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INTRODUCTION

The Western Algerian islands (Rachgoun, Habibas and Plane) are
sites of high ecological value taking into account the number of
endemic and endangered marine species from Mediterranean that
are living there (BACHET et al.,, 2007). In this sense, important
populations of the endangered mollusc Patella ferruginea have
been recorded in Rachgoun (FRENKIEL, 1975) and Habibas islands
(BOUMAZA and SEMROUD, 2001).

Patella ferruginea, endemic to the Mediterranean, is the most
endangered marine macroinvertebrate in the Western
Mediterranean rocky shores under the list of the European Council
Directive 92/43/EEC on the conservation of Natural Habitats and of
Wild Fauna and Flora, 1992 (RAMOS, 1998), and it is, presently, under
serious risk of extinction (LABOREL-DEGUEN and LABOREL, 1991,
TEMPLADO and MORENO, 1997). This is a long-lived species (K-
strategist), protandrous hermaphrodite (from 20-30 mm achieves
sexual maturation as male and then change to female around 60
mm) that requires clean waters and medium-strong wave action
(ESPINOSA, 2006). The study of the population status of the species
dealing with involved pressure factors is basic for a best
management and conservation measures.

Population size structures (in the sense of distribution of body size
within particular populations), which are affected by environmental
change, ecological interactions, and in many cases, human
exploitation, are an important indicator of the population status,
which can be used comparatively across sites and through time to
identify the forces controling population dynamics. Size structures
have also been used to track losses of large individuals from
populations, which are often the target of exploitation by humans
(HAEDRICH and BARNES, 1997; ROCHET and TRENKEL, 2003), as it
occurs with limpets, which are collected as food or as fishing bait
because of their large muscular foot (POMBO and ESCOFET, 1996;
LINDBERG et al., 1998).

In this sense, human exploitation can also decrease the
reproductive output of intertidal invertebrate populations in which
there is an increase in individual fecundity with body size (SEAPY,
1966; BRANCH, 1974, 1975; CREESE, 1980; LEVITAN, 1991; TEGNER et
al., 1996), and it is the case for Patella ferruginea (see ESPINOSA et
al.,, 2006). All of these considerations are especially true for
broadcast spawners such as limpets that depend on high gamete
concentrations to increase the probability for successful fertilization
(HOCKEY and BRANCH, 1994) avoiding the “‘Allee’ effect.

Therefore, the aim of the study was to know in detail the population
parameters as size frequencies and density and, after that, detect
changes produced by pressure factors as human collecting,
predation etc.



METHODOLOGY

Study area

The study was conducted on Habibas and Plane islands, located on
the West coast of Algeria (Figures 1, 2) during April 2008. The islands
are under the influence of atlantic waters from the Alboran Sea and
they are located in the middle of the Almeria-Oran oceanographic
front.

Sampling methods

In Habibas islands four sectors were considered (East, South, West
and North) and three delimited transect inside of each sector were
established (Figure 1, Table 1).

In Plane island two transects were located approximately in the
West and North areas, because the reduced size and regular shape
of the island made difficult to establish different sectors. The
specimens of Patella ferruginea found were measured with a
calliper to the nearest mm on its longitudinal axis (GUERRA-GARCIA
et al., 2004) and the height of the shell also recorded (PORCHEDDU
and MILELLA, 1991). The transects had 10 meters in length (LABOREL-
DEGUEN and LABOREL, 1991; GUERRA-GARCIA et al., 2004), similar
slope and were placed with a tape measure to follow the coast
profile (Figure 3). Since small individuals < 20 mm (recruits) are
difficult to detect (TEMPLADO et al., 2006), care must be taken to
observe this fragment of population.

On the other hand, a list of the main conspicous intertidal species,
either macroalgae and macrofauna, and their relative abundance
were recorded.

Data analysis

As with much ecological impact data (CLARKE and WARWICK,
2001), the assumptions for parametric statistics are not met with
some of our data, which have severe departures from normality and
equal variances. However, the ANOVA test is robust for deviation of
normality and if the number of cases is high and balanced between
groups it is possible to undertake the analysis although the condition
of equal variances is not met (UNDERWOOD, 1997). Only one
ANOVA test without equal variances was performed with the large
dataset pooled in “Habibas” and “Plane” sites for mean sizes. The
rest of the analyses performed were checked for homogeneity of
variances using the Levene test and using logarithmic
transformation when it was required to satisfy homocedasticity.
Differences among means were examined a posteriori using the
Student-Newman-Keuls test. Reducing data only to summary
statistics such as mean sizes greatly reduces the information
available to make comparisons (SAGARIN et al., 2007).



