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Reviewing the knowledge
on the genus Patella in the
Mediterranean Sea: testing
the effect of protection on
the mean abundance and
size of Patella ferruginea

Ana Cascales-Soler, Alfonso Angel Ramos-Espla
and Aitor Forcada*

Department of Marine Sciences and Applied Biology, University of Alicante, Alicante, Spain
Increasing human pressure has strongly impacted the littoral environment,

altering the habitats and population parameters of some species. The

Mediterranean Sea is one of the regions that have been highly affected by

these events. In response to these events, marine protected areas (MPAs) have

emerged as one of the main conservation tools for marine habitats and species.

In this regard, harvesting of limpets (Patella spp.) is a good example of the impact

of human activity on the coast. Limpets are mollusks that are collected as food or

fishing bait, and their exploitation causes an immediate decrease in the density

and size structure of individuals. In the Mediterranean Sea, the genus Patella is

represented by five species: Patella rustica, P. caerulea, P. ulyssiponensis, P.

ferruginea, and P. depressa. To verify the effectiveness of the MPAs, a deep

review of 75 studies on Patella spp. in the Mediterranean Sea was conducted to

analyze the spatial and temporal distribution of studies. Data extracted from

these articles were used to assess the effect of protection on the density and size

of P. ferruginea. Regarding spatial distribution, the studies reviewed were

performed at 67 sites in 13 countries, of which 23 were in MPAs and 44 in

non-protected or control areas. The findings of this study show that P. ferruginea

is the species most studied, because it is one of the most threatened marine

invertebrates in the Mediterranean Sea. This explains the temporal distribution of

the studies, which coincides with the establishment of the conservation status

and the concern about the population status of P. ferruginea. Analysis of the

effect of protection on the density and mean size of P. ferruginea individuals

revealed no significant difference in mean density between the control sites and

MPAs. However, mean size between individuals was significantly higher in MPAs

than control sites. This pattern may be related to intra- and interspecific

competition between individuals.
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1 Introduction

Human settlements have long been attracted to coastal areas,

which provide a wealth of resources, commercial opportunities, and

leisure activities (McGranahan et al., 2007). Coastal areas and

marine ecosystems are being pressured by population

development, resulting in accelerated habitat loss and degradation

(Burak et al., 2004), mainly because of stressors such as industrial

expansion, overfishing, and tourism (Stanchev et al., 2015).

Tourism has become a growing trend in coastal regions

worldwide. Globally, marine and coastal tourism is one of the

major economic activities (Smith, 2000; Zahedi, 2008). Therefore,

their impact on the coastal environment is significant and extremely

difficult to manage (Davenport and Davenport, 2006).

Overexploitation, pollution, coastal destruction, biological

invasion by non-indigenous species, and climate change have

major environmental impact on marine ecosystems (Jackson

et al., 2001; Probert, 2017). Shellfishing, if not properly managed,

can lead to serious alterations in the ecosystem, such as biodiversity

loss, serial depletion, habitat degradation, and changes in the food

chain (Murawski, 2000; Scheffer et al., 2005).

The Mediterranean region is not an exception and suffers the

consequences of human activities and climate change. For many

years, the coastal areas of the Mediterranean region have attracted

attention for their environment and culture (Burak et al., 2004).

Due to its peculiar characteristics and history, the Mediterranean

Sea can be considered a miniature ocean (Bianchi and Morri, 2000),

whose reduced extent and volume help that even minor

modifications can cause major changes in the climate and

functioning of the Mediterranean, which makes it a region

potentially vulnerable to climate change and human activities

(Lionello et al., 2006; Garrabou et al., 2022). In fact, it is

considered one of the most prominent “hot spots” in future

projections of climate change (Giorgi, 2006).

The problems caused by factors such as human activity and

climate change have led to initiatives for the protection of marine

and coastal ecosystems. This is how the term “marine protected

area” or “MPA” was adopted by Directive 2008/56/EC of the

European Parliament and of the Council of 17 June 2008.

