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SUMMARY 

The Mediterranean Monk Seal is the sole pinniped inhabiting the Mediterranean Sea and sadly, it 

ranks among the most critically endangered marine mammals globally. Over recent decades, this 

species has faced a brutal decline both in its distribution and population numbers, leading to sporadic 

sightings today. 

The focal point of this thesis is to provide an updated assessment of the current status of the 

Mediterranean Monk Seal. This will be achieved through an attentive examination of the latest 

publicly available documents concerning its distribution, incidences of strandings, and the principal 

threats it encounters within the Mediterranean region. By synthesizing and analyzing these sources, 

the thesis aims to contribute to a deeper understanding of the challenges faced by this elusive predator. 

Understanding the distribution patterns of the Mediterranean Monk Seal is crucial for identifying its 

remaining habitats and potential areas for conservation interventions. Documenting and analyzing 

stranding cases not only sheds light on individual incidents but also helps to reveal broader trends 

and potential causes of mortality. Furthermore, identifying and assessing the major threats faced by 

the species, such as habitat degradation, human disturbance, and climate change, is essential for 

developing effective conservation strategies. 

In conclusion, by consolidating the latest research findings and insights, this thesis seeks to provide 

a comprehensive overview that can inform conservation policies and actions aimed at mitigating the 

decline of the Mediterranean Monk Seal and promoting its long-term survival in the face of ongoing 

environmental challenges. 
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1. INTRODUCTION 

With its 2,5 million of km2 and 46.000 km of coastal areas, the Mediterranean Sea boasts being a 

cradle of biodiversity, the importance of which is known since antique times. The so-called <Mare 

Nostrum= by ancient Romans, has always been the home of the most elusive and endangered pinniped 

in the world, the Mediterranean Monk Seal (Monachus monachus).  

Although it might be considered now a rather obscure species with only occasionally sporadic 

sightings registered, the Mediterranean Monk Seal appeared in many ancient myths and legends, 

indicating that it was a well-known resident of the Mediterranean Sea (W. M. Johnson and D. M. 

Lavigne, 1999a). First described by the German naturalist Johann Hermann back in 1779, its former 

range also included the waters of the Black Sea and the Atlantic Ocean areas from northern Spain to 

southern Morocco, including the Canary Islands, Azores, and Madeira. 

Today, because of changes driven by habitat deterioration, unpredictable threats as well as 

anthropogenic disturbances, the Mediterranean Monk Seal can be observed in three subpopulations 

located in the Capo Blanco peninsula, in the Madeira9s archipelago and in the Eastern Mediterranean, 

mainly between Greece, Cyprus and Turkey (A.A Karamanlidis et al., 2015) but occasional 

encounters far from those areas, such as the one occurred on the Apulian coast in 2020, might be a 

sign of an ongoing recolonization. 

Despite the important threats that the species is facing nowadays, the total population seems to be 

increasing. From being catalogued as Critically Endangered in 2008, the Mediterranean Monk Seal 

is now listed as Vulnerable under IUCN Red list, with the number of mature individuals being 

between 444-600 individuals (A.A Karamanlidis et al., 2023). 

The Mediterranean Monk Seal is currently protected at the national level in all the countries within 

its historical range and is listed in the main international conventions, such as the Council of European 

Communities Directive 92/43/EEC, the Bonn, Bern, CITES, Barcelona and Rio Conventions. 

However, specific conservation measures, including but not limited to habitat protection, contingency 

plans for disastrous events, mitigation of conflicts between seals and fishermen, increased scientific 

research involving the monitoring of monk seal distribution and abundance, as well as raising 

awareness among the population and the development of a monk seal rescue and rehabilitation 

network, are needed. 
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2. SPECIES PROFILE 

2.1 PHYLOGENETIC 

The Mediterranean Monk Seal (Monachus monachus, Hermann 1779) is one of the 33 species that 

make up the Pinnipedia order, which includes all semi-aquatic carnivorous mammals with limbs 

modified into flippers. These animals lead dual lives, spending considerable amounts of time in the 

water, performing activities such as hunting, while still relying on land or ice to rest, molt and give 

birth 3 characteristic that made them different when compared to other marine mammals such as 

cetaceans or sirenians, which are completely adapted to the aquatic environment.  

The current school of thought, after many years of debate, sees the Pinnipedia order as monophyletic 

with Mustelidae, that contains animals such as weasels, raccoons, skunks, and the red panda. The 

Pinnipedia order can be further divided into three monophyletic families: Otariidae (the eared seals, 

including sea lions and fur seals) and Odobenidae (with the walrus as the only living species) that 

form a clade by themselves and Phocidae (the earless or true seals) (T. Park et al., 2024) 

The Mediterranean Monk Seal is the rarest extant member of the last family and the sole 

representative of the genus Monachus. Its closest relatives, the endangered Hawaiian Monk Seal 

(Neomonachus schauislandii) (C. Littnan et al., 2015) and the extinct Caribbean Monk Seal 

(Neomonachus tropicalis) (L. Lowry, 2015), are classified in the new genus Neomonachus as they 

diverged from the Mediterranean Monk Seal lineage around 6.3 million years ago (D.M Scheel et al., 

2014).  

These two, once three, are the only pinniped species to inhabit exclusively low-latitude, temperate 

and tropical waters.  

2.2 BIOLOGY 

2.2.1 External appearance and anatomy  

The Monachus monachus is considered a medium-sized phocid; adult males average about 2.4 meters 

in length and can weigh up to 315 kg, while females are slightly shorter and weigh around 300 kg (P. 

Dendrinos et al., 2022). Nevertheless, episodic records registered a male reaching up to 400kg (D. 

Sergeant et al., 1978). The Mediterranean Monk Seal can live up to 30 years in the wild. However, 

little is known about their lifespan and breeding in captivity. Despite historical records of wild-

captured specimens, these animals have rarely adapted well to captivity and often died within weeks 

of capture (W. M. Johnson, 2004). 
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Most of the somatic characteristics of the Mediterranean Monk Seal are shared with the rest of the 

Phocidae family: an elongated and tapered body, covered by a thick layer of fat, without any external 

protrusions except for the limbs and the coat composition linked with sebaceous glands which make 

them perfectly adapted to the aquatic environment. However, some distinct traits make this species 

unique; for example, when comparing the Monachus with the Neomonachus genus, some differences 

include, but are not limited to, the average body size, with Neomonachus species being smaller; the 

coat coloring, with Monachus having a distinctive ventral white patch on the pelage; and skull 

morphology, which is narrower and more fragile in Neomonachus with less developed sagittal and 

occipital crests (D. M. Scheel et al., 2014). 