Therefore, a multivariate MDS (non-metric multidimensional scaling)
statistics was additionally used based on the UPGMA method
(unweigh pair-group method using arithmetic averages) and Bray-
Curtis similarity index to test for differences in size structures between
sites. To test the ordination, the stress coefficient of Kruskal was
employed (KRUSKAL and WISH, 1978). Multivariate analysis was
carried out using PRIMER® 6.0 package.

RESULTS

A total of 1017 individuals of Patella ferruginea were recorded and
measured on the different transects. From these, 577 were found in
Habibas (120 m of distance surveyed) and 440 in Plane island (20 m
of distance surveyed). The mean densities were highly variable
depends of the transect (Table 2) from 0,8 ind/m to 35,3 ind/m with
averages of 4,8 ind/m for Habibas and 22 ind/m for Plane island.
There were not differences among sectors on Habibas islands
dealing with densities (F3,8=1,97; p=0,197) due to the extreme
variability within sectors, although the North sector showed the
greatest densities of Patella ferruginea.

The mean sizes were 4,45 cm (x2,59) in Habibas and 2,78 cm (+1,63)
in Plane island, with a range from 2,4 cm (Plane 2) to 7,5 cm (E1)
(see Table 2). The size structures for each island (Habibas and Plane)
showed a different shape, since Habibas appear with many
individuals belonging to the greater sizes, whereas they were very
scarce or absent from Plane island (Figure 4A,B). In fact, statistical
differences in size were found between both populations (F1,
1015=140; p<0,001) and, additionally, two different and significant
skew were detected (Table 3): a negative skew for Habibas
population (many great specimens) and positive skew for Plane
island (many small specimens). On the other hand, the size
frequency distribution was leptokurtic (narrow and sharp) in both
populations. Size frequencies at each site were highly variable
(Figures 5, 6). Nevertheless, there were a lot of great individuals
throughout and many recruits in the sites N1 and N3, as well as in
Plane 2. Conversely, big specimens were scarce at sites Plane 1
and, specially, in Plane 2. Furthermore, differences in mean size
through sites in Habibas were detected (F11, 565=32,8; p<0,001) and
SNK test showed different subsets of sites: E1 S3 W1 S2 N2 E3 W2 S1
W3 E2 N1 N3 (underlined sites belong to the same subset and are
ordered by decreasing size from E1 to N3).

Recruits (<3 cm, see FRENKIEL, 1975; ESPINOSA et al., 2006) were
more abundant in Plane island (47,72%) than in Habibas (32,75%)
(Table 3), whereas inside Habibas the North sector showed high
number of recruits (Figure 6). Multivariate analysis clearly separated
the populations of Plane island and those settled on the North sector
of Habibas due to the presence of high recruitment at these sites
and, subsequently, the different shape on size frequencies
distributions (Figure 7).



The ratio H/L (Height/Length) of the shell were 0,46 (x0,1) for Habibas
and 0,39 (+0,08) for Plane island and significant differences between
both populations were found (F1, 388=29,45; p<0,001) (Figure 8).

It can be observed shells of died individuals in terrestrial areas of the
Habibas islands near of seagull nests (mainly Larus cachinnans)
(Figure 9).

DISCUSSION

The densities found in Habibas and Plane islands are among the
greatest in the Mediterranean (Figure 10) taking into account the
data available in the literature: 0.79 ind/m in Corsica (LABOREL-
DEGUEN and LABOREL, 1991), 0.7 ind/m in Zembra Island, Tunisia
(BOUDOURESQUE and LABOREL-DEGUEN, 1986), 0.06 ind/m in
Alboran island (PARACUELLOS et al., 2003), 0.23 ind/m in Cala lris
islet, National Park of Al Hoceima, Morocco (BAZAIRI et al., 2004),
0.08-0.14 ind/m in Algeciras