According to this law, MPAs are natural spaces whose objective is

to protect ecosystems, communities, and biological or geological

elements of the marine environment that, depending on their rarity,

fragility, or importance, deserves special protection. In total, 1,062

MPAs are distributed throughout the coast of the Mediterranean

Sea (by 2019, according to Claudet et al., 2020). The main objective

of MPAs is the conservation of marine life and its intrinsic processes

(Ballantine and Langlois, 2008). By protecting these areas from

damage and degradation, MPAs facilitate the recovery of disturbed

habitats, especially those that are vulnerable and highly diverse

(Selig and Bruno, 2010). Numerous studies have shown that the

main direct effects of protection of marine areas are positive, such

that biological variables (e.g., biomass, density of individuals,

species richness, or body size) are increased within the limits of

the MPA (Claudet et al., 2008; Lester et al., 2009). Despite all these

positive effects, the effectiveness of MPAs is questioned. This
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depends on various factors, such as the design of the MPA and

the levels of protection established (Halpern, 2003). In addition,

MPAs may provide insufficient protection on their own, because

they are not isolated from environmental impacts (Allison et al.,

1998). For this reason, the effectiveness of MPAs depends on the

protection provided outside their boundaries (Agardy, 1994).

Harvesting has been a major threat to the conservation of

intertidal species worldwide (Kingsford et al., 1991; Keough et al.,

1993; Thompson et al., 2002). Mollusk species have evolved survival

strategies, adapting their life cycles, reproduction rates, behavioral

mechanisms, and so forth, to survive the challenges of their physical

and biotic environment (Hockey, 1994). Human predation through

shellfishing is a relatively recent phenomenon in evolutionary terms

that has not been able to predict (Mannino and Thomas, 2002).

Patella is one of the main genera that are affected by shellfishing in

the Mediterranean Sea. These limpets are collected as food or bait

for fishing, and their exploitation causes an immediate decrease in

density, change in size structure of individuals, an imbalance in the

sex ratio, and a decrease in reproduction (Paracuellos et al., 2003;

Rivera-Ingraham et al., 2011). These actions lead to the decline of

the species, as well as alter the ecological succession that occurs in

this habitat, because this herbivore plays an important ecological

role in community structuring, regulating the recruitment of

macroalgae through consumption (Guerra and Gaudencio, 1986).

Therefore, these limpets act as key species providing space for many

others, thereby enhancing biodiversity (Power et al., 1996; Raffaelli

and Hawkins, 1996).

In the Mediterranean Sea, the genus Patella is represented by

four species: P. rustica Linnaeus, 1758; P. caerulea Linnaeus, 1758;

P. ulyssiponensis Gmelin, 1791; and P. ferruginea Gmelin, 1791

(Mauro et al., 2003), to which P. depressa Pennant, 1777—recorded

in the Alboran Sea—must be added (Gofas et al., 2011). Although

all species can inhabit intertidal rocky areas, they avoid overlapping

their distribution by placing themselves at different vertical levels on

rocks: P. rustica is usually located at the supralittoral level, above the

upper mesolittoral occupied by P. ferruginea; P. ulyssiponensis is

usually located in the lower mesolittoral; and P. caerulea can be

found in both intertidal and upper infralittoral habitats (Guallart

and Templado, 2012). Of the five species, P. ferruginea should be

highlighted, because it is one of the most threatened marine

invertebrates according to Directive 92/43/EEC of the European

Council, as well as in “danger of extinction” according to the

Barcelona Convention (UNEP/MAP-SPA/RAC, 2018). The state

of this species is mainly due to human activities on the

Mediterranean coast and its excessive collection.

Although marine protection figures tend to encompass as many

habitats as possible within their boundaries, not all are given the

same importance. An intertidal rocky area is one of these habitats,

whose visibility is usually lower, but importance in the ecosystem is

very high. Rocky shores are likely to be more vulnerable than other

marine habitats due to their susceptibility to terrestrial and marine

disturbances (Schmitt and Osenberg, 1996). The creation of MPAs

covering intertidal rocky areas aims to remedy and prevent the

decline of threatened species of intertidal mollusks, thus improving

their population density, average size, and population viability
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(Keough et al., 1993). In fact, the effects of protection or harvesting

on limpets are a global concern (Branch and Odendaal, 2003;

Lasiak, 2006; Sagarin et al., 2007; Espinosa et al., 2009; Martins

et al., 2017; Sousa et al., 2019a; Sousa et al., 2019b; Sousa et al., 2020;

Baliwe et al., 2022).

