
Citation: Solomando, A.; Pujol, F.;

Sureda, A.; Pinya, S. Evaluating the

Presence of Marine Litter in

Cetaceans Stranded in the Balearic

Islands (Western Mediterranean Sea).

Biology 2022, 11, 1468. https://

doi.org/10.3390/biology11101468

Academic Editors: Carme Alomar,

Montserrat Compa and Xavier Capo

Received: 14 September 2022

Accepted: 2 October 2022

Published: 6 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

biology

Article

Evaluating the Presence of Marine Litter in Cetaceans Stranded
in the Balearic Islands (Western Mediterranean Sea)
Antònia Solomando 1,2, Francisca Pujol 3, Antoni Sureda 1,4,5,* and Samuel Pinya 2

1 Research Group in Community Nutrition and Oxidative Stress, University of Balearic Islands,
E-07122 Palma de Mallorca, Spain

2 Interdisciplinary Ecology Group, Department of Biology, University of the Balearic Islands,
E-07122 Palma de Mallorca, Spain

3 Palma Aquarium Foundation, Carrer Manuela de los Herreros i Sorà 21, E-07610 Palma de Mallorca, Spain
4 Health Research Institute of Balearic Islands (IdISBa), E-07120 Palma de Mallorca, Spain
5 CIBER Fisiopatología de la Obesidad y Nutrición (CIBEROBN), Instituto de Salud Carlos III (ISCIII),

E-28029 Madrid, Spain
* Correspondence: antoni.sureda@uib.es; Tel.: +34-971172820

Simple Summary: The presence of plastic in oceans is extremely concerning as it poses a potential
threat to marine organisms; for instance, they could become entangled in the plastic or they could
ingest it. The objective of this work is to provide evidence, for the first time, of the impact that
plastic debris has on stranded cetaceans in the Balearic Islands, in terms of ingestion and entangle-
ment. We examined the occurrence of marine debris in the gastrointestinal tracts of 30 cetaceans,
from five different species, that were found stranded around the Balearic Sea: Stenella coeruleoalba,
Tursiops truncatus, Grampus griseus, Balaenoptera physalus, and Physeter macrocephalus. Three specimens
(10% of the sample) were found to have ingested plastic items, including fishing nets, plastic bags,
and strapping lines. The species affected were T. truncatus, and P. macrocephalus. Moreover, a total
of seven cases of entanglement were recorded during the study, affecting four different species
(S. coeruleoalba, T. truncatus, P. macrocephalus, and Megaptera novaeangliae), and all of them were entan-
gled in discarded fishing nets. When possible, plastics were characterised by size, shape, colour, and
polymer type. We concluded that the occurrence of marine debris observed in this work confirms the
impact of plastic pollution on cetaceans in the Balearic Sea for the first time.

Abstract: The global distribution and presence of plastic, at all levels of the water column, has made
plastic debris one of today’s greatest environmental challenges. The ingestion and entanglement
of plastic-containing marine debris has been documented in more than 60% of all cetacean species.
In light of the increasing pressure on cetaceans, and the diversity of factors that they face, the aim
of this work is to provide evidence of the impact of plastic debris on stranded cetaceans, in terms
of ingestion and entanglement, in the Balearic Islands for the first-time. Detailed examinations,
necropsies, and plastic debris analysis were performed on 30 of the 108 cetaceans stranded between
2019 and 2022. Specimens belonging to five different species, Stenella coeruleoalba, Tursiops truncatus,
Grampus griseus, Balaenoptera physalus, and Physeter macrocephalus, were evaluated. Ten percent of
the cetaceans (N = 3) presented plastic debris in their stomach, with one case of obstruction and
perforation. Fishery gear fragments (ropes and nets) were found in two adults of T. truncatus,
whereas packaging debris (plastic bag, packing straps, and plastic sheets) were found in a juvenile
P. macrocephalus. Plastic items analysed by Fourier transform infrared spectroscopy (FT-IR) reported
three polymer types: polypropylene, polyamide, and high-density polypropylene. A total of seven
cases of entanglement were recorded during the study, affecting four different species (S. coeruleoalba,
T. truncatus, P. macrocephalus, and Megaptera novaeangliae). Only two individuals were freed from the
nets, although one died after a week, whereas the rest were already found dead. In conclusion, data
collected in the present study provided evidence of plastic ingestion and entanglement in cetaceans
of the Balearic Islands for the first-time, thus highlighting the need for the regular examination of
stranded cetaceans (as they are top predators) in future research to better understand the effects of
these pollutants.
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1. Introduction

Marine litter, overrepresented by plastic elements, has emerged as a serious threat for
major marine taxa, with well-documented negative effects on more than 1400 species [1].
For marine species, the impacts of plastic pollution can be divided into those arising from
entanglement, which can result in direct injury, drowning, or strangulation, and those from
ingestion, with pathologies ranging from malnutrition to gastrointestinal blockages [2–5].
To date, plastic ingestion has been recorded in 81 marine mammal species [6–9], all seven
sea turtle species [10–12], and 203 seabird species to date [13], and these numbers are still
increasing [14]. In marine mammals, the ingestion of litter can occur either directly, when
an animal mistakes an item for prey, or indirectly, through the consumption of prey that con-
tains waste [15,16]. The effects of ingestion are diverse, depending on species, the type of
material, the amount ingested, and location. Debris in the forestomach can cause distention,
obstruction, ulceration, perforation, and peritonitis, or they can functionally alter diges-
tion, induce satiation, cause starvation, and general debilitation [8,15,17–19]. Moreover,
ingested litter can contribute to chemically induced harm through the bioaccumulation of
pollutants contained or absorbed by the litter, such as plasticizers, chemical additives [20],
absorbed persistent organic pollutants (POPs) [21], and heavy metals [22], many of which
are known neurotoxins or endocrine disruptors [23]. In cetaceans, the ingestion of litter
has been documented in over 58% of all cetacean species, including species with different
feeding strategies throughout the water column [24], and these numbers are increasing over
time [14]. Furthermore, it has been reported that deaths attributed to litter ingestion can
lead to mortality rates of up to 22% in stranded animals [25], suggesting that litter could be
a significant conservation threat to cetaceans. Despite that fact, entanglement events have
only been documented in ~30% of cetacean species [6], although there is evidence to suggest
that population declines have been due to entanglement [26,27], even pushing some species
such as the Vaquita (Phocoena sinus) towards extinction [28]. In 1987, Laist [29] reported that
fishing gear (monofilament line, nets, and ropes) was the primary cause of entanglements.
Most of this material originated from commercial fishing operations, although it was found
that cargo ship equipment and recreational fishing equipment may also contain items
that cause entanglement; however, it is usually difficult to distinguish what may cause
entanglement in active fishing gear (by-catch) from what may cause entanglement in lost
or discarded gear [25]. Generally, cetaceans tend be entangled around their neck, flippers,
and flukes [30]. The impact of entanglement can be severe, ranging from death, death
via starvation due to impaired swimming, laceration of large blood vessels as a result of
foraging, amputations, and systemic infections that reduce animal fitness [31–33].

However, the number of records does not reflect the magnitude of the problem in
cetaceans, due to low detection rate and difficulty in retrieving and analysing specimens [9,34].
This fact highlights that the cetaceans which are stranded along the coast provide a valuable
opportunity to study the interactions between animals and marine litter. In this sense, rescue
centres and stranding networks have become very important entities for collecting data and
monitoring the external and internal wellbeing of stranded cetaceans.

