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The complete replacement of degraded fur through
shedding or molting is an important aspect of the
life history of mammals that can have significant
effects on their behavior (Dawson et al., 2000)
and, ultimately, determine their individual fitness
(Beltran et al., 2018a). In semi-aquatic animals,
such as pinnipeds, additional selection pressures
apply due to the increased thermal conductivity of
their marine habitat. This fact practically separates
phocid seals (family Phocidae) that inhabit both
polar and non-polar environments from sea lions
and fur seals (family Otariidae) that inhabit almost
exclusively temperate and tropical environments
(Beltran et al., 2018a). Furthermore, partly to
offset some of the additional thermoregulatory
costs associated with molting, some pinnipeds
may move to warmer waters (Boily, 1995), while
others may spend more time on land (Carlens
et al., 2006). Within the Pinnipedia, members of
the tribe Monachini (i.e., northern and southern
elephant seals [Mirounga angustirostris & leo-
nina], and monk seals [Monachus monachus and
Neomonachus sp.]) hold a unique position as they
are the only seals to shed their fur with large sheets
of cornified epidermis (Ling, 1970). Information
on the molting process is available for some Arctic
seals (e.g., spotted seals [Phoca largha], ringed
seals [Pusa hispida], bearded seals [Erignathus
barbatus]) and is important for conservation and
management purposes (Thometz et al., 2021).
Despite its importance, however, molting is still
poorly understood in many species (Beltran et al.,
2018a), including the Mediterranean monk seal
(Monachus monachus).

The Mediterranean monk seal is the rarest extant
species of seal and the only resident pinniped in the
Mediterranean Sea. This species has been listed
as “Endangered” by the International Union for
Conservation of Nature (IUCN), and the global

population has been estimated at fewer than 700
individuals (Karamanlidis & Dendrinos,2015). The
largest Mediterranean monk seal subpopulation,
currently occupying more than 90% of the species’
Area of Occupancy (AOO), occurs mainly around
the islands and the coasts of mainland Greece,
Turkey, and Cyprus in the eastern Mediterranean
Sea (Karamanlidis et al., 2019) and has recently
been showing encouraging signs of subpopulation
recovery (Nicolaou et al., 2019; Dendrinos et al.,
2020). Improving our knowledge of the species’
life history, including the chronology of molt (i.e.,
sequential timing of the main molting events), is
essential to understanding the demographic param-
eters and ecological needs of Mediterranean monk
seal populations (Samaranch & Gonzilez, 2000)
and, consequently, for designing and implementing
effective conservation measures.

Mediterranean monk seals and their close
relatives, Hawaiian monk seals (Neomonachus
schauinslandi), are known to undergo annual “cat-
astrophic” molts, which involve the rapid, nearly
simultaneous shedding of all pelage (Badosa et al.,
2006; Robinson et al., 2020). Detailed informa-
tion on the molting patterns, mainly on the molt-
ing phenology of the species, is available only
for the Mediterranean monk seal subpopulation
at Cabo Blanco in the northern Atlantic (Badosa
et al., 1998, 2006; Samaranch & Gonzalez, 2000).
In the subpopulation in Cabo Blanco, the molt
chronology from birth to the acquisition of the
bull pelage of male Mediterranean monk seals
has been documented so far only in one single
individual (Badosa et al., 2006). Only circumstan-
tial information exists on the molting patterns of
wild (Gii¢liisoy & Savag, 2003) and rehabilitated
(Androukaki et al., 2002) monk seals in the east-
ern Mediterranean subpopulation. Considering the
possibility of population-specific differences in the
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molting patterns and the existing major differences
in basic ecological and demographic parameters
between the Mediterranean monk seal subpopula-
tions in Cabo Blanco and the eastern Mediterranean
(Karamanlidis et al., 2016), molt information from
Cabo Blanco may not apply equally to the eastern
Mediterranean population. This note describes for
the first time the complete molting chronology of
a male Mediterranean monk seal from the eastern
Mediterranean subpopulation.

