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Abstract Marine litter is an environmental problem of global concern with well-
documented impacts on marine biodiversity and ecosystems. At a global scale,
marine litter is mainly composed of plastic. Plastics can affect marine organisms
mainly through ingestion and entanglement but also through the facilitation of
transport of organisms via rafting or the provision of new habitats for colonization.
Impacts vary according to the type and size of the plastics and can occur at different
levels of biological organization in a wide variety of habitats. In this chapter, we
reviewed and synthesized literature in order to describe the impact of litter on marine
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life in the Mediterranean sensitive ecosystem. The review focused on the following
impact categories: ingestion, entanglement and other effects (e.g. colonization and
rafting). In the Mediterranean, reports of ingestion were made for more than 49,454
individuals from 116 species, of which the taxonomic group with the greatest
number of species impacted was Teleosts (~59%). Forty-four species were found
entangled in marine litter (59% were invertebrates, mainly Cnidarians), of which the
species with the highest number of entanglement records in the Mediterranean Sea
was the loggerhead sea turtle (Caretta caretta). One hundred and seventy-eight taxa
were found rafting on floating objects or using marine litter as a substratum,
including Chromista and Bacteria. The most common phyla rafting on marine litter
were Arthropods and Cnidarians.

Keywords Entanglement, Ingestion, Mediterranean, Plastic pollution, Rafting

1 Introduction

Marine litter has been globally recognized as a growing environmental concern,
which can significantly affect wildlife, from marine worms [1] to whales [2] and
potentially humans [3]. Globally, the proportion of plastic among marine litter
ranges from 60 to 80%, although it has reached over 90–95% in some areas
[4]. Plastics are produced in huge quantities and have become an essential part of
our life mostly due to their low production costs and specific characteristics like
durability and flexibility [5]. As reported by PlasticsEurope in 2017 [6], about
335 million tons of plastics were produced in 2016. Up to 5% of plastics produced
each year ends up in the sea [7], where it persists, accumulates and fragments into
smaller pieces (e.g. microplastics) by UV radiation, waves and mechanical forces
[8], increasing the potential for ingestion by organisms [9]. The colour, density,
shape, size and abundance of these tiny plastic particles may affect their potential
availability to marine organisms [1, 10]. Jovanović [11] reported that, in the rela-
tively near future, the abundance of plastic micro- and nanoparticles will be greater
than the count of plankton. Plastics, including microplastics, contaminate habitats
from shallow water to the deep sea and from the poles to the equator. They are
present on shorelines, in the water column, on the seafloor, in sediments and in
organisms (e.g. [12, 13]).

The Mediterranean Sea is the largest and deepest enclosed sea on Earth [14]. It
constitutes 1 of the 25 biodiversity centres that are recognized on a planetary scale,
and it is considered a biodiversity hotspot by exceptionally high levels of endemism
[15]. Moreover, the Mediterranean is a popular touristic destination with high
pressures from anthropogenic activities (e.g. intense shipping, fishing, aquaculture,
coastal urbanization) that take place in its waters and around its coastlines, factors
that increase the input of marine litter into the basin [16, 17]. The Mediterranean is
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experiencing a deterioration of habitats, related to various human-origin activities,
including global warming, uncontrolled urbanization and coastal development, fish
farming, pollution and unsustainable fishing [15].

Plastic pollution in the Mediterranean has been well-documented: litter was found
from shallow waters down to 4,500 m, as well as in surface waters where plastic
concentration in some areas is comparable to that of the subtropical gyres
(e.g. [16, 18, 19]). Several studies have demonstrated that plastics are ingested by
marine organisms (e.g. [10, 20, 21]) and the number of reports on the impacts of
plastics on marine organisms has increased over time. The high amount of plastics in
the Mediterranean exposes its marine biodiversity to a direct threat [22].

Several reviews of the impacts of litter on marine life have been published
(e.g. [8, 20, 21, 23, 24]). Marine litter impacts on the Mediterranean marine
biodiversity were reviewed by Deudero and Alomar [25], who provided a list of
134 species affected by marine litter. More recently, Fossi et al. [26] provided a list
of Mediterranean species known to ingest marine litter. This chapter provides the
current state of knowledge about the impact of litter on marine organisms in the
Mediterranean Sea based on the relevant literature (peer-reviewed scientific litera-
ture, grey literature, web sites and reports) published so far. We considered the
effects of all kinds of marine litter, even if the great majority of records were referred
to plastic litter, in particular as concerns ingestion.

The reviews published by Laist [20], Kühn et al. [23], Kiessling et al. [27],
Deudero and Alomar [25] and Fossi et al. [26] were used as the starting point
for this review. Web of Science, Scopus and Google Scholar scientific databases
were used to search for the keywords: “plastics, marine litter, debris, microplastics,
impact, ingestion, entanglement, rafting, hitch-hiking, ghost-fishing, entrapment,
bioindicators, Mediterranean Sea, marine organisms, invertebrates, fish, marine mam-
mals, turtles, seabirds, cetaceans, molluscs, crustaceans”, appropriately combined. We
further consulted the web sites Litterbase (https://litterbase.awi.de) and “Marine litter
and biodiversity interactions in the Mediterranean Sea” (https://panaceacatalogue.
adabyron.uma.es/gvsigonline/core/public_project_load/marinelitter/). No laboratory/
experimental studies were included in the review. The bibliographic search was closed
in August 2019. Our literature search spanned records from 1980 to 2019. Taxonomic
information and species names were updated using the World Register of Marine
Species (WoRMS) database (www.marinespecies.org). Species habitat information
was based on several databases (FishBase, www.fishbase.org; SeaLifeBase, www.
sealifebase.org; the Reptile Database, www.reptile-database.org; the World Cetacea
Database, www.marinespecies.org/cetacea/). The species’ conservation status was
retrieved from the International Union for Conservation of Nature (IUCN) database
(www.iucnredlist.org), referring to the Mediterranean subpopulation when specific
information was available. Species were arranged into taxonomic groups (bacteria,
plankton, marine plants, invertebrates, tunicates, teleosts, elasmobranchs, marine
mammals, sea turtles and seabirds), and areas were grouped into Mediterranean sub-
regions, as defined by the Marine Strategy Framework Directive (MSFD) (Western
Mediterranean Sea, Ionian Sea and the Central Mediterranean Sea, Adriatic Sea and
Aegean-Levantine Sea). It should be noted that a study was considered for all
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subregions if it covered two or more subregions. This work focuses mainly on
ingestion and entanglement since they constitute the most common impacts of anthro-
pogenic litter on marine organisms [23]. However, evidence of other kinds of impacts
(e.g. colonization and rafting) on Mediterranean marine life is reported.

A total of 128 documents reporting impacts of marine litter on 329 taxa of the
Mediterranean life were collected; among them, 156 taxa were found affected with
regard to ingestion and/or entanglement (Tables 1 and 2). Figure 1 summarizes the
number of species affected by marine litter either by ingestion or by entanglement
according to different subregions of the Mediterranean; Fig. 2 presents the number of
documents reporting ingestion/entanglement according to different subregions.

The highest number of species documented for marine litter ingestion has been
reported for the Western Mediterranean Sea (N ¼ 67), followed by that of the
Aegean-Levantine Sea (N ¼ 37). The highest number of species affected by entan-
glement was also reported for the Western Mediterranean Sea (N¼ 67), followed by
the Ionian Sea and the Central Mediterranean Sea (N ¼ 23).

The subregions with the lowest number of published reports on the effects of
marine litter on biota were the Adriatic and the Aegean-Levantine Sea, indicating a
gap of knowledge for these areas (Fig. 2).

2 Ingestion

Ingestion has been defined as the main impact of litter on marine organisms
according to the MSFD Criterion 10.2 “Impacts of litter on marine life”, which
will be used towards the achievement of a Good Environmental Status (GES) that is
reached when “Properties and quantities of marine litter do not cause harm to the
coastal and marine environment” [152]. Specifically, Indicator 10.2.1 refers to
“Trends in the amount and composition of litter ingested by marine animals”.

Plastic is the most common litter category ingested by marine organisms
(e.g. [8, 20, 21, 23, 26, 58, 80, 153]). Plastic particles have been found in all trophic
levels, from zooplanktonic species such as copepods to invertebrates like poly-
chaetes and bivalves, as well as vertebrates like fish, birds and marine mammals
(e.g. [8, 10, 23, 154]). The proportion of species ingesting plastics varies a lot among
the several taxonomic groups. Litter ingestion may occur in several ways either
intentionally, accidentally, as a result of secondary ingestion or through parental
delivery.

Intentional plastic ingestion can occur because of misidentification of litter items
as natural prey. For example, Moser and Lee [155] studied the guts of seabirds and
reported that some seabirds selected specific plastic shapes and colours and mistook
them for potential prey items. Additionally, Ory et al. [156] showed that the
planktivorous fish Decapterus muroadsi (Carangidae) ingested preferentially blue
microplastics resembling their copepod prey, whereas Campani et al. [81] mentioned
that turtles frequently ingested plastic bags as they may have mistaken them for
jellyfish, which is a common prey in their diet. Moreover, the small size of
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microplastics can make them indistinguishable from natural prey items (same size
fraction of some planktonic organisms), increasing their availability to a wide range
of planktivorous feeders ([10] and references therein). McCord and Campana [157]
supposed that the consumption of anthropogenic material by blue sharks is related to
the species opportunistic predator behaviour. Anastasopoulou et al. [58] reported
that the sharks’ ability to consume virtually anything of appropriate size during their
feeding activity might be the reason of the plastic consumption by the species
Etmopterus spinax, Galeus melastomus and Squalus blainvillei in the deep waters
of the Eastern Ionian Sea. Finally, considering plastics as curious/attractive objects
([23] and references therein; [158]), Moss [159] reported that elasmobranchs might
consume metal objects because they are attracted by their electric field.