Mediterranean Monk Seals show sexual dimorphism. On average, adult males are heavier and overall 

larger but only about 5% longer than females, unlike other phocid species (e.g., elephant seals), where 

males can be significantly longer than females. This can be because Mediterranean Monk Seal 

appears to mate only in the water, opposite to other species which do mate on land (T. Pastor et al., 

2011). Another difference is found by looking at their pelage. Adult males are entirely covered by an 

overall black pelage with a whitish belly patch, while females are generally grey or brown with dorsal 

marks and a lighter belly. Usually, black spots are present within the patch (E. Badosa et al., 2006a). 

Dorsal marks appear to be more common in females rather than in males, suggesting that they are 

caused by males during mating (L. M. Gonzales et al., 2000).  

All the three species of Monk seals, hold the record of the shortest hair length among Pinnipeds, being 

approximately 0.5cm long (J. K. Ling, 1970). 

2.2.2 Molting 

Mediterranean Monk Seal appearance changes gradually between neonatal and adult pelage in a 

continuous process (L. M. Gonzales, 2000). At birth, pups are covered with a dark lanugo, which is 

approximately 1-1,5 cm long (P. Fernández de Larrinoa et al., 2021) with a whitish ventral patch. The 

shape of the ventral patch is sexually dimorphic, in females the caudal margin of the light spot is close 

to the tail and straight, with the umbilical slit falling within it. On the other hand, in males the caudal 

margin reaches, or almost reaches, the umbilical slit. The penile opening falls outside the ventral 

patch (E. Badosa et al., 2006a). Females lose the lanugo earlier and faster compared to males, so they 

complete the molt when they are significantly younger (64 days) than males (82 days). After shedding 

the lanugo, molted pups have a greyish dorsal and white ventral pelage. In females, the grey pelage 

is maintained in subsequent molts and throughout their lifespan (E. Badosa et al., 2006b). On the 

other hand, when males become bulls, they acquire a black pelage with a white, spotted ventral patch, 

that resembles their pup lanugo (L. M. Gonzales et al., 2000). In males, the process of developing the 
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mature pelage pattern of bulls is gradual. It involves at least two annual moults and can be completed 

by the age of 4 years. The intermolt period is close to one year, except in females nursing a pup. Such 

females have longer intermolt periods and can even molt whilst lactating (E. Badosa et al., 2006b). 

 

2.2.3 Reproductive biology  

Historical sources mention that Mediterranean Monk Seals once hauled out on open beaches (Lavigne 

and Johnson, 1999). Nevertheless, nowadays, they almost exclusively give birth and raise their 

offspring in marine caves (P. Dendrinos et al., 2007a). This behavior appears to have developed as an 

adaptation to centuries of human persecution, even though it is not ideal for pups (A. A. Karamanlidis, 

2015). It has been shown that pupping Mediterranean Monk Seals prefer caves where they cannot be 

seen, but that are not completely dark, have multiple escape routes, are not easily accessible to 

humans, have a low risk of pup washout, and benefit from beaches with a soft substrate. These 

requirements for the interior of the caves seem to be more important than the prevailing weather 

conditions and human activity outside (P. Dendrinos et al., 2007a). 

Unlike other phocids from higher latitudes, the pupping season for the Mediterranean Monk Seals 

seems extremely protracted. Births are generally recorded all throughout the year, with a small peak 

in October (M. Gazo et al., 1999); however, differences have been observed between the main 

populations. Monk Seal pupping season in the eastern Mediterranean Sea and the Archipelago of 

Madeira is quite synchronous, occurring mainly in October and November, while in the Cabo Blanco 

Peninsula, births can take place throughout the year (A. A. Karamanlidis et al., 2023). This non-

seasonal breeding activity is thought to be related to the generally stable weather conditions and 

relatively constant productivity that characterizes the area inhabited by the seals (M. Gazo et al., 

1999).  

Figure 1. Morphological stages of MMS. From Gruppo Foca Monaca APS (2024) 
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Sexual maturity is reached at around 3 years of age in females, while for males it takes longer, 

reaching it around the age of 6, after the second molt (P. Dendrinos et al., 2022). Monachus monachus 

have a moderately polygynous mating system (A. A. Karamanlidis., 2015), meaning that one male 

lives and/or mates with multiple females.  

Sexual activities have been observed in the aquatic territories outside the entrance of the caves, but 

none have been observed inside (T. Pastor et al., 2011). Some males defended aquatic territories 

surrounding the entrance to the breeding caves, while a larger number of males defended aquatic 

territories located along cliffs 5 to 30 km away from the breeding caves (T. Pastor et al., 2011). 

The gestation period lasts approximately 10 months, after which a single pup is born on land. 

Newborns are toothless with almost a fully black <lanugo= except for the unique whitish ventral patch 

(P. Fernández de Larrinoa et al., 2021). At birth, pups are approximately 1 meter long and weight 

between 15 to 18 kg. (MOm, 2023).  

The lactation period lasts between 4 and 5 months, which is significantly longer compared to other 

true seal species. During the first week after birth, the mother stays with the pup, constantly nursing 

it. After this week, the time spent nursing decreases as the mother begins to forage at sea, leaving the 

pup alone in the cave. Already since birth, pups are active and mobile, and swam frequently before 

molting or weaning occurred (A. Aguilar et al., 2007).  

2.2.4 Feeding habits  

The transition from suckling to active feeding is an important challenge that all mammal species face. 

Indeed, particular attention has been given to the diet during the post-weaning phase of the pups. 

