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Abstract

The limpet Patella ferruginea Gmelin, 1791, endemic to the Mediterranean, is the most endangered marine species on the list of

the European Council Directive 92/43/EEC on the Conservation of Natural Habitat of Wild Fauna and Flora (1992). Its Medi-
terranean range has progressively contracted to a few restricted areas and the species is now threatened with extinction. Seventeen
stations were sampled along the littoral zone on the coast of Ceuta, North Africa, for quantifying environmental factors (water

movement, siltation and suspended solids), and 70 transects were selected for P. ferruginea sampling. The study revealed the pre-
sence of a well-established population of P. ferruginea with values of density and size of 0.67 individuals m�1 �0.96 and 48.94
mm�11.61 respectively (mean�standard error of mean). The biggest densities of P. ferruginea were found inside the harbour of

Ceuta. The limpets were more abundant on artificial harbour stones than on natural rocky shores, and the areas under the highest
human pressure were characterised by the lowest densities and the smallest specimens probably due mainly to the predation for
food and fishing. Human pressure is probably the main contributing factor to the currently endangered status of P. ferruginea.
Programmes of environmental education to avoid its collection for fishing, food or for fun as decorative objects should be con-

ducted, and further experimental studies dealing with the reproductive biology of this species are needed to properly assess the
future programmes of conservation.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

The limpet Patella ferruginea Gmelin, 1791 is the
most endangered marine invertebrate in the Western
Mediterranean rocky shores (Laborel-Deguen and
Laborel, 1991a; Ramos, 1998; BOE, 1999). Although its
relative abundance in Palaeolithic and Neolithic depos-
its indicates an extensive former distribution in the
Western Mediterranean Basin (East coast of Italy,
Mediterranean France, Iberian Peninsula, Morocco,
Tunisia and the Western Mediterranean islands), today
its Mediterranean range has progressively contracted to
a few restricted areas (Fischer-Piette, 1959; Cretella et
al., 1994; Templado, 1996).
Little is known about the biology of P. ferruginea.
The species has a very low growth and reproductive
rate, reaching sexual maturation at 2–3 years. It is a
protandric species, being initially male (from 25 mm
length) and latterly female (from 40 mm length) with
relatively large sized ovocites suggesting a short plank-
tonic phase (Frenkiel, 1975; Templado, 1996). P. ferru-
ginea is considered a k-strategist (Laborel-Deguen and
Laborel, 1991b). The adults usually live in the high mid-
littoral zone (Pérès and Picard, 1964) but are also found
in the suppra-littoral zone (Biagi and Poli, 1986). They
feed mainly on cyanobacteria and the algae Ralfsia spp.
and Rissoella spp.

The aim of this study was to explore the environ-
mental and habitat preferences of the species and to
evaluate the impact of anthropogenic pressure on the
populations at Ceuta, Northern Africa.
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2. Material and methods

2.1. Study area

Ceuta is an Spanish enclave located in North Africa,
in the Strait of Gibraltar (Fig. 1). The coastline, about
20 km long, is composed of heterogeneous environ-
ments due to the configuration of the coast as well as by
intense port activity. At least 70% of Ceuta’s coast is
hard bottom. Of this, c. 45% is formed by natural rocky
shores (sandstone) and the remaining 25% are artificial
jetties and breakwaters (limestone).

On the coast of Ceuta, an important population of P.
ferruginea occurs among the belt of Chthamalus stellatus
Poli 1791 and Lithophyllum lichenoides Philippi, 1837,
located below the zone of the lichen Verrucaria sp. The
presence of P. ferruginea in Ceuta had been already
reported by Fischer-Piette (1959) on the basis of two
specimens found in the South Bay.
2.2. Environmental conditions