Accidental ingestion usually occurs through passive predation or by filter-feeding
activity. Filter-feeding organisms ingest plastics and microplastics by filtering large
volumes of water containing them. Uptake of plastics and microplastics may also
occur accidentally by passive ingestion of sediments (if plastics are of the same size
fraction as sediments) when deposit or detritivores organisms are feeding (e.g. [10]
and references therein; [1, 29, 39]).

Litter uptake can also occur as a result of secondary ingestion (through prey that
has already ingested plastic) (e.g. [160, 161]). Predatory organisms may indirectly
accumulate plastics during the ingestion of contaminated prey, which may lead to
bioaccumulation at upper trophic levels. Possatto et al. [161] mentioned that some
fish species (e.g. Cynoscion acoupa, Centropomus undecimalis and Dasyatis
guttata) prey on smaller fish that have been previously contaminated by plastics.
Eriksson and Burton [160] found small plastic particles in the faeces of fur seals,
which were attributed to secondary ingestion through the consumption of myctophid
species contaminated with plastics. The fact that many small plastics have been
found in myctophid species, a common prey for large predators as tunas, supports
the hypothesis of secondary ingestion ([23] and references therein). There is evi-
dence also from laboratory studies that microplastics can be transferred from prey to
predator [162] and this is therefore very likely in the environment when contami-
nated organisms are ingested as a whole.

Another way of litter uptake can occur through parental delivery in seabirds
[164]. Adult seabirds collect plastic pieces at sea, together with food items, and bring
them to feed the fledgeling chicks. Acampora et al. [165] found more plastic in the
chicks than adult birds and mentioned that young birds are prone to be fed with
plastic particles by their parents before fledging.

Ingested plastics are believed to have a variety of consequences for the consum-
ing organism. The most serious effect is the direct mortality that can occur when
stomachs or intestines become completely blocked or internally injured by sharp
plastic objects ([8] and references therein). Other harmful effects include the block-
age of the digestive tract, false feeling of satiation, reduced fitness, diminished
predator avoidance, blockage of gastric enzyme production, diminished feeding
stimulus, nutrient dilution, reduced growth rates, lowered steroid hormone levels,
delayed ovulation and reproductive failure and absorption of toxins (e.g. [8, 10, 23,
97]). Furthermore, microplastic ingestion may cause several biochemical responses
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and impacts at the cellular level as cellular necrosis, oxidative stress, neurotoxic
effects, liver toxicity, cancer, impaired reproductive activity, decreased immune
response and malformation in animals and humans [166, 167]. Large amounts of
ingested plastic might also affect an animal’s buoyancy, either directly through its
low density or by impairing digestive function leading to gas buildup. This may be a
serious problem for turtles, potentially impairing their ability to dive and conse-
quently leading them to starvation [168]. Additionally, plastics are liable to carry
chemicals of a small molecular size as hydrophobic persistent organic pollutants
(POPs) that are absorbed from the surrounding seawater (e.g. PCBs and DDT) and
additives/plasticisers monomers or oligomers (e.g. flame retardants and antimicro-
bial agents, phthalates, bisphenol A, nonylphenols, polybrominated diphenyl ethers)
of their component molecules, which were added during the manufacturing of
plastics. All the above chemicals are known for their biological consequences
(e.g. oestrogenic effects, testosterone reduction) on the organisms [169]. Plastics,
when ingested, may also serve as indirect vehicles for the transport of pathogens via
the trophic web in wild marine organisms [10]. However, further research is needed
in order to understand if and to what extent microplastics pose an actual risk to
wildlife and consequently to human health [170].

The extent of the harm posed by plastics on marine animals varies among species
[8], and little is known about the factors influencing litter ingestion. Marine organ-
isms feeding in different marine habitats would be exposed to different plastic
abundances and consequently to different plastic availability. Few studies have
examined this hypothesis. Van Franeker et al. [171, 172] provided evidence that
plastic abundance in fulmars’ stomachs reflected local or regional pollution levels.
According to these authors, fulmars in Arctic Canada experienced lower debris
ingestion rates than those in the North Sea, a difference that may result from
relatively cleaner seas in Arctic Canada [171]. Anastasopoulou et al. [45], analysing
several fish species from the Adriatic-Ionian macroregion, reported that the higher
number of macrolitter found in the guts of the pelagic species sampled in the Adriatic
Sea may be related with the higher average density of floating macrolitter found in
the coastal Adriatic waters than that of the NE Ionian Sea [173]. Nevertheless, this
hypothesis is not easy to be verified as many other parameters (e.g. atmospheric and
oceanographic conditions) that may alter the plastic abundance at different temporal
scales are involved. Differences in plastic ingestion among different locations may
also reflect differences in the sampling and processing methodologies followed by
each work team and not represent actual local differences in the plastic density.
Moreover, different species inhabiting the same geographic area may utilize differ-
ent feeding strategies, exploit differing habitats, and target different preys and may,
therefore, vary in the amount of plastic ingestion. Some authors (e.g. [29, 40])
showed that pelagic fish ingest more microplastics than fish living in other habitats
and exhibit higher frequencies of microplastic ingestion than demersal fish. Con-
versely, there are studies that reported no differences in the frequency of microplastic
ingestion between pelagic and demersal fishes (e.g. [174, 175]). Anastasopoulou
et al. [45] found higher macroplastic ingestion by pelagic than demersal and
mesopelagic fish species, but no difference in microplastic ingestion among them.
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Additionally, some organisms are subjected to ontogenetic habitat and feeding
strategy shifts, and consequently, the type and number of plastics ingested by a
species may vary during its different life stages. For example, juvenile birds have
been reported to ingest significantly more pieces of litter than adults [165, 176]. The
higher number of ingested plastics in young dolphins found by Denuncio et al. [177]
was attributed to the juvenile inexperience to eat the appropriate prey. Bessa et al.
[178] found a high amount of microplastics in young specimens (about 120 mm size)
of Diplodus vulgaris; the young specimens of this species usually find shelter in
estuarine waters, which are under strong influence of tidal movements and more
sensitive to plastic availability. Their presence in these environments along with
their opportunistic behaviour may be linked to a higher likelihood of microplastic
ingestion.

First reports of plastic ingestion by marine animals date back to the early 1960s
[179, 180], and successively both the number of individuals and the number of
species known to ingest litter increased. However, until the 1980s the number of
documents reporting ingestion did not significantly change [181]. Laist [20] reported
177 species to have been impacted by plastic ingestion worldwide, whereas Kühn
et al. [23] increased this number to 331 species worldwide.

In the Mediterranean, Fossi et al. [26] documented 91 marine species having
ingested marine litter, as reported in 48 papers. Our bibliographic research resulted
in 76 papers documenting litter ingestion by 116 species, belonging to the taxa
annelids, molluscs, cnidarians, echinoderms, arthropods, teleosts, elasmobranchs,
marine mammals, sea turtles and seabirds, in a period of 31 years. Thus, a 58%
increase in the number of papers was observed after Fossi et al. [26] publication.
Despite the high increase in the number of published papers, the number of species
increased only by 27.7%. Most of the studies were conducted in the Western
Mediterranean Sea and the Ionian Sea and the Central Mediterranean Sea sub-
regions, whereas the Adriatic and Aegean-Levantine Sea subregions were less
investigated. With regard to the number of species, the higher number was observed
in the Western Mediterranean Sea subregion, while the lower in the Adriatic Sea
subregion.

The first study of litter ingestion in the Mediterranean was published in 1988 by
Gramentz [82] for the species Caretta caretta and was carried out in 1986. In the last
decade, the number of publications documenting litter ingestion in marine wildlife
increased at an accelerating rate (79% of the collected papers were published in the
last decade, from 2010 till August 2019). The low number of published works
reporting litter ingestion in the past can be explained by the fact that they were
mainly part of diet studies ([58] and references therein). Moreover, Carson [182]
reported that this might be because many fishes that consume plastic are able to pass
it through their digestive system or that past studies on stomach contents did not
note/report any plastic that was encountered. In the last years, the growing recogni-
tion and concern of the marine litter problem by the media, by regional and global
organizations and by the European Union that have launched several initiatives and
legislative tools (e.g. MSFD) to protect the marine environment, have pushed the
scientific community to pay more attention in recording and investigating litter
ingestion by marine organisms and the potential risk to human consumption.
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Teleosts were the taxonomic group with the higher number of species (59%)
known to ingest plastics, followed by arthropods (12%), seabirds (10%) and elas-
mobranchs (9%) (Fig. 3). The number of species belonging to the other taxa was
very low (<4%). Accordingly, the majority (34%) of papers reporting litter ingestion
by Mediterranean marine life regarded Teleosts (Fig. 4). This could derive from the
fact firstly that fish constitutes an important food source for humans and secondly
that they are easy to be collected and subsequently be monitored during experimental
trawl fishery surveys.
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Fig. 3 Percentage of species known to have ingested litter by the taxonomic group from 1988 to
August 2019 in the Mediterranean Sea

Annelida

Mollusca

Cnidaria

Echinodermata

Arthropoda

Teleosts

Elasmobranchs

Marine mammals

Sea turtles

Seabirds

number of papers

23%

15%

10%

34%

5%

3%
1%

6%

1%

2%

Fig. 4 Percentage of papers documenting the ingestion of marine litter by the taxonomic group
from 1988 to August 2019 in the Mediterranean Sea
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2.1 Invertebrates

In the Mediterranean, ingestion of plastics was verified in annelids (1 species),
molluscs (2 species), cnidarians (1 species), echinoderms (2 species) and arthropods
(12 species). The small size of microplastics makes them available for ingestion to a
variety of invertebrates. Information for annelids was only available from Gusmão
et al. [28]. The microfibres identified in the guts of the annelid Saccocirrus pussicus
collected in Sardinia (Italy) were probably related to the feeding behaviour
(nonselective particle feeders) of the species, which may increase the probability
of accidental capture and ingestion of microfibres. No indication of physical damage
due to the passage of microfibres through their gut and no mortality were detected.