Cem Orkun K1raç and Meltem Ok (2019) conducted the only study regarding the diet of a juvenile 

molted male Mediterranean Monk Seal pup of about 5 months. Throughout the analysis of the 

stomach contents, a total of 6 prey items from 2 families, respectively Octopodidae and Congridae 

were identified. Cephalopods represented the largest component (90.8% of the stomach contents), 

followed by teleost9s (8.9%). These results are coherent with other available literature (Pierce, 2011), 

in which members of the Octopodidae appear to be the preferred prey items for adult Mediterranean 

Monk Seals. Indeed, the Monachus monachus has been defined as a generalist opportunistic predator 

with a wide diet consisting mainly of cephalopods, such as Octopus, Sepia, and the squid Loligo spp.; 

fish of the families Mugilidae, Sparidae, and Clupeidae; and crustaceans such as lobsters (Palinurus 

spp.) (L. M. González, 1999). In some cases, also the presence of sponge (Sarcotragus sp.) and sea 

grass (P. oceanica) was unexpectedly detected (A. Salman et al., 2001).  
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2.2.5 Perception and Communication  

Mediterranean Monk Seals are perfectly adapted to their aquatic life. In water, they are able to see 

well; however, vision is limited in turbid conditions or when diving deeply or at night, so they also 

rely on their long vibrissae. The vibrissae are highly sensitive organs whose primary function is to 

detect vibrotactile information from the environment. In most phocid seals vibrissae are beaded in 

morphology with repeated crests all along their length; nonetheless, exceptions are seen in the 

Mediterranean Monk Seal, Hawaiian Monk Seal and Bearded Seal, which exhibit a smooth profile 

(C. Summarell et al., 2012).  

The sense of smell covers an important role in the life of the Mediterranean Monk Seals. In the first 

weeks of life, newborns strongly rely on smell to communicate and find their mother in the darkness 

of the caves where they live (MOm, 2023). 

As the other species belonging to the Phocidae family, Mediterranean Monk Seals don9t have an 

external ear lobe. Nevertheless, the sense of hearing is well developed, allowing them to hear higher 

sound frequencies then humans (MOm, 2023). 

Pinnipeds are among the most vocal of all mammalian taxa. Seals perform most vocalizations 

underwater (R. J. Schusterman et al., 2001). Isabelle Charrier et al. (2023) conducted the first and 

only study about underwater vocalization of the Mediterranean Monk Seal, in which 18 different call 

types have been described. The aerial vocal repertoire of the Monachus monachus has only recently 

been studied, and so far, five different call types have been identified and described: bark, chirp, grunt, 

short scream, and scream, with bark and scream being the two main call types (I. Charrier et al., 

2017).  

2.2.6 Thermoregulation  

The Mediterranean Monk Seal inhabits a warm water environment, which is unusual for most other 

pinnipeds. This species can tolerate high temperatures and avoid hyperthermia by maintaining a low 

metabolic rate while resting and by exposing its lighter belly (D. Marchessaux et al., 1987).  

The normal body temperature is approximately 38°C (MOm, 2023), and under the skin, there is a 

thick layer of fat known as blubber. The primary function of the blubber is to act as an insulator, 

keeping the body temperature constant both in water and on land. 

2.2.7 Diving behavior 

Compared to other pinnipeds, there is limited information on the diving capacities and patterns of 

Mediterranean Monk Seals.  
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Pups enter in water already during their first week of life and their diving performance increases 

progressively with age (M. Gazo et al., 2006). Their swimming activity was recorder to be greater at 

night than during the day. (M. Gazo et al., 2006).  

Cem Orkun K1raç et al. (2002) observed the diving behavior of free ranging Mediterranean Monk 

Seals in Turkish waters from 1993 to 1998. Over these five years, 20 separate diving episodes were 

recorded, 18 involving adult specimens and 2 involving juveniles. They calculated the mean dive 

duration and mean surface interval for both adults and juveniles. The results for adults were 384.9 

seconds (6.4 minutes) and 48.9 seconds (0.81 minutes), while for juveniles, the results were 407.9 

seconds (6.8 minutes) and 32.6 seconds (0.54 minutes) respectively. In most of the cases, the animals 

dived in limited areas near the coast and in relatively shallow waters, between 2 and 15 meters of 

depth. Only in 3 cases, the seals reached deeper waters, between 9.6 and 20 meters deep. 

The greatest depth recorded for the species was achieved by a rehabilitated juvenile Monk Seal, which 

reached an impressive 123 m (P. Dendrinos et al., 2007b).  

2.2.8 Ethology 

The elusive nature of the Mediterranean Monk Seal complicates the study of its behavior. Moreover, 

their tendency of inhabiting marine caves, beaches on remote islands and near cliff-bound continental 

coastlines has made it hard to even reach possible study areas.  

In 2003, P. Dendrinos et al (2007c) managed to determine and successfully place a video surveillance 

system in some caves within the National Marine Park of Alonissos, a complex of islands located in 

the northwestern Aegean Sea, which has been identified as an extremely important area for the 

survival of the species in Greece. This study allowed for the first time to shed a light on the social life 

of the Mediterranean Monk Seal. 

The name <Monk= mistakenly suggests that this seal species is solitary, unlike other phocids. This 

misconception originated from Johann Hermann, who named the species after the Greek word for 

monk, <Monachos=; however, the same word also means <alone=. This, added to the fact that 

Mediterranean Monk Seals are rarely seen in groups when at sea, made up the wrong idea that the 

species is solitary (P. Dendrinos et al., 2022). 

As already mentioned, historical evidence states that human pressures were actively responsible for 

driving seals to retreat in marine caves inhospitable for humans, instead of hauling out on sandy open 

beaches, their preferred habitat (Lavigne and Johnson, 1999).  
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Recent evidence from the Mediterranean Monk Seal population in the Aegean Sea suggests that 

aggregations of around 10 animals may occur in larger and higher-quality pupping caves, especially 

during pupping seasons. In these caves, females gather to give birth, while males range in the nearby 

waters to gain access to receptive females. (P. Dendrinos et al., 2022). 

Monachus monachus seems to have a complex matriarchal society, in which females higher up in the 

hierarchy gain access to the higher-quality pupping caves, while males compete for access to 

receptive females, with stronger males maintaining a loose harem. Younger or weaker males tend to 

be more solitary and less frequently seen in the caves (P. Dendrinos et al., 2022).  
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3. DISTRIBUTION AND SIGHTING ANALYSIS BETWEEN 2015 and 2024 

3.1 HISTORIC DISTRIBUTION 

Monachus monachus were once widely distributed throughout the Mediterranean and Black Seas, as 

well as the Canary, Madeira, and Azores Archipelagos (A.A. Karamanlidis, 2015). They also 

inhabited the coastal areas of northwestern Africa and the Iberian Peninsula in the northeastern 

Atlantic Ocean (L. M. González, 2015). 

Today, due to habitat exploitation and human persecution (Lavigne and Johnson, 1999; L. M. 