The environmental conditions along the coast of
Ceuta were characterised by measuring levels of water
movement, siltation and solids in suspension in shallow
waters. Siltation (sedimentation rate) and water move-
ment were estimated using sets of six sediment-collect-
ing bottles for siltation and six plaster spheres for water
movement (Moore, 1972), deplayed on bottom-moun-
ted frames which were placed at 1 m depth under the
maximum low tide level in 17 stations distributed
throughout the coast (Fig. 1). The spheres were sub-
merged for 72 h and the bottles for a whole month (June
2001). To estimate water movements the rate of plaster
dissolution described by Muus (1968) and modified by
Gambi et al. (1989) was used. Water movement was
expressed as water speed equivalents (V) according to
the formula suggested by Bailey-Brock (1979). The sus-
pended solids were measured using methods describe by
Fig. 1. Study area showing the location of the 70 sampling stations along the coast of Ceuta. The capital letters and arrows indicate the position of

the 17 stations where the environmental data were measured. Note the channel connecting the North and South Bay.
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Strickland and Pearson (1960). Six water samples were
also analysed for suspended solids.

2.3. Limpet sampling

From the environmental data, three different areas
(North Bay, South Bay and harbour) (Fig. 4), were dis-
tinguished and a total of 70 stations were selected in
both natural and artificial rocky shores along Ceuta’s
coast (33 at the North Bay, 29 at South Bay and eight
inside the harbour) (Fig. 1). The field survey was carried
out between 15 July and 20 August 2000. The density of
limpets in each of these stations was measured by
counting the number of specimens found in a 10 m
transect placed parallel to the coast (Laborel-Deguen
and Laborel, 1991b). The size was estimated by mea-
suring the shell length (Porcheddu and Milella, 1991)
and the mean shell length was calculated for each
transect. The degree of human pressures at the stations
was estimated with the index of general anthropogenic
stress (Fa, 1998). The index was calculated by the
following equation:

S ¼
X

Pa=Dt

� �
� A

where S is the general anthropogenic stress, Pa is the
total area of each of the main population centres in a 5
km radius from the site, Dt is the distance of the focus of
each population centre to the site, and A is a measure of
disturbance based on a subjective assessment of both
ease of access and levels of human activity, ranked in
the following way:
1. Very difficult access–little or no direct influence

2. Difficult access–little human activity

3. Moderate ease of access–moderate human
activity
4. Moderate access–high activity or easy access–
moderate activity
5. Extremely easy access together with high levels of
human activity

Taking into account the proximity among some sta-
tions (only a few metres), the 70 stations were grouped
into 24 sites and the index was calculated for each site
(Fig. 2). Observations by Fa (1998) indicated that sites
under high levels of human pressure (such as the Costa
del Sol, Málaga and the Manga del Mar Menor,
Murcia, both in Southern Spain) were characterised
by values of an index >20.

2.4. Statistical analysis

The affinities among the 17 stations used for the
environmental assessment, were established through
Cluster analysis using the UPGMA method (unweigh-
ted pair-group method using arithmetic averages) of
Sneath and Sokal (1973) based on the inter-station
euclidean distance. The environmental data were trans-
formed using log (x+1).

The influence of location and type of substrate on
density and size of P. ferruginea was analyzed using
two-way ANOVA after verifying the normality of the
data with the Kolmogorov-Smirnov test and the homo-
geneity of variances with the Levene test. Variations of
Fig. 2. Study area showing the groups of localities considered for the calculation of the index of anthropogenic stress. See Table 2 for details.
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the density and size values according to the accessibility
level were tested using one-way ANOVA.

