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Abstract: The Mediterranean monk seal (Monachus monachus) is one of the most endangered marine
mammals in the world. This species has been threatened since ancient times by human activities
and currently amounts to approximately 700 individuals distributed in the Eastern Mediterranean
Sea (Aegean and Ionian Sea) and Eastern Atlantic Ocean (Cabo Blanco and Madeira). In other areas,
where the species is considered “probably extinct”, an increase in sporadic sightings has been recorded
during recent years. Sightings and accidental catches of Mediterranean monk seals have become more
frequent in the Adriatic Sea, mainly in Croatia but also along the coasts of Montenegro, Albania and
Southern Italy. A Mediterranean monk seal pup was recovered on 27 January 2020 on the beach of
Torre San Gennaro in Torchiarolo (Brindisi, Apulia, Italy). DNA was extracted from a tissue sample
and the hypervariable region I (HVR1) of the mitochondrial DNA control region was amplified and
sequenced. The alignment performed with seven previous published haplotypes showed that the
individual belongs to the haplotype MM03, common in monk seals inhabiting the Greek islands of
the Ionian Sea. This result indicates the Ionian Islands as the most probable geographical origin of the
pup, highlighting the need to intensify research and conservation activities on this species even in
areas where it seemed to be extinct.

Keywords: Monachus monachus; Mediterranean monk seal; mitochondrial DNA; Adriatic Sea;
endangered species

1. Introduction

The Mediterranean monk seal (Monachus monachus, Hermann 1779) is the only living representative
of the genus Monachus [1] and one of the most endangered mammals in the world [2]. It is a
medium-sized phocid that usually inhabits waters up to 200 m in depth and is closely linked to coastal
habitats for reproduction [3]. After mating in water, the females make their way to land and give birth
to pups in coastal caves probably as an adaptation to predation, including hunting by humans [4,5].
Parturition usually occurs during the autumn season [6–8] but, in the Cabo Blanco colony, the birth
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of pups has also been observed in other months of the year as a result of favorable environmental
conditions and the availability of food [6,9].

The Mediterranean monk seal was historically widespread in the Mediterranean Sea, Black Sea and
Eastern Atlantic Ocean [3] but, at present the species consists of no more than 700 individuals inhabiting
Ionian and Aegean waters within the Eastern Mediterranean area, the Madeira archipelago, and Cabo
Blanco waters in the Eastern Atlantic [2]. The size of populations and the geographical distribution of
the species have over time been impacted by several threats such as habitat deterioration, intentional or
accidental killing and unusual mass mortality events [3]. Since prehistoric times M. monachus has been
hunted by man [10,11], although intense exploitation probably occurred in the Roman and Medieval
periods when monk seals were extensively hunted for their skin, oil, and meat [4,5]. Fishing is still
the main cause of death of Mediterranean monk seals as many of them, considered responsible for a
negative impact on fishing activities, are intentionally killed by fishermen [12] or accidentally become
entangled in fishing nets (bycatch) [13]. In addition, coastal habitat degradation and increased tourism
have reduced the mainland areas available for resting and pupping, putting at risk the reproductive
capacity of the species [3]. In 1997, a mass mortality event was documented in Cabo Blanco highlighting
the fact that, together with other stochastic events [3], viruses and toxic algal blooms [14,15] could also
be important additional threats to monk seal survival.

In order to assess the conservation status of M. monachus, several studies have analyzed the
genetic diversity levels of extant populations using nuclear and mitochondrial DNA sequences [16–19].
Both markers have highlighted very low levels of genetic diversity in Mediterranean monk seal
populations, probably as a direct consequence of bottleneck events that occurred in the past [16–19].
In addition, the analysis of the most variable part of the mitochondrial DNA (mtDNA) control region
has allowed the identification of three distinct sub-populations (Aegean Sea, Ionian Sea and Eastern
Atlantic Ocean) characterised by different haplotypes [18]. Subsequently, the analysis of the same
mtDNA marker, in both historical and current monk seal specimens, has allowed a re-evaluation
of the previous result [19]. Gaubert et al. [19] showed that some mitochondrial haplotypes had a
wider geographical distribution in the past and that, in agreement with previous results obtained by
nuclear markers [17], there was a gene flow between populations which today seem to be genetically
separate [19].