González, 2015), the population has been reduced to fewer than 1,000 mature individuals distributed 

among three different populations: one in the eastern Mediterranean Sea and two in the northeastern 

Atlantic Ocean (A. A. Karamanlidis et al., 2023). Recently, sightings of individuals have been 

recorded in Israel, Cyprus, Croatia and Italy (MOm, 2023). 

 

 

3.2 CURRENT DISTRIBUTION 

3.2.1 Eastern Mediterranean basin 

The Eastern Mediterranean basin presents significant challenges for estimating demographic 

parameters of the rare species Monachus monachus. The complex coastal morphology, with its 

numerous islands, and the species' distribution across the waters of several countries make it 

Figure 2. Distribution map of Monachus monachus 2023. Compiled by European Red List; 
IUCN & EU 2023 
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extremely difficult to establish accurate demographic criteria, often resulting in imprecise estimates 

(G. Pietroluongo et al., 2022a). The largest populations of Mediterranean Monk Seals are primarily 

found in the Ionian and Aegean Seas, along the coastlines of Greece and Turkey (MOm, 2023). 

In Greece, the Mediterranean Monk Seal is widely distributed along the 16,000 km of coastline and 

across more than 4,000 islands and islets. Thanks to the Hellenic Monk Seal Rescue and Information 

Network (RINT) by MOm, significant areas for the species have been identified, such as the island 

complex of Kimolos, Polyaigos, and Gyaros in the Cyclades, and the island complex of northern 

Karpathos, Saria, and Astakidonisia in the Dodecanese. Using a new approach based on "pup 

multipliers", Alexandros A. Karamanlidis (2024a) estimated that the total number of individuals in 

Greece ranges between 337 and 450, including 187 to 262 mature individuals. However, the 

challenging relationship between Mediterranean Monk Seals and fisheries necessitated the 

development of specific legislative, management, and financial measures to protect the species 

without adversely affecting the fishing community. In response, MOm created the "Action Plan for 

the Mitigation of Monk Seal and Fisheries Interactions in Greece" in 2009, in collaboration with 

various national and international experts. 

In Turkey, the distribution of the Mediterranean Monk Seal is highly fragmented, mainly along the 

Aegean coasts, except for Saroz and Edremit Bays, and the Teke Peninsula, as well as the 

mountainous part of the Mersin provincial coasts in the Mediterranean (H. Güçlüsoy et al., 2004). A 

few individuals are also present along the southern Sea of Marmara coast (Ö. Emek Inanmaz et al., 

2014), while the species is thought to be extinct in the Black Sea, with the last sighting occurring in 

1997 (C. K1raç, 2001). Important population nuclei have been identified on the island of Gökçeada 

in the northern Aegean Sea (A. Dede et al., 2019), in Gökova Bay (E. Saydam and H. Güçlüsoy, 

2023), and along the northeastern Mediterranean coast of Turkey (M. Kurt and A. C. Gücü, 2021). 

The Mediterranean Monk Seal has been under official protection in Turkey since 1977, and in 1991, 

a Turkish National Strategy for the conservation of the species was implemented. Since then, several 

minor conservation projects have been carried out by smaller individual parties (H. Güçlüsoy et al., 

2004). The total population of seals in Turkey is estimated to be between 76 and 102 individuals, 

including 42 to 59 mature ones (A. A. Karamanlidis, 2024a). However, deliberate killings by artisanal 

fishermen, entanglements in fishing gear, overfishing, and habitat destruction remain serious threats 

to the conservation of the species (Güçlüsoy, 2004). 

3.2.2 Archipelago of Madeira 

Historical evidence indicates that when the first Europeans arrived in Madeira in 1420, the 

Mediterranean Monk Seal population was thriving. However, the species experienced a significant 
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decline throughout the area due to brutal commercial expansion and increased human activity (R. 

Pires et al., 2008). To address this, the Parque Natural da Madeira Service initiated a Monk Seal 

Conservation and Monitoring Program in 1988, and two years later, the Desertas Islands were 

declared a Nature Reserve. Thanks to these conservation efforts (H. C. Neves and R. Pires, 1999) and 

continuous monitoring of the area, the Monk Seal population reached 27 individuals by 2021 (R. 

Pires et al., 2023). 

3.2.3 Cabo Blanco peninsula 

At the start of the 20th century, the species was considered extinct due to the massive hunting along 

the rapid development of the coastal areas, until the colony in Cabo Blanco was discovered in 1945. 

Half a century later, in 1994, the CMS Parties involved in the COP meeting in Nairobi, fostered the 

development of a conservation plan for the Mediterranean Monk Seal (CMS, 2021). Then, the 

occurrence of a devastating mass die-off in the spring of 1997 reduced the population size from a 

previous 350 individuals (CMS, 2021) to just 109 individuals. Since mortality was age-specific, with 

adults being the most affected, the population's age composition changed, leading to a decrease in the 

reproductive potential (J. Forcada et al., 1999).  

Maribel Reyero et al. (1999) conducted a study to determine the cause of the population decimation. 

Their research indicated that the decline was due to a toxic algal bloom, most likely originating from 

the dinoflagellate Gymnodinium catenatum, combined with a morbillivirus outbreak. Cultures of G. 

catenatum typically exhibit a broad toxin profile capable of killing a large number of adult seals. 

Under the framework initially established by CMS, an Action Plan implemented by several nations 

has yield impressive results in the recovery of the population (CMS, 2021). Nowadays, the Cabo 

Blanco Peninsula is home to a large population of Mediterranean Monk Seals, estimated at 

approximately 330 individuals (A.A. Karamanlidis, 2015; P. Dendrinos et al., 2022) that retains the 

structure of a colony as seen in other pinnipeds (L. M. González et al., 1997; M. Martínez-Jauregui 

et al., 2012). 

3.2.4 Sightings in Italy 

The current status of the Mediterranean Monk Seal in Italy remains largely unknown. The limited 

information available (G. Mo, 2011; G. La Mesa et al., 2021), which mostly comes from sporadic 

third-party sightings, is insufficient to confirm the presence of a resident population (G. Mo, 2013). 

The aim of this chapter is to collect and analyze data obtained from sightings, environmental DNA, 

camera traps, and necropsies of deceased specimens along the Italian coasts between 2015 and 2024. 

This analysis seeks to identify signs of a potential recolonization of Monachus monachus in Italy. 
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The sightings mentioned in this chapter have all been validated by ISPRA, SNPA, ANSA and other 

reliable sources, and are supported by video and/or photographic evidence. 

