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Abstract

Limpets constitute an important key species in the intertidal zone. The limpets’ assemblage is evaluated in Plane Island
(Paloma Island, Algerian West coast) by detailed censuses which were performed in 8 zones in the main island and 9
islets. Results allowed the estimation of a total population of 3993 of the endangered Patella ferruginea (1.78ind/m),
1861 P. rustica (0.82ind/m), and 383 of the blue Mediterranean limpet P. caerulea (0.17 ind/m). The ferruginous limpet
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distribution around Plane Island was in�uenced by abiotic factors as hydrodynamics and the sea current direction.
Conversely, anthropogenic factors had an important impact despite the island's distance from the mainland. This study
�nds that in the face of global warming, the island surface will be reduced, however limpets will have an important
contribution to the island's areas and its conservation of biodiversity.
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Introduction

Taxonomic and trophic assemblage structure differs between regions to determine the importance of habitat features as
structuring drivers of these assemblages (Andrades et al., 2018). Limpets constitute an important taxonomic group of
the rocky shore Intertidal Mediterranean zones (Tlig et al., 2010). This group of Molluscan Gastropod Prosobranchia
belongs to the Patellidae Family (Grande et al., 2008). The genus Patella is a grazing species performing its activity by
night. They are favoured by their organization which allows them to resist wave shocks and desiccation thanks to the
power of their adherence (Branche, 1981; Holmes et al., 2002; Boudouresque, 2005; Boudouresque and Bianchi, 2013).
This adherence can be observed in both natural and arti�cial substratum (Frankiel and Moueza, 1982; Kallouche et al.,
2011; Kallouche et al., 2014; Kallouche, 2018).

Along the Algerian coasts, the genus Patella constitue an important population (Beldi et al., 2012, Kallouche et al.,
2014a). Many limpet species are present along the Algerian coast. Some of them are largely distibuted: Patella rustica, P.
caerulea and P. ferruginea and others are rarely present: P. ulyssiponensis, P. depressa and P. vulgata. The false limpet
Siphonaria pectinata is also present (Kallouche et al., 2014a). This species seems to belong to Patellidae family, however
its breathing system is different (Gofas et al., 2011). Grande et al. (2008) classi�es it among the opistobranches in view
of genetic similarities. In order to characterise Algerian limpets, some molecular studies about genetic variability were
recently performed in Algerian coasts (Kallouche et al., 2018; Bouzaza and Mezali, 2018).

The ferruginous limpet is a species endemic to the Western Mediterranean Basin. It is the most endangered marine
invertebrate — listed in the European Council Directive 92/43/EEC on the conservation of natural habitat of wild fauna
and �ora — and needs strict protection (Ramos, 1998). This species is currently at high risk of extinction (Laborel-
Deguen and Laborel, 1991a; Templado and Moreno, 1997). Patella ferruginea is included in the annexes of endangered or
threatened species of Barcelona and Bern Conventions and in the European Habitat Directive (Templado et al., 2004). In
Algeria, it is declared as protected species in the o�cial journal of Algerian republic (2006).

For these reasons, much research about biology, ecology and distribution has been undertaken with regard to this
gastropod since the 1970s (Ghisotti and Melone, 1970; Curini-Galletti, 1979; Gran�ls, 1982; Laborel-Deguen, 1985; Biagi
and Poli., 1986; Boudouresque and Laborel-Deguen, 1986; Laborel-Daguen and Laborel 1990 and 1991a,b; Porcheddu
and Milella 1991; Moreno, 1992; Laborel-Deguen et al., 1993; Templado, 1996 and 1997; Cretella et al., 1994; Aparici-
Seguer et al., 1995; Boumaza and Semroud, 2001; Paralcuellos et al., 2003; Machordom et al., 2010; Espinosa et al.,
2005, 2006, 2008; Guallart et al., 2006a,b, 2010, 2011, 2012 and 2013a,b,c; Tlig et al., 2010; Guallart and Espinosa 2012,
2016), and even before in Algerian coasts by Pallary (1900) and Laurent (1939) with the �rst citations.
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Many authors report the highest densities of the ferruginous limpet in North African insular zones, and protected marine
areas: Chafarinas Islands (Guallart et al., 2016), Ceuta (Riviera-Ingraham et al., 2011), Alboran Island (CMA-JA, 2014) in
Spain (North Africa), Zambra and Zambretta islands (Zarrouk et al., 2018) in Tunisia. In Algeria the most important
densities are reported in Rachgoun Island (Taibi et al., 2014), Habibas Island (Boumaza et Semroud, 2001; Espinosa,
2009; Larbi-Doukara, 2019); the main work about Plane Island ferruginous limpets was done by Espinosa (2009). Thus,
only two sectors were studied; and it is not enough representative of all the insular zone.

