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Abstract: The Mediterranean monk seal (Monachus monachus) is classified as an endangered species
by the IUCN, with a global population that does not exceed 800 individuals. There is limited under-
standing around the biology and health status of the species, rendering possible parasitic infections
grave for its conservation efforts. The aim of the current study was the molecular identification of a
parasitic nematode found in the digestive system of a sub-adult Mediterranean monk seal individual,
that was found stranded in the area of Pagasitikos Gulf, Greece in 2019. Analysis of the stomach
contents revealed the presence of two intact female nematode individuals. Standard protocols were
followed as DNA extraction of the parasites was conducted and PCR amplification of the cytochrome
oxidase subunit I (COI) mitochondrial gene was implemented. Sequencing analysis of a 585 bp-
amplified product displayed a 96% similarity of the screened nematodes to the Pseudoterranova bulbosa
species. Bayesian inference was implemented for the subsequent tree reconstruction. The phylo-
genetic tree revealed a clear genetic similarity between our parasitic nematode individuals named
as Pseudoterranova spp. and Pseudoterranova bulbosa (bootstrap value: 82%), which is indicated for
the first and only time as such, to be found in the waters of the Mediterranean Sea and also in the
stomach of a Mediterranean monk seal.
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1. Introduction

The Mediterranean monk seal (Monachus monachus) belongs to the Phocidae family
and is considered as an endangered species. Today the world population is separated in
three isolated subpopulations [1]; in the Madeira-Desertas Islands (Atlantic Ocean) there
are about 30 individuals; in Cape Blanc (Western Sahara) there are 150–200 individuals;
and finally in the eastern Mediterranean basin, the largest subpopulation is composed of
about 350 individuals in small, scattered groups that are distributed along the Greek coasts
and islands and along the Turkish Aegean and Mediterranean coasts [2–7]. Monk seals in
Greece have been recorded to travel long distances, for example ∼288 km in three months,
with a maximum straight distance travel of ∼78 km [8]. During their movements, it is
possible that seals often come in close contact with other species and in some cases with
humans (e.g., on cosmopolitan beaches during summer). Thus, seals might become infected
by pathogens possibly due to species-level potential mechanics behind transmission and
intermediate hosts [9].
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Since the opening of the Suez Canal, the Mediterranean Sea has been exposed to
new marine animal species that mainly migrate from the Red Sea through the canal [10].
Currently, more species of Lessepsian migrators are recorded in the Mediterranean, and
many of them have also been established in their own ecological niches [11]. The latest
record of a marine mammal migrating from the Red Sea to the Mediterranean is that
of the Indian humpback dolphin (Sousa plumbea) sighted both on Turkish coastal waters
off the northeast Mediterranean and in Karavolas Bay, near the port of Heraklion, Crete,
Greece [12,13].

Even though these kind of migrants are very common in the Mediterranean, in recent
years there have been instances where migrants that originate from the Atlantic Ocean have
also been documented. In particular, Colloca [14] recorded the presence of two female tope
sharks (Galeorhinus galeus) that were tagged in the north-east Atlantic and recaptured in the
central Mediterranean Sea near Sicily. In addition, Scheinin [15] recorded the appearance
of a gray whale (Eschrichtius robustus) near the Israeli Mediterranean shore and twenty-
two days later, the same individual was sighted in Spanish Mediterranean waters. This
particular sighting was quite interesting as gray whales were last recorded in the North
Atlantic in the 1700s and this was the first time that such an individual was sighted in
the Mediterranean. Recent studies seem to indicate that some fin whales (Balaenoptera
physalus), believed to belong to the north-east North Atlantic (NENA) stock, now use the
Strait of Gibraltar to travel between the Atlantic Ocean and the Mediterranean Sea [16].
Apart from marine mammals and fish that migrate from the Atlantic to the Mediterranean,
other species belonging to the crustacean subphylum have also been recorded as such.
The Atlantic crab (Dyspanopeus sayi) has expanded to many Italian areas, the blue crab
(Callinectes sapidus) to a lake in northern Greece and in the southern Adriatic Sea, the species
Farfantepenaeus aztecus in the Ionian sea, and the American lobster (Homarus americanus) in
the eastern Mediterranean [17–20]. There has also been evidence of the eel species Anguilla
anguilla exiting the Mediterranean sea towards the Atlantic ocean [21]. This information
can lead to conducting further research about the Mediterranean’s new species migration
status. The appearance of new species from the Atlantic to the Mediterranean could also
lead to the transmission and spread of new pathogens that are not indigenous in the
Mediterranean [22].