Microplastic ingestion by Mytilus galloprovincialis was evidenced in the
Mediterranean by [29–32]. Mussels are filter feeders and thus process relatively
large amounts of water during feeding. This maximizes their exposure to any
harmful material within the water column and can result in the accumulation of
chemical pollutants and microplastics available in the environment. According to
Digka et al. [29], the majority of ingested microplastics in M. galloprovincialis
examined were fragments, in accordance with microplastics in seawater in the study
area (Northern Ionian Sea). Polyethene was the most frequent polymer type found.
The presence of microplastics in wild or cultured mussels [32, 183] sold for human
consumption has raised a concern about whether the ingestion of litter by these
organisms can cause impact on human health. The risk for human health may derive
from the fact that mussels are consumed as a whole, including the gut [3]. However,
recent work [184] suggests that microplastics in shellfish pose negligible risk to
human health when compared to fibre exposure during a meal via dust fallout in a
household. Although it is evident that humans are exposed to microplastics through
their diet, there are still a lot of uncertainties around the direct connection between
the ingested microplastics and the food targeted for human consumption [3, 183]. Lit-
ter ingestion has also been reported for another mollusc, the spider octopus (Octopus
salutii), in the Western Mediterranean Sea [22].

Marine litter was found in the gastrovascular cavity of Pelagia noctiluca speci-
mens in the Tyrrhenian Sea [33]. The authors mentioned that these plastic fragments
were probably actively ingested by the jellyfish that wrongly recognized them
as food.

Microplastic ingestion was found to occur in two Holothurian species [34, 35].
Renzi et al. [35] found consistency between the types of ingested plastics and those
observed in the sediments in the studied areas, supporting the hypothesis of direct
ingestion of the plastic litter from the sediment. Holothurians are benthic organisms,
which ingest a large volume of sediments. Two opposite hypotheses have been
proposed for plastic ingestion by Holothurians related to their feeding strategies:
random (the animals had to forage on contaminated sediment to encounter plastic
particles) and selective (once encountered, plastic is separated from the sediment and
eaten) feeding methods [10].
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Litter was also detected in crustaceans and more specifically in amphipods,
leptostraca and decapods. Remy et al. [36] investigated litter in four amphipod,
one leptostraca and four decapod species in the Western Mediterranean Sea and
found many artificial fibres like cellulose or viscose fibres by the textile industry.
Information on the presence of plastics in the guts of decapods intended for human
consumption is still limited. Evidence of plastic material was reported in the
stomachs of Nephrops norvegicus by Cristo and Cartes [38], which was attributed
to the low selectivity of the species in its feeding activities. Carreras-Colom et al.
[37] found that 39.2% of the individuals of blue and red shrimp Aristeus antennatus,
a species of high commercial interest, sampled in the deep waters of the Western
Mediterranean Sea, contained microplastics in their stomachs. Microplastics were
mainly fibres but also tightly tangled balls of plastic strands. The uptake of plastics
may occur accidentally during species normal feeding activity that occurs in a close
relationship with the substrate when the species preys on endobenthic and epibenthic
invertebrates, exposing shrimps to the microplastics accumulated in the seabed.
Carreras-Colom et al. [37] mentioned that it is also possible that A. antennatus
actively preys upon microplastic fibres (as balls) because they can be similar in size
to small polychaetes, an important diet prey of the species. However, no clear effects
on the condition or diet of the species were observed. Finally, plastics were found in
another high-value commercial shrimp species, Narwal shrimp (Plesionika narval)
in the Aegean Sea [39]. Plastics were found in approximately 6% of the stomachs of
this species and were identified as nylon related to fishing activities. The plastics
were mainly in the form of fibres or tangled together (balls of plastics) as a loose
knot occupying the entire stomach content. Approximately 15% of the examined
stomachs with ingested plastics from both sexes were empty, especially those with
ball plastics, indicating a possible blockage of their digestive system. The low values
of the repletion index found in shrimps with ingested plastics further support this
hypothesis [39]. The presence of plastics in the stomachs of P. narvalmay be related
to the feeding behaviour of the species, which is a scavenger and detritivorous
feeder. The simultaneous presence of plant remains is another evidence of the
passive ingestion of plastics with sediments [39].

2.2 Teleosts

Plastic ingestion has been observed in a relatively large number of fish species
(69) belonging to 13 orders. The most affected species were found to be the demersal
ones (30.4%), followed by benthopelagic (24.6%), pelagic (15.9%), bathypelagic
and reef-associated (11.6% for each category) and bathydemersal (5.8%) fish.

Most of the demersal species are used for human consumption (e.g. Mullus
surmuletus, M. barbatus, Merluccius merluccius, Polyprion americanus, Solea
solea and Sparus aurata). Among demersal species, the incidence of plastics in
S. solea was found to be very high in the Adriatic Sea, where 95% of the specimens
examined had microplastics in their gastrointestinal tract [62]. Plastics in the guts of
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M. barbatus, a species of high commercial value, were studied by Avio et al. [185],
Bellas et al. [53], Güven et al. [40], Anastasopoulou et al. [45], Digka et al. [29],
Piccardo et al. [54] and Giani et al. [51]; plastic percentage ingestion ranged from
8 to 92%. Similarly, the percentage of plastic ingestion for M. surmuletus ranged
between 27.3 and 70% [45, 186] for the Western Mediterranean and the Adriatic
Sea, respectively. Anastasopoulou et al. [45] evidenced for the first time the occur-
rence of litter in the stomach of spotted flounder (Citharus linguatula). The high
variability (from 8.3 to 100%) in the presence of plastics in the guts ofM.merluccius
among the different studies conducted in the Mediterranean [51, 52, 185] could be
explained by the different environmental characteristics of the areas studied and by
the different number of individuals examined (in some cases the number of individ-
uals was very low). Moreover, regurgitation of the stomach content during the
fishing due to the expansion of gas in the swim bladder, which is common for this
species, may result in an underestimation of the presence of plastics [51]. Demersal
species live in close association with the seafloor; thus, they are more exposed to
settled plastics than other species. Only one single specimen of Sciaena umbra, a
species characterized as vulnerable in the Mediterranean by IUCN Red List, was
found with microplastics in its gut in the Levantine Sea [40].

Eleven pelagic fish species were found to be affected by plastic ingestion in the
Mediterranean. The highest proportion of individuals with microplastics in their guts
belonged to the pelagic species Sardina pilchardus, which showed a highly variable
incidence (0.09–96%) in different studies [29, 40, 41, 45, 48, 60, 185]. The highest
value (96%) was reported in the Adriatic Sea [48]. Renzi et al. [48] found also high
microplastic ingestion (91% of analysed specimens) in the pelagic species Engraulis
encrasicolus. The authors mentioned that this high plastic incidence may be due to
“net feeding”, as has been reported in another study in the North Pacific zone
[187]. Renzi et al. [48] suggested that the uptake of microplastics by S. pilchardus
derived from fish’s prey and not directly from the water column filtration. This was
not the case for E. encrasicolus, which seemed to actively select microplastics
through their feeding mechanisms. Female anchovies ingested on average more
items (8 items/ind) than males (5 items/ind) especially during the spawning period
[48]. The higher litter occurrence in guts of S. pilchardus compared to those of
E. encrasicolus has been attributed to their filtration system; the larger filtration area
and the smaller gap between gill rakers may allow the first species to ingest litter
more likely ([41] and references therein) than the latter. Romeo et al. [63] reported
that about 18% of large pelagic fishes in the Mediterranean (Xiphias gladius,
Thunnus thynnus and T. alalunga) had plastic litter in their stomachs. The uptake
of plastics by T. thynnus, a species characterized as endangered according to the
IUCN Red List for threatened species, could be explained by the opportunistic
feeding strategy of this species. Conversely, T. alalunga is a specialist feeder.
Romeo et al. [63] provided several possible explanations for these high rates of
litter ingestion. Firstly, tuna often chase prey schools to shallow water where they are
more easily caught, but where plastic fragments are more abundant (given their
buoyancy); secondly, feeding on aggregated preys may increase the ingestion of
unwanted particles, as the predator is not focusing on a single large prey, but on
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several small ones; thirdly, secondary ingestion cannot be excluded. The same
hypothesis has also been suggested for swordfish X. gladius [63]. The fact that the
majority of preys in the diet of swordfish [188] are fish species known to ingest
plastics, e.g. S. pilchardus, E. encrasicolus and Boops boops [29, 40–42, 45, 48, 49,
60, 185], enhances the hypothesis of secondary ingestion. Massutí et al. [46] found
12% of Coryphaena hippurus specimens, a top predator species in the Western
Mediterranean pelagic ecosystem, with nonfood material, grouped as miscellaneous
items, in their stomachs. The authors suggested that this phenomenon might indicate
a nonselective predator activity, although unusual for the species. However, some
additional reasons could be the secondary ingestion (the diet of the species is based
on other fishes, crustaceans, cnidarians and cephalopods that may ingest plastics) or
the fact that the species has been reported to be associated with floating debris ([46]
and references therein). Moreover, the adult specimens analysed were caught with
longlines around Majorca (Spain, Western Mediterranean Sea) [46], and they
remained alive in the gear for many hours, which can increase the bias from “net
feeding”. Other pelagic fish species have also been investigated for plastics in the
Mediterranean. Scomber japonicus has been studied from two locations: 43% of
individuals from South Adriatic and 57% from the Levantine Sea were found to
contain macro- and microplastics, respectively [40, 45]. Trachurus mediterraneus
has been studied in the Aegean-Levantine Sea and the West Mediterranean Sea: 48%
and 42.5% of the individuals respectively were found with ingested litter
[40, 41]. Rios-Fuster et al. [41] reported that the species showed the highest level
of ingested anthropogenic particles compared to the rest of the examined species.
Pelagic planktivorous/filter feeder fish plays a key role in pelagic food webs,
representing a central link for larger predators [26]. Moreover, their diel vertical
migrations may act as a biological pump, transferring plastic litter from surface
waters to mesopelagic waters and from low trophic levels of the food web to top
predators [174].