In recent years, a recovery in monk seal populations has been observed and the species has been
reclassified as “Endangered” by the International Units for the Conservation of Nature (IUCN) [2].
Probably following the recovery of M. monachus populations, an increase in sightings has been observed
in areas where the species seemed to be extinct, including North African countries, the coasts of the
Levantine Sea, and those of the Adriatic-Ionian region [20]. Sightings of monk seals within the Adriatic
basin are now numerous in Croatia, although vagrant individuals are also recorded in Montenegro,
Albania and Apulia (Southern Italy) [20]. The presence of the Mediterranean monk seal along the
Apulian coasts is not new; bone remains excavated from the Grotta Romanelli indicate that this area was
a habitat for M. monachus individuals dating back to the Late Upper Paleolithic [21]. Over the centuries
the species has progressively disappeared from Apulia, although some sightings were recorded in the
Tremiti Island archipelago and in Salento in the second half of the 1900s [22] and between 2000 and the
present day [20,23], indicating a probable recolonisation of this area.

On 27 January 2020, a Mediterranean monk seal pup was recovered stranded on the beach of
Torre San Gennaro in Torchiarolo (Brindisi, Apulia, Italy). The young seal was debilitated and died
the following day despite rescue efforts. A tissue sample was obtained, and a genetic analysis was
performed in order to identify the most likely geographical origin of this monk seal individual.
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2. Materials and Methods

The Mediterranean monk seal analyzed in this study (Figure 1) was recovered on the beach of
Torre San Gennaro in Torchiarolo (Brindisi, Apulia, Italy) (Figure 2). After the death of the monk seal,
standard measurements were taken and a necropsy was carried out by the “Istituto Zooprofilattico
Sperimentale della Puglia e della Basilicata” (IZSPB, Foggia, Italy) in order to reveal the possible cause
of death for the individual. During this procedure a piece of muscle tissue was sampled, stored in
absolute ethanol and sent to the Laboratory of Evolutionary Biology (Università Politecnica delle
Marche, Ancona, Italy) for genetic analysis.
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Figure 2. Map of the Adriatic-Ionian region showing the haplotype distribution of the Mediterranean
monk seals previously analyzed. Only data with correct geographic locations are shown. The circle
indicates data from Karamanlidis et al. [18], the triangle indicates data from Gaubert et al. [19], and the
star indicates the location where our sample was found.

Genomic DNA was extracted from a small slice of muscle tissue using an automated nucleic acids
extractor, MagCore® HF16 (RBC Bioscience Corp., Taipei, Taiwan), with the MagCore® Genomic DNA
Tissue Kit (cartridge code 401) (RBC Bioscience Corp., Taipei, Taiwan) and following manufacturer’s
instructions. After the DNA extraction, the hypervariable region I (HVR1) of the mtDNA control
region was amplified using primer pairs designed by Karamanlidis et al. [18].

Polymerase Chain Reaction (PCR) was performed in 25µL volume containing: 5µL of PrimeSTAR®

GXL Polymerase Buffer (5×) (Takara, Shiga, Japan), 2 µL of dNTP mix (10 mM), 2 µL of Forward and
Reverse Primers mix (5 µM), 0.8 µL of PrimeSTAR® GXL DNA Polymerase (1.25 U/µL) (Takara, Shiga,
Japan), 3 µL of DNA template (40 ng/µL) and 12.2 µL of ultrapure sterile water. The amplification
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was carried out in a BioRad T100™ Thermal Cycler (BioRad, Hercules, CA, USA), using the following
conditions: an initial denaturation step of 5 min at 95 ◦C, followed by 35 cycles of 30 s at 95 ◦C
(denaturation), 30 s at 57 ◦C (annealing), 60 s at 72 ◦C (extension), and a final extension step of 7 min at
72 ◦C. The PCR product was run on a 2% agarose gel stained with GelRed™ (Biotium Inc., Hayward,
CA, USA) to check the effectiveness of the amplification reaction and then sent to BMR Genomics
(Padua, Italy) for Sanger sequencing. There, it was purified using exoSAP-IT™ (USB Corp., Cleveland,
OH, USA) and sequenced in both directions on an ABIPRISM 3730XL automated sequencer (Applied
Biosystems, Tokyo, Japan).