The first recorded pathogens could bring disastrous consequences on the health of the in-
digenous Mediterranean species. This was evident in the research of Papadopoulos et al. [23],
where two nematodes belonging to the species Acanthocheilonema spirocauda were found in
the right ventricle of the heart of a Mediterranean monk seal. This particular parasite has a
global presence and has been found in numerous species of arctic pinnipeds such as Phoca
hispida, Phoca vitulina, Phoca groenlandica, and Cystophora cristata [24,25]. Moreover, Komne-
nou et al. [26] recorded for the first time the presence of the hookworm Uncinaria hamiltoni
in rehabilitated Mediterranean monk seal pups in Greece, suggesting a cosmopolitan dis-
tribution of the parasite in question, and a dynamic evolutionary spatial pattern of its
host–parasite interaction.

Parasites are important components of water column ecosystems [27,28]. Even though
the consequences of parasitic infections are often not too serious, they have the potential to
cause health problems in mammals in the extend of breaking down their protective barriers
and increasing their susceptibility to subsequent bacterial and viral infections [29,30]. Most
of the parasites that infect pinnipeds target the lungs, the gastric system, and the heart, as
they try to acquire valuable nutrients that are required for proper growth and maintenance
of the host [30,31].

The Mediterranean monk seal is considered to be an opportunistic predator as it is
capable of feeding on a wide variety of marine species. The seals’ diet mainly consists
of benthopelagic fish that belong to the Congridae, Gadidae, Sparidae, and Scorpaenidae
families, and also cephalopods of the Octopodidae and Sepiidae families [32–35]. The fact
that its prey varies makes the Mediterranean monk seal prone to parasitic infections, as
the species that it feeds upon work as paratenic hosts for such parasites. Most of the time,
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these parasites are transferred through consumption of an intermediate, or paratenic host
that carries infective third-stage larvae (L3) and inhabits the gastric, intestinal, ectopic,
and gastrointestinal tracts, as well as the heart and the lungs of the final host [36]. The
Mediterranean monk seal acts as a host to a variety of parasites that reside in different parts
of its body and consequently affect different aspects of its well-being. The parasites that
have been detected in the body of the monk seal belong to the species Acanthocheilonema
spirocauda, which is a heartworm, Anisakis pegreffii, Contracaecum osculatum, Leishmania
infantum, and individuals that belong to the genus Diphyllobothrium, that are mainly found
in the gastric and intestinal tracts, and the ectoparasite Lepidophthirus piriformis, that resides
in the fur of the animal [23,37–40]

The life cycle of nematodes in pinnipeds has been examined only for a few species
that belong to the genus Pseusoteranova spp., such as Pseusoterranova decipiens sensu stricto
and Pseudoterranova krabbei, but we can assume that it is probably similar within pinniped
species [41,42]. The seal worm has a complex life cycle that includes a free-living stage, and
three hosts are required for the parasite to complete its life cycle. The eggs are excreted in
the feces of a seal and sink and stick to the sea floor where they hatch into free-living larvae.
A benthic invertebrate ingests the larvae [43]. After the infected invertebrate is eaten by
a fish, the third stage is L3 larvae migration from the stomach of the fish into the muscle
tissue. Fish are essential seal worm hosts, in that they participate in the temporal and
spatial dispersal of the larvae, thereby increasing the likelihood of ingestion by definitive
hosts. They also support significant larval growth, thus improving the parasite’s ability to
establish itself and survive to maturity in the gastrointestinal tract of the final host [44,45].
Larvae after their consumption of the final host are attached in clusters to the stomach wall
and penetrate the fundic wall to the submucosa, while adults and immature nematodes,
which have completed the final molt, are superficially embedded in the mucosa [44].