The occurrence of macroplastics and microplastics was studied in several
benthopelagic species in the Mediterranean. Macroplastic occurrence in Pagellus
erythrinus from the Ionian and the Central Mediterranean Sea and the Adriatic Sea
was found to be 2% and 3.3%, respectively [45]. Macroplastic occurrence in the
species Pagellus bogaraveo and Cataetyx laticeps was 1.7% and 10% for the Ionian
and the Central Mediterranean and the Western Mediterranean subregions, respec-
tively [43, 58]. The microplastic occurrence in benthopelagic fishes showed a high
variability ranging from 6.7 to 100%. Avio et al. [31] reported that all specimens of
the benthopelagic species Spondyliosoma cantharus and Phycis phycis studied in
Giglio Island (Tyrrhenian Sea) had microplastics in their stomachs. According to
the authors, these values may reflect the elevated levels of microplastics in the
Tyrrhenian basin, as well as the close proximity to the shoreline, which is an
important sink compartment for microplastics, particularly in highly touristic or
anthropized areas. Presumably, another cause for these values could be the low
number of specimens analysed for both species (five and eight individuals, respec-
tively). The commercial species P. erythrinus was studied in several areas in the
Mediterranean [29, 40, 45, 59]. The proportion of P. erythrinuswith microplastics in
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the Tyrrhenian Sea was 6.7% [59], a value higher than those reported by
Anastasopoulou et al. [45] for the presence of macroplastics in the North Adriatic
and North-East Ionian Sea (3.3% and 2%, respectively) and lower than those
reported for the coastal waters of Turkey (22%) [40]. Significantly higher frequency
of microplastic ingestion (42.1% for the Ionian and the Central Mediterranean Sea
and 50% for the Adriatic Sea subregions) by the same species was mentioned by
Digka et al. [29] and Anastasopoulou et al. [45]. Other benthopelagic species
investigated in the Mediterranean were Argyrosomus regius, Diplodus annularis,
Dentex gibbosus, Centracanthus cirrus, Hoplostethus mediterraneus, Lepidopus
caudatus, Nezumia aequalis, Schedophilus ovalis, Trachurus picturatus, Zeus
faber, Pagrus pagrus and Trisopterus luscus (Table 1), with the latter presenting
the lowest incidence of litter occurrence (0.03%).

The occurrence of plastics in bathypelagic species ranged from 0.3 to 11.8%. The
lowest occurrence of plastics was observed in Diaphus metopoclampus (0.3%) [47],
whereas the highest one (11.8%) was observed in Notacanthus bonaparte, which
seems consistent with the species diet, which is based on benthos [57].

Reef-associated (Caranx crysos, Pelates quadrilineatus, Saurida undosquamis,
Siganus luridus, Siganus rivulatus and Upeneus moluccensis) species were studied
in the Aegean-Levantine Sea by Güven et al. [40] and van der Hal et al. [61] whereas
the species (Naucrates ductor, Seriola dumerili) in the Western Mediterranean Sea
by Compa et al. [22]. The authors did not find any correlation between the number of
ingested litter and the trophic level of species. Individuals with plastics in their guts
ranged between 28 and 60% depending on the species, and fish that ingested a higher
number of microplastic particles originated from the sites that also had a higher
particle count in the seawater and sediment.

The last category is bathydemersal species. Cartes et al. [43] found that 33.3%
of the specimens of Trachyrincus scabrus analysed, the largest macrourid fish
inhabiting the deep waters of the Western Mediterranean Sea, have ingested
macroplastics. This species preys upon other fishes, and the uptake of plastics
could be a result of secondary ingestion. Plastic threads occurred in 3.7% of
Polyacanthonotus rissoanus specimens in the Western Mediterranean Sea [57].
Litter ingestion has also been reported for the species Glossanodon leioglossus
and Helicolenus dactylopterus in the Western Mediterranean Sea [22].

2.3 Elasmobranchs

In the Mediterranean, plastic ingestion has been reported in nine elasmobranch
species (Table 1).

Anastasopoulou et al. [58] found that 5 out of 26 examined species from the deep
waters of the Eastern Ionian Sea ingested litter. They examined 1,502 individuals,
and 28 of them contained debris (~2%). The incidence of plastic in the stomachs of
elasmobranchs was much greater than that of Teleosts: 4 (Galeus melastomus,
Pteroplatytrygon violacea, Squalus blainville, Etmopterus spinax) out of 9 elasmo-
branch species were found with plastics in their stomachs, while only 1 out of
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17 Teleost species examined contained plastics. The authors suggested that the types
of litter ingested were related to the feeding behaviour of elasmobranch species. For
instance, G. melastomus, a nektobenthic opportunistic feeder, swallowed all types of
litter, the pelagic and bathypelagic/demersal feeders P. violacea and S. blainville
ingested only pieces of plastic bags, whereas E. spinax, which has bathybenthic/
bathydemersal feeding habits, mainly ingested hard plastics ([58] and references
therein).

Similarly, Cartes et al. [43] studied three elasmobranch species (G. melastomus,
E. spinax and Centroscymnus coelolepis) in the deep waters of the Western
Mediterranean Sea. The authors mentioned a variety of allochthonous items in the
diets of deep-sea elasmobranchs, including threads/fibres, remains of bags or sacks,
cartoon remains, coal fragments of unknown origin and organic remains originating
from human activities.

Microplastics were identified in 21 of 125 individuals of G. melastomus in the
Western Mediterranean Sea [55]. The authors suggested that the higher values of
microplastic ingestion in Western Mediterranean compared to that reported for the
Eastern Ionian Sea [58] might reflect the general patterns of availability and large-
scale distribution of marine litter in the Mediterranean. Indeed, litter densities from
trawl surveys in continental slopes were higher in the Western Mediterranean
(4.0 � 1.8 kg/ha) compared to the central (0.6 � 0.4 kg/ha) and eastern
(1.1 � 0.3 kg/ha) region [19]. Also in deep areas, higher values have been reported
in western areas (1.8 � 1.5 kg/ha) than in central (1.7 � 0.6 kg/ha) and eastern areas
(1.2 � 0.3 kg/ha) [19]. Valente et al. [66] found very high litter frequency of
occurrence values in three deepwater elasmobranch species (G. melastomus,
E. spinax and Scyliorhinus canicula) studied in the Tyrrhenian Sea, which may
coincide with the high litter densities recorded for the continental slopes in the
Western Mediterranean and the wide anthropogenic pressure insisting on the area.

The first record of marine plastic litter in the stomachs of blue sharks (Prionace
glauca) in the Mediterranean Sea was reported by Bernardini et al. [67]. According
to these authors, 24 out of 95 specimens analysed were found with plastic litter in
their stomachs, and juvenile blue sharks showed a significantly higher occurrence of
ingested plastics than adults did. They proposed several explanations for the high
uptake of plastics by the blue sharks. Firstly, blue sharks are pelagic species and feed
on the surface to >600 m depth following the prey distribution in mesopelagic
waters. Secondly, they are opportunistic feeders, playing the role of scavengers.
Thirdly, their position at the top of the Mediterranean food web could increase the
probability of exposure to secondary plastic ingestion. Fourthly, the colour of
plastics could trick the predators ([67] and references therein). It is worth mentioning
that blue shark Mediterranean subpopulation is characterized as critically endan-
gered according to the IUCN Red List for threatened species, and the population is
decreasing mainly due to fishing. Plastic ingestion may represent a further threat for
the species in the Mediterranean.

Avio et al. [185] documented the presence of plastics in spiny dogfish Squalus
acanthias in the Adriatic Sea. The Mediterranean subpopulation of S. acanthias is
considered endangered by IUCN, and plastic can result in a further threat to the
species in the area.
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2.4 Marine Mammals

Litter ingestion by marine mammals in the Mediterranean Sea is less documented in
the scientific literature than for other organisms (e.g. fish, marine birds and sea
turtles) [68], although several cases have been reported worldwide [70]. So far, the
existing information regarding interactions between large marine mammals and
marine litter is related more to entanglement rather than ingestion [70]. Most of
the available record of litter ingestion by mammals collected from small sample sizes
provided by stranded animals, presenting only a snapshot of the impacts occurring
unseen at sea [189]. Litter ingestion in singly stranded animals, although offers
important information to researchers [71], may not be representative of mammals’
populations and therefore may not provide accurate results [97].