To verify the effectiveness of Mediterranean MPAs on limpets

and analyze the spatial and temporal distribution of studies, a deep

review of studies on the genus Patella in the Mediterranean was

performed. With the data extracted from these articles, the effect of

protection was assessed on the density and size of P. ferruginea. In

addition, correlations between the density and size of individuals

were evaluated.
2 Materials and methods

2.1 Literature review

A bibliographic review of existing studies (scientific papers,

“gray literature”) on the genus Patella in the Mediterranean Sea

until October 2022 was performed following the scheme of Moher

et al. (2009). A recompilation of articles was made through a search

in all databases of the Web of Science (WoS) entering the keywords:

“Patella + Mediterranean + density” (n = 68), “Patella +

Mediterranean + size” (n = 110), “limpet + Mediterranean +

density” (n = 79), and “limpet + Mediterranean + size” (n = 108)

in the TOPIC field. Additionally, for each one of the species of the

genus Patella present in the Mediterranean Sea, a specific search

entering species name + Mediterranean was performed (n = 334).

Because some works not published in the journals included in WoS

(including the gray bibliography) may contain interesting evidence

for this review of the genus Patella, additional studies were

identified through a Google Scholar search. The information has

been supplemented with data from authors’ colleagues and includes

theses, technical reports, working papers, and so forth. These

searches produced n = 410 articles after duplicate removal. After

a first review of all the studies collected, studies without information

on the density or size of Patella were discarded. The final number of

studies selected for analysis was n = 75. The information collected

from each study included year of publication, site and country of

study, level of protection (differentiating between MPAs and non-

protected or control areas), species studied, and information about

density and size in as raw format as possible (at least the mean

values of these variables were extracted). The sites identified as

artificial habitats (port infrastructures) with prohibited access

(frequently protected with metal fences) were considered MPAs,

because they act as Artificial Marine Micro-Reserves (AMMR) for

these species (Espinosa et al., 2009; Garcıá-Gómez et al., 2011;

Garcıá-Gómez et al., 2015; Ostalé-Valriberas et al., 2022).

In this review, information about the density and size was found

for the following species: P. rustica, P. caerulea, P. ulyssiponensis,

and P. ferruginea, considering as Patella spp. those information that

could not be identified at the species level. No studies were found on

the density and size of P. depressa. The complete list of studies

compiled can be found in Supplementary Data.
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2.2 Data analyses

The temporal distribution of Patella studies was analyzed

representing the number of studies performed per year,

considering the species included in each study. To assess the

spatial distribution of Patella studies, all study sites recorded in

the review were georeferenced, and the total number of studies

performed at each site was calculated, considering whether the

studies analyzed the density, size, or both density and size of each

species. Using these data, two maps were generated using QGIS

software (QGIS Development Team, 2022), showing the spatial

distribution of studies on density and size separately.

Because most data compiled in the review were from P.

ferruginea, the evaluation focused on the effect of protection on

density and size of this species. For each study site with data on P.

ferruginea, the protection status (MPA or control site) was

considered, and mean density and mean size were calculated to

identify a pattern of protection effect related to a country.

Additionally, the effect of protection on the density and size of P.

ferruginea at the Mediterranean level was analyzed, considering

data as raw as possible for all MPAs and control areas. Due to the

unbalanced nature of the analysis, and the lack of normality of the

data, univariate PERMANOVA (Anderson, 2001) tests were

performed over the untransformed density and size of P.

ferruginea to detect the effect of protection, comparing data from

MPAs with control areas obtained from the previous review. For

density analysis, n = 154 and n = 118, and for size analysis, n = 337

and n = 2,350 were considered in MPAs and control areas,

respectively. Euclidean distance matrix and 9,999 permutations

were used. Finally, the relationship between the density and mean

size of P. ferruginea was evaluated using Pearson’s correlation index

for overall data (n = 143) and for data from MPA (n = 105) and

control areas (n = 38) separately. Analyses were performed using R

statistical computing software (R Core Team, 2020) and the R’s

statistical software packages ggplot2 (Wickham, 2016) and Vegan

(Oksanen et al., 2019).
3 Results

In this research, a total of 75 studies have been found and

reviewed (Supplementary Data), in which four species of the genus

Patella have been investigated. P. ferruginea was the most studied

species, appearing in 56 studies. P. caerulea and P. rustica appeared

in 15 and 13 studies, respectively, and P. ulyssiponensis in 1. Reports

on the density or size of P. depressa in the Mediterranean Sea were

lacking. Species were not identified in six of the studies reviewed,

considered Patella spp.
3.1 Temporal and spatial distribution of
studies on Patella in the Mediterranean