Multivariate analyses were carried out using the Ply-
mouth Routines In Multivariate Ecological Analysis
(PRIMER) package (Clarke and Gorley, 2001) and for
univariate analyses the Biomedical statistical package
(BMDP) was used (Dixon, 1983).
3. Results

3.1. Environmental variables

The cluster analysis based on levels of water move-
ment, siltation and suspended solids (Fig. 3) showed
that three groups of stations can be differentiated
(Fig. 4) The first group included the stations I, J and K,
located inside Ceuta’s harbour and characterised by the
lowest water movement (V=3.0–4.5) and the highest
values of siltation (1.7–2.0 g cm�2 month �1) and sus-
pended solids (14–17 mg l�1). In spite of having the
lowest water movement and the highest values of silta-
tion and solids in suspension, the harbour of Ceuta has
an unusual structure being located between two bays
connected by a channel, which greatly increases water
movement and renovation along the harbour, resulting
in the maintenance of moderate oxygen levels in the
water column (Guerra-Garcı́a, 2001). Stations A to H,
located at the North Bay (the most exposed), were
characterised by clean waters and strong currents with
high hydrodynamic levels (V=9.0–14.5) and low silta-
tion (0.2–1.0 g cm�2 month�1) and suspended solids (2–
7 mg l�1). The remaining stations, all of them belonging
Fig. 3. Mean values and standard errors of the mean for the abiotic

variables measured in the 17 stations selected for the environmental

study. Six measurements for each variable were obtained at each station.
Fig. 4. Dendrogram of similarity between the stations based on the

environmental data. The Euclidean distance and the UPGMA method

were chosen.
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to the South Bay (more sheltered), had intermediate
values between the harbour and the North Bay.

3.2. Population of Patella ferruginea

The present study showed the presence of a well-
established population of P. ferruginea inhabiting the
coast of Ceuta, with a density of 6.7 ind/10 m�1.45 and
a size of 48.94 mm�0.24 (mean�standard error).

The density was significantly higher inside the har-
bour and on artificial breakwaters. Although the size
did not depend on the location, and similar values were
registered in North Bay, South Bay and the harbour,
the mean size was significantly higher on the natural
rocky shores than on artificial jetties and breakwaters
(Table 1).

When the influence of human pressure (see Table 2)
on P. ferruginea populations were analysed using one-
way ANOVA, significative differences in density and
size were obtained between the two qualitative levels
considered [high anthropogenic stress (>20) versus low-
medium (<20) stress]. The areas under high levels of
anthropogenic stress had the lowest densities and smal-
ler specimens of Patella ferruginea (Table 3). Excep-
tionally, although the harbour area is theoretically very
exposed to anthropogenic stress, the densities inside the
harbour are even higher than at sites with low-medium
anthropogenic stress (11.33�3.64 inside the harbour—
see Table 1—versus 9.5�1.95 in sites with low-medium
anthropogenic stress). The harbour is accessible to
human pressure but it is not an attractive or tempting
place for people to collect (Fig. 5).
4. Discussion

4.1. Status of Patella ferruginea

Patella ferruginea is an endemic species of the Wes-
tern Mediterranean and its range has progressively
contracted to restricted areas (Cretella et al., 1994). At
present, the species can be found in the occidental sector
of the north African coast, between Tetuan (Morocco)
and Cap Bon and Zembra Island (Tunisia) (Templado,
1997). In Argelia, the species have been reported from
Ghazaouet and Raschgoun Island (Frenkiel, 1975). The
species also lives in Corsica, Sardinia, Pantellaria Island
at the Sicily channel, Tuscan Archipelago and Aegen
Sea (Cretella et al., 1994; Biagi and Poli, 1986; Ramos,
1998) although the populations of Corsica and Sardinia
are in clear regression (Templado, 1997). On the Span-
ish coasts, Patella ferruginea was abundant in the past
Table 1

Two-way ANOVA results for the influence of the location and type of substrate on the density and size of Patella ferruginea at the coast of Ceuta
Source of variation
 Density (Ind/10 m)
 Size (mm)
Mean�SE
 DF
 SS
 F
 Mean�SE
 DF
 SS
 F
Location
 2
 415.46
 3.50*
 2
 226.36
 1.02n.s.
North Bay
 5.54�1.67
 47.76�2.14
South Bay
 6.96�1.77
 49.65�2.96
Harbour
 11.33�3.64
 49.71�3.17
Type of substrate
 1
 534.28
 5.78*
 1
 877.69
 7.94**
Natural
 3.81�0.94
 53.89�2.54
Artificial
 10.50�2.31
 43.30�1.47
Location�type of substrate
 2
 440.87
 2.72n.s.
 2
 146.42
 0.66n.s.
* P<0.05.

