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The availability of resting and pupping habitat for the Critically
Endangered Mediterranean monk seal Monachus monachus in the
archipelago of Madeira

Alexandros A. Karamanlidis, Rosa Pires, Nadia Carina Silva and Henrique Costa Neves

Abstract In order to describe the resting and pupping
habitat of the Critically Endangered Mediterranean
monk seal Monachus monachus and facilitate the identifi-
cation of preferences by the species for suitable habitat
for resting and pupping, 94 sea caves in the archipelago
of Madeira were located, charted, and categorized using
six characteristics. A cluster analysis indicated that there
are eight different types of cave, in three groups. Obser-
vations of cave usage indicate that monk seals in the
archipelago do not appear to exhibit a preference for
certain cave types for resting. When taking care of young,
however, the species appears to prefer sea caves that
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have beaches above sea level during high tide and
long entrance corridors. Based on these preferences we
believe that although there is a large number of caves
in the area that are suitable for resting, only 16 (17%)
of the caves are suitable for pupping. The survival of
the Critically Endangered Mediterranean monk seal will
depend on the allocation of sufficient suitable habitat for
reproduction.

Keywords Caves, Madeira, marine protected areas,
Mediterranean monk seal, Monachus monachus, habitat,
pupping.

Introduction

The Mediterranean monk seal Monachus monachus, is
categorized as Critically Endangered on the IUCN Red
List, with an estimated 500 individuals surviving in the
wild (Johnson, 2000; IUCN, 2003). Habitat loss, direct
killing by fishermen, accidental entanglement in fishing
gear (Johnson & Lavigne, 1998) and a mass mortality in
1997 caused by dinoflagellate poisoning and/or a virus
epidemic (Costas & Lopez-Rodas, 1998; Harwood, 1998),
have caused monk seal populations to decline steeply
and confined the species to four isolated subpopulations.
These are located at the Cabo Blanco peninsula of
Mauritania, on the archipelago of Madeira in the Atlantic
Ocean, the western and eastern Mediterranean, and the
Black Sea (Aguilar, 1999).

When on land Mediterranean monk seals frequent sea
caves, a behaviour that is believed to be a result of relent-
less persecution by humans (Pires & Neves, 2000). Suit-
able seal shelters usually have one or multiple entrances
(underwater or not) leading to a dry surface or beach, of
various substrates (sand, pebbles, stones or rock), which

is used for resting and rearing of pups (Neves & Pires,
1999; Dendrinos & Dimitropoulos, 2000). Because of the
species’ elusive nature and the inaccessibility of its habi-
tat, knowledge of the preferences and minimum require-
ments for resting and pupping has remained limited.
Circumstantial evidence indicates that for resting monk
seals use caves that protect them from wind and wave
action (Neves & Pires, 1999; Karamanlidis, 2000) and
human disturbance (Panou et al., 1993). The species
has, however, often been observed to rest in water
(Kouroutos, 1987; López-Jurado et al., 1993; Neves &
Pires, 1999) near heavily populated areas and in marginal
habitat (Panou et al., 1993; Johnson & Lavigne, 1999;
Güçlüsoy et al., 2002). Pupping in contrast has been
recorded mainly in well-protected, isolated caves
(Mursaloglu, 1986; Neves & Pires, 1999; MOm, 2001).

Following a steep decline in the last century, the Medi-
terranean monk seal in the archipelago of Madeira is now
found mainly in the Desertas Islands, a group of three
uninhabited islands (Deserta Grande, Bugio and Ilhéu
Chão) lying c. 20 km south-east of Madeira (Fig. 1). In
order to protect this species, the Parque Natural da
Madeira Service initiated a Monk Seal Conservation and
Monitoring Programme in 1988, and in 1990 the Desertas
Islands were declared a Nature Reserve. Due to this
protection the monk seal colony, which was estimated
to number 6–8 individuals in 1984 (Reiner & dos Santos,
1984), has experienced a remarkable recovery and is now
believed to number 23 individuals (Pires & Neves, 2001).
In addition, the species is now occasionally sighted on
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Fig. 1 The location of the Desertas Islands Nature
Reserve and the protected area at São Lourenço, in
the archipelago of Madeira, with locations of the 16
individually coded caves that we consider offer good
pupping conditions under all weather conditions
(AW), or good pupping conditions only during calm
weather (CW) (see text for details).
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the main island of Madeira (Pires, 2001). The São
Lourenço Peninsula, an area at the easternmost tip of
Madeira (Fig. 1), which was the last place where monk
seals were regularly sighted on Madeira in the past (Melo
Machado, 1979), and the adjacent marine area to a depth
of 50 m have been recently included in the Natura 2000
network as a Site of Community Importance.