Cetaceans are widely regarded as reliable sentinels of ocean health due to their position
as top predator in the marine food web, their conspicuous nature, and their reliance on
marine resources. Remarkably, no studies have been published on cetaceans and the
impact of plastic pollution in the Balearic Islands (Western Mediterranean). This lack of
data underlines the need to further engage with research efforts that aim to understand
the magnitude of the issue of plastic pollution on cetaceans in the water surrounding
the Balearic Islands; therefore, the current study focuses on ingestion and entanglement
data, but the collected plastic items are nevertheless characterised to allow comparisons
with earlier works. The main objective of the present work is to increase knowledge on
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the tendency of cetaceans to ingest plastic litter and/or become entangled in it in the
waters of the Balearic Islands by monitoring stranded cetaceans. The second objective
focuses on characterizing the variety of plastics ingested, and the variety of plastics that
the cetaceans become entangled in, noting the size, shape, and colour of the plastics. The
third objective aims to identify the most frequent polymer types that cetaceans ingest and
become entangled in using FT-IR analysis. We hypothesize that plastics are likely to be a
minor, albeit significant, cause of cetacean mortality in this area, either due to ingestion
or entanglement, and that the less serious effects of plastic ingestion and entanglement
remain poorly understood.

2. Materials and Methods
2.1. Area of Study and Species

The specimens of the cetaceans analysed in the present study were sampled between
January 2019 and August 2022 along the coast of the Balearic Islands, which extends
for more than 1700 km (Figure 1). The Balearic Islands are situated in the western part
of the Mediterranean Sea and are formed of four inhabited islands (Mallorca, Menorca,
Eivissa, and Formentera). The Balearic region has a residential population of 1,173,008 [35];
however, because these islands are a major tourism hub during the summer months,
the seasonal peak, in terms of population, reaches more than two million people [35].
The seasonal presence of some cetacean species in the Balearic waters varies depend-
ing on migratory routes, but according to the scientific literature, we found 8 resident
species [36], including 1 baleen whale (Mysticetes) (Balaenoptera physalus, the second-longest
species of cetacean on Earth) and 7 toothed whales (Odontocetes) (Physeter macrocephalus,
Ziphius cavirostris, Globicephala melaena, Grampus griseus, Tursiops truncatus, Stenella coeruleoalba,
and Delphinus delphis). Notably, the killer whale (Orcinus orca) (Casinos, 1981), the false
killer whale (Pseudorca crassidens) (Castell and Gutiérrez, 1991), and the humpback whale
(Megaptera novaengliae) (Aguilar, 1989) have been registered. Three of the toothed whale
species, Physeter macrocephalus, Globicephala melaena, and Delphinus delphis are currently
listed as Endangered by the IUCN Red List on the Mediterranean IUCN Red List of Threat-
ened Species [37], whereas Balaenoptera physalus, Tursiops truncatus, and Stenella coeruleoalba
are listed as Vulnerable by the IUCN Red List in the Mediterranean [37]. Two species,
Grampus griseus and Ziphius cavirostris, are considered to be data deficient in the Mediter-
ranean, but are globally listed as being of Least Concern according to IUCN criteria [37].
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2.2. Sample and Data Collection

All specimens were obtained using the sea turtle/cetacean stranding network of the
Balearic Islands (Fundación Palma Aquarium Rescue Centre) during 2019–2022. Cetaceans
were found stranded along the coastline or picked floating while adrift. Cetaceans found
alive were immediately attended to by the veterinarian team, although unfortunately, in
most cases, animals were finally euthanised due to poor prognosis. Carcasses from dead
specimens were transported to the necropsy camera of the rescue centre for necropsy.

For each cetacean, clinical history, date and location of stranding, date of necropsy,
species, gender, biometric data, and state of decomposition were systematically recorded in
an annual database. Moreover, animals were classified into age classes according to [38], as
follows: neonate (i.e., animals with vibrissae hairs, unhealed navel, foetal folds over the
body, and soft and folded dorsal fin and tail flukes), calf (i.e., animal with presence of milk
in its stomach, or about the size of a nursing calf), juvenile, (i.e., body length smaller than
the adult but larger than a calf), and adult, (i.e., body length of an adult).

Post-mortem examinations of all cetaceans were carried out following the protocols
of The Interreg Med Plastic Busters MPAs project [39]. When possible, specimens were
measured (Total length (TL)) and sexed by a visual inspection of gonadal gross morphology,
and they were examined for external lesions and other anomalies. Particular attention was
paid to any signs that were indicative of direct interactions with fishing gear.

2.2.1. Ingestion

The digestive tract (oesophagus, stomach chambers, and intestines) of stranded dead
cetaceans were carefully dissected and analysed for the presence of plastic litter (Table 1).
Only in one case (stranded B. physalus) was the necropsy was done in situ, on the beach
in Mallorca, due to the animal’s large size and accessibility. In order to prevent external
contamination during sampling, metallic clamps were fixed on the oesophagus, stomach,
and intestine before removing their content. Moreover, dead specimens with perforations
on the digestive tract were excluded from the analysis. Digestive parts were collected
and stored at −20 ◦C until further analysis. Frozen organs were transferred to the Inter-
disciplinary Ecology Group laboratory at the University of the Balearic Islands for litter
analysis. One day before content analysis in the laboratory, the digestive organs were left
to thaw. Content examination was carried out following the protocols from the Plastic
Busters MPAs project. Each part of the cetacean was weighed before and after opening,
and the resultant content was carefully filtered through a set of two metallic mesh sieves
(5 mm and 1 mm) to avoid mixing the content from the isolated sections. The ingested
plastics were carefully washed with distilled water and allowed to dry at 40 ◦C in the 12 h
before being properly examined and classified. In accordance with the protocol, each piece
was counted and photographed, weighed (dry mass), and measured (maximum length).
Furthermore, for each item, the colour was recorded, and the shape was categorised into
one of four types [40]: sheet-like (e.g., plastic bags), thread-like (e.g., nylon lines, ropes),
foams (e.g., polystyrene foam), and fragments (e.g., bottle cap). The colour categories
were as follows: white–transparent, dark coloured (black, blue, dark green), and light
coloured (cream, yellow, pink, light green). Plastic size was grouped in accordance with the
criteria set out by Barnes et al. (2009) [41], which are as follows: macroplastics (>20 mm),
mesoplastics (>5–20 mm), and microplastics (<5 mm). Furthermore, Fourier transform
infrared spectroscopy (FT-IR) (Bruker OPTICS, Germany) was used to identify the synthetic
polymers of the plastic items collected. Before FT-IR analysis, plastics were carefully rinsed
with deionised water and dried, with the purpose of achieving precise spectra [42]. FT-IR
measurements were carried out using an attenuated total reflectance (ATR) mode that had
a wavelength range of 4000–400 cm−1, 16 co-added scans, and a spectral resolution of
4 cm−1. The ATR diamond and its base were cleaned with ethanol before and after the
procedure and between every sample. All spectra were then compared with commercial
and self-generated polymer libraries. Similarities greater than 70% of the Hit Quality Index
were considered valid [43]. We analysed all the spectra using the spectroscopy software
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OPUS. The analysis was carried out with the support of the Scientific/Technical Services at
the University of the Balearic Islands. Organic content such as wood fragments, pebbles,
and food remains were collected but were excluded from the analysis.

Table 1. Information about the stranded cetaceans whose digestive tract contents were analysed for
plastic debris.

