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Anthropogenic marine plastic pollution is impact-
ing marine biota and ecosystems at many different
levels (Ryan, 2016). Although debris can include
plastic, glass, wood, rubber, metal, paper, and cloth-
ing, plastic is the most prevalent debris found in the
marine environment (Cozar et al., 2014). Estimates
report that plastic makes up 60 to 80% of all debris
found in the oceans (Derraik, 2002).

Impacts are reported from a wide range of organ-
isms, including microbiota, invertebrates, and ver-
tebrates (Galloway et al., 2017; Law, 2017; Thiel
et al., 2018). Floating plastic debris can be trans-
ported thousands of kilometers through ocean cur-
rents toward new habitats that had not been polluted
previously (Kiessling et al., 2015). Two fundamen-
tal types of interaction occur between marine organ-
isms and debris: (1) ingestion and (2) entanglement.
Interactions with plastics by marine vertebrates are
known since plastic has been found in the digestive
tract of many taxa such as fish, turtles, birds, and
marine mammals in which, due to the sheer size of
some large cetaceans, very large volumes of plastic
have been found during necropsies (Derraik, 2002).
Entanglement of seabirds, turtles, sharks, and
marine mammals in large litter (e.g., nets, ropes,
etc.) has been documented since the early 1970s
(Derraik, 2002). Lethal effects of entanglement
include drowning, while sublethal ones involve
skin lesions, compromised feeding, limited predator
avoidance capabilities, and reduced reproductive
capacity and growth that eventually lead to reduced
fitness (Gregory, 1991; Laist, 1997; Katsanevakis,
2008). Available evidence suggests that debris
ingestion may cause sublethal pathologies, such
as ulcerations, perforations, and obstruction of the
digestive tract followed by disrupted digestion, feel-
ings of satiation, general debilitation, or starvation,
potentially leading to death in the long term (Walker
& Coe, 1990; Jacobsen et al., 2010; Brandao et al.,
2011).

Interaction with fishing gear is an important
factor in cetacean pathology (GomerCi¢ et al.,
2009; Baulch & Perry, 2014; Unger et al., 2016;
Fossi et al., 2018). Cetaceans have been docu-
mented to interact with fisheries by (1) feeding
on the same target species or associated nontarget
species of a fishery (Fertl & Leatherwood, 1997;
Knowlton et al., 2016; Tellechea et al., 2017),
(2) being attracted to fishing operation discards
(Hamer et al., 2012), and/or (3) passively encoun-
tering fishing gear in the water column (Johnson
et al., 2005; Tellechea et al., 2017). Incidental
capture of a cetacean is the form of interaction
most frequently reported by fisheries; for example,
entrapment and entanglement in fishing nets usu-
ally have a high mortality rate and may impact the
population dynamics of small or localized cetacean
populations (Northridge, 1984; Northridge et al.,
2011; Dewhurst-Richman et al., 2020). Although
incidental captures usually result in the death of
the animal concerned, there are also instances
where cetaceans are injured or affected in some
way during fishing operations so that their survival
probability or reproductive potential is compro-
mised (Northridge, 1984; Northridge et al., 2011;
Dewhurst-Richman et al., 2020). Cetacean interac-
tion with fishing gear can impact the entire body
(e.g., death) or select anatomical systems such as
the digestive tract, respiratory system, and muscu-
loskeletal system. Ingestion of fishing gear (e.g.,
hooks and lures) can cause damage to the digestive
and respiratory tracts leading to death (Gorzelany,
1998). Cetaceans may suffer from blockage of the
alimentary tract due to ingested debris (Laist, 1987,
1997; Derraik, 2002; Levy et al., 2009; Alexiadou
et al., 2019). Ingested debris in marine mammals
has typically been detected via postmortem exami-
nation of harvested, bycaught, or stranded animals
(Walker & Coe, 1990; Laist, 1997; Baird & Hooker,
2000; De Meirelles & Barros, 2007).
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In toothed whales, the position of the larynx
makes it vulnerable to ingested foreign bodies (e.g.,
fishing-net parts) during deglutition (Gomer¢i¢
et al., 2009). The larynx is elongated into a tubular
extension, the laryngeal spout, that transverses the
digestive tract into the nasal cavity where it remains
in the erect position during deglutition. This position
of the larynx provides a direct conduit for inspired
air from the blowhole and nasal cavity to the larynx,
trachea, and lungs, while food is swallowed through
wide food channels lateral to the larynx (esophagus)
(Reidenberg & Laitman, 1987). As larynx strangu-
lation with gillnet parts has scarcely been reported
previously as a cetacean pathology, our goal is to
present findings and hypothesize on the pathogen-
esis of this cause of mortality.