Regarding the temporal distribution of studies on the genus

Patella (Figure 1), the first studies on the size and density of
frontiersin.org
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individuals were performed in 1973 and 1986, respectively. Between

1975 and 1999, studies on this genus were lacking; however, an

increasing trend was seen in the number of studies from the early

2000s, reaching the highest number in 2019 (seven studies),

followed by 2014 and 2018, with six studies. In general, all species

appeared in the studies during all periods, with the exception of

P. ulyssiponensis, which was included in a study in 2014.
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In terms of spatial distribution, Patella was investigated at 67

sites of the Mediterranean Sea, covering 13 countries. From these

sites, 23 were MPAs and 44 were control areas. The countries that

contributed the highest number of studies on Patella included Spain

(27), Algeria (12), Tunisia (12), and Italy (10).

Focusing on studies that included data on the density of Patella,

39 sites were registered distributed in 10 countries (Figure 2). Most

of these sites are located in Spain, Morocco, Algeria, and Tunisia, as

well as Corsica (France) and Sardinia (Italy). The sites that

contributed the highest number of studies included Ceuta (Spain)

and Zembra Island (Tunisia), with eight studies each, followed by

Paloma Island (Algeria) with six studies, Tabarca Island (Spain)

with five studies, and Mal di Ventre (Sardinia) with four studies.

The density of P. ferruginea was studied the most at sites along the

Mediterranean Sea (Figure 2). Despite the large number of sites

found in the review, more than one species of Patella was studied in

only six studies. Notably, studies on the density of P. caerulea, P.

ferruginea, and P. rustica were conducted on Paloma Island and the

West Coast of Algeria.

Regarding studies that included data on the size of Patella

individuals, 48 sites were identified in the Mediterranean,

distributed in 12 countries (Figure 3). The places where the

studies are more concentrated include Corsica (France), Sardinia
FIGURE 1

The total number of studies per year on P. caerulea, P. ferruginea, P.
rustica, P. ulyssiponensis, and Patella spp. The bar of “unpublished”
includes studies with no date of publication.
FIGURE 2

Distribution of studies that include data on densities of Patella individuals along the Mediterranean Sea. Each color represents one of the Patella
species, and the diameter of the pie chart indicates the number of studies on density at each site. A list with the names of all the sites registered in
the review can be seen below the map.
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(Italy), and Tunisia. In most cases, only one study on the size of

individuals was performed at each site; however, Ceuta (Spain) and

Zembra Island (Tunisia) hosted eight studies each. Although P.

ferruginea was the most notable species in studies on the size of

individuals along most of the sites, P. caerulea was also studied at

several sites, mainly located in the central and eastern

Mediterranean. The size of more than one species of Patella was

studied at only eight sites.
3.2 Effect of protection on P. ferruginea

Mean density values of P. ferruginea for each site recorded in

the review are shown in Figure 4. Although most countries had

MPA sites that were studied, the number of control sites studied was

greater; specifically, there were included in the studies reviewed 14

MPAs and 17 control sites. Regarding the mean density of

individuals, a wide variety of values is appreciated, generally

between 0.1 and 10 individuals/m. The mean density of

individuals was slightly higher in MPAs than control areas only

in Spain, France, and Italy. The highest mean density was observed

at the control sites of Plane Island (Tunisia) (15.920 ± 9.790

individuals/m) (s.e., standard error) and Melilla (Spain) (14.154 ±
Frontiers in Marine Science 05
5.766 individuals/m) and in the MPAs of Chafarinas Island (Spain)

(8.865 ± 1.668 individuals/m) and Melilla (Spain) (10.000

individuals/m).

Considering all the available data, although the mean density of

P. ferruginea individuals was slightly higher in the control areas

(4.192 ± 0.662 individuals/m) than MPAs (3.950 ± 0.434 individuals/

m) (Figure 5), statistical analysis of the effect of protection on density

with PERMANOVA revealed no significant differences between

MPA and control densities (pseudoF1,270 = 0.101, P > 0.05).