The aim of this study was to identify, clarify, and record without a doubt the ne-
matode individuals that were found in the stomach of the stranded M. monachus in our
laboratory and consequently explore the possible reasons that caused its appearance in the
Mediterranean, as well as its potential impact on the indigenous population of the species
inhabiting these waters.

2. Material and Methods
2.1. Parasite Collection and Molecular Techniques

During the anatomy of the stomach of the Mediterranean monk seal, two nematode
individuals were obtained (Figure 1). Parasites were cleaned with saline buffer and pre-
served in a 70% ethanol solution for further analysis. DNA extraction was conducted
with EXTRACTME DNA TISSUE KIT (BLIRT S.A., Gdańsk, Poland). PCR fragments were
amplified using a universal primer pair targeting the cytochrome oxidase subunit I (COI)
gene [46]. PCR reactions were performed in 25 µL containing 10 ng template DNA, 5 µL of
10× PCR Buffer, 10 µL MgCl2 (25 mM), 1 µL of dNTPs (10 mM), 1.5 µL each of forward and
reverse primer (10 µM), and 1 µL Taq polymerase (KAPA—Sigma-Aldrich, Taufkirchen,
Germany). PCR amplification was applied under the following cycling conditions: an initial
denaturation at 95 ◦C for 10 min followed by 35 cycles in a gradient thermocycler (LIFE-
TOUCH, Laboran, Navarra, Spain). Each cycle included the steps below: a denaturation at
95 ◦C for 45 s, an annealing at 50 ◦C for 30 s, and an extension at 72 ◦C for 1 min. A final
extension at 72 ◦C for 10 min was applied. The PCR amplification products were separated
in 1.5% (wt/vol) agarose gels using 1× Tris Borate EDTA (TBE) and photographed on
a UV transilluminator (MiniBIS, DNR Bio-Imaging System Ltd., Jerusalem, Israel). All
sequences were determined (Sanger sequencing) on an ABI PRISM® 3700 DNA Analyzer
(Applied Biosystems, Waltham, MA, USA). Each fragment used was sequenced in both
directions in order to maximize the accuracy of the sequence. Further Figures can be found
in Supplementary Material (Figures S1 and S2).
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Figure 1. The two parasitic nematodes (at the bottom Individual 1 and at the upper Individual 2) 
that were obtained from the stomach contents of the Mediterranean monk seal. (credits: Laborato-
ry of Ichthyology and Hydrobiology, Dept. of Ichthyology and Aquatic Environment, University 
of Thessaly). 

2.2. Statistical Methods 
In order to infer phylogenetic relationships, the Bayesian inference (BI) model-

based methods was used. MrBayes v.2.01 software was used for Bayesian inference [47]. 
The respective tree spaces were explored using four chains: one cold chain and subse-
quently three incrementally heated ones with temperature set at 0.20. A GTR model [48] 
of sequence evolution was employed, allowing a gamma shape of among-site rate varia-
tion. Posterior probability distributions were obtained for the phylogenies and the pa-
rameters of the model of sequences’ evolution were adjusted; random trees were used as 
seeds. Tree spaces were explored inferring 1,000,000 generations, with 100 generations 
sampled each time, and the burn-in was set to 25%. 

Analyses of pairwise divergence were conducted by estimating the number of base 
substitutions per site between species sequences and implementing the Kimura 2-
parameter [49] correction in MEGA4 software [50]. The rate variation among sites was 
modeled with a gamma distribution (shape parameter 2). 

