest second group found in this study (Figure 5a). Most of the
records regarded Physeter macrocephalus (4 ingestion and 3 entanglements), followed by Tursiops
truncatus (1 ingestion and 2 entanglements) and Stenella coeruleoalba (1 ingestion and 1 entanglement)
(Table S1, Figure 5b,c,d).
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Figure 5. Map of records in cetaceans in the Italian GSAs (a). Examples of plastic entanglement of
cetaceans in fishing nets: Tursiops truncatus (b); Stenella coeruleoalba (c); Physeter macrocephalus (d).
https://www.terremarsicane.it/spiaggiato-sulla-costa-abruzzese-un-delfino-senza-vita-ucciso-da-
reti-da-pesca-perse-o-abbandonate/; https://www.primopianomolise.it/citta/termoli/126668/plastica-
in-mare-delfino-spiaggiato-a-rio-vivo/; https://scienze.fanpage.it/le-reti-fantasma-che-hanno-
intrappolato-il-capodoglio-furia-uccidono-ogni-anno-300mila-cetacei/.
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For what concerns seabirds, 3 different species (Larus michahellis, Phoenicopterus roseus, and
Puffinus yelkouan) were recorded. L. michahellis (4 specimens) and Phoenicopterus roseus (1) were found
entangled in fishing lines and P. yelkouan (1) was found with its legs trapped in a surgical mask (Table
1S, Figure 6).

Regarding elasmobranchs, a specimen of Cetorhinus maximus was entangled with a fishing net,
and two specimens of Dasyatis pastinaca were entangled with plastic bags and fishing lines. Two blue
sharks, Prionace glauca, were entangled with a plastic ring, the first one, a juvenile specimen, was
found dead with the ring around its snout, while the second was an adult specimen with a plastic
ring around its body (Figure 6).

Number of

8 Cetorhinus
Dasyatis
. Prionace
Larus michaellis
Phoenicopterus rose
. Puffinus yelkouan
. Oblada melanura
® Serranus scriba
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Figure 6. Map of records in seabirds and fish (a). Larus michahellis entrapped in fishing lines (b);
Puffinus yelkouan entrapped in a surgical mask (c); Prionace glauca entangled by a plastic ring (d);
Dasyatis pastinaca entangled by fishing lines and plastic bag (e). https://www.ivg.it/2019/09/finale-
ligure-gabbiano-reale-impigliato-in-una-lenza-soccorso-dai-volontari-
enpa/?amp;https://www.ohga.it/una-mascherina-chirurgica-rischia-di-strozzarla-due-pescatori-
siciliani-salvano-una-berta-minore;
https://napoli.repubblica.it/cronaca/2020/09/20/foto/ascea_il_ministro_costa_libera_un_pesce_trigon
e_intrappolato_in_una_busta_di_plastica-267964345/1/#:~:text=Home-
Ascea%2C%20i1%20ministro%20Costa%20libera%20un%20pesce%20trigone%20intrappolato%20in,
nel%20Parco%20nazionale%20del%20Cilento;

https://www.ilmessaggero.it/AMP/societa/squalo _ucciso plastica mare-4001532.html.
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Two fish species, that is Oblada melanura and Serranus scriba, were found entrapped in a ghost
net (pot). The crustacean, Homarus gammarus, and the mollusk Octopus vulgaris were entangled in a
ghost net and in a plastic bottle, respectively (Table 1S).

As regards the records found in the various GSAs, GSA 10 emerged as the area with the highest
number of cases (34.6%), followed by GSA 11 (15%), GSA 9 (11.8%), GSA 16 (11%), GSA 17 and 19
(9.4%), and GSA 18 (8.7%) (Figure 7).

GSA-9

GSA-10

15.0% GSA-11

DO GsA-16
04% | GSA-17

87% " GSA-18
94%  GSA-19

Figure 7. Percentage of records found in different Italian GSAs.

Sicily and Sardinia were the regions where the highest number of cases were recorded, with 40%
and 15%, respectively. Moreover, when focusing on Sicily, it was observed that most cases were
found on the smaller islands. Specifically, the Aeolian Islands with 27 cases, the Egadi Islands with 5
cases, and the Pelagie Islands with 2 cases.

When focusing exclusively on entanglement cases, the predominant litter type was fishing nets,
accounting for 46% of the cases, followed by fishing lines at 23%, and plastic debris (15%, consisted
essentially of plastic floats, plastic bottles, plastic sheets, and plastic rings) (Figure 8A). As regard the
records of macroplastic ingestion, the dominant category of plastic litter consisted of 75% of plastic
debris, which included items such as cups, bottles, filters, food packages, balloons, and balloon
strings (Figure 8B).
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Figure 8. Percentage of observed entanglements (A) and ingestion (B) cases by litter type in Italy.

Regarding the health status of the species, 74% of marine animals survived the impact with
plastic waste, 24% died, while the health condition of 2% marine animals could not be confirmed. As
regards the environment in which marine animals were found, 72% of cases were found in the sea,
while the remaining 28% were on the beach. Among the total dead animals, 16% was found on the
beach, and 9% in the sea.