The mean size of P. ferruginea individuals (Figure 6) was

studied in a greater number of control sites than MPAs. This

variable was measured at 20 and 17 sites, respectively. In fact, in

three of the eight countries that hosted studies on P. ferruginea size,

MPAs were not included in the sites studied. The mean size of P.

ferruginea generally ranged between 2 and 6 cm at most sites. This

variable showed greater values for MPAs than control sites in

Tunisia, Algeria, Spain, and Italy; however, the opposite trend

was seen in Morocco. The MPAs with the highest mean sizes of

P. ferruginea were located in Habibas Islands (Algeria) (6.193 ±

0.115 cm) and Asinara Island (Italy) (6.140 ± 2.030 cm). In the

control sites, the highest mean size values were recorded in Rincón/

M’Diq (Morocco) (6.080 cm; size range from 3.8 to 8.9 cm) and

Genoa (Italy) (5.367 ± 1.124 cm).
FIGURE 3

Distribution of studies that include data on the size of Patella individuals along the Mediterranean Sea. Each color represents one of the Patella
species, and the diameter of the pie chart indicates the number of studies on size at each site. A list with the names of all the sites registered in the
review can be seen below the map.
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Comparing all available data on the size of P. ferruginea

individuals in MPAs and control sites (Figure 7) revealed that

although big individuals were observed at control sites (some

reaching > 8 cm), mean size was clearly higher in MPAs (5.778 ±

0.080 cm) than control areas (3.531 ± 0.031 cm). This pattern was

statistically confirmed after analyzing the effect of protection on

mean size with PERMANOVA, which showed that the mean size of

P. ferruginea was significantly larger in MPAs than control areas

(pseudoF1,2685 = 676.180, P < 0.001).

After extracting data from the reviewed studies for sites where

both the density and size of P. ferruginea individuals were sampled

(18 studies), the relationship between these two variables was

evaluated. Although a slight negative correlation was seen

between the density and mean size of P. ferruginea individuals in

both MPAs and control sites, Pearson’s correlation index was not

statistically significant in any case (Figure 8).
4 Discussion

The findings of this study reveal that among the five species of

the genus Patella present in the Mediterranean, P. ferruginea is the

most studied. This is not surprising, because P. ferruginea is one of

the most threatened marine invertebrates in the Mediterranean Sea

and is listed as “endangered” according to the Barcelona
FIGURE 6

Mean size and standard error (s.e.) of Patella ferruginea individuals
(cm) according to the study site and level of protection. Bars where
s.e. is not indicated means that it was not available in the studies or
could not be calculated. The numerical code on the right side of the
site name corresponds to the list of sites represented in the
distribution map (Figure 3).
FIGURE 5

Boxplot of the density of Patella ferruginea (individuals/m) in MPAs
and control areas. Within each box, central lines denote median
values, boxes extend from the 25th to 75th percentile, and whiskers
denote values within 1.5 interquartile range of the 25th and 75th

percentiles. Dots above or below the whiskers are outliers. Black
dots show mean values.
FIGURE 4

Mean densities and standard error (s.e.) of Patella ferruginea (individuals/m)
according to the study site and level of protection. In bars where s.e. is
not indicated means that it was not available in the studies or could not
be calculated. The numerical code on the right side of the site name
corresponds to the list of sites represented in the distribution map
(Figure 2). Data are represented on a logarithmic scale.
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Convention (UNEP/MAP-SPA/RAC, 2018). However, although P.

ferruginea is on the list of European regulations and several

Mediterranean countries, it has not been evaluated by the IUCN

Red List. Their endangered status can be attributed to human

activities on the coast and excessive exploitation as food or

fishing bait, as well as for ornamental purposes (Rivera-Ingraham,

2010; Tlig-Zouari et al., 2010). Studies on the density and size of the

other four Mediterranean species are few. However, many studies

have performed molecular and phylogenetic analyses on these

species (Mauro et al., 2003; Casu et al., 2010; Prusina et al., 2014).