In this short note, we present details on the mor-
tality of four bottlenose dolphins (Tursiops trun-
catus) by larynx strangulation and the mortality of
two sperm whales (Physeter macrocephalus) via
acute stomach ulcers due to ingestion of gillnet
parts found stranded along the coast of Tunisia,
Gulf of Gabes, in the Mediterranean Sea.

We investigated marine mammal strandings on
the coast of Tunisia for over 2 years (Figure 1).
Carcasses of four bottlenose dolphins and two sperm
whales were found on the beach from March 2018
to March 2020 and were subsequently examined
(for geographic details, see Figure 1 & Table 1).
Postmortem examinations included determination
of species, sex, weight, external measurements, and
a pathoanatomical dissection according to a stan-
dard protocol (based on Kuiken & Garcia Hartmann,
1991).

In animals with signs of strangulation, such as
a fishing-net part hanging from the mouth or gill-
net parts forming an interweaved cord encircling
the dorso-lateral wall of the larynx, the areas were
specifically examined macroscopically, photo-
graphed, and both the larynx and pharynx were
dissected during necropsy (Figure 2). The skin and
superficial muscles of the head and mandible were
removed with a knife after which the mandible
was disarticulated on both sides. Subsequently, the
mouth and pharynx were examined, and the larynx
was dissected and sagittally sectioned. The larynx
samples were stored permanently in 4% formalin
at the Ecole Nationale De Médecine Vétérinaire.
The necropsy protocols of Pugliares et al. (2007)
were followed for the necropsy of the six animals
examined. Data on ingestion of plastic debris and
gillnets were obtained for each specimen.

Bottlenose Dolphin Carcasses

In all four bottlenose dolphins, the larynx
was strangled with gillnet filaments (Table 1;
Figure 2). Each dolphin also had gillnet parts in
their forestomach.

There were no external lacerations, net marks,
or subcutaneous hemorrhages on the skin of any
of the four bottlenose dolphins. The dolphins were
also neither gravid nor lactating. The main abnormal
finding was the presence of stranded-cord, nylon,
and gillnet filaments wrapped around the larynx of
each dolphin (see example in Figure 2), just caudal
to the aryepiglottic tube. The net filaments cut into
the soft tissue and were located within a deep groove
flanked by exuberant and irregular soft tissue prolif-
eration. The epiglottis and plica aryepiglottica were
rounded and appeared swollen. The netting material
extended down into the esophageal lumen and inside
the forestomach. Inside each forestomach, there was
a mass composed of netting filaments. The fundic
and pyloric (second and third) gastric chambers
and the intestines were empty and contained slimy,
yellowish-green mucus. Due to the advanced state of
decomposition, we were only able to observe a par-
tial strangulation of the larynx in the four dolphins,
which surely caused suffocation. The larynx was in
an identical state in each of the four dolphins, par-
tially or almost completely strangled by the cords and
filaments of the nets. When partially unraveled, the
net mass in the dolphins was found to be composed
of sections of different types of gillnet with mesh
sizes from 5 to 15 cm. The type of gillnet material in
all four dolphins was double/multiple-stranded, and
it was made of nylon monofilament line.

Sperm Whale Carcasses

The first sperm whale was found dead on the beach
(Table 1). The whale was slightly decomposed, it
did not appear emaciated, and there was no evi-
dence of entanglement scars or other injury. Due
to the state of interior decomposition, it was not
possible to observe lesions in the tissues. A small
opening was made in the abdominal cavity, and
squid beaks were found on the exterior surfaces
of the small intestines and loose within the perito-
neal cavity. Then, the entire abdominal cavity was
opened, and a large mass of compacted nylon and
plastic netting (about 3 kg) was observed protrud-
ing through a rupture in the first compartment of
the stomach. The whale apparently had recently
fed as there were several (about 2 kg) fresh squid
beaks on the anterior surface of the netting. Large
amounts of coagulated blood were observed in
the netting and in the body cavity. The cause of
death was presumed to be gastric rupture follow-
ing impaction with net debris.