Code Stranding Date Total Length (m) Age Class Sex 1 Presence of Prey
Remains 1

Debris
Found Debris Type

S. coeruleoalba 1 09.06.19 2.0 Adult f n n –
S. coeruleoalba 2 17.10.19 1.6 Juvenile m y n –
S. coeruleoalba 3 24.10.19 1.9 Adult – y n –
S. coeruleoalba 4 29.11.19 2.3 Adult f y n –
S. coeruleoalba 5 20.12.19 1.0 Calf m n n –
S. coeruleoalba 6 06.02.20 1.9 Adult – y n –
S. coeruleoalba 7 13.05.20 1.4 Juvenile m n n –
S. coeruleoalba 8 12.12.20 1.7 Juvenile f n n –
S. coeruleoalba 9 02.03.21 2.3 Adult f y n –
S. coeruleoalba 10 02.03.21 2.0 Adult f y n –
S. coeruleoalba 11 11.03.21 2.0 Adult f n n –
S. coeruleoalba 12 20.07.21 2.0 Adult m n n –
S. coeruleoalba 13 23.07.21 1.9 Adult f n n –
S. coeruleoalba 14 26.07.21 2.0 Adult f y n –
S. coeruleoalba 15 26.02.22 1.9 Adult f y n –

T. truncatus 1 11.08.19 1.7 Juvenile m n n –
T. truncatus 2 16.06.20 2.3 Adult m y n –
T. truncatus 3 30.12.20 2.3 Adult m y n –

T. truncatus 4 14.01.21 3.2 Adult f y y Fishing
ropes

T. truncatus 5 05.05.21 3.1 Adult f y y Fishing
ropes

T. truncatus 6 01.03.22 2.6 Adult m n n –
T. truncatus 7 20.04.22 1.7 Juvenile m y n –
T. truncatus 8 17.07.22 3.4 Adult – y n –
T. truncatus 9 20.08.22 0.9 Calf f n n –
G. griseus 1 29.03.21 2.6 Juvenile f y n –
G. griseus 2 04.04.22 3.1 Adult f y n –

B. physalus 1 26.01.19 15.5 Adult f n n –

P. macrocephalus 1 16.05.21 5.4 Juvenile m y y

Plastic bag,
Packing
straps,

Plastic sheets
Unknown 04.05.22 1.3 Juvenile m y n –
Unknown 01.09.22 83.0 Calf f n n –

1 Abbreviations: f (female), m (male), y (yes), n (no).

All equipment used for the dissection and litter analysis was carefully cleaned with
distilled water in order to avoid any possible contamination.

2.2.2. Entanglement

Entanglement may be confused with by-catch, which is the ensnaring of non-target
animals in active fishing apparatus. It may be difficult to diagnose whether the retrieved
bodies were caught in active gear or lost gear, and marks on bodies may be misidentified as
net marks when they were actually the result of entanglement in marine debris [9]. Given
these difficulties, in this study, cases of entanglement have been considered in two ways:
specimens in which gear was identified as likely having been operational at the time of
entanglement; and specimens entangled in ghost fishing nets. In all cases, the type of
material in which specimens have been entangled was classified according to the following
categories: pieces of net, monofilament line (nylon), rope or pile of ropes, plastic bags,
raffia, other plastics, multiple materials, or unknown. In addition, plastic pieces obtained
from the specimens were characterised by FT-IR and were photographed.
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Cetaceans with an advanced state of decomposition were not included in the entan-
glement analyses due to the impossibility of observing entanglement impacts, such as net
marks on the animal’s body.

2.3. Statistical Analysis

The frequency of plastic occurrence (FO) was estimated as the percentage of the
individuals examined that contained plastics in their digestive tract. Digestive content and
entanglement information, together with biometric data, were registered in a Microsoft
Excel (version 16.16.27) spreadsheet.

3. Results

Between 2019 and 2022, a total of 108 cetaceans, from nine different species, stranded
along the coast of Balearic Islands were registered. Twenty individuals (18.5%) could not
be identified at the species level due to the poor condition of the corpse. Of the remaining
88 specimens, the species recorded in order of abundance were: S. coeruleoalba (N = 44),
T. truncatus (N = 26), G. griseus (N = 5), P. macrocephalus (N = 5), G. melaena (N = 3),
Z. cavirostris (N = 2), B. physalus (N = 1), Eschrichtius robustus (N = 1), and M. novaeangliae
(N = 1). The cause of stranding/death could only be determined in five cases, thus
showing clear signs of interactions with fisheries (4.6%, 2 S. coeruleoalba, 2 T. truncatus, and 1
P. macrocephalus).

3.1. Ingestion Analysis

Detailed examinations and necropsies were performed on 30 (27.8%) of the 108
cetaceans, including 16 females, 11 males, and three individuals that were not sexed.
These cetaceans belonged to five species: S. coeruleoalba (N = 15), T. truncatus (N = 9),
G. griseus (N = 2), B. physalus (N = 1), and P. macrocephalus (N = 1). In two cases, the species
could not be determined. For the rest of the specimens, it was impossible to study the
digestive tract given the difficulty of transporting from their location, or the advanced
state of decomposition in which some of these specimens were found. The summary
of stranded and necropsied cetaceans by species, date, biometric data, age, gender, and
digestive content information is shown in Table 1. Of these thirty individuals, five (16.7%)
were euthanised due to poor prognosis, four (13.3%) were found alive but died shortly
after stranding, six (20%) were found fresh or very fresh, and fifteen (50%) were found in a
moderate or advanced state of decomposition.

The mean total length (±SD) of S. coeruleoalba was 1.9 ± 0.1 m. According to their body
length, eleven were adults, three were juveniles, and one was a calf. Of these cetaceans,
nine specimens were female, four were male, and three individuals could not be sexed due
to the advanced state of decomposition. In T. truncatus, there were six adult specimens, two
juveniles, and one calf, and the mean total length (±SD) was 2.4 ± 0.3 m. Furthermore, five
specimens were male, three were female, and one individual could not be sexed. The mean
total length (±SD) in G. griseus was 2.8 ± 0.4 m, the calculation for which was based on
two females, one adult, and one juvenile. The B. physalus examined was a female adult of
15.5 m length. Finally, the P. macrocephalus analysed was a male juvenile with a total length
of 5.4 m.

In 2021, two female adults of T. truncatus, and one male juvenile of P. macrocephalus,
from the total 30 cetaceans necropsied between 2019 and 2022, presented plastic litter in
their digestive tracts, which represents a frequency of occurrence (FO) of 10%. A total of
10 plastic items were obtained, comprising 64.6 g dry mass, with an average dry mass of
12.9 ± 12.7 g per individual, ranging from 0.1 to 58.1 g. In both species, all items were
found in the stomach (Figure 2). Curiously, the two specimens of T. truncatus presented
the same type of litter: one and three pieces of fishing rope, respectively. Instead, plastic
litter items identified in the stomach of the P. macrocephalus were three plastic packing
straps, one from a plastic bag, and two plastic sheets. Of the plastic pieces collected from
the gastric contents, the length ranged between 3 cm (fishing rope fragment) and 50 cm
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(plastic bag). Among the total samples analysed, the most frequently observed plastic
shape was thread-like (70%), followed by sheet-like (30%). The dominant colour category
of plastic items recovered was white–transparent (n = 6), followed by dark (n = 3), then
light (n = 1). All plastic items were included in macroplastics category, and no mesoplastics
or microplastics were found. Out of the 27 cetaceans that were found without ingested
marine litter, 12 of them presented a totally empty digestive tract; although in 15 specimens,
food remains such as fish bones and squid fragments were observed. Moreover, the three
specimens that ingested litter showed prey remains (Table 1).
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Figure 2. Examples of plastic debris recovered from cetaceans in the Balearic Islands. (A) Fishing
rope items encountered in the stomach of a necropsied female adult of T. truncatus (TL: 3.1 m);
(B) white plastic bag and plastic packing strap fragments collected from the stomach of a necropsied
P. macrocephalus (TL: 5.4 m).