As regards the surviving animals, 12% was found on the beach and 62% in the sea. Finally, there
was 1% of animals for which their fate remained unknown. In Figure 9 the percentage of the type of
litter in the studied cases is shown. Fishing nets appear to be the main source of entanglement for
cetaceans and teleosts, fishing lines are the main source of entanglement in seabirds.
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https://doi.org/10.20944/preprints202311.1415.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 November 2023 d0i:10.20944/preprints202311.1415.v1

Figure 9. Percentage of the type of litter in cetaceans, seabirds, marine turtles, teleost, elasmobranchs,
and invertebrates between 2009 and 2023.

4. Discussion

The worldwide problem of marine litter, primarily consisting of plastic, poses a significant
environmental concern, leading to adverse effects on marine biodiversity and ecosystems. This study
was performed using social media and local Italian newspapers to establish a comprehensive
database of observations and incidents related to marine animals interacting with plastic, especially
ALDFGs. Despite the limitations of this study, as the publication of entanglement cases depends on
the ethical standards and motivations of media users, it is possible that many cases are not reported
in social media, a snapshot of interaction between plastic litter and marine species along the coasts of
Italy can be drawn.

Regarding the chronological distribution of case, our study identified the earliest documented
case dated back to 2009. The positive temporal trend of records, with a peak in findings in 2021,
suggested that there was an increase of the number of interactions and/or in posting on social media.

In our study, some entangled species were of particular importance due to their status on the
TUCN red list [42], two endangered species, namely C. maximus and C. mydas and five vulnerable
species: C. caretta, D. coriacea, D. pastinaca, P. macrocephalus, and P. yelkouan. To the best of our
knowledge, this is the first report of entangled with fishing net in C. maximus, O. melanura, S. scriba,
H. gammarus, O. vulgaris, and P. roseus.

The marine turtles, C. caretta, C. mydas, D. coriacea, were the most impacted (78%) both for
entanglement and plastic ingestion (56% and 44%, respectively). Among the three species reported,
the loggerhead sea turtle was the most frequently recorded. The cetaceans constituted the largest
second group found, exhibiting both plastic ingestion and entanglements. The entanglement of some
groups of organisms like marine turtles and cetaceans was often reported in the scientific literature
[41, 43-50]. However, entanglement events of crustaceans and mollusks were less investigated [51].

Among the categories of marine animals entangled, we found a limited number of cases
involving teleost and elasmobranchs. The entanglement of these groups of organisms was reported
in the scientific literature [52-55]. Specifically, entanglements of sharks in circular plastic debris was
reported for several species (Galeocerdo cuvier, Isurus oxyrinchus, Prionace glauca, Carcharhinus
galapagensis) [56,57]. The source of these circular materials appears to be primarily linked to fisheries,
derived from plastic straps from bait boxes employed by longliners [58], or components of plastic
barrels commonly used in industrial fishery [56], or detachable sections of bottle lids likely discarded
by fishing or recreational boats [59]. Our findings indicated that 77% of the documented
entanglements were associated with fishing, with the remaining 23% linked to other human activities.

In a study conducted in the Mediterranean Sea, Savels et al. [60] emphasized that, despite the
limited and inconsistent availability of data on ALDFG, it was recognized as an issue of major
concern. The synthetic polymers in fishing nets constitute the largest proportion of total litter
pollution [61]. Moreover, research conducted in various regions of the Mediterranean Sea highlighted
that fishing gear constituted the predominant source of documented marine litter, reaching levels as
high as 89% [62,63].

Several studies worldwide observed a high percentage of entanglements in litter associated with
fishing activity [5,8,41,55,56,64,65]. In line with our observations, Mghili et al. [41] highlighted that
fishing-related litter constituted the majority (89%) of entanglements documented in the Moroccan
Mediterranean.

Within the cases of ingestion, plastic debris originating from other human activities
predominated, accounting for 78%, while fishing-related material constituted 22%. Cups, bottles,
filters, food packages, balloons, and balloon strings have been found frequently involved. A surgical
mask was responsible for the second case of entanglement of a specimen of P. yelkouan, related to the
COVID-19 pandemic, as already reported by Karris et al. [66]. The ingestion of plastic debris is
common from loggerhead turtle in the Mediterranean Sea [67-71]. Mrosovsky et al. [72] and Schuyler
et al. [73] reported that plastic bags were often mistaken for gelatinous prey by several species of
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marine turtles. The study suggests that Italy is potentially a hotspot for interaction between marine
litter and marine wildlife. In particular, the western GSAs seem to experience more significant
impacts compared to the eastern ones. GSA 10 emerges as the most severely affected area, with a high
number of reports, especially in the Aeolian Islands. Previous records of entanglement regard P.
macrocephalus [74] and marine turtles [43].

5. Conclusions

Examining digital media can offer valuable insights for assessing impacts and devising
strategies to mitigate the issue of ghost fishing. This study highlights the need for more research on
the effects of ghost nets on wildlife, particularly on endangered animals. Our results underscore the
critical importance of reducing the disposal of such waste. Additional research is necessary to
understand the extent of this issue across Italy, with the help of citizen science. The current study
represents a preliminary step toward establishing databases that document instances of ingestion
and entanglement, which can be useful for conservation measures to be adopted in the Mediterranean
GSAs.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Plastic interactions and marine species found in Italy an according to
digital media.
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