In 2015, a group of divers exploring a cave in the Marine Protected Area of Portofino (AMP 

Portofino) in Liguria encountered a seal. One of the divers managed to capture a photograph of the 

animal, and another diver estimated its length to be around 2 meters. The location of the encounter is 

consistent with the preferred habitat of the species, characterized by numerous caves and big rocks 

that form natural pools, as well as the presence of the species' preferred prey, such as the Common 

Octopus and the Common Cuttlefish. In the days following the encounter, the director of the AMP 

monitored that area and other potential habitats for the Mediterranean Monk Seal. However, these 

efforts were unsuccessful as the animal was not sighted again. 

During the winter of 2016, a Mediterranean Monk Seal was captured by camera traps in a cave within 

the Marine Protected Area of the Egadi Islands in Sicily. This sighting reaffirms the area's strategic 

importance for the species. Notably, this was not the first instance; another seal was recorded several 

times in the same location during the winter of 2011-2012, years in which the monitoring program 

with camera traps started. These data suggest the presence of multiple individuals in the Egadi Islands 

over recent years. In fact, the region provides an ideal habitat for the Monk Seal, with numerous caves 

and an abundance of prey such as the Common Octopus. During the summer, another Mediterranean 

Monk Seal was reportedly sighted in the Venice Lagoon. However, no concrete evidence, such as 

photographs or videos, was collected to verify the sighting. In the same area, several reports occurred 

in 2013 and during one of these fortunate events, a video was made, capturing the presence of a seal 

in the Grand Canal of Venice. 

In 2017, another Mediterranean Monk Seal was captured by camera traps in the Marine Protected 

Area of the Egadi Islands. In the same year, a seal was spotted off the port of Tricase, in Salento 

(Apulia). The last reported sighting in Apulia dates to May 1983 reported in the same location (P. Di 

Turo, 1984).  

Between 2018 and 2019, no sightings have been reported and validated by ISPRA or other reliable 

sources. 

On January 27th, 2020, a female monk seal pup was spotted near <Torre di San Gennaro= in Apulia. 

The specimen was found emaciated and lethargic. Despite intervention from the regional veterinary 

team, it died the following day. A necropsy performed within 12 hours of its death by S. Mazzariol et 

al. (2021) revealed the presence of Cetacean Morbillivirus (CeMV) and a co-infection of Toxoplasma 

gondii, which probably resulted from CeMV-induced immunosuppression (A. Petrella et al., 2021). 
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In June, following several reports at Capraia Island (Tuscan Archipelago), two researchers from 

ISPRA inspected the "Cave of the Seal" and observed a specimen resting inside. To avoid disturbing 

the animal, they exited the cave and returned the next day to collect fecal samples and install a camera 

trap. In October, another seal was sighted and captured by a video in the Tuscan Archipelago, this 

time off the east coast of Pianosa Island. Following these sightings, the National Park of the 

Archipelago in collaboration with ISPRA, initiated a monitoring program by installing additional 

camera traps in caves deemed suitable for the species. In November, a Mediterranean Monk Seal was 

captured by a video off Lampedusa Island shore.  

Several sightings occurred in Apulia in 2021 off the shores of Gallipoli, Nardò, and Porto Cesareo 

(G. Mo, 2021). The coasts of Salento are part of the historic range of the Mediterranean Monk Seal, 

characterized by numerous caves with emerged areas and submerged entrances that are difficult for 

humans to access. Additionally, given the proximity of these areas to the main reproductive colonies 

in Greece, it is plausible that some individuals from these colonies could reach and frequent the 

Apulian coasts (G. Mo, 2021). In light of this evidence, camera traps have been placed in certain 

suitable caves of the Special Zone of Conservation of Torre Uluzzo (LE) and a monitoring program 

has been initiated (G. Mo, 2021). Apart from Apulia, the presence of the Monachus monachus was 

reported also in Basilicata and Calabria. A particularly noteworthy sighting occurred in the Marine 

Protected Area of Capo Rizzuto (CR), where a seal was observed for at least an hour, surfacing every 

five minutes. During one of these events, a video was captured as evidence. This pattern suggests that 

the animal was either hunting or sleeping underwater, surfacing only to breathe. Recent studies on 

the sleeping behavior of the Mediterranean Monk Seal indicate that, like other true seal species, it is 

able to sleep underwater (A. A. Karamanlidis, 2017). 

Between 2020 and 2021, data collected through an environmental DNA-based technique by 

researchers from the University of Milan 3 Bicocca, in collaboration with Gruppo Foca Monaca APS, 

identified six "hot-spots" where Mediterranean Monk Seals are found. These include five areas in 

Italy and one in the Balearic Archipelago. The five areas in Italy are the upper Adriatic between Istria 

and the Venice Lagoon, Salento-Gulf of Taranto, the smaller Sicilian islands, eastern Sardinia-Caprera 

Canyon, and the Tuscan Archipelago. 
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In 2022, the camera traps installed at Capraia in 2020 captured footage of a Mediterranean Monk Seal 

resting in the dry part of the cave. The consistent presence of seals in this area over the years is well-

justified by its favorable characteristics. In the same year, a project supported by the Blue Marine 

Foundation was initiated, involving several Italian Marine Protected Areas (MPAs). The specific aim 

of the project in the Tuscan Archipelago is to develop an action plan for the protection and mapping 

of marine caves, with particular attention to those suitable for the seals. A part for Tuscany, several 

sightings mentioned in the dedicated Facebook page of ISPRA have been reported in Apulia, Calabria, 

east side of Sicily and its minor islands. 

During May 2023, a new sighting was documented off the west coasts of Capri and off the shores of 

Lesina (FG), while in June, another specimen was confirmed visiting a cave in Capraia. The images 

obtained by the cameras in the Tuscan Archipelago are the last validated news about the 

Mediterranean Monk Seal along Italian coasts. In the same year, a new research initiative for the 

monitoring of the Monachus monachus involving environmental DNA (eDNA) was launched in the 

Pelagos Sanctuary, located in the northwestern Mediterranean Sea. 

Through the collection of all the information mentioned in this chapter, it was possible to build an 

updated map regarding the current distribution of the Monachus monachus in Italy between 2015 and 

2024. By comparing this map with the one developed by Spot the Monk (2021) (Figure 3) it's 

noticeable that the Italian "hot-spots" mostly align with where these elusive marine mammals have 

Figura 3. Map indicaAng the distribuAon of the 6 "hot-spots" for the MMS in the Mediterranean Sea (2021). 