** P<0.01.
Table 2

Localities sampled at the coast of Ceuta and value of the index of

anthropogenic stress (S)
Number
 Sites
 Index
1
 Benzú
 6.31
2
 Calamocarro
 6.84
3
 Punta Bermeja
 10.21
4
 Laja Benı́tez
 20.66
5
 Aguja del Campo
 19.24
6
 Dique Poniente 1
 28.33
7
 Dique Poniente 2
 30.85
8
 Dique Poniente 3
 33.21
9
 Dique levante
 22.07
10
 Puerto Pantalanes
 40.67
11
 Puerto Muelle Comercio
 77.11
12
 Punta Sauciño
 12.62
13
 Laja Sargento
 3.32
14
 Punta Almina
 3.00
15
 Desnarigado
 10.28
16
 La Palmera
 3.63
17
 Islotes Caños
 7.91
18
 Sarchal
 16.41
19
 Bahı́a Sur
 173.94
20
 El Chorrillo Dique 1
 218.24
21
 El Chorrillo Dique 2
 117.43
22
 El Chorrillo Dique 3
 63.38
23
 Piedras Gordas
 42.06
24
 Tramaguera
 27.21
See also Fig. 2.
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from the Strait of Gibraltar to Cabo de Gata but now,
the species has almost disappeared. The only viable
populations of the species are in Ceuta (Fischer-Piette,
1959; present study), Melilla and Chafarinas Islands
(Templado, 1997). There is a population in Alborán
Island but it is old and probably non-breeding and
threatened with extinction (Ramos, 1998). The most
recent cites of P. ferruginea in the Iberian Peninsula are
reported by Garcı́a-Gómez (1983) who recorded the
species in Algeciras Bay and Moreno (1992), who found
two specimens in Cabo de Gata. Several specimens have
been recently recorded in the Gibraltar harbour by
Templado in 1995 (personal communication in Ramos,
1998) and Templado and Fa in 2002 (personal
communication). The presence of P. ferruginea at the
Atlantic coast of Morocco has also been reported by
several authors (Biagi and Poli, 1986; Cretella et al.,
1994) but no exact localities are given. During a sam-
pling programme on intertidal areas of the Strait of
Gibraltar, Fischer-Piette (1959), did not find the species
Table 3

One-way ANOVA results for the influence of the anthropogenic stress on the density and size of Patella ferruginea at the coast of Ceuta
Density (Ind/10 m)
 Size (mm)
Mean�SE
 DF
 SS
 F
 Mean�SE
 DF
 SS
 F
Anthropogenic stress
 2
 293.50
 3.11*
 1
 1140.26
 9.2**
High
 5.25�1.40
 42.07�2.71
Low medium
 9.50�1.95
 51.96�1.95
* P<0.05.

** P<0.01.
Fig. 5. Mean values and standard errors of the mean of the density and size of Patella ferruginea measured in sites with high anthropogenic stress

and sites with low-medium anthropogenic stress. Separation of the high anthropogenic stress sites into sites inside and outside the harbour.
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in the Atlantic coast of Morocco. This is supported by
our own observations since we have not yet found the
species in the Atlantic area of the Gibraltar Strait.

The mean density value of P. ferruginea from Ceuta
(0.67 ind/m) is similar to that obtained in Corsica (0.79
ind/m; Laborel-Deguen and Laborel, 1991b) and Zem-
bra Island, Tunisia (0.7 ind/m; Boudouresque and
Laborel-Deguen, 1986), both places still containing
viable relic populations of P. ferruginea.