All plastics retrieved were successfully characterised by FT-IR spectroscopy to identify
the type of polymer. These analyses detected three different polymers: polypropylene
(PP), polyamide (PA), and high-density polypropylene (HDPE). In particular, the dominant
polymer types were PP (50%), which is present in plastic sheets and fishery equipment,
and PA (40%), which is present in nylons. HDPE (10%), which is mostly used in single-use
plastics, was only found in the plastic bag.

3.2. Entanglement Analysis

In the present study, a total of seven specimens, from four different species, were
affected by entanglement between 2019 and 2022 (FO of 7.3%). The other 96 specimens
showed no evidence of entanglement, and five specimens were not able to be evaluated
for entanglement due to their advanced state of decomposition. Injuries from external
entanglement were indicated either by direct observation of gear on the cetacean or scar-
ring that is consistent with wounds from fishing lines (Figure 3). In some cases, due to
the advanced state of decomposition, the total length, sex, or age category could not be
registered in entangled cetaceans. These seven animals consisted of three T. truncatus,
two S. coeruleoalba, one P. macrocephalus, and one M. novaeangliae. The vast majority of
these species are regularly present in the Mediterranean Sea; however, humpback whales
are considered extremely rare in this zone, with fewer than ten confirmed sightings in
the last 100 years [44]. Four individuals, one male juvenile of T. truncatus (TL: 1.8 m),
one S. coeruleoalba, one P. macrocephalus, and one subadult of M. novaeangliae (TL: 14 m)
were found dead and stranded with evidence of fishing line entanglements. Of these, two
specimens, T. truncatus and P. macrocephalus, died due to the entanglement. In July 2019,
a S. coeruleoalba was found alive with its caudal fin entangled in a fishing line; however,
the animal was released by the same individuals who had given notice of the animal’s
predicament without waiting for the arrival of the rescue centre technicians. Notably, in
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May 2022, a M. novaeangliae was first reported alive with float line entanglements around its
dorsal fin, flippers, and caudal peduncle by a citizen, thus prompting the rapid deployment
of expert divers onsite in order to free the whale from the nets (Figure 3). One week later,
the whale appeared dead on the Valencian coast, with clearly visible scars from the wounds.
Moreover, two T. truncatus (one male juvenile (TL: 1.7 m) and one adult) and one male
juvenile of S. coeruleoalba (TL: 1.5 m) were found with their entire bodies entangled in a
fishing line. Furthermore, both of these juvenile specimens showed the same lesions, which
were the result of clean-cut amputations of their tail flukes due to the impact of by-catching.
Finally, the adult of T. truncatus (TL: 2.3 m) was found floating while adrift with a large
rope entangled in the caudal peduncle, and it was anchored to a big weight at the bottom of
the sea (Figure 3). The carcass was opened, and its digestive tract was analysed for plastic
ingestion. No remaining foreign material or line was evident in the stomach, nor were food
remains, such as fish bones and squid fragments, observed. Out of the items analysed by
FT-IR, 60% were PA, 20% were HDPE, and 20% were polyvinylchloride.
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Figure 3. Entanglement cetaceans recorded during the period 2019–2022 around the Balearic Is-
lands. (A) T. truncatus (TL: 2.3 m) found dead floating while adrift in the south-eastern coast of
Mallorca, with a large rope entangled in the caudal peduncle. (B) S. coeruleoalba (TL: 1.5 m) found
dead in the south of Menorca, totally entangled in fishing nets, displaying the impact of by-catching.
(C) P. macrocephalus found in the south-western coast of Mallorca, in an advanced state of decomposi-
tion, but totally entangled. (D) M. novaeangliae (TL: 14 m) found alive in the west coast of Mallorca,
with float line entanglements around its dorsal fin, flippers, and caudal peduncle.

4. Discussion

Globally, the visible evidence of interactions between marine mammals and marine
litter is well documented [9,45,46]; although, on a local level, research is still being carried
out on this matter. To address this issue, the present paper provides evidence of the impact
of plastic debris, in terms of ingestion and entanglement, in stranded cetaceans, in the
Balearic Islands, for the first time. The collected data allow for the improvement of current
knowledge concerning the impacts of plastic on cetaceans in the western Mediterranean
Sea, in addition to highlighting the importance of working with apex predators, such
as cetaceans, for their multiple roles in the conservation of marine environments and
ecosystems. Cetaceans can serve as (1) sentinel species to indicate environmental conditions,
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(2) umbrella species to benefit the conservation of co-occurring species, and (3) flagship
species to attract public and political attention [47–50].

Since 1998, the organisation Servei de Protecció d’Espècies del Govern de les Illes
Balears and COFIB, in collaboration with Marineland-Mallorca and Fundación Palma
Aquarium, have attended to more than a thousand dead and alive cetaceans along the
Balearic Islands’ coastline. Cetaceans from 2019 to 2022 were analysed by monitoring the
cetaceans’ gastrointestinal content and entanglement events; the results revealed that 10% of
the cetaceans examined showed plastic ingestion, and 7.3% were affected by entanglement.

Cetaceans usually forage at a depth where direct observations of their feeding habits
are notoriously complicated [15]; thus, cetacean strandings present a unique opportunity
to obtain knowledge concerning the feeding features and gastric content of these animals.
Moreover, although this is an indirect method, the digestive content analysis of stranded
cetaceans has been well-established for studying marine debris ingestion [9,25]. The current
occurrence of plastics in the digestive contents of odontocete [15,24,46,51] and mysticete [52]
species has been recorded. Data collated from worldwide stranding networks (sample
sizes of more than 10 animals), show high geographic, intra-, and inter-specific variation
in terms of the rate of debris ingestion, ranging from 0% to 31% [25]. For example, in the
Southwest Atlantic coast, Denuncio et al. (2011) [53] found a FO of 30.1% in 106 bycaught
individuals of Pontoporia blainvillei examined in Argentina, whereas the FO reported by the
estuarine dolphin Sotalia guianensis, in Brazil, was 12% [25]. On the north-eastern Atlantic
coast, Lusher et al. (2018) [46] examined a total of 528 cetaceans from 11 different species
in Ireland, and 45 (FO 8.5%) had marine debris in their digestive tracts. A slightly lower
FO was reported in T. truncatus in the UK (FO 4.2%), where only one of the 24 individuals
analysed presented plastic debris in their stomach. An even lower FO of 1.4% was reported
by Duras et al. (2021) [54], who examined 290 animals (T. truncatus, S. coeruleoalba and
Ziphius cavirostris) in Croatia, and found only four individuals who ingested marine debris.
Interestingly, in the Mediterranean, the obtained data revealed a higher FO than those
values reported by Lacombe et al. (2020) [55] (FO 4.5%). In that study, only four animals,
two T. truncatus, one S. coeruleoalba, and one D. delphis, of the 88 stranded cetaceans from
the Catalonian coast (western Mediterranean Sea), in the period 2012−2019, were found to
contain marine debris (three plastic items and one fishing rope). In contrast, Alexiadou et al.
(2019) [15] examined 34 individuals of seven odontocete species stranded along the Greek
coasts between 1993 and 2014; they displayed higher levels of debris ingestion (FO 26.5%),
with nine individuals affected. The results of this final study were extremely concerning;
P. macrocephalus had the highest FO for plastic (FO 60%), specifically, one individual in
particular, who was stranded in 2006, contained 135 items, predominantly plastic bags.