One individual of a sperm whale (Physeter macrocephalus), the largest of the
toothed whales, was found dead in a Spanish coastal area (Western Mediterranean
Sea subregion) in 2012, without evidence of entanglement scars or other injuries.
De Stephanis et al. [70] reported ingestion of various plastic items, such as
plastic cover material, burlap plastic bags, flower pots, hosepipes and ropes,
which originated from the local greenhouse agriculture. Another individual of
P. macrocephalus that had ingested plastic was reported in the southwest of Crete
Island (Aegean-Levantine Sea subregion). A small square piece of rigid plastic mesh
10 � 10 cm was found inside the stomach of the whale, which was most likely to be
litter disposed of at sea [2]. In the south Adriatic Sea, seven sperm whales were
found stranded in 2009. Pieces of fishing gears and hooks, ropes and plastic objects
were found in 74% of the individuals examined [72]. Marine litter was found in the
stomach of 10 out of 13 sperm whales (77%) stranded along the Italian coast
(Western Mediterranean Sea subregion) between the period from 2009 to 2013,
and it was composed mostly of plastic [71]. Similarly, marine litter found in the
stomachs of six out of ten sperm whales stranded along the Ionian and Aegean Seas
from 1993 to 2014; the majority of litter was plastics except only one metal wire tied
at the top of a plastic bag [68]. According to the authors, the high percentage of
plastic sheets in the stomachs of sperm whales is probably linked with the high
abundance of plastic bags and packaging in both the water column and the seafloor.
The sperm whale Mediterranean subpopulation is classified as endangered according
to the IUCN Red List, and plastic ingestion could result in additional mortality for
the species.

Two Cuvier’s beaked whales (Ziphius cavirostris), which were found stranded
along the Croatian coast (the Adriatic Sea subregion), contained four plastic bags
(two of them were shopping bags from soft plastic, and the other two were made of
more solid plastics). According to the authors, the cause of death was probably the
direct result of ingesting plastic bags [79]. Plastics were found in the stomach of one
Cuvier’s beaked whale stranded along the Greek Ionian Sea coasts (the Ionian Sea
and the Central Mediterranean Sea subregion), and its death may be caused by
gastric blockage [68].
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Dolphins have been reported to ingest marine litter quite often as well. Shoham-
Frider [69] documented ingestion of pieces of plastic bags by a stranded Risso’s
dolphin (Grampus griseus) along the Mediterranean coast of Israel (Aegean-
Levantine subregion). The pieces of plastic bags found in its stomach contributed
to the dolphin’s poor physical condition. Alexiadou et al. [68] mentioned plastic
ingestion by a Risso’s dolphin stranded along the Greek Ionian Sea coasts (the
Ionian Sea and the Central Mediterranean Sea subregion), the death of which may
have been caused by gastric blockage. Levy et al. [76] reported ingestion of nylon
filaments and nets by a common bottlenose dolphin (Tursiops truncatus) in 2002 in
the Port of Haifa, Israel. Gomerčić et al. [77] examined 120 stranded bottlenose
dolphins along the Croatian coasts of the Adriatic Sea in the period from 1990 to
2008. Almost 10% of these dolphins had from 1 to 13 pieces of gill-net parts in
their forestomachs depending on the specimen. Two of these animals had heavy
forestomach and oesophagal ulcerations. Probably, these dolphins had torn off a part
of the gill nets while feeding on fish entangled in the fishing nets [77]. The authors
mentioned that this hypothesis was supported by the fact that dolphins with gill-net
parts in their stomachs were found without larynx strangulation. Interaction of
marine mammals with fishing nets as part of their feeding strategy is well-known
[77]. An individual of striped dolphin (Stenella coeruleoalba) was found dead near
the SW coast of the island Krk, in the North Adriatic Sea, in 1998. The cause of
death was that the entire volume of the stomach was occluded by different kinds of
plastic material (garbage bags, rubber gloves, cellophane wrappings). The blubber
layer was extraordinarily thin, indicating starvation [75].

Finally, Alexiadou et al. [68] reported the first evidence of plastic ingestion for
harbour porpoise Phocoena phocoena in the Mediterranean. Ingestion of plastic by
harbour porpoises is well-known in the North Sea [190].

2.5 Sea Turtles

The Mediterranean loggerhead sea turtle (Caretta caretta), green sea turtle
(Chelonia mydas), African softshell turtle (Trionyx triunguis) and leatherback turtle
(Dermochelys coriacea) have been found to be affected by litter ingestion (Table 1).
The threat from plastic ingestion is well-documented for C. caretta (e.g. [80–92,
96]). The species was indeed selected in the framework of the MSFD as the target
species for monitoring the amount and composition of litter ingested by marine
animals in the Mediterranean. The loggerhead sea turtle has also been recommended
by the expert group of the Barcelona Convention LBS protocol as the main target
species regarding “Common Indicator 18E: Trends in the amount of litter ingested
by or entangling marine organisms” [89]. Conversely, only three papers [84, 90, 96]
reported the presence of marine litter in C. mydas and just one [90] in T. triunguis
and D. coriacea [97].

Gramentz [82] examined sea turtles C. caretta incidentally caught by Maltese
fishermen while fishing for Xiphias gladius and Coryphaena hippurus. Most plastics
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found in the guts of these specimens were transparent, milky (translucent) or white
pieces of polystyrol, styrofoam and PVC, which were considered by the author as
strongly indicative that these materials were ingested, being mistaken for jellyfish.
Moreover, Gramentz [81] suggested that the pieces of aluminium foil found in the
gut of another individual were indicative that the animal was attracted by the silvery
reflections of metals, probably mistaking them for fish. Different types of litter
appeared in the gastrointestinal tract of 43 loggerhead sea turtles (79.6%) caught
illegally by fishermen in Spanish Mediterranean waters, with plastics being the most
frequent type (75.9%). Similar results of high plastic ingestion by loggerhead were
reported by [80, 85, 87, 89, 91, 93], for other areas of the Western Mediterranean
Sea; by Casale et al. [92] for the Ionian Sea and the Central Mediterranean Sea; by
Lazar and Gračan [80] for the Adriatic Sea; and by Sönmez [90] for the Aegean-
Levantine Sea. The high occurrence of ingested plastics might be explained by the
ubiquity of soft floating debris in the marine ecosystem and by the high attraction of
loggerheads for this litter type [80, 81, 92]. Tomás et al. [83] mentioned that no lethal
effect and neither clear evidence of digestive tract blockage were observed during
the necropsies of C. caretta captured in the Western Mediterranean Sea. Conversely,
this was not the case for seven loggerhead turtles caught in Sicily, in which intestinal
occlusions, caused by the ingestion of foreign bodies of various nature, such as
pumice stones, pieces of wood and plastics, fragments of electrical wires, candy
wrappings, newspaper bits, tar and cellophane, were observed [84]. Campani et al.
[81] reported that the presence of plastics principally in the last sections of intestines
indicates that probably most of the plastics pass through the gastrointestinal tract of
the C. caretta are excreted. Matiddi et al. [89] found the marine litter mainly in the
intestine of the C. caretta specimens examined in the Western Mediterranean,
followed by the stomach, while the oesophagus was the least affected part of the
gastrointestinal tract. Moreover, Camedda et al. [87] reported that in studies of dead
specimens, 70% of the litter was found in the intestines and only 30% in the
stomachs.

Similar to the results reported for loggerhead sea turtles, plastics were also the
most commonly ingested type of litter in C. mydas, T. triunguis and D. coriacea
[84, 90, 96, 97]. These species have been listed as endangered (global population)
and critically endangered (Mediterranean subpopulation), respectively, by the IUCN
Red List mainly due to fisheries by-catch, and plastic ingestion may represent a
significant further threat to these species [96].

2.6 Seabirds

On a global scale, reports of seabird plastic ingestion have been increasing since the
1960s, and they have stabilized over time [23, 153]. However, in the Mediterranean
Sea, there is a lack of information on marine litter ingestion by seabirds [99]. Only
two papers [98, 99] provided some information on litter ingestion by different
seabird species.
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Codina-García et al. [98] examined nine seabird species accidentally caught
by longliners in the Western Mediterranean Sea from 2003 to 2010. Among them,
Scopoli’s shearwater (Calonectris diomedea), yelkouan shearwater (Puffinus
yelkouan) and Balearic shearwater (P. mauretanicus) presented the highest occur-
rence of litter ingestion (96%, 71% and 70%, respectively). According to these
authors, this result is of conservation concern, since P. yelkouan is considered
vulnerable by IUCN, while P. mauretanicus is considered critically endangered.
C. diomedea, although characterized as least concern at a global scale by IUCN, in
the Spanish national catalogue is listed as vulnerable. The other species (Ichthyaetus
audouinii, I. melanocephalus, Larus michahellis, Rissa tridactyla, Stercorarius skua
and Morus bassanus) were less affected (13–50%), although the number of speci-
mens examined was low. The highest mean number of items/ind (49.3 � 77.7) was
observed in Audouin’s gull (L. audouinii). Plastic items found in this study could be
classified mostly as microlitter, that is, most of them were smaller than 5 mm [98].

Steen et al. [99] observed, through a camera trap placed in a nest situated in the
eastern region of the Aegean Sea, a parental female Eleonora’s falcon (Falco
eleonorae) arriving at the nest with plastic waste (a snack wrapper) and feeding
the nestlings. The female bird probably mistook the plastic waste for a small bird or
large insect during hunting [99].