In order to obtain essential knowledge of the ecology
and behaviour of the species in the area, the Parque
Natural da Madeira Service initiated a project in the
archipelago in 1989 aiming to: (1) locate and chart poten-
tial monk seal shelters, (2) describe the habitat of the
Mediterranean monk seal and identify the parameters
determining the selection of caves as resting or pupping
sites, and (3) based on the knowledge of the habitat and
the resting and pupping habits of the species in the area,
to identify which caves could be used in the future by the
recovering monk seal population.

Materials and Methods

From 1989 to 2001 the entire coastlines of the Desertas
Islands Nature Reserve and the protected area at São
Lourenço (Fig. 1) were circumnavigated and checked for
the presence of suitable monk seal shelters. The warden
stations of the Parque Natural da Madeira Service at
Doca and Casa do Sardinia on the Desertas Islands and in
the protected area of São Lourenço, respectively, were
used as bases by the research team, from where an inflat-
able boat was used for detailed examination of the coast-
lines. The Desertas Islands Nature Reserve was surveyed
in 1989, 1993, 1999 and 2001, and the protected area at São
Lourenço was surveyed in 1993 and 2001.

The methodology used for approaching, examining
and recording the caves was based on that used in
the monk seal monitoring programmes in the eastern
Mediterranean (HSSPMS, 1995), modified (Silva, 1999) to

suit the particular circumstances encountered in the
archipelago. This methodology aimed to minimize dis-
turbance to monk seals by only entering shelters on one
occasion (a process that took <10 minutes). Caves were
entered either by dinghy or snorkelling during low tide,
and only after an initial brief inspection ascertained that
no animal was present in the cave. The date, time of visit,
location, state and features of the caves were recorded.
Each cave habitat was described using six characteristics
that we considered to be influential in the selection of
caves as resting or pupping sites: entrance orientation
and size, entrance corridor length, beach area, beach
position with respect to high tide, and beach substrate
(Table 1).

We performed a cluster analysis on the data, a method
that does not involve predefined groups (Sneath & Sokal,
1973), in order to identify similarities in potential cave
habitat between the caves examined. The dendogram of
the cluster analysis was produced using Between Groups
Linkage and Squared Euclidean Distance (SPSS 9.0 for
Windows, SPSS Inc., Chicago, USA).

Results

Ninety-four sea caves (56 within the Desertas Islands
Nature Reserve and 38 in the protected area of São
Lourenço) that were considered to be suitable for the
species were explored and charted. Adverse weather
conditions prevented the surveying of 13 caves in the
Desertas Islands Nature Reserve. No systematic surveys
to identify caves with underwater entrances have yet
been carried out. Several caves that do not have beaches
at low tide were not considered in the present analysis, as
they were not regarded as suitable monk seal habitat.

The cluster analysis identified eight categories of caves
in three groups (Table 2). The two major groups consist of
caves that have a beach inside them that is either under

Table 1 Characteristics used to describe potential Mediterranean monk seal cave habitat in the archipelago of Madeira.