Developed by "SPOT the MONK" project by University of Milan-Bicocca 
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been sighted. This coherence underscores the reliability of the data and emphasizes the importance 

of these areas for Monachus monachus conservation efforts in Italy. 

Although the recolonization of the species' ancient range seems distant, the collection and validation 

of sightings, combined with scientific methodologies, the development of targeted projects, and 

specific legislation, are beginning to show promising results in enhancing the protection and potential 

re-establishment of the Mediterranean Monk Seal. 

  

Figure 4. Map showing the sighAngs of MMS between 2015 and 2024. Each point represents a veriûed sighAng, indicaAng the seal's 

presence and potenAal recolonizaAon of its historic range. The color coding has been selected in respect of the year of the sighAng: 

2015: purple; 2016: blue; 2017: burgundy; 2020: green; 2021: yellow; 2022: orange; 2023: violet. 
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4. METHODOLOGIES AND eDNA 

4.1 e-DNA 

Over the past few years, Environmental DNA (e-DNA) has emerged as a revolutionary tool for cost-

effective, sensitive, and non-invasive species monitoring (P. Suarez-Bregua et al., 2022). It can be 

extracted from environmental samples such as water, soil, or air without firstly isolating any target 

organism (P. Taberlet et al., 2012). There are 3 major steps to detect aquatic macroorganisms from 

water samples. Firstly, the e-DNA is collected through filtration, precipitation or centrifugation and 

ultrafiltration of a water sample, then, the e-DNA is extracted and purified using a commercial kit or 

through a liquid phase extraction method and finally, based on the aim of the research, the e-DNA is 

detected through a species-specific detection method or by e-DNA metabarcoding. (S. Tsuji et al., 

2019). 

 

 

As mentioned multiple times throughout the chapters, the current distribution of the Mediterranean 

Monk Seal is still only partially defined, mostly relying on sporadic sightings that may remain 

unverified and on remote camera traps placed at sites where adult females are known to reproduce 

(E. Valsecchi et al., 2022). In addition, little is known about their foraging areas, social interactions, 

and actual range during non-breeding seasons (E. Valsecchi et al., 2022). The Monachus monachus 

is an ideal species to be monitored with e-DNA. In fact, this method can represent a valid approach 

for regular monitoring of priority conservation areas or other defined sites, such as near breeding/pup-

ping sites or expected underwater resting/sleeping sites. It can also be used to validate observations 

outside monitoring areas, investigate range expansions, and explore yet unstudied facets of the 

biology of this threatened species, such as habitat use, feeding habits, and movements during non-

reproductive seasons, with a particular focus on offshore waters (E. Valsecchi et al., 2022). 

Figure 5. ApplicaAon of e-DNA methodology for marine mammals 

monitoring (single species, biodiversity and geneAc 

characterizaAon). From P. Suarez-Bregua et al. (2022) 
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4.2 VISUAL METHODS  

4.2.1 Remote camera traps 

The use of remote cameras has proven to be a valuable methodological tool, enabling researchers to 

gain insights into species like Monachus monachus, which are difficult to observe directly and present 

ethical and conservation challenges (S. Hamel et al., 2013). Due to its critical population status, the 

chosen study methods should aim to avoid disturbing the animals. On the other hand, the obtained 

pictures and videos need to meet specific criteria to be useful for further research (A.C. Gucu, 2009).  

Ali Cemal Gucu (2009) conducted a study on the possible deterrent effect of visual-flash photo traps 

in caves attended by Mediterranean Monk Seals. Two different modern systems were used for this 

research: one with photo traps equipped with an infrared light source, which is invisible to the seals, 

and the other with a built-in flash that provides enough light to capture detailed pictures even in total 

darkness. The study demonstrated that even if the seals noticed both types of photo traps, they never 

fled the cave but returned to rest. However, a significant difference was found in the average haul-

out time, with seals exposed to the visible flash hauling out longer compared to those exposed to the 

infrared light. 

In conclusion, while e-DNA techniques are under development, the use of photo traps is still a vital 

tool to shed a light on the elusive lifestyle of this pinniped. 

4.2.2 Sighting network 

Prior to the development of modern technologies, assessing the existence of a rare species was only 

possible through occasional chance sightings (A. R. Solow, 1993). Especially in low-density areas 

like Italy, whenever a sighting occurs, it is most likely to be validated by experts from the Major 

Institute for the Protection and Environmental Research (ISPRA) or Gruppo Foca Monaca (GFM) 

ASP. GFM was established in 1976 under WWF Italy, with the aim of promoting the protection of 

the last nuclei of Mediterranean Monk Seals present on some Italian coastlines (Gruppo Foca Monaca, 

2024). A similar association is also present in Greece, under the name of The Hellenic Society for the 

Study and Protection of the Monk seal (Mom). 

Since the possibility of encountering a seal along the Italian coasts is increasing, both ISPRA and 

GFM have established guidelines to avoid disturbing the animals while informing researchers and the 

port authority. It is important to observe the seals from a safe distance, noting their behavior and 

physical characteristics, such as fur color, body dimensions, and shape (ISPRA). After the encounter, 

is good to fill out a specific <form for sightings= present on the website of Gruppo Foca Monaca.  
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4.3 PASSIVE ACOUSTIC MONITORING 

Passive acoustic monitoring (PAM) has become a feasible method for investigating acoustic behavior 

and measuring the temporal and spatial distributions of marine mammals over large areas (H. Frouin-

Mouy et al., 2016). This technology involves autonomous underwater recorders that document 

vocalizations useful in management applications across all spatial scales (S. M. Van Parijs et al., 

2009).  

Although PAM has primarily been used with cetaceans, it now holds potential for studying many 

other marine animals, such as pinnipeds, sirenians, and fishes (S. M. Van Parijs et al., 2009). It can 

track and localize marine animals by utilizing their underwater vocalizations (S. M. Van Parijs et al., 

2009). Considering that the first study of underwater sounds of Mediterranean Monk Seals was only 

recently conducted by Isabelle Charrier et al. (2023), the findings of this research can be used to 

develop a long-term acoustic monitoring scheme for the reproductive areas of this species, as well as 

for identifying new potential areas of species occurrence.  