The study involves an orphan male Mediterranean
monk seal pup that was found on 14 November 2016
on the Chalkidiki Peninsula in northern Greece
and admitted to a dedicated rehabilitation program
(Androukaki et al., 2003) on 17 November 2016 at
an estimated age of 18 d postpartum. After 121 d
of rehabilitation, the pup (code-named “Bill”) was
released on 18 March 2017 in the National Marine
Park of Alonissos, Northern Sporades (NMPANS),
a marine protected area dedicated to the protec-
tion of the Mediterranean monk seal where human
activity is closely monitored (Karamanlidis et al.,
2004). Upon release, the seal bore a pair of yellow
plastic tags (Temple Tags Inc., Temple, TX, USA)
on its hind flippers and an identification micro-
chip. Information on the molt chronology was col-
lected through the Hellenic Monk Seal Rescue
and Information Network, a citizen-science proj-
ect dedicated to recording monk seal presence in
Greece (Adamantopoulou et al., 1999). All of the
information was collected by citizens, verified by
our research team—either on site or using the pro-
vided audiovisual material (i.e., photographs and/or
video)—and presented using the age classification
by Samaranch & Gonzélez (2000)—that is, (1) pup
— dependent on the mother, without signs of sexual
maturity and growing; (2) juvenile — not dependent
on the mother, without signs of sexual maturity and
growing; (3) subadult — growing, some occasionally
with signs of sexual maturity; and (4) adult — not
growing and showing signs of sexual maturity.

Pup

Upon admission to the rehabilitation program, the
seal bore the characteristic black lanugo fur of
Mediterranean monk seal pups, with the sexually
dimorphic patch on the ventral side (Figure 1A).
Molt of the lanugo fur started on 2 December
2016 at the age of 33 d postpartum (Figure 1B)
and was completed on 13 January 2017 at 75 d
postpartum. The first molt started from the back
of the head, progressing rapidly around the neck
and anterior dorsal body area, followed by the
ventral body area, the snout, the fore flippers, and
finally the hind flippers. Upon completion of the
first molt, the seal had a uniformly grey pelage
(Figure 1C).

Juvenile

On 22 August 2017 (Figure 1D) and on 29 April
2018 (Figure 1E), the seal was observed resting
and molting on open beaches in the NMPANS;
large portions of the pelage, mainly on the dorsal
body area of the animal, were brown. These molt-
ing events occurred 221 and 250 d after the last-
observed molt, respectively. On both observa-
tions, the seal still had its yellow flipper tags.

Subadult

On 14 March 2019, 319 d after the last-observed
molt, the seal was observed as a subadult resting
and molting on an open beach in the NMPANS.
Large portions of the pelage, mainly on the dorsal
body area of the animal, were brown, and molting
had started on the face (Figure 1F). At this time, the
seal had lost its yellow flipper tags but was identi-
fiable through distinctive marking (i.e., part of the
tail was missing). During the same time period,
we also received information of the seal show-
ing signs of sexual maturity when it approached
humans exhibiting his erect penis. On 28 April
2020, the seal was observed resting on an open
beach with a freshly molted pelage. Based on this
observation, we suspect the annual molt to have
taken place sometime in March 2020. The seal was
observed for the last time in this characteristic grey
pelage on 26 October 2020 (Figure 1G).

Adult

Following an interval of 134 d since the last obser-
vation, the seal was observed on 9 March 2021 at
an age of 4 y and 4 mo (i.e., 1,590 d), bearing
the characteristic black pelage of a Mediterranean
monk seal bull (Figure 1H). At this point, the
white patch of fur on the ventral body area of the
seal was very similar to the one it had as a neona-
tal pup (Figure 2). The milestones of the molting
chronology, as established during the study, are
presented in Figure 3.

Most aquatic mammals undergo an annual molt
(Beltran et al., 2018b). In pinnipeds, molting pat-
terns are affected by numerous factors which, in
turn, may result in population-specific (i.e., geo-
graphic) differences (Daniel et al., 2003). Despite
significant differences in basic population parame-
ters and social behavior between the Mediterranean
monk seal subpopulations in Cabo Blanco and the
eastern Mediterranean Sea (Karamanlidis et al.,
2016), the information recorded regarding the
molting chronology between the two subpopula-
tions was very similar in several aspects.