Cave characteristic Description

Entrance orientation North (316–45º)
South (136–225º)
East (46–135º)
West (226–315º)

Entrance size Small: entrance visible above water at low tide is <5m2

Large: entrance visible above water at low tide is >5m2

Entrance corridor Short: entrance corridor at low tide is <10 m long
Long: entrance corridor at low tide is >10 m long

Beach area inside Small: <50m2 at low tide
Large: >50m2 at low tide

Beach position inside with respect to high tide state Underwater: surface of beach is under water at high tide
Above water: surface of beach is above water at high tide

Beach substrate Sand: diameter of predominant substrate is 0.0625–4 mm
Pebbles: diameter of predominant substrate is 4–256 mm
Boulders: diameter of predominant substrate is >256mm
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(Group I, n= 68, 72%) or above (Group III, n= 24, 26%)
water during high tide. The rare presence of a beach of
fine sand in combination with other topographic features
led to the distinction of two caves in Group II. One
(D2W19) has a beach that is underwater during high tide,
whereas the other (D2E12) has a beach that is above
water.

The cluster analysis indicated that the variables which
had the greatest influence in the formation of the cave
categories were the presence or absence of a beach during
high tide, the length of the entrance corridor and the
size of the entrance. The most common cave category
throughout the study area was that of caves with a beach
underwater at high tide, a small entrance and a short
entrance corridor (Category C, Table 2).

Discussion

Observations carried out by the Monk Seal Conservation
and Monitoring Programme (Neves, 1994; Pires, 1994;
Pires, 1997; Silva, 1999; Pires, 2003) indicate that monk
seals, when resting, use a wide range of the available
habitat, and they have been found to haul out in caves of
categories B, D, E, F and H (Table 2). Considering the fact
that the species mainly uses caves during low tide (Pires
& Neves, 1998), which is a time when all of the identified
caves have a beach above water (depending, however, on
the weather conditions), we cannot exclude the possibi-
lity that all of the 94 caves are potentially suitable for rest-
ing. In the archipelago of Madeira the monk seal appears
to be flexible in regard to its minimum requirements for
resting, consistent with observations from other parts
of the species’ distribution range (Dendrinos et al., 1999).
The large number of caves available for resting is a
beneficial factor for the potential recovery of the species
in the area.

Pupping has been recorded in recent years only
in three caves, belonging to categories E (D2E12), F
(D2W24) and H (D2E1) (Fig. 1 & Table 2; Neves, 1994;
Pires, 1997; Pires, 2003). All three caves have a beach

above water during high tide and a long entrance corri-
dor. Caves D2W24 and D2E1 have large beaches within,
whereas D2E12 has a small beach. Pupping has also been
recorded once in cave D2W18 (Neves, 1994) and sus-
pected to have occurred on a number of occasions in cave
D2W22 (Pires, 1997). Despite the fact that both of these
caves are classified in category I, i.e. with a beach that is
underwater during high tide, their particular features
(a small entrance and a long entrance corridor) could
provide suitable shelter when the weather is calm and
tide amplitude low. The distance of both caves to cave
D2W24 and the bay Calhau das Areias, where breeding
females have been observed to take care of their young
(Pires & Neves, 2000) lies within the swimming range
of monk seal pups (Dendrinos et al., 1999), and the
caves could therefore be used as alternative, temporary
pupping or resting sites.

Despite the small number of caves that have been
observed to be used as pupping sites, and considering
the low number of breeding females in the colony, our
evidence suggests that females prefer caves with a beach
above water during high tide and a long entrance
corridor as pupping sites. This evidence is in accordance
with knowledge of pupping sites throughout the species
range, where the existence of a protected beach during
the weaning period is essential for the survival of new-
born pups (Dendrinos et al., 1999). Long entrance corri-
dors are of importance because they can act as wave
breakers that prevent waves from surging into the cave
and sweeping away newborn pups (Mursaloglu, 1986).
On this basis, we judge that 16 caves within the study
area are potentially suitable for pupping. Twelve caves
are located in the Desertas Islands Nature Reserve,
and four in the protected area of São Lourenço (Fig. 1).
Eight caves were considered to offer good pupping
conditions under all weather conditions, whereas the
other eight offer good pupping conditions only during
calm weather.

Steepness of the beach, which can act as a wave
breaker, could also play a significant role in the selection
of a cave as a pupping site. As the tide amplitude in the

Table 2 Cave groups and categories identified by the cluster analysis.