4.4 CITIZEN SCIENCE 

The terminology <Citizen Science= broadly refers to the active engagement of the general public in 

scientific research tasks (K. Vohland et al., 2021). In fact, citizen science can expand research 

capacity, offer stimulating opportunities for participants, engage volunteers directly in conservation 

science and management, and enhance science and environmental literacy (E. R. Ellwood et al., 

2017). 

Nowadays, even though Marine Citizen Science is still underrepresented compared to Terrestrial 

Citizen Science (S. Adamantopoulou et al., 2023), important studies like the one conducted by E. 

Valsecchi et al. (2022), in which most of the water samples were collected through a citizen science 

project, have demonstrated the reliability of this tool in marine mammal conservation 
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5. STRANDING FINDINGS AND MAJOR THREATS IN THE MEDITERRANEAN 

AREA 

5.1 PARASITES AND INFECTIOUS DISEASES 

5.1.1 Parasites 

Very little is known about the parasites of Monachus monachus. However, ectoparasites as well as 

endoparasites and protozoa have been identified so far (Table 1).  

Ectoparasites Mites Orthohalarachne diminuata (E. Danyer et al., 2017) 

Halarachne halichoeri (N. Athinaiou et al., 2023) 

Lice Lepidophthirus piriformis (D.I. Blagoveshtchensky, 

1966) 

Endoparasites Nematodes Anisakis pegreffii (C. Crety, 1890) 

Contracaecum sp. (B. Schnapp et al., 1962) 

Acanthocheilonema spirocauda (E. Papadopoulos et al., 2010) 

Uncinaria hamiltoni (A. Th. Komnenou et al., 

2021) 

Pseudoterranova spp. (E. Koitsanou et al., 2022) 

Platyhelminths Diphyllobothrium elegans (S. Marowski, 1952) 

Diphyllobothrium sp. (B. Schnapp et al., 1962; K. 

Ronald, 1973) Diplogenophorus tetrapteus 

Bothriocephalus sp. 

Cysticerus cellulosae 

Braunina cordiformis (E. Danyer et al., 2017) 

Protozoa Kinetoplastea Leishmania sp. (N. Toplu et al., 2007) 

Apicomplexa Toxoplasma gondii (S. Mazzariol et al., 2021) 

5.1.2 Zoonoses 

In 2007, for the first time in a Mediterranean Monk Seal, Parapoxvirus infection was found by N. 

Toplu et al. (2007). The genus Parapoxvirus belongs to the subfamily Chordopoxvirinae of the family 

Poxviridae (M. H. V. Van Regenmortel and B. W. J. Mahy, 2008); however, they possess a unique 

spiral coat that distinguishes them from other poxviruses (A. M. López López et al., 2019). 

Another important zoonosis found in Mediterranean Monk Seals is Morbillivirus. According to recent 

findings by S. Mazzariol et al. (2021) on a stranded pup along the southern Adriatic Italian coast, 

Table 1. Summary of the main parasites detected in MMS. 
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Cetacean Morbillivirus was detected, indicating that interspecies transmission from cetaceans to 

pinnipeds has occurred. 

5.2 UNPREDICTABLE THREATS  

Unpredictable threats, such as cave collapses (L. M. González et al., 1997) and mass mortality 

events like the one that occurred in Cabo Blanco in 1997 (J. Forcada, 1999), have severely impacted 

the species in recent years. These threats are particularly significant in the northeastern Atlantic due 

to the species' limited geographical range in the region (A. A. Karamanlidis and P. Dendrinos, 

2024). 

5.3 INTERACTIONS WITH FISHERIES  

The innate curiosity and ingenuity of the Mediterranean Monk Seal have enabled it to find creative 

solutions in its search for food. The main strategy involves interactions with fisheries; in fact, this 

species has learned how to steal fish from fishing gear. This has created problems with local 

fishermen, resulting in deliberate killing and entanglement episodes. On the other hand, 

overexploitation of fish stock may be a significant threat for the seals (P. Dendrinos et al., 2022).  

5.3.1 Intentional killing 

The Mediterranean Monk Seal is often blamed for the financial losses associated with its interactions 

with coastal fisheries, as fishermen perceive the seals as competitors (P. Dendrinos et al., 2022). The 

interaction between seals and fishermen often results in damage to fishing gear, leading to aggressive 

responses that usually result in the intentional killing of the animals (M. Solanou et al., 2024). The 

most common methods used by fishermen to deter seals include lights, feeding them pesticide-

injected fish, noise generation, warning shots, direct shots with rifles, and physical exclusion to keep 

them away from cages and nets (H. Güçlüsoy and Y. Sava_, 2003). This problem, exacerbated by 

overfishing, appears to be a major factor in the species' significant decline over time (P. Dendrinos et 

al., 2022). 

5.3.2 Entanglement 

Accidental entanglement in fishing gear has been identified as one of the most important threats to 

Monachus monachus (A. A. Karamanlidis et al., 2008). While stealing from fishing gear may provide 

a convenient foraging technique, it comes with a high risk, especially for inexperienced young 

specimens (A. A. Karamanlidis et al., 2008). Accidental drowning after entanglement may account 

for more than 46% of recorded deaths among subadult monk seals (MOm, 2023). 
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5.3.4 Overfishing 

In the Mediterranean Sea, the largest portion of fisheries resources has already been exploited to an 

unsustainable degree and continues to decrease in biomass (P. Dendrinos et al., 2022). The decline of 

target species for the Mediterranean Monk Seal, such as the common octopus, can negatively affect 

the population (A. Salman et al., 2001) by reducing reproduction rates, lowering pup and juvenile 

survival rates, and ultimately compromising the viability of the entire population (P. Dendrinos et al., 

2022). 

5.4 HABITAT DEGRADATION 

Increased human activity in coastal areas has gradually degraded suitable habitats for the 

Mediterranean Monk Seal. Over the centuries, this has become a major threat, forcing the seals to 

rely predominantly on marine caves, thereby decreasing their overall chances of survival (MOm, 

2023). 

5.4.1 Tourism 

Mass tourism has been identified as one of the most significant causes of decline affecting this species 

in several key areas, such as France and Corsica, Spain and the Balearic islands, Croatia, Italy and 

Sardinia, and Tunisia (W. M. Johnson and D. M. Lavigne, 1999b). The growing popularity of 

recreational aquatic activities such as snorkeling, scuba diving, yachting, and kayaking, coupled with 

a rising public interest in nature and animals, has led to increased encroachment on marine caves (P. 