Patella ferruginea is known by its important densities in North African islands compared to other species. In this work,
the population of this limpet is evaluated in the whole stretch coast of Plane Island, to ensure that the species is
dominant comparing to other limpet species along the sampling area; and focus on the abundance of this endangered
species with the importance of Plane Island as a potential refuge; and to quantify the physical factors and levels
pressure that may be leading to differences in limpet assemblage.

Material and Methods

Study area

Plane Island (Paloma Island) is located in the Eastern Alboran Sea (Western Mediterranean Basin), 7km offshore of
Andalusia Bay (Oran Coast: Algeria) at 35º46.281’N and 0º54.115’W, between Cape Falcon and Cape Lindless. Plane
Island is the second largest island of Oran after Habibas Islands in Oran. Its diameter is between 200 and 300m
(Gueydon, 2005) and characterized by an amazing landscape and seascape as well as important biodiversity richness
typical to Mediterranean islands. It shelters many endangered species such as the noble pen shell Pinna nobilis, the
grouper Epinephelus marginatus and an important population of ferruginous limpets Patella ferruginea (Espinosa, 2009;
Kallouche, 2018). To conserve this biodiversity, the island has been declared a protected marine area (MPA) since
September 2018 (CCWO, 2018).

Methodology

The following methodology is used to help us to know the real status of the ferrugineous limpet compared to other
species limpet in all parts of our MPA. For this reason, the studied area has been divided into several zones: 8 in the main
island, and 9 islets (Figure 1). Each one of this 17 zones has been subdivided in several intertidal transects. The islets
were grouped according to their location into 4 clusters: Islets West (1, 2 and 3), North West (4, 5 and 6), East (7 and 8)
and South West (9).
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Fig 1. Mapping Plane Island and transect localization for each zone. N: North, E: East, W: West, S: South in the principal bloc of the island
and the 9 islets all around. The dashed-bold line represents the absence of limpets.

Sampling

Sampling was done from September 2018 to March 2019. The sampling was performed according to a non-destructive
method: after identi�cation, all founded limpets in each transect was recorded in a submersible tablet without being
moved (Espinosa et al., 2005; Espinosa, 2009; Guallart et al., 2013c; Kallouche et al., 2014a; Guallart and Templado,
2016). All transects were recorded by their GPS points.

Data analysis

The signi�cant results were performed by “Statistica 10” for abundance Index to differentiate limpet species population
and distribution around our insular zone.
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Fig 2. Average total limpet abundance for each zone islet group: b & c are signi�cant results with Duncan test (p<0.05).

Mapping

The collected information about limpet abundance and the transect localisation were prepared to complete the data in
QGIS software.

The primary GPS data and secondary data were organized before exporting to mapping with a suitable Excel format. The
exported data was processed in QGIS software in order to change shape �le data.

Results

Total limpet abundance

Three limpet species belonging to the Patella family were identi�ed in Figure 3: the ferruginous limpet Patella ferruginea,
the ponctuate limpet Patella rustica, and the blue Mediterranean limpet Patella caerulea. In addition, the false limpet
Siphonaria pectinata are observed in Paloma Island. This last species is included in the Opistobranchia Order and
exluded in our inventory.
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Fig 3. Plane limpet species: A) Patella ferruginea, B) P. rustica, C) P. caerulea and D) Siphonariapectinata (scale bar 2cm).