The sequence obtained was aligned on CLUSTALW [24] with those of the seven M. monachus
haplotypes identified within the whole species range (GenBank Accession numbers in Table 1) [18,19].
The alignment was checked on BioEdit [25] and then a median-joining network (with ε = 0) [26]
was designed using Network 10 software (Fluxus Technology Ltd., Colchester, UK, www.fluxus-
engineering.com) in order to visualize the relationships between all haplotypes. In addition, with the
aim of highlighting the geographical origin of the monk seal pup, information about the frequency and
the geographical provenance of all haplotypes was obtained from previous studies [18,19] and added
during the network construction. The information regarding the geographical origin of the haplotypes
previously identified in the Adriatic-Ionian region [18,19] has also been included in a map.

Table 1. Diagnostic sites obtained from the alignment of the seven Mediterranean monk seal haplotypes.
The haplotype belonging to the individual analyzed is highlighted in grey. Haplotype MM01 was used
as a reference sequence. All identical nucleotides in other sequences are indicated as full stops.

Diagnostic Sites

Haplotype ID GenBank Accession No. 105 114 118 248 279 508

MM01 KT935311 A A A A C G
MM02 KT935307 G . . . . .
MM03 KT935310 . . . . . A
MMBR MT524708 . . . . . A
MM05 KT935309 . . G . . .
MM06 MG570470 . . G . T .
MM04 KT935308 . . G . . A
MM07 MG570469 . G G G . A

Capital letters indicate nucleotides: A—adenine, C—cytosine, G—guanine, T—thymine.

3. Results

The Mediterranean monk seal was a female weighing 22.5 kg and 118 cm long. Pelage color,
weight and standard length suggest that it was a pup of about 2–4 months of age. Genetic analysis of
the individual allowed us to successfully amplify and sequence a 524 bp fragment of the HVR1 of
the mtDNA control region. The sequence obtained was stored in the GenBank repository with the
Accession number MT524708. After the alignment of this sequence with those of the seven M. monachus
haplotypes known so far, six diagnostic sites were identified, allowing the assignment of the pup
sequence to the haplotype MM03 (Table 1). The map and the haplotype network, which include
information about geographical origin of the known haplotypes, showed that the haplotype MM03
has been previously observed only in Greek populations inhabiting the Ionian Sea and in a sample
from the Adriatic Sea (Figures 2 and 3).

www.fluxus-engineering.com
www.fluxus-engineering.com
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4. Discussion