Dendrinos et al., 2022), which are of furthermore importance for this species to breed successfully 

(W. M. Johnson and D. M. Lavigne, 1999b).  

5.4.2 Costal development 

The ongoing expansion of coastal development to accommodate tourism, along with urbanization, is 

affecting the terrestrial habitat of the Mediterranean Monk Seal. Unsustainable coastal development, 

combined with the recreational aquatic activities mentioned in the previous chapter, results in the loss 

of suitable habitat for this endangered species (P. Dendrinos et al., 2022). 

5.5 POLLUTION 

Coastal ecosystems are subjected to greater anthropogenic impact compared to other environments. 

Pollutants and biologically active substances are often released in large quantities into coastal areas 

without adequate treatment and control (R. Danovaro, 2003). In the Mediterranean Sea, pollution is 

also evidenced by the high quantities of contaminants such as micro-litter (G. Pietroluongo et al., 

2022b), organochlorine compounds and polycyclic aromatic hydrocarbons (F. Capannia et al., 2024), 

and heavy metals (A. Yediler et al., 1993) found within the tissues and hairs of stranded marine 

mammals, including the Mediterranean Monk Seal. 
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5.6 OTHER SOURCES OF MORTALITY 

5.6.1 Climate change 

Climate change is predicted to have a serious impact on the marine ecosystem. Even if no direct effect 

has been documented so far (A. A. Karamanlidis and P. Dendrinos, 2024) for the Monachus 

monachus, a rise in sea level or the increased occurrence of intense weather phenomena can 

compromise suitable caves and beaches for the species, affecting breeding as well (P. Dendrinos et 

al., 2022). Furthermore, an increase in sea temperature can result in the arrival of alien species in the 

Mediterranean Sea, particularly from the Red Sea, which could potentially affect the feeding habits 

of the species (A. A. Karamanlidis and P. Dendrinos, 2024). 

5.6.2 Genetics 

Especially when discussing endangered species such as the Mediterranean Monk Seal, the potential 

impact of a lack of genetic diversity should not be underestimated (A. A. Karamanlidis et al., 2016). 

Low genetic variability can increase the species' vulnerability to infectious diseases (S. J. O'Brien and 

J. F. Evermann, 1988), leading to devastating effects in small populations, as seen in the 1997 mass 

die-off in Cabo Blanco. Another issue is inbreeding, which is often a result of small population sizes 

or bottlenecks (P. W. Hedrick and S. T. Kalinowski, 2000). This can lead to low natality rates (A. C. 

Gucu et al., 2004) and poses a significant threat to the species' recovery. 

5.6.3 Eventual predation 

The Mediterranean Monk Seal is the only seal species inhabiting the Mediterranean Sea. Although 

there is currently no scientific literature indicating competition between this species and other 

megafauna for food sources (A. A. Karamanlidis and P. Dendrinos, 2024), an instance of predation 

by a Great White Shark in the Balearic Islands was described by Juan Antonio Pujol Fructuoso (2015). 
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6. INTERNATIONAL LEGISLATION AND CONSERVATION PRIORITIES 

The Mediterranean Monk Seal is currently protected throughout its range by various national laws 

and several regional and international treaties. These include the Convention on International Trade 

in Endangered Species of Wild Fauna and Flora, the Convention on the Conservation of Migratory 

Species of Wild Animals, the Convention on the Conservation of European Wildlife and Natural 

Habitats, the Convention on Biological Diversity, and the United Nations Convention on the Law of 

the Sea. Additionally, European Union regulations such as Council Directive 92/43/EEC-Natura 2000 

on the Conservation of Natural Habitats of Wild Fauna and Flora, and Directive 2008/56/EC of the 

European Parliament and of the Council of 17 June 2008, also provide protection (L. D. E. Isräels, 

1992; A. A. Karamanlidis, 2024b). Under this legal framework, most countries within the 

Mediterranean Monk Seal's range have identified conservation priorities and are undertaking essential 

conservation actions. These actions are incorporated into local, national, and regional plans for the 

species' protection (A.A. Karamanlidis, 2024b).  

Although the relative importance of identified conservation priorities varies among countries due to 

differences in population dynamics, public acceptance, and available funding (A. A. Karamanlidis et 

al., 2015), a summary of the main priorities is generally consistent globally. The conservation actions 

for the Mediterranean Monk Seal include (A. A. Karamanlidis et al., 2023) 

1. Strengthening the legal framework for the protection of the terrestrial and marine habitat of 

the species, especially in the area of Cabo Blanco  

2. Effective protection of the species (i.e. reduction of deliberate killing) and its terrestrial and 

marine habitat  

3. Scientific population and habitat monitoring (including, for example, estimating population 

demographics and vital rates and determining food availability and primary causes of death)  

4. Rescue and rehabilitation of injured, orphaned and sick individuals to increase neonatal 

survival rates  

5. Public awareness and education  

6. Monitoring and mitigating negative seal3fishery interactions  

7. Expansion of the species9 current geographic range in the Atlantic Ocean (L. M. González, 

2015) 

Despite recent positive population trends in some key subpopulations, the Mediterranean Monk Seal 

remains one of the most endangered marine mammals on Earth (A. A. Karamanlidis et al., 2015). To 

ensure the continued recovery of this species, it is essential to pursue all previously mentioned priority 

conservation actions vigorously and systematically (A. A. Karamanlidis, 2024b). 
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7. CONCLUSIONS 

The Mediterranean Monk Seal, once considered a symbol of the Mediterranean Sea, has experienced 

a severe decline, primarily due to historical human hunting. Today, the species is confined to three 

small populations spread between the Mediterranean Sea and the Pacific Ocean, facing daily 

challenges from significant threats. 

However, recent data collected through both established and forward-looking techniques indicate that 

the Mediterranean Monk Seal is resiliently battling against extinction. Over the years, advancements 

in scientific monitoring, such as remote cameras, acoustic technologies, and genetic analyses, have 

provided invaluable insights into the behavior, distribution, and health of this elusive pinniped. These 

efforts have revealed encouraging signs of recovery in certain subpopulations, underscoring the 

species' capacity for survival despite formidable challenges.  

As of today, concerted and sustained conservation efforts can ensure the continued recovery and 

preservation of this species. By protecting habitats, mitigating threats, and fostering a deeper 

understanding and appreciation of this enigmatic species, we can secure a future where the 

Mediterranean Monk Seal thrives once again in its historic home, the <Mare Nostrum=.  
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