Bay, Spain (ESPINOSA et al., 2005), 3.95 ind/m (only adults >30 mm)
in Chafarinas islands (TEMPLADO et al., 2006), 5.39 ind/m in Melilla
(GONZALEZ-GARCIA et al. in TEMPLADO et al., 2006), 0.67 ind/m as
an average in Ceuta (GUERRA-GARCIA et al., 2004), 1.86-6.86 ind/m
in some areas of Ceuta (ESPINOSA et al., in press). In this sense, the
Western islands of Algeria (together with the close sites of Chafarinas
island and Melilla, and the more faraway site of Ceuta) represented
the hot spot of the species in the Mediterranean, taking into
account the dense populations settled also in Rachgoun island,
whereas only one specimen was observed all around the Sridjina
island in the eastern part of Algeria (FABRICE BERNARD per. com.)
and the general low dense populations of Tunisia (FGUIRI HOSNI per.
com.). Moreover, the perimeter of Habibas islands is around 10500 m
(including the small islets) and, therefore, the total population of
Patella ferruginea would be around 50400 individuals, considering
the mean density recorded of 4,8 ind/m. Likewise, the whole
population of Chafarinas islands is estimated in 51021 individuals
and it is considered, presently, as one of the most important
population of Patella ferruginea in the Mediterranean (TEMPLADO et
al., 2006). Therefore, the conservation of the population located in
Habibas islands is a priority in order to preserve the species at global
scale.

Furthermore, direct removal of organisms will have major effects at
both local and regional scales and is likely to increase over the next
25 vyears, especially in developing countries where rapidly
expanding human populations will put further pressure on resources
(THOMPSON et al., 2002), therefore, the future of Patella ferruginea
populations in Algerian coasts are compromised if there are not
important conservation measures and good management
programs. Moreover, the presence of small oil spills through the
shoreline (Figure 11) reflects the risk over the populations settled in
the intertidal, as Patella ferruginea, under catastrophic events.

The evolution of the population in Habibas islands is positive through
the last years because the study undertook by BOUMAZA and
SEMROUD (2001) during summer of 1997 showed a mean density of



45 ind/m (over a 100 m of shoreline) and dominance of big
specimens. After 11 years the mean density is 4.8 ind/m (over a 120
m of shoreline) and there is also occurrence of great specimens. The
statement of Habibas islands as a marine reserve area in 2002 can
be the main factor involved, taking into account the regression
found in other populations through Mediterranean.

Furthermore, KEOUGH et al. (1993) found that size distributions on
several species of molluscs between visited and protected sites were
significantly larger at the protected sites, whereas some species were
markedly less abundant at heavily visited sites and densities were
affected as well. BRANCH and ODENDAAL (2003) pointed out the
benefits of marine protected areas to preserve large and more
fecund limpets that act as a focus for larval export via the rebalance
of sex-ratio.

Human foraging of intertidal invertebrate resources has occurred
since prehistoric times (ORTEGA, 1987; MANNINO and THOMAS,
2002). Despite shifts away from the use of intertidal populations as
primary food resources, improved technology for accessing sites far
from home and increases in human population densities have
provided the means for these impacts to continue today (SIEGFRIED
et al., 1985; HOCKEY and BOSMAN, 1986; POMBO and ESCOFET,
1996; CASTILLA, 1999), and these impacts are expected to increase
in the future (THOMPSON et al., 2002). On the other hand, the sex
distribution through sizes in Patella ferruginea makes this species
extremely vulnerable to poaching (see ESPINOSA et al., 2006), since
the depletion of large, more fertile individuals, and also females in a
higher proportion could bias the reproductive output to a complete
collapse. Moreover, recent studies from fisheries have shown that
exploitation of larger and older females can have disproportionate
effects on populations (BERKELEY et al., 2004; PALUMBI, 2004), and
the removal of large limpets from the population may also be
important if those animals contribute disproportionately to
reproductive effort in a local population (KEOUGH et al., 1993) as
happens with P. ferruginea (see ESPINOSA et al., 2006). In both, fishes
and invertebrates, the reserve effect has been shown to favour an
increase in the mean size of specimens (EDGAR and BARRETT, 1999)
and, recently, in Patella ferruginea (ESPINOSA et al., in press).

In this sense, the population of Habibas islands appears as a great
reproductive population, which shows a good size frequencies
distribution. On the other hand, the population from Plane island,
although extremely dense, shows a relative absence of big
specimens and it could be a factor that compromise the viability of
the population in the next future. The presence of many recruits in
Plane island in spite of the shortage of great sizes could be explained
by the fact that the main winds in the region come from the North
and West (BACHET et al.,, 2007) and the marine surface stream
associated could transport many larvae from Habibas to Plane
island. Anyway, this contention must be verified by genetic studies.