As demonstrated in the abovementioned studies, debris ingestion is increasingly
recognised as an important threat to cetaceans [25]. Various authors have attempted to
answer the question concerning why marine organisms ingest debris. Several hypotheses
have been formulated to explain this phenomenon, including: confusing marine debris
with prey [56–58]; prey being in close proximity to debris; not echolocating when finally
approaching prey [59,60]; juvenile inexperience [29,61]; the prey capture mechanism in
beaked whales [62]; playful and curious behaviour [29]; disease factors; and stranding
events [63]. Scientific authors have suggested that the mistaken ingestion of debris, due to
a resemblance to the cetacean’s preferred prey, is unlikely to occur in odontocete cetaceans
because it is widely accepted that toothed whales use a highly sophisticated echolocation
system for foraging [63–65]. Given this, any object that is different from fish or cephalopods
should not normally be ingested by odontocetes; however, in some cases, this has occurred.
In searching for a possible explanation, diverse authors have shown that the disease of the
central nervous system (CNS) is a significant risk factor for the ingestion of marine debris
that does not pertain to the normal diet of odontocetes [55,63]; nonetheless, in our study,
the ingestion of marine debris cannot be directly related to the impairment of nervous
function, since nervous samples were not analysed.
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Cetaceans can be killed by plastic ingestion because of gastric impaction and perfo-
ration or as a result of the associated lesions [66]. In only one case, the cause of death
was presumed to be stomach perforation and obstruction caused by a large plastic bag
and plastic packing straps. In the P. macrocephalus male juvenile, a small opening was
made in the abdominal cavity and squid beaks were found on the exterior surfaces of
the small intestines, which were loose within the peritoneal cavity. It must be noted that
P. macrocephalus ingest their prey whole via suction [67–69], thus making them prone to
the accidental ingestion (passive) of debris found adjacent to their prey. In the case of
T. truncatus and S. coeruleoalba, which also presented plastic ingestion, as inhabitants of
shallow coastal water, they share the coastal environment with humans, which results in
increased vulnerability due to anthropogenic activities, mainly fishery activities; hence,
finding fishing net fragments inside both stomachs was considered evidence of how fish-
eries impact cetaceans [9,25]. In this sense, residual materials and ghost nets should require
more attention for impact monitoring and future conservation policies. Moreover, cetaceans
that die from ingesting debris have been observed to swim with difficulty in the days prior
to death, which may increase the risk of being struck by ships or boats [15]. Alexiadou
et al. (2019) [15] showed that half of ship-struck cetaceans stranded in the Greek Seas (East-
ern Mediterranean Sea) had ingested plastic. For this reason, death resulting from plastic
ingestion may be more frequent than direct mortalities from confirmed gastric obstructions or
perforations would suggest. Although no signs of ship collisions were observed in our study,
the importance of exhaustive external examinations in a stranded event must be highlighted.

The Mediterranean Sea is considered to be one of the most polluted areas in the
world [70–72] with research showing that plastic is the most commonly encountered debris
type in these waters, from coastal shelves to offshore deep environments [73–76]. Lost or
discarded fishing gear is considered to be one of the most important sources of debris in
the marine environment, it is often found along continental shelves and remote islands [9],
and it is mainly composed by PP and PA [77]. Land-based sources of debris mainly include
packages, bags, footwear, cigarette lighters, and a wide range of household items that
are dumped in the sea; these are mostly made of HDPE. However, sourcing the origin of
ingested plastic items is difficult. In the present study, FT-IR spectra of the samples showed
that the majority of debris found inside the stomachs of the examined individuals were PP,
PA, and HDPE plastics; therefore, in future assessment programs, spectroscopic analysis
must be used to determine the nature of the plastic polymers in order to better define the
nature and source of contamination in bioindicator species.

Marine debris affects cetaceans by entanglement, except in instances when inges-
tion has occurred [4,9,25,50]. Entanglement in fishing nets or ghost nets can be difficult
to assess in cetaceans as they spend most of their time underwater [78]. Nevertheless,
it is known that the lethal effects of entanglement include death by drowning, whereas
sub-lethal ones include skin lesions, flipper amputations, compromised feeding, limited
predator avoidance capabilities, and reduced reproductive capacity and growth, which
eventually lead to decreased fitness [79–81]. Ascertaining which cetaceans died due to
entanglement as a result of bycatching due to fisheries can be complicated. More than
20 years ago, Kirkwood et al. (1997) [82] published that 40.9% of the cetaceans (P. phocoena
and D. delphis) stranded around the coasts of England and Wales between 1990 and 1995
died by entanglement in fishing gear. During the period 2019–2022, seven specimens (7.3%)
of the 108 that were attended to, from four different species (T. truncatus, S. coeruleoalba,
P. macrocephalus, and M. novaeangliae), were affected by entanglement in the Balearic Islands.
Three male juvenile specimens (two T. truncatus and one S. coeruleoalba) skin lesions related
to the entanglement, including a mutilated tail. According to Lusher et al. (2018) [46],
this type of phenomena is usually linked to interactions between fisheries, where fishers
release the dead animals from their fishing gear. Moreover, a carcass of P. macrocephalus
was found entangled in illegal driftnets in July 2020. Each year, illegal driftnetting causes
the entanglements and deaths of P. macrocephalus in different Mediterranean regions [83,84].
The P. macrocephalus Mediterranean population, which is isolated from the Atlantic popula-
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tion, as shown by genetic evidence [85,86], is considered to be “Endangered”, according
to the IUCN Red List. Indeed, in the last half century, the Mediterranean population
has faced drastically declined, counting less than 2500 mature individuals [87–89]. The
main threat faced by this species is entanglement in large-scale fishery driftnets [90]; in
1994, this was classified as “a concerning matter” by the International Whales Commis-
sion (IWC). An even more exceptional case was reported in June 2020, when an adult of
T. trucatus was found dead with a heavy weight attached to its tail, causing it to become
fixed to the seabed. The necropsy revealed that the animal died by drowning and had
abundant amounts of undigested prey in the stomach. As already suggested by Fertl
(1997) [91], cetacean interactions with trawls are complex, in part, because both fishermen
and cetaceans are drawn to areas of high prey density. In addition, within such areas,
cetaceans are likely to be attracted to trawling activities because they make it easier for
the animals to exploit a concentrated food source. Regarding this issue, the relationships
between cetaceans and trawls need to be further investigated to determine what effects
the fisheries have on the ecology and population status of the cetacean species involved.
In this study, only two individuals could be released alive from the nets. The first one, a
S. coeruleoalba, was stranded in July 2019, presented nonlethal injuries, and never appeared
again. Although these negative events may not generally result in acute-lethal interactions,
such as in the abovementioned case, damage to the dorsal fin can trigger animal health
impairments that disturb vital functions [92]. Such interactions may make catching prey
more complicated, leading to starvation or enhanced energy loss while searching for prey.
Additionally, the injuries caused by fishing apparatus may lead to infectious diseases or
a severe inflammation process that could produce death. The second case involving the
release of an animal took place on May 2022, when a M. novaeangliae was spotted completely
entangled on the eastern cost of Mallorca (Spain) at 4.8 km off Cala Millor. The cetacean was
generally quiet, showing a general status of debilitation/weakness, numerous skin lesions,
and a low breathing rate. Experienced divers collaborated with one another to ensure
that the mesh was removed, and the whale was freed; however, the carcass was found
floating on 26 May 2022 in Tavernes de la Valldigna (Valencian Community, Spain), and
eventually washed ashore one day later. The carcass displayed scarred lacerative lesions
on the skin, and nets (probably pelagic driftnets) around its mouth indicated entanglement
and interactions with fisheries. Furthermore, barnacles and whale louse crustaceans that
completely covered the animal suggested that this whale was slowly moving for many days
before its death. It must be noted that although the entanglement events of M. novaeangliae
are well known in the Pacific [93] and the Atlantic Ocean [94,95], they were considered
extremely rare in the Mediterranean Sea. Indeed, this is the first study to investigate this
issue, with a focus on this species, in the Balearic Islands.