Density and abundance of species

Of all individuals recorded on Plane Island, the ferruginous limpet is the more abundant species with 3993 individuals
with a density of 1.78 ind/m (Figure 4). In the second position, P. rustica is represented by 1861 individuals with a density
of 0.82 ind/m. In the last position, only 383 individuals of P. caerulea were founded with 0.17 ind/m.

Fig 4. Interspeci�c abundance limpets in Plane Island sector (*signi�cant results P<0.05).

The total abundance, represented in Figure 2, is signi�cantly very high on the West and North West islets, followed by the
East zone and the South East islets with a lower abundance than the previous zones but still signi�cantly higher than the
remaining zones.
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Concerning the main island, there is an absence of a signi�cant result (P>0.05) in the distribution of limpet species
between West, North West, East, South, North East, and South West (Figure 5).

Fig 5. Abundance of limpets according to their sampling areas.
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When comparing the abundance of all limpet species in relation to their location (Figure 5, the most signi�cant
abundance area for Patella ferruginea is found on islets and in the North, East and South-East zones of the main island.
One notes also that the islet 6 is the most densest.

The mapping (Figure 6) shows the dominance of Patella ferruginea in the East zones. On the other hand, the Western
zone is characterized by the dominance of P. rustica.

Fig 6. Distribution map of limpet species around Plane Island according to the established transects of Figure 1.

When areas are examined independently in Figure 7, the more signi�cant abundance results were observed in the North
of main island and islets (Duncan test, P<0,05). However, the East zone is the least populated area.
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Fig 7. Limpets species abundance related across different zones.
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Principal Component Analysis (PCA)

The abundance of the three species of limpet recorded in the 17 areas of the insular zone throughout the study period
was included in a multivariate analysis. This is in order to characterize and detect a correlation between the different
zones in relation to the distribution of these Patellidae.

The PCA's results identify two main components includng PC1 = 78.98% and PC2 = 21.02% (Figure 8). PC1 is positively
correlated with West islet, North West, North West, North West islets, North East, South, South East and North East. PC2
is positively correlated with all areas except East islets, South, South East and North East.

Fig 8. Representation of the intersectorial limpets repartition with using an PCA analysis.

This analysis indicates signi�cant correlations with factors ranging from 0.88 to 1 and reveals three groups of zones
(Table 1). The �rst includes the West islets, North West, North West islets and North East areas. The second composed
of the South, South East and North East zones. The last one is the South East, West and South West. The analysis clearly
showed similarities in the density of the three limpet species in each group.
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Table 1. PCA interzone limpets distribution analysis

West North
West North East West

Islets
North West

islets
East
islets South South

East
North
East

South
West

South East
islets

West 1,00 -0,67 -0,94 -0,96 -0,23 -0,84 0,75 -1,00 -0,95 -0,95 0,99 0,90

North West 1,00 0,88 0,85 0,88 0,97 -0,99 0,67 0,40 0,40 -0,78 -0,27

North 1,00 1,00 0,54 0,97 -0,93 0,95 0,80 0,80 -0,99 -0,70

East 1,00 0,50 0,96 -0,91 0,96 0,82 0,82 -0,99 -0,74

West Islets 1,00 0,72 -0,81 0,23 -0,09 -0,09 -0,38 0,22

North West
islets

1,00 -0,99 0,84 0,63 0,63 -0,92 -0,51

East islets 1,00 -0,76 -0,51 -0,51 0,85 0,39

South 1,00 0,95 0,95 -0,99 -0,90

South East 1,00 1,00 -0,89 -0,99

North East 1,00 -0,89 -0,99

South West 1,00 0,82

South East
islets

1,00

The overall PCA, representing the position of the three types of limpet, clearly separates P. ferruginea and P. rustica
(R=0.79) from P. caerulea, indicating an abundance of the two �rst species relative to the third (Table 2; Figure 9).