In both subpopulations, the adult pelage was
obtained through a process that involved several
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Figure 1. Milestones in the development of the adult pelage of a male Mediterranean monk seal (Monachus monachus) in
Greece, presented in chronological order: (A) neonatal male seal with characteristic lanugo fur (© Dendrinos/MOm), (B) male
seal pup undergoing the first molt (© Tounta/MOm), (C) male seal pup having completed the first molt (© Dendrinos/MOm),
(D) juvenile male seal undergoing the second molt (© Dendrinos/MOm), (E) juvenile male seal undergoing the third molt
(© Schnellmann/MOm), (F) subadult male seal undergoing the fourth molt (© Dendrinos/MOm), (G) subadult male seal with
his characteristic greyish pelage (© Koemtzopoulos/MOm), and (H) adult seal bull after the fifth molt (© Ndrevataj/MOm).
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Figure 2. Comparison of the white-yellowish patch of fur on the ventral body area of a male Mediterranean monk seal from the
eastern Mediterranean subpopulation: (A) neonatal pup (© Dendrinos/MOm); and (B) adult bull (© Ndrevataj/MOm).
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Figure 3. Graphical representation of the milestones in the molting chronology, from birth to the acquisition of the adult

pelage, of a male Mediterranean monk seal in Greece

interannual molts (Samaranch & Gonzilez,
2000), which, in the case of males, generally
occurs in March-April (Badosa et al., 2006).
During the molt, the pelage turned from grey to
brown, and the process was initiated at the head
(Badosa et al.,2006). In both subpopulations, the
development of the adult pelage and presumably

the Attainment of Sexual Maturity (ASM) were
observed at approximately the same age (i.e.,
1,507 d postpartum in Cabo Blanco vs 1,590 d in
Greece). Also, in both subpopulations, there was
a noticeable similarity in pelage pattern and col-
oring between pups and adult males (Samaranch
& Gonzalez, 2000).
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However, differences in the molting chronol-
ogy between the monk seal subpopulations in
Cabo Blanco and the eastern Mediterranean were
also found. In Cabo Blanco, the process of devel-
oping the adult male pelage involved at least two
annual molts with a molt interval of approxi-
mately 1 y (Badosa et al., 2006). In contrast, in
Greece, at least four molts were recorded, with
a molt interval of 221 to 365 d. Given the lim-
ited amount of available data, we cannot explain
these differences. Molt patterns (i.e., chronology
and phenology) in seals in general are influenced
by a number of factors such as sex and repro-
ductive status (Daniel et al., 2003), photoperiod,
temperature (Mo et al., 2000), and body condi-
tion (Young & Ferguson, 2013).

The molting chronology of male Mediterranean
monk seals has now been described for only a
single individual in both the subpopulations of
Cabo Blanco and the eastern Mediterranean.
Further research is necessary to understand this
biological aspect of the species; however, even
this limited chronological information can be
useful for the management and conservation of
the species. For example, the ASM (which, in the
case of the Mediterranean monk seal is closely
linked with the development of the adult pelage;
Samaranch & Gonzdlez, 2000) is a key factor
in successful population modeling (Gazo et al.,
2000) and may serve as an index in population
management (Fowler & Siniff, 1992). Given
the information obtained in this study, the ASM
of > 4 y used by Martinez-Jauregui et al. (2012)
in their study in the Cabo Blanco subpopulation
should be used in similar studies in Greece.

Mediterranean monk seals spend a considerable
amount of time on land during molting. Also, their
population in Greece has been showing encour-
aging signs of partial recovery (Dendrinos et al.,
2020). As part of this recovery, several monk
seals, both rehabilitated and wild, have been seen
resting and molting on open beaches and close to
human settlements. Therefore, information on the
molting chronology should aid management deci-
sions in cases of adult males reported on land and
falsely believed to require medical assistance.
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