The second sperm whale was also found dead
on the beach (Table 1). There was no evidence of
entanglement scars or other external injury. The
stomach of this whale was intact and contained a
large amount of nylon net, line, and plastic bags.
This debris completely occluded the pylorus and
impacted the third chamber of the stomach. The
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Figure 1. Map of the Tunisia coast showing the position of stranded species examined in this study. See Table 1 for

information on each specimen.

extent of impaction coupled with the emaciated
body condition of this animal suggests that starva-
tion following gastric impaction was the cause of
death, although decomposition precluded histolog-
ical examination of other tissues. For both sperm
whales, the nets were mainly composed of nylon.
Some species of cetacean forage at depths where
direct observations of their feeding habits are
basically impossible. Stomach content analysis of

stranded cetaceans is a method that has been well
established for studying debris ingestion (Baulch
& Perry, 2014; Stelfox & Hudgins, 2015; Fossi
et al., 2018; Kiihn & Franeker, 2020). Ideally, the
whole gastrointestinal tract of a stranded cetacean
should be examined since smaller pieces of debris
(i.e., microplastics) can pass from the stomach to
the intestines (Walker & Coe, 1989; Panti et al.,
2019).
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Table 1. Data for each stranded specimen on the coast of Tunisia; the number of each animal is correlated to the map in Figure 1.

Total length Weight Larynx Net
Species Sex Position (m) (kg) strangulation in stomach
1 Tursiops truncatus Male 34N21'75, 3.10 254 Yes Yes
10E05'19
2 T. truncatus Female  37N25'72, 2.12 190 Yes Yes
09E90'94
3 T. truncatus Female  36N88'44, 3.50 263 Yes Yes
10E71'46
4 T. truncatus Female  36N88'44, 3.05 222 Yes Yes
10E71'46
5 Physeter macrocephalus Female  37N06'46, 5.60 1,256 No Yes
08E95'36
6 P. macrocephalus Male 36N88'44, 7.00 2,000 No Yes
10E71'46
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Figure 2. (A) Gillnet part causing larynx strangulation and protruding from the mouth of a bottlenose dolphin (Tursiops
truncatus); and (B) part of a gillnet obtained from a sperm whale (Physeter macrocephalus) stomach.

It is probable that larynx strangulation may gillnet out of the esophagus and into the pharynx.
have occurred when a dolphin tore off a part of These subsequent events are probably crucial for

a gillnet while feeding on fish entangled in it, strangulation to occur as we saw in the bottlenose
though it may be more frequent for gillnet part(s) dolphin cases.
to be swallowed together with prey without any Sperm whales are thought to ingest their prey

larynx strangulation. This is supported by findings whole via suction (Caldwell et al., 1966; Heyning,
of dolphins with gillnet parts in their forestomachs 1996). Perhaps a piece of netting, after years of

but without larynx strangulation (Gomerci¢ et al., floating at the surface or at depth, becomes com-
2009). However, torn gillnet parts might only pacted with accumulated organic material so that it
partly pass into the esophagus during prey swal- mimics a food source for opportunistic scavenging

lowing while the rest of the parts hang through by a sperm whale. These two sperm whale strand-
the pharynx into the oral cavity and out of the ings illustrate that discarded nets can have severe
mouth. Such gillnet parts cannot be further sucked impacts on marine mammal health and highlight

into the oral cavity and swallowed completely. the necessity of preventing debris from entering
A partially swallowed gillnet part could trigger into the marine environment (Jacobsen et al., 2010).
automatic muscle reaction and regurgitation or a The sources of derelict debris observed in these

dolphin could also try to get rid of the material sperm whales’ stomachs cannot be determined
by voluntarily regurgitating (Yeater, 2005). This as feeding sites for these individual animals and
muscular action brings the swallowed part of the sources of the net materials are unknown. The
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wide variety of floating net and line types found
in their stomachs, coupled with the assumed age
of the debris, indicates that these whales ingested
the debris at or near the surface rather than during
depredation interactions with a specific fishery —
for example, by extracting fish from gillnets.