4.2. Environmental and habitat use

Traditionally, P. ferruginea had been associated with
rocky shores of a medium to strong exposure to surf,
high water movement, high oxygen levels and low level
of pollution (Aversano, 1986; Laborel-Deguen and
Laborel, 1991b; Porcheddu and Milella, 1991). Never-
theless, this assumption is only supported for sporadic
observations or qualitative data. The quantitative study
carried out using Ceuta’s populations from North
Africa during the present survey, showed the highest
densities being inside the harbour, the area with the
lowest water movement along Ceuta’s coastline. How-
ever, we should take into account the fact that the har-
bour of Ceuta is unusual with a channel which increases
water movement and renewal. In fact, recent studies
have showed that the benthic communities of the har-
bour of Ceuta are characterised by strikingly high spe-
cies richness and diversity (Guerra-Garcı́a, 2001).
Patella ferruginea has been usually reported from

natural shores, and the construction of artificial port
facilities has been considered a threat for the species
since they destroys its natural rocky habitat (Ramos,
1998). However, the present study revealed the highest
densities of P. ferruginea in artificial breakwaters,
although the specimens were significantly smaller in this
area. Taking into account that most of these artificial
areas of Ceuta have been constructed a short time ago
(less than 5 years), and the species has a very low
reproductive and growth rate, the difference in size
could be due to this. Interestingly, P. ferruginea has also
been found on the breakwater at Estepona, Spain in the
late 1980s and on breakwaters at Calvi in Corsica in the
early 1990s (S.J. Hawkins, personal communication),
and has been reported from artificial substrates (cement)
in Arbatax harbour, Sardinia and Oran harbour, Argelia
(Doneddu and Manunza, 1992). Regarding the substrate
preferences, Doneddu and Manunza (op. cit.), made
qualitative observations and pointed out that P. ferru-
ginea seems to prefer granitic rocks but can also live on
calcareous and schist substrates. In quantitative studies
with other limpet species, Cantos et al. (1994) found
that the species Patella caerulea Linnaeus, 1758 and
Patella aspera Röding, 1798 preferred sandstone to
ophites though, in this case, the size distribution of spe-
cimens was the same in both substrates.
4.3. Human pressure

The main threats for P. ferruginea have been its use as
food, fishing bait and as a collector’s item (Ramos,
1998; Laborel-Deguen and Laborel, 1991a,b; Tem-
plado, 1996, 1997). Our results are in agreement with
the previous observations since significantly lower
values of density and size have been recorded in the
most accessible areas of Ceuta’s coast under the highest
level of anthropogenic stress. Taking into account that
in this species the biggest specimens are females (Fren-
kiel, 1975; Laborel-Deguen and Laborel, 1991a,b), the
influence of human predation directly affects the sex
ratio and consequently the species’ reproductive success
along the most predated areas. This pattern of selective
predation on the biggest individuals has also been
obtained for other limpet species [e.g. the limpet Cellana
capensis (Gmelin, 1791) at exploited sites tends to be
much smaller than at protected sites (Lasiak, 1993)].

4.4. Implications for conservation

The marked reduction of P. ferruginea throughout the
western Mediterranean has already revealed the need
for a conservation approach. The present study also
points to human pressure as probably the main factor
contributing to their currently endangered status. How-
ever, even in the most accessible areas, Ceuta has no
important influx of visitors (tourists, fishermen, etc.),
and the industrial and urban activity around the coast is
not as high as in similar sites in southern Spain. These
reasons could explain the persistence of a well-estab-
lished population in the area. Programmes of environ-
mental education should be carried out at Schools and
Universities to show the morphological differences
between this endangered species and the other species of
Patella. It is obvious that a necessary first step in rever-
sing the trend towards extinction lies in a complete ban
on collecting.

As was recently pointed by Ramos (1998) nothing is
known yet about the reproductive biology of P. ferru-
ginea, especially its larval life, recruitment areas and
juvenile development. Further research on these aspects
together with an experimental approach to the study of
habitat preferences under laboratory conditions are
urgently needed to properly address existing and future
conservation programmes and hopefully avoid the
extinction of this species.
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1–32.
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