Fig 9. Representation of the interspeci�c limpets PCA analysis.
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Table 2. PCA interspeci�c limpet abundance analysis

P. ferruginea P. caerulea P. rustica

P. ferruginea 1,00 0,32 0,79

P. caerulea 0,32 1,00 0,61

P. rustica 0,79 0,61 1,00

Discussion

The abundance recorded in the main areas of the island is much lower than that of the islets. However, we note in this
study that Patella ferruginea is very abundant compared to other Patellidae.

The ferruginous limpet Patella ferruginea is highly endangered in the Western Mediterranean Basin where it is endemic
(Boudouresque et al., 1996). In the past, it was very abundant, however nowadays it is in a great decline and it is con�ned
to island areas of the North African coasts (Laborel-Deguen and Laborel, 1991; Espinosa and Bazairi, 2009), including
Algeria which undoubtedly shelters the most important populations (Espinosa, 2009; Kallouche et al., 2014a; Kallouche
et al., 2018), which ranks it among the highest density populations with Chafarinas Island (Spain) 4.82 ind/m (Guallart
and Templado, 2016), Zembra (Tunisia) 2.65 ind/m (Espinosa et al., 2013; Zerrouk et al., 2016), Melilla 2.8 ind/m
(Guallart et al., 2013c), and Ceuta 2.26 ind/m (Rivera-Ingraham et al., 2011). Following our sampling campaigns, it
appears that the average population density of Patella ferruginea is 1.78 ind/m. On the other hand, the density of Patella
caerulea —  which is the most common species in the Mediterranean (Christiaens, 1973; Cretella et al., 1994; Guerra-
Garcia et al., 2004) — reaches 125 ind/m in the Strait of Gibraltar area (Frenkiel, 1975; Templado, 1997). This limpet is the
least abundant in our island with 0.7 ind/m. This result is due to the high currentology and hydrodynamic force exerted
on the island. Indeed, Patella caerulea prefers the least turbulent coasts (Christiaens, 1973; Cretella et al., 1994; Guerra-
Garcia et al., 2004). On Bousfer coast, on the opposite mainland from Plane Island (7km), P. caerulea is the most
dominant limpet with 12.5 ind/m (Kallouche, 2018).

Also, we note the presence of Patella rustica on the study of Kallouche et al. (2014a), which indicates that its average
density on the dike of the port of Oran is between 70 and 100 ind./m . P. rustica is the species that predominates along

the entire coast of Oran (Kallouche, 2018), while in our insular area, the density tends towards P. ferruginea despite the
non-signi�cant difference.

Understanding both the geographic range and the habitat use of a species is fundamental to characterizing its ecology;
enabling predictions regarding how it will react to environmental changes (Gaston and Fuller, 2009).

The difference in Patellidae abundance, compared to the areas of Plane Island, is signi�cant (P<0.05). It can be
suggested that population density is in�uenced by several factors. This difference may be abiotic due to environmental
conditions, particularly wave exposure and desiccation (Rilov et al., 2001; Kallouche et al., 2014; Kallouche, 2018). These
differences seem to confer physical bene�ts for the survival of individuals in their ecological niches (Boulajfene et al.,
2013). This may explain the high population densities of Patellidae in the areas and islets on the extreme East and West
sides.

2
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In addition, activities of anthropogenic origin leave signi�cant nagtive effects on the limpets’ population (Dauvin, 2002). It
is observed that the density of Patellidae is higher in the islets. This may be due to a lack of contact by �shermen who
harm the limpets, often using them as bait, or dumping bleach on the intertidal rocky shores to obtain worms that will
also be used as bait.

Indeed, areas with low limpet densities are pedestrian areas with frequent trampling by tourists and by �shermen
(Helmuth et al., 2011). These areas are as follows: West, South West and North West. There is also a low abundance of
limpets in the landing and the North-East zone known as the swimming pool, which is due to a lack of currentology.
Indeed, hydrodynamics is the main source of oxygenation of Intertidal organisms (Rais et al., 2002).