3 Entanglement

Entanglement of seabirds, marine mammals, sea turtles and fish in marine debris is
the most known and visible effect of plastic pollution on marine organisms
[23]. However, many species vulnerable to entanglement are scattered across wide
ocean areas and individuals that become entangled and die may quickly sink or be
consumed by predators at sea without being detected [20]. Thus, the estimated
mortality rates and the effects of entanglement on the population dynamics of
many species are probably underestimated [97]. Many marine species interact with
marine debris as a result of their normal behaviour patterns: drifting debris attracts
fish and invertebrates, and thus marine mammals, seabirds and turtles could be
attracted to debris by its associated prey species [20].

Entanglement is the second main impact (following ingestion) to be considered
when dealing with criteria 10.2. “Impacts of litter on marine life” of the MSFD
[191]. However, no indicator related to entanglement has been defined to date for
long-term monitoring programmes due to the difficulties in detecting it (see [192] for
a thorough discussion on this issue).

Entanglement of marine life occurs in all ecosystems around the world and affects
a wide range of species, including whales, sea turtles, fur seals, seabirds, octopuses,
corals, crabs, fish, etc. (for a global review, see [23]). Entanglement can cause
wounds and entrapment, hindering animals ability to move, reproduce, feed and
escape from predators, and potentially lead to death from starvation, suffocation,
strangulation or drowning [20, 23]. Moreover, entanglement could cause lacerations
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and infections from the abrasive or cutting action of attached debris, and entangled
animals may exhibit altered behaviour patterns potentially hampering their survival
[97]. Whales and dolphins are usually entangled around their neck, flippers and
flukes by fishing gear (e.g. [193]). Seals can become entangled in fishing gear,
packing straps or other loop-shaped items that encircle the neck at a young age and
create problems during growth [194]. As summarized by Kühn et al. [23], seabirds
may become entangled around the bill, wings and feet with rope-like materials,
which constrains their ability to fly or forage; marine turtles are prone to entangle-
ment by floating debris, while hatchlings may be entangled in beach debris on their
way to the sea; crabs, octopuses, fishes and a wide range of smaller marine biota can
be caught in derelict traps and nets on the seafloor where they could die from
starvation and serve as bait, attracting new victims. Derelict fishing lines and nets
may cause direct physical damage to benthic sessile organisms such as sponges and
corals, breaking them or causing a progressive removal of their tissues, making them
more vulnerable to parasites or bacterial infections [134].

Most records of entanglement around the world involve fishing gears, six-pack
plastic rings and packing strapping bands [97]. As regards fishing gear, generally it is
not straightforward determining if the animal became entangled in an active gear
(by-catch) or in an abandoned, lost or otherwise discarded fishing gear (ghost
fishing) [20, 26]. Indeed, “ghost fishing” refers to derelict fishing gear that continues
to catch marine animals, inducing mortality without human control [195]. Moreover,
larger vertebrates may continue to travel after becoming entangled in nets, hence
transforming active fishing gear into marine debris [196]. For these reasons, the
MSFD monitoring criteria for biota considered entanglement as a secondary crite-
rion, and each member state has to decide for its implementation [197]. In this
review, we considered as entanglement by marine debris only those cases where the
authors explicitly refer to it. Reports in which the gear was identified as likely having
been operational at the time of entanglement were excluded (e.g. [78]).

In the Mediterranean Sea, the first documented record of a marine animal
entangled in anthropogenic debris dates back to 1979, when a small turtle with a
large piece of a plastic sheet wrapped around its shell was observed attempting to
swim in the Eastern Mediterranean [146]. The author did not specify the species, but
it could probably be the loggerhead sea turtle (C. caretta) since it is the most
common sea turtle in the Mediterranean [147].

According to the present review, C. caretta is the species with the highest number
of entanglement records in the Mediterranean Sea. The species resulted impacted
both by land-based sources, such as plastic bags and sheets, and by sea-based
sources, like fishing aggregating devices (FADs) and fishing lines. During their
juvenile pelagic phase, sea turtles are dependent on driftlines for their food supply
and shelter [97]. The currents that form driftlines and transport hatchlings to oceanic
convergence zones also concentrate floating anthropogenic debris, resulting in a trap
for these young turtles, whether it be through ingestion or entanglement [148]. We
identified four papers reporting loggerhead entanglement in marine debris in Italian
waters (mainly in the Tyrrhenian Sea) and one in Turkey (Aegean-Levantine Sea)
(Table 2). Casale et al. [147] reported entangled loggerhead in the South Tyrrhenian
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Sea, Ionian Sea, Strait of Sicily and North Adriatic Sea between 2000 and 2008.
Even though the authors reported that the entanglement of analysed specimens was
due to anthropogenic material that could not be ascribed with certainty to operating
or abandoned fishing gear, they concluded that entanglement in ghost gear or in
other anthropogenic debris affects high numbers of turtles in the Mediterranean. In
1994, a juvenile loggerhead turtle was found close to the Island of Panarea (South
Tyrrhenian Sea, Sicily; Western Mediterranean Sea subregion) trapped in a bundle
of polyethene packaging twine; a piece of cord had been swallowed and extended
out of the animal’s mouth for a length of 20 cm, and it was removed through an
endoscopy, as reported in the Marine Turtle Newsletter 71:5, http://www.seaturtle.
org/mtn/archives/mtn71/mtn71p5.shtml. Blasi et al. [94] reported loggerhead indi-
viduals entangled in anchored illegal FADs and in floating debris (nylon and debris
from FADs or land-based sources) near the Aeolian Archipelago (South Tyrrhenian
Sea, Sicily; Western Mediterranean Sea subregion) in a study conducted between
2011 and 2014. Turtles became entangled or injured in the anchoring lines and
debris of FADs at the neck, flippers and posterior limbs. These entanglements
produced injuries and hampered the ability to swim and dive and were responsible
for a general state of undernutrition probably due to the inability of turtles to
successfully capture preys.

Marine pollution, intended, for example, as entanglement in rope and net, cloth
sack or nylon bag, as well as the presence of these substances in the digestive system,
was identified as the main cause of death of stranded green turtles (C. mydas) found
on Samandağ beach (Turkey, Aegean-Levantine Sea subregion) between 2009 and
2017 [90]. Rope entanglement represented the main problem for green turtles at the
oceanic stage. C. mydas is an endangered species because of the extensive subpop-
ulation declines in all the major ocean basins over the last three generations. The
main causes for this decline are the overexploitation of eggs and adult females at
nesting beaches, juveniles and adults in foraging areas and, to a lesser extent,
incidental mortality relating to marine fisheries and degradation of marine and
nesting habitats. For this reason, green turtles are subjected to legislative protection
under a number of treaties and laws (e.g. Annex II of the SPAW Protocol to the
Cartagena Convention; Appendix I of the Convention on International Trade in
Endangered Species of Wild Fauna and Flora; Appendices I and II of the Convention
on Migratory Species (CMS)). On the same beach, marine pollution was identified as
the third cause of death for loggerhead, following fishing activities and intentional
killing [90]. Özdilek et al. [149] found that solid waste accumulations on beaches
along the Samandağ coast negatively affect green turtle hatchlings trying to reach the
sea. The authors observed that litter represented an obstacle for the rushing hatch-
lings, and when they hang on the litter, they were easily hunted by ghost crabs living
there.

Through in situ experiments using some of the most common items found on
beaches (plastic bottles, styrofoam cups, plastic canisters and fishing nets), Triessnig
et al. [198] showed that most sea turtle hatchlings were permanently entrapped in
cups and canisters or entangled in nets. The study was conducted in the Gulf of
Fethiye (southwest Turkey) in the Aegean-Levantine Sea subregion. Turkey is one
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of the main contributors to marine plastic debris in the Mediterranean [7], and at the
same time, it hosts the main nesting concentrations of loggerhead [199], resulting in
a high risk for the species since nesting beaches are extremely important habitats for
marine turtles [200].

In the first global review ever published on the entanglement of marine life, Laist
[20] reported only one species from the Mediterranean, i.e. the Mediterranean monk
seal (Monachus monachus). The author reported that the animal was entangled
in derelict fishing gear and a rubber hoop. Further evidence of entanglement of
Mediterranean monk seals was reported in the Western Mediterranean Sea, the
Ionian Sea and the Central Mediterranean Sea and the Aegean-Levantine Sea
[201], but it is not clear if these were cases of by-catch or ghost fishing, and thus
they were not considered in this review. Caution is needed when attributing entan-
glement to marine debris. Kühn et al. [23], for instance, attributed to plastic litter the
entanglement of an individual of monk seal reported in [201]. However, in the
article, it is clearly described that it was a case of by-catch.1

Other marine mammals threatened by marine litter (and in particular fishing gear),
in terms of entanglement, are cetaceans [189]. However, we did not find in the
literature any reference for the Mediterranean Sea clearly distinguishing cases of
cetaceans’ entanglement due to by-catch from cases due to ghost fishing. Even if
some marine mammals, especially juveniles, may attempt to rest on the debris, may
want to investigate it by curiosity or even play with it, risking their entanglement,
most cases of entanglement records of cetaceans are related to active fishing gear
[97]. Entanglement in fishing gear was observed for the endangered sperm whale
(P. macrocephalus) in the Southern Tyrrhenian Sea [203] and in the Greek Seas
[204]; for the vulnerable common bottlenose dolphin (T. truncatus) in the Adriatic
Sea [77] and Greek Seas [204]; and for Risso’s dolphin (G. griseus) in the Greek
Seas [204].