3. Results 
The morphological analysis of the parasites revealed the presence of two alive in-

tact female individuals that were 4.8 (Individual 1) and 4.1 cm (Individual 2) in length, 
respectively. The amplified COI sequence revealed a length of 585 bp. Blast analysis 
through the NCBI GenBank established a 96% similarity with the species Pseudoterranova 
bulbosa. A Bayesian phylogenetic tree was constructed by utilizing ten Pseudoterranova 
sequences, one sequence of the outgroup Anisakis physeteris (Table 1) and the studied se-
quence of Pseudoterranova spp. Sequences were aligned by AliView (Alignment Viewer 
and Editor) [51]. The evolutionary relationships between the specimens and the other 
species of Pseudoterranova spp. are shown in the phylogenetic tree that was constructed 
(Figure 2). The highest sequence divergence value of the studied sequences was that rec-
orded for the Pseudoterranova depiciens and the Pseudoterranova azarazi, whereas the low-
est one was recorded for P. bulbosa comparison (Table 2). 

  

Figure 1. The two parasitic nematodes (at the bottom Individual 1 and at the upper Individ-
ual 2) that were obtained from the stomach contents of the Mediterranean monk seal (credits:
Laboratory of Ichthyology and Hydrobiology, Dept. of Ichthyology and Aquatic Environment,
University of Thessaly).

2.2. Statistical Methods

In order to infer phylogenetic relationships, the Bayesian inference (BI) model-based
methods was used. MrBayes v.2.01 software was used for Bayesian inference [47]. The
respective tree spaces were explored using four chains: one cold chain and subsequently
three incrementally heated ones with temperature set at 0.20. A GTR model [48] of sequence
evolution was employed, allowing a gamma shape of among-site rate variation. Posterior
probability distributions were obtained for the phylogenies and the parameters of the
model of sequences’ evolution were adjusted; random trees were used as seeds. Tree spaces
were explored inferring 1,000,000 generations, with 100 generations sampled each time,
and the burn-in was set to 25%.

Analyses of pairwise divergence were conducted by estimating the number of base sub-
stitutions per site between species sequences and implementing the Kimura 2-parameter [49]
correction in MEGA4 software [50]. The rate variation among sites was modeled with a
gamma distribution (shape parameter 2).

3. Results

The morphological analysis of the parasites revealed the presence of two alive intact
female individuals that were 4.8 (Individual 1) and 4.1 cm (Individual 2) in length, respec-
tively. The amplified COI sequence revealed a length of 585 bp. Blast analysis through the
NCBI GenBank established a 96% similarity with the species Pseudoterranova bulbosa. A
Bayesian phylogenetic tree was constructed by utilizing ten Pseudoterranova sequences, one
sequence of the outgroup Anisakis physeteris (Table 1) and the studied sequence of Pseudoter-
ranova spp. Sequences were aligned by AliView (Alignment Viewer and Editor) [51]. The
evolutionary relationships between the specimens and the other species of Pseudoterranova
spp. are shown in the phylogenetic tree that was constructed (Figure 2). The highest se-
quence divergence value of the studied sequences was that recorded for the Pseudoterranova
depiciens and the Pseudoterranova azarazi, whereas the lowest one was recorded for P. bulbosa
comparison (Table 2).
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Table 1. Taxa used for phylogenetic analyses. OM037608 accession number were recently submitted
to GenBank as an outcome of the present study.

Classification GenBank Accession Numbers Reference

Pseudoterranova decipiens AJ891148 and AJ891149 [52]
Pseudoterranova cattani AJ891143 and MT941431 [52,53]

Pseudoterranova azarasi
AJ891139
LC312195 [54]

Pseudoterranova krabbei AJ891152 and AJ891151 [52]
Pseudoterranova bulbosa NC031643 and KU558720 [55]

Pseudoterranova spp. OM037608 this study
Anisakis physeteris MF663249 [56]
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Figure 2. Phylogenetic tree generated from Bayesian Inference (BI) analysis of sequences of the COI
gene. Values on the nodes indicate Bayesian Inference posterior probabilities.