These bottlenose dolphin and sperm whale
strandings illustrate again that discarded nets can
have severe impacts on marine mammal health.
They highlight once more the need for preventing
the deposit of anthropogenic debris into the marine
environment, and they reveal for the first time that
this problem exists along the coast of Tunisia.

Acknowledgments

We thank the recreational fishermen off the
Tunisia coast for alerting us when dolphins and
whales stranded on the beach, our laboratory
assistants for their assistance in the necropsy of
specimens, and James Patrick Macken for his
improvement of the English text. We also wish
to thank one anonymous reviewer and the man-
aging editor of Aquatic Mammals, Dr. Kathleen
Dudzinski, for their very helpful suggestions,
which we incorporated into this short note.

Literature Cited

Alexiadou, P., Foskolos, I., & Frantzis, A. (2019). Ingestion
of macroplastics by odontocetes of the Greek Seas,
Eastern Mediterranean: Often deadly. Marine Pollution
Bulletin, 146, 67-75. https://doi.org/10.1016/j.marpol-
bul.2019.05.055

Baird,R.W.,& Hooker, S.K. (2000). Ingestion of plastic and
unusual prey by a juvenile harbour porpoise. Canadian
Journal of Fisheries and Aquatic Sciences, 51,172-178.
https://doi.org/10.1016/S0025-326X(00)00051-5

Baulch, S., & Perry, C. (2014). Evaluating the impacts of
marine debris on cetaceans. Marine Pollution Bulletin,
80(1-2), 210-221. https://doi.org/10.1016/j.marpolbul.
2013.12.050

Branddo, M. L., Braga, K. M., & Luque, J. L. (2011). Marine
debris ingestion by Magellanic penguins, Spheniscus
magellanicus (Aves: Sphenisciformes), from the Brazilian
coastal zone. Marine Pollution Bulletin, 62(10), 2246-
2249. https://doi.org/10.1016/j.marpolbul.2011.07.016

Caldwell, D. K., Caldwell, M. C., & Rice, D. W. (1966).
Behavior of the sperm whale, Physeter catodon. In
K. S. Norris (Ed.), Whales, dolphins, and porpoises (pp.
678-718). University of California Press. https://doi.
org/10.1525/9780520321373-038

Cozar, A., Echevarria, F., Gonzalez-Gordillo, J. I, Irigoien,
X., Ubeda, B., Hernandez-Leon, S., Palma, A. T.,
Navarro, S., Garcia-de-Lomas, J., Ruiz, A., Fernandez-
de-Puelles, M. L., & Duarte, C. M. (2014). Plastic debris
in the open ocean. Proceedings of the National Acadenty

of Sciences of the United States of America, 111, 10239-
10244. https://doi.org/10.1073/pnas.1314705111

De Meirelles, A. C. O., & Barros, H. M. D. R. (2007).
Plastic debris ingested by a rough-toothed dolphin,
Steno bredanensis, stranded alive in northeastern Brazil.
Biotemas, 20(1), 127-131.

Derraik, J. G. B. (2002). The pollution of the marine envi-
ronment by plastic debris: A review. Marine Pollution
Bulletin, 44, 842-852. https://doi.org/10.1016/S0025-
326X(02)00220-5

Dewhurst-Richman, N. I., Jones, J. P. G., Northridge, S.,
Ahmed, B., Brook, S., Freeman, R., Jepson, P., Mahood,
S.P., & Turvey, S. T. (2020). Fishing for the facts: River
dolphin bycatch in a small-scale freshwater fishery in
Bangladesh. Animal Conservation, 23, 160-170. https://
doi.org/10.1111/acv.12523

Fertl,D., & Leatherwood, S. (1997). Cetacean interactions with
trawls: A preliminary review. Journal of Northwest Atlantic
Fishery Science, 22, 219-248. https://doi.org/10.2960/J.
v22.al7

Fossi, M. C., Panti, C., Baini, M., & Lavers, J. L. (2018).
A review of plastic-associated pressures: Cetaceans of
the Mediterranean Sea and eastern Australian shearwa-
ters as case studies. Frontiers in Marine Science,5,173.
https://doi.org/10.3389/fmars.2018.00173

Galloway, T. S., Cole, M., & Lewis, C. (2017). Interactions
of microplastic debris throughout the marine ecosys-
tem. Nature Ecology & Evolution, 1(5), 1-8. https://doi.
org/10.1038/s41559-017-0116