The proximity of Plane island to the mainland, its absence of legal
protection as marine reserve and the presence of important villages
in front of the island in comparison with the situation of Habibas
islands could be a reason for the sizes distribution observed, taking
into account the expected human pressure by collecting. The
specimens of Habibas and Plane island belong to the rouxi form of
Patella ferruginea, i.e., conical shell with narrow ribs (PORCHEDDU
and MILELLA, 1991), according with the H/L ratio observed (Figures 8,
12). The value was greater for Habibas than for Plane island,
although it can be due to the smaller sizes recorded in Plane island,
which have subsequent minor H/L ratios, since young specimens
have more depressed shells either for rouxi and lamarcki forms.
Anyway, the shells of Patella ferruginea observed were highly
conical in shape and it can be an adaptative strategy to extreme
desiccation (see BRANCH, 1981), since the upper intertidal of North
African shores (with small tides) experienced strong surface
temperatures during Summer and so, the water retained in the shell
would be greater in order to maintain a low temperature and good
oxygen exchange.

Other forces controlling population dynamic of Patella ferruginea in
Algerian islands could be the predation by marine birds as seagulls.
In fact, there are important populations of Larus cachinnans and
Larus audouinii: 1340 and 690 individuals respectively in Habibas
islands (BEN HAJ and BERNARD, 2005). Although predation by
seabirds over Patella ferruginea has not been corroborated,
LABOREL-DEGUEN and LABOREL (1991) indicated that seagulls could
be important predators of the species. Additionally, TEMPLADO et al.
(2006) also found shells of Patella ferruginea several meters over the
intertidal in Chafarinas islands and those authors indicated the
hypothesis of predation by seagulls.

Finally, the presence of some species of macroalgae (Table 4)
considered as a bioindicators of clean waters as Cystoseira
tamariscifolia and Lithophyllum lichenoides (BALLESTEROS et al., 1998,
2007; MONTESANTO and PANAYOQOTIDIS, 2000) indicates that the
intertidal and shallow ecosystems of Habibas islands are well
preserved and greatly structured.

The intertidal ecosystems of Habibas and Plane islands are well
preserved and are greatly structured. The populations of Patella
ferruginea in Algerian islands are very dense, reproductive, well
structured and represent a hot spot in the Mediterranean.

Their preservation is essential for the viability of the species at global
scale and it makes necessary to develop appropriate conservation
and management measures. In this sense, a monitoring programme
needs to be implemented in the upcoming years together with a
strict ban of collecting. Additionally, a plan of emergency about oll



spills needs to be developed to avoid catastrophic events.
Differences found between Habibas and Plane islands make to ask
about the requirement for establishing a marine reserve in Plane
island. Nevertheless, it would be necessary to undertake more
specific studies in Plane island in order to know the conservational
status of the environment.
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Démocratique et Populaire) under the international program Petites
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Table 1.- Location of sampling sites.

Sectar Transect Coordinates

Habibas Islands
East 1 35°43 562 N/1°07.640W
East 2 35°43 497 N/1°07.759"W
East 3 353 23T N/1°07 B44™W
South 1 35°43 154 N/1°07.970°W
South 2 35°43 155 N/1°08.112"W
South 3 35°43 322 N/1708.215"W
West 1 35°43 439°N/1°07 988"W
West 2 35°43 518 N/1°07.981"W
West 3 35°43 572 N/1°08.056"W
North 1 35°3 653 N/1°07.635°W
North 2 35°43 649 N/1°07.588°W
North 3 35°43 665 N/1°07.597W

Plane Island

1 35°46 291 N/054 1T74W
2 35°46 200 N/0°54 .066™W

Table 2 - Populational datasets from each site. Transects have 10 m in length.

. Number of Density Mean size :
Site ; . . S.D.
specimens (ind./m) {cm)
El 0 0.9 7.5 1.57
E2 8 0.8 3.1 1.91
E3 44 44 6.2 1.35
51 32 32 5.6 1,95
52 58 5.8 6.5 1.68
53 0 0.9 7.1 1.07
W1 10 1 6.8 1.54
W2 13 1.3 3.6 1.48
W3 45 4.5 5.5 2.41
N1 63 6.5 3.8 1.99
N2 il 3.1 6.4 0,83
N3 233 253 2.8 2,33



Table 3.- Summary statistics for Patella ferruginea sizes (cm) by sites for all samples.