5. Conclusions

Marine debris poses a critical issue to marine habitats and wildlife, often with fatal
consequences. The ingestion of, and entanglement in, plastic litter are recognised as the
most significant threat to the survival of cetacean species and populations globally. To the
best of our knowledge, this is the first study to demonstrate the presence of plastic ingestion,
and incidences of entanglement, with regard to cetaceans from the waters surrounding
the Balearic Islands.The specimens studied were from six different species: S. coeruleoalba,
T. truncatus, G. griseus, B. physalus, P. macrocephalus, and M. novaeangliae, the latter of
which constituted the first case of entanglement, for this species, in the Balearic Islands.
The obtained results demonstrate a frequency of occurrence of 10% and 7.3% for plastic
ingestion and entanglement, respectively. In this study, the death of only one individual
(P. macrocephalus) could be directly related to plastic ingestion. The characterisation of
the plastics ingested, and the plastics that the animals became entangled in, was carried
out in accordance with the following categories: size, shape, colour, and polymer type.
Characterising the plastics in this manner could help with the recognition of the plastics’
principal origin. Nevertheless, targeted efforts for the standardisation of protocols for
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collecting data are required. This study provides a baseline that will serve as a reference
point for a future monitoring framework.

Author Contributions: A.S. (Antònia Solomando): Conceptualisation, Methodology, Investigation,
Formal analysis, Writing—original draft, Writing—review and editing. F.P.: Methodology, Inves-
tigation, Writing—review and editing. A.S. (Antoni Sureda): Conceptualisation, Methodology,
Investigation, Project administration, Writing—review and editing. S.P.: Conceptualisation, Method-
ology, Investigation, Project administration, Funding acquisition, Writing—review and editing. All
authors have read and agreed to the published version of the manuscript.

Funding: This research has been conducted as part of A. Solomando’s thesis at the University of the
Balearic Islands, under an FPU contract with the Ministry of Science, Innovation, and Universities of the
Spanish Government (FPU18/04689). A. Sureda was granted funds by the Programme of Promotion of
Biomedical Research and Health Sciences, Instituto de Salud Carlos III [CIBEROBN CB12/03/30038].
This work has also been financed by the Biodibal project, within the framework of the Collaboration
Agreement between the University of the Balearic Islands and Red Eléctrica de España. This work has
been developed as part of the Collaboration Agreement between the University of the Balearic Islands
and Fundación Palma Aquarium. The Palma Aquarium Recovery Centre for Marine Fauna is a service
managed by the Consortium for the recovery of wildlife of the Balearic Islands (COFIB), an organisation
which belongs to the local Ministry of Environment and Territory.

Institutional Review Board Statement: Not applicable. The Palma Aquarium is the centre autho-
rised by the Balearic Government to host and monitor the recovery process for cetaceans.

Informed Consent Statement: Not applicable.

Data Availability Statement: Researchers wishing to access the data used in this study can make a
request to the corresponding author: Antoni.sureda@uib.es.

Acknowledgments: This work was developed as a part of the Collaboration Agreement between
the University of the Balearic Islands and the Fundación Palma Aquarium. The Palma Aquarium
Recovery Centre for Marine Fauna is a service managed by the Consortium for the recovery of wildlife
of the Balearic Islands (COFIB), an organisation which belongs to the local Ministry of Environment
and Territory. The manuscript was improved thanks to the constructive comments of anonymous
reviewers. The authors would like to extend their thanks to everyone involved in the collection of
the stranded cetaceans through the Fundación Palma Aquarium Rescue Centre, particularly to M.
Escanellas and C. Martí, for their valuable assistance in the necropsies. An additional thanks to Biel
Martorell for his support in the Scientific-technical Services at the University of the Balearic Islands.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have influenced the work reported in this paper.

References
1. Claro, F.; Fossi, M.C.; Ioakeimidis, C.; Baini, M.; Lusher, A.L.; Mc Fee, W.; McIntosh, R.R.; Pelamatti, T.; Sorce, M.; Galgani, F.; et al.

Tools and constraints in monitoring interactions between marine litter and megafauna: Insights from case studies around the
world. Mar. Pollut. Bull. 2019, 141, 147–160. [CrossRef]

2. Wilcox, C.; Van Sebille, E.; Hardesty, B.D.; Estes, J.A. Threat of plastic pollution to seabirds is global, pervasive, and increasing.
Proc. Natl. Acad. Sci. USA 2015, 112, 11899–11904. [CrossRef]

3. Sheavly, S.B.; Register, K.M. Marine Debris & Plastics: Environmental Concerns, Sources, Impacts and Solutions. J. Polym. Environ.
2007, 15, 301–305. [CrossRef]

4. Gregory, M.R. Environmental implications of plastic debris in marine settings—Entanglement, ingestion, smothering, hangers-on,
hitch-hiking and alien invasions. Philos. Trans. R. Soc. B Biol. Sci. 2009, 364, 2013–2025. [CrossRef]

5. Tulloch, V.; Pirotta, V.; Grech, A.; Crocetti, S.; Double, M.; How, J.; Kemper, C.; Meager, J.; Peddemors, V.; Waples, K.; et al.
Long-term trends and a risk analysis of cetacean entanglements and bycatch in fisheries gear in Australian waters. Biodivers.
Conserv. 2020, 29, 251–282. [CrossRef]

6. Fossi, M.C.; Panti, C.; Baini, M.; Lavers, J.L. A Review of Plastic-Associated Pressures: Cetaceans of the Mediterranean Sea and
Eastern Australian Shearwaters as Case Studies. Front. Mar. Sci. 2018, 5, 173. [CrossRef]

7. López-Martínez, S.; Morales-Caselles, C.; Kadar, J.; Rivas, M.L. Overview of global status of plastic presence in marine vertebrates.
Glob. Chang. Biol. 2021, 27, 728–737. [CrossRef]

http://doi.org/10.1016/j.marpolbul.2019.01.018
http://doi.org/10.1073/pnas.1502108112
http://doi.org/10.1007/S10924-007-0074-3
http://doi.org/10.1098/rstb.2008.0265
http://doi.org/10.1007/S10531-019-01881-X
http://doi.org/10.3389/FMARS.2018.00173/BIBTEX
http://doi.org/10.1111/gcb.15416


Biology 2022, 11, 1468 13 of 16

8. Puig-Lozano, R.; Bernaldo de Quirós, Y.; Díaz-Delgado, J.; García-Álvarez, N.; Sierra, E.; De la Fuente, J.; Sacchini, S.; Suárez-
Santana, C.M.; Zucca, D.; Câmara, N.; et al. Retrospective study of foreign body-associated pathology in stranded cetaceans,
Canary Islands (2000–2015). Environ. Pollut. 2018, 243, 519–527. [CrossRef] [PubMed]

9. Simmonds, M.P. Cetaceans and Marine Debris: The Great Unknown. J. Mar. Biol. 2012, 2012, 1–8. [CrossRef]
10. Schuyler, Q.; Hardesty, B.D.; Wilcox, D.; Townsend, K. Global Analysis of Anthropogenic Debris Ingestion by Sea Turtles. Conserv.