Table 2. Estimates of evolutionary divergence over sequence pairs between the taxa used for the
phylogenetic inference, indicating number of base substitutions per site.

A. Physeteris_MF663249

P. bulbosa_NC_031643 0.156
P. bulbosa_KU558720 0.156 0.000
P. decipiens_AJ891148 2.682 1.994 1.994
P. decipiens_AJ891149 2.937 2.093 2.093 0.016
P. cattani_AJ891143 2.600 1.836 1.836 0.112 0.119
P. cattani_MT941431 2.378 1.885 1.885 0.113 0.120 0.016
P. azarasi_AJ891139 3.088 2.058 2.058 0.138 0.142 0.070 0.077
P. azarasi_LC312195 2.006 1.580 1.580 0.078 0.085 0.063 0.057 0.012
P. krabbei_AJ891152 2.677 1.844 1.844 0.120 0.124 0.064 0.071 0.061 0.051
P. krabbei_AJ891151 2.677 1.726 1.726 0.109 0.120 0.049 0.055 0.055 0.044 0.016
Pseudoterranova spp. 0.162 0.042 0.042 1.994 2.093 1.880 1.913 2.058 1.505 1.844 1.726

4. Discussion
4.1. Parasitic Species Identification

The clear-cut close evolutionary relationship between the studied species sequence
and Pseudoterranova bulbosa (Cobb, 1888), indicates a documented possibility of the latter
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being present in the Mediterranean Sea. The P. decipiens complex is comprised of five sibling
species. Phylogenetic analysis of specimens that have been isolated from several pinniped
species has demonstrated significantly high genetic variation among sibling species; most of
this genetic diversity is strongly structured between species, rather than within species [57].
The Pseudoterranova spp. has shown a wide-range geographic distribution with all five
sibling species being present mostly in the Arctic regions. P. decipiens (Krabee, 1868) sensu
stricto appear to have a wide geographical range that spans mainly Arctic and sub-Arctic
regions, including the north-east Atlantic and Canadian Atlantic, and the Canadian Pacific
waters [41,58–61], while its main pinniped hosts are the common seal (Phoca vitulina),
the grey seal (Halichoerus grypus), and the species Phoca vitulina richardsii and Zalophus
californianus [62]. On the other hand, P. azarasi [63] has a limited geographical distribution
that expands mainly to Japanese, Sakhalinese waters, as well as the North Pacific Ocean,
and its main definitive host is the Steller’s sea lion Eumetopias jubatus [60]. P. krabbei [42]
has been found to inhabit the north-east Atlantic Ocean and has as its definitive hosts the
common and grey seal [41]. P. cattani [64] has been found near the Chilean coast and the
species Otaria byronia acts as its definitive host [42]. At last, P. bulbosa (Cobb, 1888) appears
to have a geographical distribution between the Barents and Norwegian Seas, the Canadian
Atlantic and the Sea of Japan, while its main definitive host appears to be the bearded seal
(Erignathus barbatus) [41,59,60].

Based on the current bibliography and scientific records so far, the appearance of
P. bulbosa in the Mediterranean Sea seems quite improbable. However, in our study molec-
ular evidence clearly revealed that the Pseudoterranova spp. sequence was >96% identical to
that of P. bulbosa, found in Canadian waters [55], thus making the possibility of P. bulbosa
being present in the stomach of our M. monachus individual-specimen quite probable, if not
an undisputable fact. This assumption generates a series of questions of how this particular
species came to colonize the stomach of a Mediterranean monk seal in our waters.