Site N N=30 (%) Max Mean sD Skew SE Skew SE Kurtosis
Kurtosis type

Habibas 577 32,75 97 445 2,39 —0,284“:t 0,102 0,203 Leptokurtic

Plane 440 47.72 7.2 2,78 1.63 0312 0.116 0,232 Leptokurtic

*Skewness 1s considered significant when its absolute value 1z greater than 2*SE of Skewness
**Kurtosis 1s considered significant when 1ts absolute value is greater than 2*SE of Kurtosis

Table 4 - List of main intertidal and shallow marine species of Habibas Islands.

Species
Macroalgae

Macrofauna

Asparagopsis sp.
Ceramium sp.
Colpomenia siniosa
Corallina elongata
Cystoseira tamariscifolia
Enteromaorpha sp.
Gelidium latifolium
Jania rubens

Laurencia obtusa
Lithophyllum lichenoides
Mesophyilum lichenoides
Ulva sp.

Valonia utricularis

Actinia equina
Astroides calveularis
Chiton olivaceus
Chthamallus sp.
Dendropema petraeum
Eriphia verrucosa
Osilinus turbinatus
Paracentrotus lividus
FParella caerulea
Patella ferruginea
FPatella rustica

Pinna rudis
Siphonaria pectinata
Thais haemastoma

Relative abundance

SR R

SRR

+ Occasional, ++ Frequent. +++ Abundant
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FIGURE LEGENDS

Figure 1.- Map of the study site showing the location of Habibas and Plane
island. In Habibas the perimeter was divided into sectors. Red spots:
sampling sites for Patella ferruginea. White spots: sampling sites by

snorkelling for shallow marine species.
Figure 2.- Habibas islands.

Figure 3.- Transect located on the intertidal to sample Patella ferruginea

populations.

Figure 4.- A. Size frequencies for Habibas islands. B. Size frequencies for

Plane island. The data were pooled.

Figure 5.- Size frequencies for each site.

Figure 6.- Size frequencies for each site.

Figure 7.- MDS analysis based on size frequencies for the sites under study.

Figure 8.- H/L ratios in several populations of Patella ferruginea. Data from
Sardinia by PORCHEDDU and MILELLA (1991). Data from Ceuta by
ESPINOSA and OZAWA (2006). Red dotted line indicates the value of H/L
ratio of separation between rouxi and lamarcki forms in Sardinian
populations according with PORCHEDDU and MILELLA (1991). Blue dotted
line indicates the value of H/L ratio of separation between rouxi and lamarcki
forms in Ceuta populations according with ESPINOSA and OZAWA (2006).

Figure 9.- Shells of Patella ferruginea located near of seagulls nests.

Figure 10.- Presence of great specimens of Patella ferruginea in Habibas

islands.
Figure 11.- Qil spill in the intertidal zone of Plane island.

Figure 12.- A. Lamarcki form of Patella ferruginea. B. Rouxi form of Patella
ferruginea. C. Typical shell shape of Patella ferruginea in Algerian islands

belong to rouxi form.
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ANNEXES

MONITORING OF THE ENDANGERED LIMPET PATELLA
FERRUGINEA (GIANT LIMPET) IN HABIBAS ISLANDS

The protocol for monitoring Patella ferruginea populations
essentially is similar to those proposed by Bachet et al. (2007)
referred in Réserve des iles Habibas. Notes naturalistes. However, in
order to simplify the collection of data it can be done several
considerations.

Sampling sites

Due to the extreme variability of densities within Habibas
islands, it would be necessary to establish different sites through the
shoreline. At least, one site per sector (North, West, South and East).
At each site, a transect of 10 m in length must be located, for
example painting the adjacent rocks at the beginning and end of
the transect, inserting screws into holes etc.

Data collection

All specimens of Patella ferruginea inside the transect must be
counting and measured. The most important parameters are the
length (L) and height (H) of the shell. Data must be collected using a
calliper to nearest mm. The temporality should be one counting per
year.

BN

— Lateral view of the shell

Dorsal view of the shell

Data analysis

The mean density (individuals per meter) for each site and size
frequencies (number of individuals belong to the different size
ranges from 0-10 to 90-100 mm) must be obtained. If substantial
changes are detected, please inform to the authorities and/or
research institutions.
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