Group (description) Category Number (%) Description

I (With beach underwater at high tide) A 15 (16) Large entrance and short entrance corridor
B 3 (3) Small entrance and a long entrance corridor
C 39 (42) Small entrance and short entrance corridor
D 11 (12) Large entrance and long entrance corridor

II (With small beach of fine sand) E 2 (2)
III (With a beach above water at high tide) F 4 (4) Special features, such as double entrances, differentiate

this category from G and H.
G 14 (15) Short entrance corridor
H 6 (6) Long entrance corridor
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area can be up to 2.6 m (Neves, 1994), only sufficiently
steep beaches will remain above water during high tide.
Although steepness was not measured in this study it
was considered when evaluating caves of category G
(Table 2). These caves possess a beach above water
during high tide but their entrance corridor is short. Five
caves within this group (D2E10, D2W1, D2W11, PSLN21
and D2E6) had beaches that were steep enough to protect
a newborn pup during bad weather conditions. How-
ever, steepness of a beach can change rapidly due to the
mechanical influence of wave action, and therefore we do
not consider these caves to be as good for pupping as
those with a long entrance corridor.

The habitat available to the Mediterranean monk seal
in the archipelago of Madeira is similar to that occupied
by the species in other parts of its distribution range.
Caves identified usually possess a single entrance above
water that leads through an entrance corridor to a beach.
Depending on the state of the tide and the nature of
the cave, beaches inside are either under or above water
during high tide, and covered by sand, pebbles or rocks.
Monk seal caves in the archipelago differ in their size,
however, from caves utilized by the species in the North-
ern Sporades of Greece and the Cabo Blanco peninsula
in Mauritania. Caves in the Northern Sporades are often
smaller than those in Madeira and are not affected by
tide, whereas monk seal caves in the Cabo Blanco region
are bigger than those in the archipelago of Madeira
(R. Pires, H.C. Neves, A.A. Karamanlidis, pers. obs.).
Although the cave classification variables used during
our survey could be used to identify additional suitable
habitat elsewhere on the island of Madeira, in other areas
of the species range they should be applied with caution
because the resting and pupping habitat of the species is
different from that in Madeira.

The potential pupping habitat in the study area repre-
sents only 17% of the cave habitat available to the species.
Lack of suitable pupping habitat has been identified as
one of the factors preventing the recovery of the monk
seal population in the Cabo Blanco region (Marchessaux,
1989). Although lack of such habitat could eventually
pose a threat to the recovery of the species in the archi-
pelago of Madeira, it does not appear to do so now.
Because of the conservation measures taken to protect
the species, monk seals have started to move out of their
core area in the Desertas Islands Nature Reserve and also
to rest and care for their young on open beaches, thus
enlarging the potential pupping habitat (Pires & Neves,
2000, 2001). The identified potential pupping habitat
is located mainly within the Desertas Islands Nature
Reserve and particularly on the west coasts of the
islands. The prevailing winds in the region originate
from the North/North-east (Neves & Pires, 1999), and
therefore caves on the west coast should offer better
protection than those on the east coast, and it is likely that

the western caves will be used first by the recovering
monk seal population.

The survival of the Critically Endangered Mediterra-
nean monk seal will depend on the allocation of suffi-
cient suitable habitat for the continued reproduction of
the species. Even in areas with pristine habitat, such as
the Desertas Islands and the São Lourenço Peninsula,
the proportion of potential pupping habitat is low. This
needs to be taken into account when planning the size of
future marine protected areas for the species. Although
no Mediterranean monk seal births have been recorded
for more than 25 years in the protected area of São
Lourenço the results of our survey indicate that there are
caves suitable for pupping. Considering the occasional
presence of the Mediterranean monk seal in this area
(Neves, 1994; Pires, 1994) and the results of our survey,
the decision to initiate a monk seal monitoring pro-
gramme in the area, similar to the one carried out at
the Desertas Islands Nature Reserve, appears to be well
justified (Karamanlidis et al., 2003). We believe that the
recent establishment of a Site of Community Importance
within the framework of Natura 2000, a network of areas
dedicated to the protection of threatened species and
habitats, will benefit the conservation of this Critically
Endangered species.
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