Biol. 2014, 28, 129–139. [CrossRef] [PubMed]
11. Choi, D.Y.; Gredzens, C.; Shaver, D.J. Plastic ingestion by green turtles (Chelonia mydas) over 33 years along the coast of Texas,

USA. Mar. Pollut. Bull. 2021, 173, 113111. [CrossRef] [PubMed]
12. Solomando, A.; Pujol, F.; Sureda, A.; Pinya, S. Ingestion and Characterization of Plastic Debris by Loggerhead Sea Turtle, Caretta

caretta, in the Balearic Islands. Sci. Total Environ. 2022, 826, 154159. [CrossRef] [PubMed]
13. Kühn, S.; Bravo Rebolledo, E.L.; Franeker, J.A.V. Deleterious Effects of Litter on Marine Life. In Marine Anthropogenic Litter;

Springer International Publishing: Cham, Switzerland, 2015; pp. 75–116. [CrossRef]
14. Provencher, J.F.; Bond, A.L.; Avery-Gomm, S.; Borrelle, S.B.; Bravo Rebolledo, E.L.; Hammer, S.; Kühn, S.; Lavers, J.L.; Mallory,

M.L.; Trevail, A.; et al. Quantifying ingested debris in marine megafauna: A review and recommendations for standardization.
Anal. Methods 2017, 9, 1454–1469. [CrossRef]

15. Alexiadou, P.; Foskolos, I.; Frantzis, A. Ingestion of Macroplastics by Odontocetes of the Greek Seas, Eastern Mediterranean:
Often Deadly! Mar. Pollut. Bull. 2019, 146, 67–75. [CrossRef]

16. Setälä, O.; Fleming-Lehtinen, V.; Lehtiniemi, M. Ingestion and Transfer of Microplastics in the Planktonic Food Web. Environ.
Pollut. 2014, 185, 77–83. [CrossRef]

17. Jacobsen, J.K.; Massey, L.; Gulland, F. Fatal ingestion of floating net debris by two sperm whales (Physeter macrocephalus). Mar.
Pollut. Bull. 2010, 60, 765–767. [CrossRef]

18. Terio, K.A.; McAloose, D.; Leger, J.S. Pathology of Wildlife and Zoo Animals; Academic Press: Cambridge, MA, USA, 2018; ISBN
978-0-12-805306-5.

19. Unger, B.; Rebolledo, E.L.B.; Deaville, R.; Gröne, A.; IJsseldijk, L.L.; Leopold, M.F.; Siebert, U.; Spitz, J.; Wohlsein, P.; Herr, H.
Large Amounts of Marine Debris Found in Sperm Whales Stranded along the North Sea Coast in Early 2016. Mar. Pollut. Bull.
2016, 112, 134–141. [CrossRef]

20. Koelmans, A.A.; Bakir, A.; Burton, G.A.; Janssen, C.R. Microplastic as a Vector for Chemicals in the Aquatic Environment: Critical
Review and Model-Supported Reinterpretation of Empirical Studies. Environ. Sci. Technol. 2016, 50, 3315–3326. [CrossRef]

21. Mato, Y.; Isobe, T.; Takada, H.; Kanehiro, H.; Ohtake, C.; Kaminuma, T. Plastic Resin Pellets as a Transport Medium for Toxic
Chemicals in the Marine Environment. Environ. Sci. Technol. 2001, 35, 318–324. [CrossRef]

22. Massos, A.; Turner, A. Cadmium, lead and bromine in beached microplastics. Environ. Pollut. 2017, 227, 139–145. [CrossRef]
23. Sussarellu, R.; Suquet, M.; Thomas, Y.; Lambert, C.; Fabioux, C.; Pernet, M.E.J.; Le Goïc, N.; Quillien, V.; Mingant, C.; Epelboin, Y.;

et al. Oyster reproduction is affected by exposure to polystyrene microplastics. Proc. Natl. Acad. Sci. USA 2016, 113, 2430–2435.
[CrossRef] [PubMed]

24. Fossi, M.; Baini, M.; Panti, C.; Baulch, S. Impacts of Marine Litter on Cetaceans: A Focus on Plastic Pollution. Mar. Mammal
Ecotoxicol. 2018, 147–184. [CrossRef]

25. Baulch, S.; Perry, C. Evaluating the Impacts of Marine Debris on Cetaceans. Mar. Pollut. Bull. 2014, 80, 210–221. [CrossRef]
[PubMed]

26. Werner, T.B.; Northridge, S.; Press, K.M.; Young, N. Mitigating Bycatch and Depredation of Marine Mammals in Longline
Fisheries. ICES J. Mar. Sci. 2015, 72, 1576–1586. [CrossRef]

27. Lewison, R.L.; Crowder, L.B.; Read, A.J.; Freeman, S.A. Understanding Impacts of Fisheries Bycatch on Marine Megafauna. Trends
Ecol. Evol. 2004, 19, 598–604. [CrossRef]

28. Taylor, B.L.; Rojas-Bracho, L.; Moore, J.; Jaramillo-Legorreta, A.; Ver Hoef, J.M.; Cardenas-Hinojosa, G.; Nieto-Garcia, E.; Barlow,
J.; Gerrodette, T.; Tregenza, N.; et al. Extinction Is Imminent for Mexico’s Endemic Porpoise Unless Fishery Bycatch Is Eliminated.
Conserv. Lett. 2017, 10, 588–595. [CrossRef]

29. Laist, D.W. Overview of the Biological Effects of Lost and Discarded Plastic Debris in the Marine Environment. Mar. Pollut. Bull.
1987, 18, 319–326. [CrossRef]

30. van der Hoop, J.; Moore, M.; Fahlman, A.; Bocconcelli, A.; George, C.; Jackson, K.; Miller, C.; Morin, D.; Pitchford, T.; Rowles,
T.; et al. Behavioral impacts of disentanglement of a right whale under sedation and the energetic cost of entanglement. Mar.
Mammal Sci. 2014, 30, 282–307. [CrossRef]

31. Cassoff, R.M.; Moore, K.M.; McLellan, W.A.; Barco, S.G.; Rotstein, D.S.; Moore, M.J. Lethal Entanglement in Baleen Whales. Dis.
Aquat. Org. 2011, 96, 175–185. [CrossRef]

32. Wells, R.S.; Allen, J.B.; Hofmann, S.; Bassos-Hull, K.; Fauquier, D.A.; Barros, N.B.; Delynn, R.E.; Sutton, G.; Socha, V.; Scott, M.D.
Consequences of injuries on survival and reproduction of common bottlenose dolphins (Tursiops truncatus) along the west coast
of Florida. Mar. Mammal Sci. 2008, 24, 774–794. [CrossRef]

33. Moore, M.J.; Van Der Hoop, J.M. The Painful Side of Trap and Fixed Net Fisheries: Chronic Entanglement of Large Whales. J. Mar.
Biol. 2012, 2012, 230653. [CrossRef]