Gomer¢i¢, M. D., Galov, A., Gomergié, T., Skrti¢, D.,
Curkovié, S., Lucié, H., Vukovi¢, S., Arbanasi¢, H.,
& Gomerci¢, H. (2009). Bottlenose dolphin (Tursiops
truncatus) depredation resulting in larynx strangulation
with gill-net parts. Marine Mammal Science,25(2),392-
401. https://doi.org/10.1111/j.1748-7692.2008.00259 x

Gorzelany, J. F. (1998). Unusual deaths of two free-
ranging Atlantic bottlenose dolphins (Tursiops trun-
catus) related to ingestion of recreational fishing gear.
Marine Mammal Science, 14(3), 614-617. https://doi.
org/10.1111/j.1748-7692.1998.tb00748 .x

Gregory, M. R. (1991). The hazards of persistent marine pol-
lution: Drift plastics and conservation islands. Journal of
the Royal Society of New Zealand, 21(2), 83-100. https://
doi.org/10.1080/03036758.1991.10431398

Hamer, D. J., Childerhouse, S. J., & Gales, N. J. (2012).
Odontocete bycatch and depredation in longline fish-
eries: A review of available literature and of potential
solutions. Marine Mammal Science, 28(4), E345-E374.
https://doi.org/10.1111/j.1748-7692.2011.00544 .x

Heyning, J. E. (1996). Suction feeding in beaked whales:
Morphological and observational evidence. Natural
History Museum of Los Angeles County Contributions
in Science, 464, 1-12.

Jacobsen,J.K.,Massey, L., & Gulland, F.(2010). Fatal inges-
tion of floating net debris by two sperm whales (Physeter
macrocephalus). Marine Pollution Bulletin, 60(5), 765-
767. https://doi.org/10.1016/j.marpolbul.2010.03.008



244 Jerbi et al.

Johnson, A., Salvador, G., Kenney, J., Robbins, J., Kraus,
S., Landry, S., & Clapham, P. (2005). Fishing gear
involved in entanglements of right and humpback whales.
Marine Mammal Science, 21(4), 635-645. https://doi.
org/10.1111/§.1748-7692.2005 .tb01256 .x

Katsanevakis, S. (2008). Marine debris, a growing prob-
lem: Sources, distribution, composition, and impacts. In
T. N. Hofer (Ed.), Marine pollution: New research (pp.
53-100). Nova Science Publishers.

Kiessling, T., Salas, S., Mutafoglu, K., & Thiel, M. (2017).
Who cares about dirty beaches? Evaluating environ-
mental awareness and action on coastal litter in Chile.
Ocean & Coastal Management, 137, 82-95. https://doi.
org/10.1016/j.ocecoaman.2016.11.029

Knowlton, A. R., Robbins, J., Landry, S., McKenna, H. A.,
Kraus, S. D., & Werner, T. B. (2016). Effects of fishing
rope strength on the severity of large whale entangle-
ments. Conservation Biology, 30, 318-328. https://doi.
org/10.1111/cobi.12590

Kiihn, S., & Franeker, J. A. (2020). Quantitative overview
of marine debris ingested by marine megafauna. Marine
Pollution Bulletin, 151, 110858. https://doi.org/10.1016/].
marpolbul.2019.110858

Kuiken, T., & Garcia Hartmann, M. (1991). Standard pro-
tocol for the basic postmortem examination and tissue
sampling of small cetaceans. In Proceedings of the First
ECS Workshop on Cetacean Pathology: Dissection
Techniques and Tissue Sampling (pp. 26-39), Leiden,
The Netherlands.

Laist, D. W. (1987). Overview of the biological effects of
lost and discarded plastic debris in the marine environ-
ment. Marine Pollution Bulletin, 18(6),319-326. https://
doi.org/10.1016/S0025-326X(87)80019-X

Laist, D. W. (1997). Impacts of marine debris: Entanglement
of marine life in marine debris including a comprehensive
list of species with entanglement and ingestion records. In
J.M. Coe & D. B.Rogers (Eds.), Marine debris: Sources,
impacts, and solutions (pp. 99-139). Springer. https://doi.
org/10.1007/978-1-4613-8486-1_10