A Mediterranean monk seal found along the Apulian coast (Southern Italy) at the end of January
2020 was genetically analyzed in this study. The amplification and sequencing of the HVR1 fragment of
the mtDNA control region have allowed the haplotype identification of the monk seal. The individual
studied belonged to the haplotype MM03, one of the least common within the current distribution
range of the species [18,19]. The haplotype MM03 was previously found only in 10 individuals sampled
from the Greek islands (Kefalonia and Zakynthos) in the Ionian Sea [18] and from one individual
in the Adriatic Sea [19]. The latter was a museum specimen which had been caught along the west
coast of Brac (Croatia) in 1914 [19]. Because of the absence of reproductive populations of the species,
the Mediterranean monk seal is currently considered “probably extinct” within the Adriatic Sea and
the few individuals recorded in this basin are usually considered as “vagrants”, individuals coming
from areas where the species is more abundant and reproductively active [20,23]. While the Adriatic
waters are only sporadically inhabited by Mediterranean monk seals, the Ionian Islands still host
several M. monachus individuals. In fact, one of the largest populations of this species is found in the
Eastern Mediterranean Sea and approximately 300–400 individuals are distributed along the Greek
coasts [3]. The Ionian Islands are important sites for the conservation of the Mediterranean monk
seal because they are characterised by a heterogeneous coastal habitat, which includes both open
sandy beaches and several rocky areas, with marine caves suitable as resting and breeding grounds
for monk seals [27,28]. Studies on the behavior and migratory capacity of the Mediterranean monk
seal are extremely rare due to the difficulty in performing tagging and tracking experiments [29].
However, observations carried out in different areas in Greece have highlighted the ability of sub-adults
and adults to cover a total distance of 100–300 km, with a daily mean of 10–40 km [29]. Moreover,
juvenile individuals have also been observed in areas hundreds of kilometers away from their putative
origin [23,30,31]. One juvenile female of approximately six months old was found dead in a fishing
net along the Libyan coast. The genetic analysis carried out showed a probable origin in the Eastern
Mediterranean Sea, suggesting that the young individual may have travelled hundreds of kilometers
before being captured [31]. The observation of the haplotype MM03 in the studied specimen and the
distance of this area from the Apulian coast (ca. 320 km), allows us to hypothesise the most probable
origin of the individual analyzed to be from the Greek islands in the Ionian Sea. However, we cannot
exclude the possibility that it was born in Apulia.
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The morphological features and the small size of the M. monachus individual suggest that it was a
very young specimen. Even if the standard length of 118 cm places the pup in age class category three
which includes 1–1.7-month-old individuals [32], the morphology allows us to classify it in age class
category four (2–4 month old pups) [32]. The monk seal seems to have completed the molt, so it had
shed the “lanugo” (a dark woolly coat typical of newborns), and presented a grey color on its back
and a pale belly [32,33]. The estimated age of about 2–4 months could suggest that the pup was born
along the Apulian coast in the autumn. This hypothesis is supported by the presence in this area of
several habitats suitable for the reproduction of monk seals [34] and by the fact that at only 2–4 months
of age the pup would still be breastfed by the mother. Mediterranean monk seal females give birth
to only one pup per year using coastal caves as shelter. Parturition usually occurs from September
to November [6–8] and the pup is breastfed up to five months of age, after which it begins to move
and feed itself [35,36]. The great ability of monk seals to travel long distances in the open sea and the
genetic results probably indicate that the mother of the pup was a vagrant individual coming from the
Ionian Islands (Greece) who chose the Apulian coasts for parturition.

In conclusion, the analysis performed in this study shows that the Mediterranean monk seal pup
found along the Apulian coast was probably born in this area and that its mother came from the Greek
islands in the Ionian Sea. An origin from the Ionian Islands has been hypothesized as they host the
only reproductively active population of monk seals within the Adriatic-Ionian region. Other areas
of the Adriatic Sea are only sporadically frequented by individuals of this species. The finding of a
Mediterranean monk seal born along the Apulian coast is an important event that proves the recovery
of this species in the Mediterranean basin and the probable recolonisation of areas from which it
had disappeared. The phenomenon of recolonization has already been hypothesized taking into
consideration the increase in sightings in areas of the Mediterranean Sea where the species is not a
stable resident [20]. For example, along the Lebanese coast a total of 47 sightings of Mediterranean
monk seals was recorded from 2004 to April 2020. These numerous and recent sightings could
indicate the presence of remaining individuals from an ancient population or could suggest a probable
recolonisation of the Lebanese coast by individuals from the closest reproductive populations of
Turkey and Cyprus, indicating an attempt to expand their distribution range [37]. On the other hand,
the lack of knowledge about the life cycle, behavior, and real distribution of the species highlights the
need to intensify research and monitoring activities. Gathering new information on M. monachus will
allow us to evaluate the current distribution of the monk seals within the Mediterranean Sea and to
understand if there are suitable habitats for the recolonisation of the species and the establishment of
new reproductive colonies. In addition, in areas where M. monachus populations are already present
and in those suitable for recolonisation, fishing activities could be well regulated and the degree of
anthropization and coastal habitat deterioration could be reduced. The development of appropriate
management plans will be therefore useful to reduce the threats to the species and to promote the
recovery and conservation of Mediterranean monk seal within its original distribution range.
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