As regards seabirds, the only entanglement records found for the Mediterranean
were anecdotal evidence on accidental entrapments by fishing lines on a beach along
the Tyrrhenian coast of central Italy: one adult of Charadrius hiaticula (Fig. 5), an
adult male of Phoenicurus ochruros, an adult female Charadrius alexandrinus and
an adult of Larus michahellis [150]. It is worth noting that C. alexandrinus is an
endangered species in Italy [205] that breeds locally and is included in Annex 1 of
147/2009 “Birds” EU Directive as threatened species.

Three elasmobranch species subjected to entanglement in marine debris in the
Mediterranean Sea were identified in the literature. However, the number of sharks
and rays that become entangled and die undetected could be much greater than those
reported since they will invariably die at sea and very likely be rapidly consumed

1
“A hungry seal raids a fishing net but suddenly finds itself ensnared. In its desperation, it bites and
tears and struggles until the net is reduced to shreds. The harder it struggles to escape, the tighter the
surviving rope and mesh entwines it. In the end it lies at the water’s surface, gasping, exhausted, the
remnants of the net wound tight around its throat. The following morning, the unfortunate owner of
the tattered nets set out from the little fishing village of Komi on Chios to bring in his night’s catch,
only to discover the seal still struggling to liberate itself” [202].
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[145]. An individual of giant devil ray (Mobula mobular) was found dead entrapped
in a ghost net in 2011 in the Port-Cros National Park (Western Mediterranean Sea,
France) [143]. According to IUCN, it is an endangered species, and its geographic
range is limited to the Mediterranean Sea and possibly adjoining North Atlantic
waters. M. mobular is also included in Annex II “List of endangered or threatened
species” to the Protocol concerning Special Protected Areas and Biological Diversity
in the Mediterranean of the Barcelona Convention and in Annex II “Strictly
protected fauna species” to the Bern Convention. In 2016, a juvenile female of
blue shark Prionace glauca, with a yellow plastic polyolefin strapping band collar
surrounding its gill area, was captured by a commercial longline boat in the North-
Western Mediterranean Sea (Fig. 6). The ring encircled the gill region causing
damage to the tissue of this area and in the front part of the right pectoral fin, and
the fifth-gill slit was obstructed, which could cause breathing problems [144]. The
investigative behaviour of sharks in relation to inanimate objects is probably the
main cause of such encircling by debris [97]. Entanglement is more frequent in
juveniles [20] since they are attracted to floating debris by curiosity and thus plastic
loops can easily slip onto their body. A plastic collar around a shark’s gill slits or
body can cause traumatic cutting into tissue and chronic infection; it may compro-
mise its ability to feed and grow and cause its death by strangulation [145]. Finally,
in a report by Butterworth et al. [145] a picture of a deceased catshark (Scyliorhinus
spp.) entangled in a fishing net in Croatia (Adriatic Sea) is shown, but it is not
possible to identify the species.

Fig. 5 An adult individual
of Charadrius hiaticula
entrapped by fishing line
with the hook [150]
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Only two documented cases of teleost species entanglement in marine debris
were found in the literature for the Mediterranean Sea. Houard et al. [143] reported
ghost fishing for red scorpionfish (Scorpaena scrofa), small red scorpionfish
(Scorpaena notata), black scorpionfish (Scorpaena porcus) and European conger
(Conger conger) in the Port-Cros National Park (Western Mediterranean Sea,
France). Furthermore, Ayaz et al. [114] reported ghost fishing for red scorpionfish
(S. scrofa), as well as for white grouper (Epinephelus aeneus) in the Gökova Special
Environmental Protection Area (Aegean Sea, Turkey); all specimens were found
dead. However, entanglement for teleosts is probably underreported because of the
difficulties in its observation at sea, due, for instance, to considerable scavenging
pressure on entrapped fish [206], and because information about the number of
fishing gears lost or for how long such gears continue to fish is limited [207]. Poten-
tially, a wide range of teleost species may be affected by ghost fishing. Ayaz et al.
[208], for instance, performed an experimental study of ghost fishing in southwest
Izmir Bay, Turkey (Aegean-Levantine Sea subregion): 29 species (22 fish, 5 crusta-
cea, 1 cephalopod and 1 gastropod) were captured by the ghost gillnets.

Entanglement can also occur in invertebrate benthic/sessile species, such as
cnidarians and sponges, which can suffer broken parts, necrosis, progressive
removal of the tissues and wounds susceptible to infections [116]. Marine debris
may act as a significant stressor for coral reefs, causing suffocation, shading, tissue
abrasion and mortality of corals [209]. Rock habitats support dense aggregations of
tridimensional complex sessile fauna called “marine animal forests”, which have
been proposed as indicators to monitor the temporal and spatial trends of entangle-
ment by marine litter. Indeed, they are vulnerable to damage due to their slow growth
rate, they are widely distributed from shallow waters to the deep sea, and they are
immobile enabling the precise location of the entanglement event and reducing the
risk of misinterpretation due to possible interaction with active fishing gears [209].

In the Mediterranean Sea, 20 cnidarian species were found to be affected by
entanglement in marine litter (Table 2), representing the taxon with the highest
number of species showing this kind of impact. Most cases of entanglement were
due to fishing lines and nets. The largest number of cnidarian species subjected to
entanglement was found in the Ionian Sea and Central Mediterranean Sea and

Fig. 6 Lateral view of the
head of the Prionace glauca
specimen showing damage
on the gill region and the
pectoral fin by a plastic
debris collar [144]
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Western Mediterranean Sea subregions (19 species). Only one species (Paramuricea
clavata) was found in the Adriatic Sea subregion and one species (Dendrophyllia
ramea) in the Aegean-Levantine Sea subregion. Endangered species in the
Mediterranean Dendrophyllia cornigera, Leiopathes glaberrima, Corallium rubrum
and Madrepora oculata were included in the list of species entangled by marine
litter. The latter is considered critically endangered in Italian Seas, where it was
found in the Ionian Sea stuck by plastic litter [127]. Moreover, nine near threatened
species and two vulnerable species were found to be impacted by entanglement in
the Mediterranean. The likelihood of diseases increased 20-fold once a coral is
entangled in plastic [210]. For instance, Bavestrello et al. [130] found along the
Portofino Promontory (Ligurian Sea, Italy) that severe damage to gorgonians
(P. clavata) was caused by lost fishing gear (mostly monofilament lines) affecting
tens of colonies through a continuing abrasive action. The stretched lines, under the
action of sea currents, mechanically excoriated the coenenchyme. The authors
concluded that the major cause of mortality in P. clavata facies along the Portofino
Promontory was due to damage by fishing lines, followed by the attachment of
several epibionts in the damaged surface [130]. Indeed, if injuries are of minor
intensity, gorgonians are able to rapidly healing the wound by coenenchyme regen-
eration. Conversely, pioneering species such as hydroids may settle on the damaged
surface and are soon replaced by stronger competitors like bryozoans, macroalgae,
serpulids or sponges, which can no longer be removed by the newly growing
coenenchyme.

Four species belonging to the taxon Porifera were found entangled in marine litter
in the Mediterranean Sea, i.e. Geodia cydonium in the North Adriatic Sea [133],
Pachastrella monilifera and Poecillastra compressa in the Ligurian Sea (Western
Mediterranean Sea) [134] and Raspailia (Raspailia) viminalis in the Strait of Sicily.
Most entanglement records involved fishing nets and lines.

Finally, two crustaceans (spinous spider crab Maja squinado and three-spined
Geryon Geryon trispinosus; Fig. 7), one mollusc (common cuttlefish Sepia
officinalis) and one echinoderm (pencil urchin Cidaris cidaris) were found entangled
in marine litter (mainly fishing nets) in the Mediterranean Sea (Table 2). Ramirez-

Fig. 7 Ghost fishing of
Geryon trispinosus by a
discarded/lost net recovered
from 1,200 m depth in the
Western Mediterranean Sea
[135]

178 A. Anastasopoulou and T. Fortibuoni



Llodra et al. [135] reported evidence of ghost fishing in one sample from 1,200 m in
the Western Mediterranean, where several Geryon crabs were observed dead or
moribund in a broken fishing net (Fig. 7). Indeed, benthic organisms entangled in
derelict fishing gear or other litter items on the seafloor can eventually die because of
starvation [209].

4 Other Impacts

Marine litter may have an impact on marine life indirectly by offering available
substrates for rafting species and facilitating species dispersal [27]. A wide range of
sessile and motile marine organisms colonize floating litter (also called hitch-hikers,
[211]), including bivalves, barnacles, algae, foraminifera and a rich microbial
community that forms biofilms known as the “Plastisphere” [212]. The composition
of the microbial community has been found to significantly differ from the sur-
rounding seawater suggesting that plastic litter forms a novel habitat for microbiota
[212]. Many species may extend their distribution range through transport by
floating rafts: several taxa, including potential invaders, were already found on
marine litter far beyond their natural dispersal range [27]. Passive transport can
last for years, with marine current-driven journeys covering vast distances across the
oceans [213]. Floating natural debris (e.g. plants, trunks, pumice) has always acted
as a dispersal vector for marine organisms, but since the quantities of synthetic and
non-biodegradable materials in marine debris have increased manifold over the last
decades in the Mediterranean Sea [214], the dispersal has probably been accelerated
[211]. Abundant floating marine litter may facilitate the spread of invasive and
pathogenic species [27].