Law, K. L. (2017). Plastics in the marine environment.
Annual Review of Marine Science, 9, 205-229. https://
doi.org/10.1146/annurev-marine-010816-060409

Levy, A. M., Brenner, O., Scheinin, A., Morick, D., Ratner,
E., Goffman, O., & Kerem, D. (2009). Laryngeal snar-
ing by ingested fishing net in a common bottlenose
dolphin (Tursiops truncatus) off the Israeli shoreline.
Journal of Wildlife Diseases,45(3), 834-838. https://doi.
org/10.7589/0090-3558-45.3.834

Northridge, S. P. (1984). World review of interactions
between marine mammals and fisheries (FAO Technical
Paper 251). Food and Agriculture Organization. 190 pp.

Northridge, S., Kingston, A., Mackay, A., & Lonergan, M.
(2011). Bycatch of vulnerable species: Understanding
the process and mitigating the impacts. Final Report to
Defra Marine and Fisheries Science Unit, Project No.
MF1003, University of St Andrews. 99 pp.

Panti, C., Baini, M., Lusher, A., Hernandez-Milan, G.,
Rebolledo, E. L. B., Unger, B., Syberg, K., Simmonds,

M. P., & Fossi, M. C. (2019). Marine litter: One of the
major threats for marine mammals. Outcomes from the
European Cetacean Society Workshop. Environmental
Pollution, 247, 72-79. https://doi.org/10.1016/j.envpol.
2019.01.029

Pugliares, K. R., Bogomolni, A. L., Touhey, K. M., Herzing,
S. M., Harry, C. T., & Moore, M. J. (2007). Marine
mammal necropsy: An introductory guide for stranding
responders and field biologists (Technical Report WHOI-
2007-06). Woods Hole Oceanographic Institution. https://
doi.org/10.1575/1912/1823

Reidenberg, J. S., & Laitman, J. T. (1987). Position of the
larynx in odontoceti (toothed whales). Anatomical Record,
218(1), 98-106. https://doi.org/10.1002/ar.1092180115

Ryan, P. G. (2016). Ingestion of plastics by marine organ-
isms. In H. Takada & H. K. Karapanagioti (Eds.),
Hazardous chemicals associated with plastics in the
environment (pp. 235-266). Springer.

Stelfox, M., & Hudgins, J. (2015). A two year summary
of turtle entanglements in ghost gear in the Maldives.
Indian Ocean Turtle Newsletter, 22, 1-7.

Tellechea, J. S., Pérez, W., Olsson, D., Lima, M., & Norbis,
W. (2017). Feeding habits of franciscana dolphins
(Pontoporia blainvillei): Echolocation or passive lis-
tening. Aquatic Mammals, 43(4), 430-438. https://doi.
org/10.1578/AM 43.4.2017.430

Thiel, M., Luna-Jorquera, G., Alvarez-Varas, R., Gallardo,
C., Hinojosa, I. A., Luna, N., Miranda-Urbina, D.,
& Portflitt-Toro, M. (2018). Impacts of marine plas-
tic pollution from continental coasts to subtropical
gyres—Fish, seabirds, and other vertebrates in the SE
Pacific. Frontiers in Marine Science, 5, 238. https://doi.
org/10.3389/fmars.2018.00238

Unger, B., Rebolledo, E. L. B., Deaville, R., Grone, A.,
Dsseldijk, L. L., Leopold, M. F., Siebert, S., Spitz, J.,
Wohlsein, P., & Herr, H. (2016). Large amounts of marine
debris found in sperm whales stranded along the North Sea
coast in early 2016. Marine Pollution Bulletin, 112(1-2),
134-141. https://doi.org/10.1016/j.marpolbul.2016.08.027

Walker, W. A., & Coe, J. M. (1990). Survey of marine
debris ingestion by odontocete cetaceans. In R. S.
Shomura & M. L. Godfrey (Eds.), Proceedings of the
Second International Conference on Marine Debris
(NOAA Technical Memorandum NOAA-TMNMFS-
SWEFSC-154, Vol. 1, pp. 747-774). U.S. Department
of Commerce, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service.

Yeater, D. (2005). Factors that influence voluntary regur-
gitation in captive bottlenose dolphins (Tursiops trun-
catus) (Unpub. Master’s thesis). University of Southern
Mississippi, Hattiesburg. 62 pp.