The areas where the abundance of limpets (particularly the ferruginous limpet) is important are the 4 different islet
groups NW/W/E/SE, since they constitute a favourable habitat for the survival of the different limpet species. It should
be noted that these islets are relatively far from any pressure from �shermen and tourists. These islets are di�cult for
�shermen and tourists to access because of the distance from the main island. Moreover, these places constitute the
�rst barriers against hydrodynamism and are therefore more oxygenated by wave action. Luque et al. (2018)
hypothesized that physical factors such as wave exposure, acclivity, texture, microbial bio�lm, rather than the mineralogy
of the rocks, affect the distribution of the ferruginous limpet.

The Atlantic waters penetrate into the Mediterranean as surface waters, while denser than Mediterranean waters. This
water is dispersed and collected in Algeria and then partially distributed towards the Provençal Basin and Catalan —
forming the North-Balearic front current — where part of it will progress through the Sardinian Channel in its southern
part, the North-Tunisia vein (Pierini and Rubino, 2001; Salas et al., 2002). It then joins the West Corsican vein so that the
�ow of Atlantic water reorganizes once again into the Western Basin. This gyre continues along the slope in Liguria,
Provençal and Catalan, Algerian and enters Alboran where it closes the circle (Benzohra and Millot, 2005; Millot, 1999).
This current direction is related with the dominance of Patella ferruginea in the East zones, and P. rustica in the Western
zone. The post-larval recruitment is related by physical abiotic factors: the direction of marine current from the West
(Atlantic origin) disperses P. ferruginea larvae from the West to the East, and these larvae are recruted in the East of the
island. In addition, this same current bring larvae of P. rustica from Atlantic and these later are recruited in the Western of
the island. The recruitment in the Eastern part of the island is supplied with larvae of P. ferruginea from the East currents
(Algerian coasts) and the Western currents (larvae from the East side of the island). In addition, each zone is able to
recruit post-larvae from itself.

It is evident that Plane Island constitutes a hotspot for P. ferruginea, which is a refuge for this endangered species on the
one hand, and potentially disperse and drive larvae of P. ferruginea to continent coast on the other. As indicated in
Ferranti et al. (2019) in Lugurian Sea, to be considered in order to understand the distribution of these species refers to
the protection level of the island and the abbility of the continental zones to receive these larvae (current), ensure its
recruitment (substratum quality), and especially guarantee its survival against human forces. Hence, the effectiveness of
protected areas in guarding against the decline of ferruginous limpet population, by producing and dispersing larvae to
ensure the continuous presence of continental specimens.

Intertidal environments are facing a global crisis as climate changes are causing sea-level rise. In relation to our hotspot
island, with a 50cm rise in sea level, the South West part (between SW1 and SW2) would be submerged and the water
would penetrate several tens of meters inside the island, which would signi�cantly reduce the land surface of the island,
with a direct consequence of reducing ferruginous limpet habitats. The ferruginous limpet created space for other plants
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and animals to move in, and we saw much more diversity and variety in these ecosystems. Variety is desirable because it
helps protect the ecosystem when a stressor like heat is added. When limpets were part of the community, the effects of
warming were less harsh (Kordas et al., 2017). Synergistically, other human-induced impacts (e.g., sewage, habitat loss,
shell collection) caused increased natural vulnerability of intertidal insular ecosystems. However, the effect of these
threats have long been neglected due, in part, to a limited knowledge of some aspects of intertidal ecology (Andrades et
al., 2018).

In conclusion, distributional patterns will become established, and this study provides the �rst comprehensive baseline
description of the physical factors affecting the status of the ferruginous limpet in limpet assemblage in Plane Island.
The importance of our insular protected area is (i) that it constitues a refuge for P. ferruginea, and (ii) dispersal larvae
ability and recruitment in other places far away from the island. In order to know the variability between the different
limpet settlement, it must be necessary to extend this study in other coastal and insular zones to understand the
mechanisms of the other factors that affect intertidal biodiversity, and last but not least, document future climate
changes and sea level rise.
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