We found 29 papers describing the effects of marine litter on the biota in the
Mediterranean Sea other than ingestion and entanglement, impacting bacteria, algae,
marine plants, invertebrates, tunicates and seabirds (Table 2). Most of these species
use marine litter as a substratum, but marine litter can also be used instead of sponges
by the crab Paromola cuvieri to cover its carapace [122, 134] (Fig. 8). Overall, the
most common phyla rafting on or encrusting marine litter were Bacteria, Algae,
Arthropods and Cnidarians. Most taxa were associated with plastic litter.

The most comprehensive study on hitch-hikers in the Mediterranean Sea was
published in 2003 by Aliani and Molcard [100], who found 21 species rafting on
plastic floating litter (mainly plastic bags, bottles and styrofoam) in the Ligurian and
Tyrrhenian Sea (Western Mediterranean Sea) (Table 2). The most common species
found were the barnacle Lepas (Anatifa) pectinata and the isopod Idotea metallica,
but many other species were identified, including coralline algae (e.g. Hydrolithon
farinosum), seagrass species (e.g. Cymodocea nodosa), hydrozoans (e.g. Obelia
dichotoma), polychaetes (e.g. Nereis splendida), nudibranchs (e.g. Doto spp.), etc.
No alien species was found. I. metallica is an obligate rafter without benthic
populations and was found hitch-hiking on marine litter also along the Catalan
coast [138] and in the Alboran Sea [136]. This species is adapted to the rafting
life-style and has low food requirements compared to its congener I. baltica that
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predominantly colonizes algal rafts, which are rapidly consumed by this voracious
herbivore [27]. Gutow and Franke [139] observed that specimens of I. metallica
found rafting on floating litter in the Mediterranean represented not just ephemeral
assemblages but persistent local populations.

Two papers analysed the bacterial films in the Mediterranean Sea [106, 107]. The
authors identified 50 bacterial species on the microplastics sampled in the Northern
Adriatic Sea and Western Mediterranean Sea (Table 2). Some of them were
hydrocarbon-degrading bacterial species, able to degrade various types of plastics
through the secretion of specific extracellular enzymes. The bacteria Aeromonas
salmonicida was also identified for the first time on microplastics, which is respon-
sible for bacterial diseases in fishes. The risk associated with microplastic pollution
for the spreading of diseases should be evaluated taking into account the occurrence
of pathogenic bacteria in other environmental matrices, like water and other floating
objects. Dussud et al. [107] found that some putative pathogens were particularly
abundant on plastic marine debris and rather rare in free-living and organic particle-
attached bacteria, such as the fish pathogen Tenacibaculum spp. or the crustacean
and invertebrate pathogens Phormidium spp. and Leptolyngbya spp. This result
suggests that microplastics may serve as a vector of pathogenic bacterial species in
the marine environment, although this issue has been little studied [103].

Another notable example of hitch-hiker in the Mediterranean Sea includes the
Arch-fronted swimming crab (Liocarcinus navigator), reported for the first time ever
rafting on floating marine litter in the Adriatic Sea [142]. The authors also observed
two specimens of Columbus crab (Planes minutus) jumping from one to another
piece of floating plastic marine debris (a plastic sandal and a sports shoe).

Marine litter can also serve as a substratum for cnidarians, including the alien
species Oculina patagonica found in the Alicante harbour (Spain) inhabiting
plastic bags and cans, and the potentially harmful dinoflagellates Coolia spp. and
Ostreopsis spp. found on plastic that littered the waterfront of La Fosca beach
(Costa Brava, Catalan coast). Plastic is used as a substratum also by sessile annelids
like Filograna implexa [109], Placostegus tridentatus [104] and Spirobranchus
triqueter [111].

Fig. 8 The crustacean
Paramola cuvieri carries
plastic on its exoskeleton,
instead of usual sponges
(470 m depth) [134]
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Battaglia et al. [104] reported evidence of colonization of rafting floats in
expanded PVC from abandoned, lost or derelict fishing gears by 3,014 deepwater
organisms belonging to 38 taxa of macro-invertebrates (Arthropoda, Cnidaria,
Mollusca, Porifera, Bryozoa and Foraminifera) in the Strait of Messina (Ionian
Sea). Four of these species are protected: the three deepwater corals Errina aspera,
Desmophyllum pertusum and Madrepora oculata as well as the deep-sea cirripede
crustacean Pachylasma giganteum. The authors speculated that the hydrodynamism
of the Strait of Messina produces a continuous and strong frictional stress on the
abandoned, lost or derelict fishing gears laying on the bottom. This causes the
breakage of ropes and nets releasing the fishing floats, which may emerge and strand
on the shore or follow the course of currents and disperse far from the point of
release.

Finally, marine litter can be used by seabirds to build their nests. Indeed, plastic
lightness and flexibility make it attracting to birds for the construction of nests, but it
can easily twist around the body of new-borns or even of adults, damaging them and
possibly causing their death [215]. Merlino et al. [151] found that northern gannets
(Morus bassanus) in the La Spezia Gulf (Ligurian Sea, Italy; Western Mediterranean
Sea subregion) build their nests using more anthropogenic objects than natural ones,
in particular fragments of nets made with polypropylene and polyethene that are
used for mussel farming (Fig. 9). The study concluded that the prevalent productive
activities of the area (mussel farming) are responsible for the problem of marine and
coastal pollution and pose a danger for the local fauna.

5 Conclusions

Our review demonstrates that the impact of plastic pollution on Mediterranean
marine life, including a number of commercially important species, is a widespread
and pervasive phenomenon. This is not surprising, since the Mediterranean Sea is
both a crucial biodiversity hotspot and a critically polluted area, and it has been

Fig. 9 The northern
gannets plastic nest of Porto
Venere (La Spezia Gulf),
built over the deck of a boat
[151]
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described as one of the areas most affected by marine litter in the world [26]. Evi-
dence of plastic impact on marine life is accumulating fast because ocean plastic is a
contemporary focal point of concern for the marine environment. Consequently,
even if this is the most up-to-date collection of information on the impact of plastic
pollution on marine life in the Mediterranean Sea, the number of species known to be
impacted by plastic is deemed to increase along with growing scientific literature.
A variety of direct and indirect effects of plastic pollution on marine biota has
been described, including ingestion; entanglement; substrate for the dispersal of
some organisms, e.g. bacteria; vectors for exposure to potential pathogens; and
much more.

Plastic ingestion is the most studied impact in the region. There is scientific
evidence that a large number of Mediterranean species, across multiple habitats
and trophic levels, ingest plastics, mainly microplastics. It is documented that
macroplastics are also regularly uptaken and retained by a variety of marine animals
including fish, birds, turtles and cetaceans. The consequences of microplastic inges-
tion for marine organisms are still largely unknown, but generally considered as a
lower risk than ingestion of larger plastic items. For instance, direct mortality in wild
fish caused by ingested microplastics has not yet been described in the published
literature [24]. Conversely, ingestion of and entanglement in the plastic waste can
cause the suffering and death of seabirds, turtles and cetaceans. For instance, gastric
blockage from plastic can be lethal for marine mammals [68]. Nevertheless, the
population effects of these deaths are still largely unknown [216].

From this review, it emerges that the literature regarding seabirds for the
Mediterranean is scarce. Seabirds are among the animals the most impacted by
marine litter worldwide, with 165 species of the 367 species (45%, but limiting the
analysis to species actually checked for plastic, the proportion is 78%) that have been
recorded to ingest plastics [168]. Since seabird ingestion rates scale with plastic
exposure [217], the high densities of plastic litter in the Mediterranean allow
expecting ingestion rates by seabirds to increase proportionately. Thus, much
research effort is needed in order to evaluate the impact of marine litter on
Mediterranean seabirds.

Commercially important fish species contaminated with microplastics represent a
potential source of these particles and the chemicals they contain for human con-
sumers [218]. Many commercially important species for Mediterranean fisheries,
such as European anchovy, sardine and common sole, have been found with
microplastics in their guts. However, recently different scientists have denounced
that the risk deriving from microplastics is probably overstated since their quantity in
the marine environment is generally so low that they do not represent an environ-
mental risk [219, 220]. It is worth noting that Katsanevakis [97] affirmed in 2008 that
“The impact of microscopic plastic particles on marine fauna and the marine food
web is largely unknown”, and 10 years later Markic et al. [24] still recognize that
“Plastic ingestion is of special concern, as its magnitude and consequences for
marine organisms and potentially humans are still largely unknown”. Also, a recent
report by the Food and Agriculture Organization (FAO) stated that “Despite the
increasing literature on marine plastic contamination, there is very little information
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on its effects at ecosystem, habitat, population or even individual level” [154]. Thus,
further research is needed to investigate the effects of plastic particles on marine
biota in the wild as well as those of their additives and adhering contaminants.

The presence of microplastics in lower trophic levels raises the possibility that
microplastics and/or their contaminants may be transferred through the food web.
However, the number of studies reporting trophic transfer remains limited. To date
there is only initial evidence that suggests the potential of trophic transfer of
microplastic in wild-caught organisms [221]. For this reason, further studies are
needed in order to better understand the effects of plastics on the Mediterranean food
webs and ecosystem.

Concluding, according to the reviewed literature, it seems that ingestion and
entanglement can have dramatic consequences on marine life at the individual
level. Conversely, it is unlikely to occur frequently enough to have adverse demo-
graphic impacts in the Mediterranean, with the possible exception of some marine
turtles [168]. However, it must be noted that the available literature generally
pertains to individuals rather than on a population level. Studies at the population
level are indeed hindered by multiple environmental and human-induced stressors to
which wild animals are subjected, which may mask the possible role played by
microplastics [154].
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