34. Roman, L.; Schuyler, Q.; Wilcox, C.; Hardesty, B.D. Plastic pollution is killing marine megafauna, but how do we prioritize
policies to reduce mortality? Conserv. Lett. 2020, 14, e12781. [CrossRef]

http://doi.org/10.1016/j.envpol.2018.09.012
http://www.ncbi.nlm.nih.gov/pubmed/30216884
http://doi.org/10.1155/2012/684279
http://doi.org/10.1111/cobi.12126
http://www.ncbi.nlm.nih.gov/pubmed/23914794
http://doi.org/10.1016/J.MARPOLBUL.2021.113111
http://www.ncbi.nlm.nih.gov/pubmed/34743072
http://doi.org/10.1016/J.SCITOTENV.2022.154159
http://www.ncbi.nlm.nih.gov/pubmed/35231507
http://doi.org/10.1007/978-3-319-16510-3_4
http://doi.org/10.1039/C6AY02419J
http://doi.org/10.1016/J.MARPOLBUL.2019.05.055
http://doi.org/10.1016/J.ENVPOL.2013.10.013
http://doi.org/10.1016/J.MARPOLBUL.2010.03.008
http://doi.org/10.1016/J.MARPOLBUL.2016.08.027
http://doi.org/10.1021/acs.est.5b06069
http://doi.org/10.1021/es0010498
http://doi.org/10.1016/j.envpol.2017.04.034
http://doi.org/10.1073/pnas.1519019113
http://www.ncbi.nlm.nih.gov/pubmed/26831072
http://doi.org/10.1016/B978-0-12-812144-3.00006-1
http://doi.org/10.1016/j.marpolbul.2013.12.050
http://www.ncbi.nlm.nih.gov/pubmed/24525134
http://doi.org/10.1093/icesjms/fsv092
http://doi.org/10.1016/j.tree.2004.09.004
http://doi.org/10.1111/conl.12331
http://doi.org/10.1016/S0025-326X(87)80019-X
http://doi.org/10.1111/mms.12042
http://doi.org/10.3354/dao02385
http://doi.org/10.1111/j.1748-7692.2008.00212.x
http://doi.org/10.1155/2012/230653
http://doi.org/10.1111/conl.12781


Biology 2022, 11, 1468 14 of 16

35. IBESTAT 2021. Available online: https://ibestat.caib.es/ibestat/inici (accessed on 14 September 2022).
36. Fernández, G.; Pujol, F.; Yaman, S.; Oliver, J.A. Els Encallaments de Cetacis a Les Illes Balears (1998–2014). In Llibre verd de Protecció

D’espècies a les BALEARS; Societat d’Història Natural de les Balears: Palma, Spain, 2015; ISBN 978-84-606-8723-8.
37. IUCN Red List of Threatened Species. Available online: https://www.iucnredlist.org/ (accessed on 14 September 2022).
38. Wursig, B.; Perrin, W. Encyclopedia of Marine Mammals; Academic Press: Cambridge, MA, USA, 2009; ISBN 978-0-12-373553-9.
39. Tsangaris, C.; Panti, C.; Compa, M.; Pedà, C.; Digka, N.; Baini, M.; D’Alessandro, M.; Alomar, C.; Patsiou, D.; Giani, D.; et al.

Interlaboratory comparison of microplastic extraction methods from marine biota tissues: A harmonization exercise of the Plastic
Busters MPAs project. Mar. Pollut. Bull. 2021, 164, 111992. [CrossRef] [PubMed]

40. Van Franeker, J.A.; Blaize, C.; Danielsen, J.; Fairclough, K.; Gollan, J.; Guse, N.; Hansen, P.L.; Heubeck, M.; Jensen, J.K.; Le Guillou,
G.; et al. Monitoring plastic ingestion by the northern fulmar Fulmarus glacialis in the North Sea. Environ. Pollut. 2011, 159,
2609–2615. [CrossRef] [PubMed]

41. Barnes, D.K.A.; Galgani, F.; Thompson, R.C.; Barlaz, M. Accumulation and fragmentation of plastic debris in global environments.
Philos. Trans. R. Soc. B Biol. Sci. 2009, 364, 1985–1998. [CrossRef]

42. Jung, M.R.; Horgen, F.D.; Orski, S.V.; Rodriguez, C.V.; Beers, K.L.; Balazs, G.H.; Jones, T.T.; Work, T.M.; Brignac, K.C.; Royer, S.J.;
et al. Validation of ATR FT-IR to identify polymers of plastic marine debris, including those ingested by marine organisms. Mar.
Pollut. Bull. 2018, 127, 704–716. [CrossRef]

43. Bergmann, M.; Wirzberger, V.; Krumpen, T.; Lorenz, C.; Primpke, S.; Tekman, M.B.; Gerdts, G. High Quantities of Microplastic in
Arctic Deep-Sea Sediments from the HAUSGARTEN Observatory. Environ. Sci. Technol. 2017, 51, 11000–11010. [CrossRef]

44. Frantzis, A.; Nikolaou, O.; Bompar, J.-M.; Cammedda, A. Humpback Whale (Megaptera novaeangliae) Occurrence in the Mediter-
ranean Sea. J. Cetacean Res. Manag. 2004, 6, 25–28.

45. Eisfeld-Pierantonio, S.M.; Pierantonio, N.; Simmonds, M.P. The impact of marine debris on cetaceans with consideration of
plastics generated by the COVID-19 pandemic. Environ. Pollut. 2022, 300, 118967. [CrossRef]

46. Lusher, A.L.; Hernandez-Milian, G.; Berrow, S.; Rogan, E.; O’Connor, I. Incidence of marine debris in cetaceans stranded and
bycaught in Ireland: Recent findings and a review of historical knowledge. Environ. Pollut. 2018, 232, 467–476. [CrossRef]

47. Hussain, S.A.; Badola, R.; Sharma, R.; Rao, R.J. Planning conservation for Chambal River basin taking gharial Gavialis gangeticus
and Ganges River dolphin Platanista gangetica as umbrella species. In Faunal Heritage of Rajasthan, India; Springer: Cham,
Switzerland, 2013; pp. 35–156. [CrossRef]

48. Schwacke, L.H.; Gulland, F.M.; White, S. Sentinel species in oceans and human health. In Environmental toxicology; Springer: New
York, NY, USA, 2013; pp. 503–528. [CrossRef]

49. Torres, L.G.; Urban, D. Using spatial analysis to assess bottlenose dolphins as an indicator of healthy fish habitat. In Estuarine
Indicators; CRC Press: Boca Raton, FL, USA, 2004; pp. 423–436. [CrossRef]

50. Wang, J.; Yang, Y.; Yang, F.; Li, Y.; Li, L.; Lin, D.; He, T.; Liang, B.; Zhang, T.; Lin, Y.; et al. A framework for the assessment of the
spatial and temporal patterns of threatened coastal delphinids. Sci. Rep. 2016, 6, 19883. [CrossRef] [PubMed]

51. Lusher, A.L.; Hernandez-Milian, G.; O’Brien, J.; Berrow, S.; O’Connor, I.; Officer, R. Microplastic and Macroplastic Ingestion by
a Deep Diving, Oceanic Cetacean: The True’s Beaked Whale Mesoplodon mirus. Environ. Pollut. 2015, 199, 185–191. [CrossRef]
[PubMed]

52. Besseling, E.; Foekema, E.M.; Van Franeker, J.A.; Leopold, M.F.; Kühn, S.; Bravo Rebolledo, E.L.; Heße, E.; Mielke, L.; IJzer, J.;
Kamminga, P.; et al. Microplastic in a macro filter feeder: Humpback whale Megaptera novaeangliae. Mar. Pollut. Bull. 2015, 95,
248–252. [CrossRef]

53. Denuncio, P.; Bastida, R.; Dassis, M.; Giardino, G.; Gerpe, M.; Rodríguez, D. Plastic Ingestion in Franciscana Dolphins, Pontoporia
blainvillei (Gervais and d’Orbigny, 1844), from Argentina. Mar. Pollut. Bull. 2011, 62, 1836–1841. [CrossRef]
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