4.2. Parasitic Dispersal

One possible explanation for the appearance of the parasitic species in the stomach
of the Mediterranean monk seal is that it has been transferred through consumption of
an infected intermediate host. The dietary habits of M. monachus closely resemble those
of the bearded seal as both species feed on similar organisms. Although the bearded seal
mainly feeds on the bottom, with a few exceptions, and M. monachus has more diverse
feeding grounds, they both feed on crustaceans, mollusks, cephalopods, especially squid,
and fish [33,65]. In the probable appearance of a parasite such as P. bulbosa in the Mediter-
ranean, the monk seal is the most predictable host, as it provides an infection cycle that
most resembles that of the original, and also as the only pinniped in the Mediterranean
Sea, it provides a known host to the parasite [44]. One such intermediate host could be
Gadus morhua, as it has been found to be infected by this particular parasite and it also
migrates well to the Mediterranean Sea [66,67]. It is widely known that fish constitute a
vital part in the development and dissemination of the nematode parasites, as they provide
shelter and ideal conditions for them to grow [45]. In addition, the parasitic nematodes that
reside into cold waters are not particularly selective to their intermediate hosts, a behavior
that helps them infect whichever host comes their way, as most parasites are selective only
for their final host [68,69].

Dispersal of the parasite may be due to environmental pressures, such as climate
change, because it affects the distribution of the fish in the marine ecosystem changing
biogeography and biodiversity and causing change in the food web, which can lead to fish
searching for new feeding grounds and thus spreading the parasites to new hosts [70]. The
de facto melting of the ice can also provide new migration patterns for marine mammals
from northern to southern regions, making them susceptible to new parasitic infections [71].

Food global trade that supports the consumption of imported fishes might also be
responsible for the geographic distribution of the nematode in question. Parasites of the
genus Pseudoterranova spp. are the main causative agents of human pseudoterranoviasis
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that have become to affect for the first time the Mediterranean populations [58]. The
Mediterranean monk seal is a species that feeds and resides in close proximity to shallow
and coastal regions where anthropogenic pressure can affect its health and habitat [72].

4.3. Genetic Relationships

The molecular analysis of our nematode sequence Pseudoterranova spp. revealed a
relatively low genetic distance between A. physeteris and P. bulbosa, which indicates a close
evolutionary relationship and genetic similarity. The A. physeteris species is a nematode
with a global distribution as it can be found in the Atlantic, Mediterranean, and South
African waters. The main intermediate hosts of this specific parasite are fish belonging
to the Kogiidae family. As final hosts, marine mammals that belong to the Physeteridae
family, specifically the species Physeter macrocephalus, are considered the main host of the
parasite [73]. This parasite has been also detected in other marine mammals such as Ziphius
cavirostris and the pinniped Arctocephalus pusillus [74,75]. The A. physeteris species has been
detected in fish and cephalopods such as the species Merluccius merluccius, Scomber scombrus,
Phycis phycis, Phycis blennoides, Illex coindetii, Histioteuthis bonnellii, and Histioteuthis reversa,
that constitute part of the prey of P. macrocephalus and M. monachus [75–77]. Considering
this information, one could assume that the A. physeteris and P. bulbosa species followed
a parallel evolution pattern. The cause for their divergence could be that individuals of
the same species historically would infect hosts who possessed different biological char-
acteristics and resided in different ecosystems. This assumption could possibly explain
how these two species came to be so closely related, yet so geographically isolated. Consid-
ering the close evolutionary relationship between the nematode species A. physeteris and
P. bulbosa, one could not dismiss the possibility that these two species could also coexist
in the organism of certain marine mammals [74]. Such a possible host could be the sperm
whale, which shares certain habitats with M. monachus (sperm whales travel from Crete
to North Aegean and Ionian Sea, while Mediterranean monk seals are founds all over the
Greek coastline of the same regions) [78]. On the other hand, in many studies so far, the
identification of parasites is conducted mainly based on morphological standards; it has
been well documented that visual examination when trying to identify a nematode of a
species level is scientifically deficient [79]. Considering this and the fact that the sperm
whale carries the parasitic nematode A. physeteris, it may be likely that the parasites found
and recorded in the stomachs of stranded sperm whales did not only belong to the genus
Anisakis, but they could have belonged to the genus Pseudoterranova as well [75]. The
morphology of the different parasitic genera that make up the Anisakidae family is not
fully known yet, due to the development of different larval stages that occur throughout
the parasite’s life cycle [80]. Identification can be further complicated by morphological
characteristics that are shared by different genera, such as relative size, special shapes,
differences between males and females, as well as the nematode head and tail shape; even
the presence or absence of cuticular spicules on the body [81,82]. A. physeteris and Pseu-
doterranova spp. Are morphologically similar. This could mean that every time a parasite
was found in the stomach of a sperm whale that was believed to be A. physeteris, it could
well have been that of Pseudoterranova spp. Therefore, A. physeteris and Pseudoterranova spp.
could coexist in the stomachs of marine mammals that appear to inhabit the same environ-
ment. Portes Santos [83], while examining the stomach contents of a pygmy sperm whale
(Kogia breviceps) that was stranded in the north-eastern Coast of Brazil, found that parasites
belonging to the species A. physeteris and genus Pseudoterranova were coexisting with the
Pseudoterranova specimens being in an immature state. The parasites were identified based
on morphological methods. Solís [84] also identified in the stomach contents of pygmy
sperm whales an anisakid nematode belonging to the species Pseudoterranova ceticola. This
could mean that Pseudoterranova genus use the sperm whale as a host and that it could
transfer to other species of marine mammals when found in the same ecological niche.

On the other hand, estimates of transmission parameters are difficult and complicated,
as they might be underestimated by possible indirect hosts. Holt [85] argued that trans-
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mission rates between species that compete for resources may also have a higher potential
for interspecific pathogen transmission. At this point, the knowledge around the parasitic
nematode P. bulbosa is limited.

5. Management and Conservation Implications

The presence of the genus Pseudoterranova spp. was reported for the first and only
time in the Mediterranean. The appearance of a novel parasitic migrant in the popula-
tion of the M. monachus species could potentially threaten its health, already imperiled by
anthropogenic and abiotic factors, and alter the structure of its community [86–88]. The
low genetic diversity of the species should also be considered as a factor that affects the
relationship between the parasite and the host species [89]. The low genetic diversity of
the species is closely linked to the inbreeding tendencies of the small and geographically
isolated subpopulation, therefore it is unavoidable. Inbreeding, which increases homozy-
gosity, is expected to compromise resistance against parasitism, as genetic diversity affects
both short-term individual fitness and long-term population adaptive potential [90,91].
In fact, many studies on Heterozygosity Fitness Correlations (HFCs) have shown a clear
correlation between genomic diversity and fitness as heterozygous individuals are less
likely to be infected by a range of parasites [91,92]. The Mediterranean monk seal appears
to be one of the most genetically depauperate marine mammals on Earth [89] and therefore
it is understandable that the current population structure observed in the monk seal has
the potential to influence the relationships between the species and parasites [89,93].

It is evident that urgent conservation efforts must be made to protect the M. monachus
subpopulation, by enhancing existing protection methods and enlisting new molecular
practices that could potentially be of use in rehabilitation, and parasitological surveys that
are essential for preventing the emergence of novel diseases, thus consequently helping the
survival of the species [26].

The relationship between hosts and parasites represents a critical issue for wildlife
conservation [26] and even though the study of parasites in wild marine hosts is challenging,
further research on the parasitic impact in relation to the health status of animals must be
conducted, as it is a critical step towards the implementation of appropriate management
plans for their protection [94].

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/conservation2010010/s1, Figure S1: DNA extraction of the two individuals (Ind1 and Ind2)
using the standard phenol/chloroform protocol. The Ladder is at 1Kb per lane, Figure S2: PCR of the
585bp amplified product of the Cytochrome oxidase subunit I gene for the two individuals (Ind1 and
Ind2) including a negative control (N). The Ladder is at 100 bp per lane.
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