Regarding of studies on the density and size of species of the

genus Patella, 67 sites were investigated, which most are located in

the western Mediterranean Sea. Because P. ferruginea is the most

vulnerable member of this genus and had almost completely

disappeared from the European coasts (Templado and Moreno,

1997; Guallart et al., 2013), studies were performed in areas where

the species persisted due to conservation concerns. The known

distribution of P. ferruginea is practically limited to the coasts of

North Africa—from the Strait of Gibraltar (Ceuta) to the Zembra

Islands (Tunisia)—some parts of southern Spain (coasts of Málaga,

Granada, and Almerıá), the Alboran Island, and the coasts of

Corsica and Sardinia (Laborel-Deguen and Laborel, 1991;

Templado et al., 2004; Moreno and Arroyo, 2008; Guallart and

Templado, 2012). The hot spots of P. ferruginea must be protected

as a priority owing to the general regression of its geographic

distribution (Templado, 2001; Guerra-Garcı ́a et al., 2004;

Templado et al., 2004; Espinosa, 2009; Espinosa et al., 2014).

Regarding the temporal distribution of studies on Patella

(Figure 3), an increase was seen in the number of publications
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since the early 2000s, because most of the studies focused on P.

ferruginea, which was listed as an endangered species in Spain in

1999 (BOE, 1999) and considered “threatened” by the EU Habitat

Directive (Annex IV) and the Barcelona Convention (Annex II).

Thus, the concern for P. ferruginea has increased because of its

population decline.

Many studies have compared the densities of individuals in

MPAs and control zones, confirming the presence of a positive

effect on the density and size of limpets in protected areas. The

effects of protection on limpets were observed in South Africa for

Helcion concolor (Branch, 1975), Cymbula oculus (Branch and

Odendaal, 2003; Baliwe et al., 2022), C. granatina, and

Scutellastra argenvillei (Baliwe et al., 2022); in the Madeira

archipelago for Patella aspera and P. candei (Martins et al., 2017;

Sousa et al., 2019a; Sousa et al., 2019b; Sousa et al., 2020), in the

Canary Islands for Patella ulyssiponensis (López et al., 2012); in

Chile for Fissurella crassa and F. limbata (Durán and Castilla, 1989;

Godoy and Moreno, 1989); and in the USA for Lottia gigantea

(Sagarin et al., 2007; Fenberg and Roy, 2012). However, in this

study, the mean density of P. ferruginea individuals was slightly

higher in the control sites than in MPAs; the statistical analyses

revealed no significant differences between the levels of protection,

which is consistent with the results of Espinosa et al. (2009) for this

species in the Mediterranean. In fact, intra- and interspecific

competition effects, related to increase in limpet size and the

consequent decrease in population density, were seen, because the

distance between nearest neighbors increased as the sum of their

sizes increased (Black, 1979; Espinosa et al., 2006; Espinosa et al.,

2009). In this study, the populations with the highest average
FIGURE 7

Boxplot for the size of Patella ferruginea (cm) in MPAs and control
areas. Within each box, central lines denote median values, boxes
extend from the 25th to 75th percentile, and whiskers denote values
within 1.5 interquartile range of the 25th and 75th percentiles. Dots
above or below the whiskers are outliers. Black dots show mean
values.
FIGURE 8

Mean density as a function of mean size of Patella ferruginea
individuals in MPAs and control areas. Fitted lines from linear
regression are presented with 95% confidence interval for MPAs
(blue) and control areas (orange). R: Pearson’s correlation index for
MPA data (blue), control area data (orange), and all data (black).
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densities were in unprotected areas (Plane Island and Melilla).

However, other factors may affect the density of individuals

regardless of protection, such as the effect of hydrodynamism,

because many studies have shown that limpet species tend to be

more abundant in exposed rocks (Laborel-Deguen and Laborel,

1991; Marra et al., 2018). As key species of rocky ecosystems

(Menge, 2000), limpets depend on the biota that surrounds them,

such as the availability of food or the presence of natural predators,

thus altering population densities.

The effect of protection on mean size showed different results

than those observed for mean density; in this case, mean size was

significantly greater in MPAs than control areas. Generally, larger

individuals are the main target of illegal catches (Sagarin et al., 2007;

Espinosa, 2009); therefore, in unprotected areas, where they can be

easily caught, limpets had a lower mean size. Human pressure can

shift the population structure toward higher frequencies of smaller

individuals in unprotected areas (Kido and Murray, 2003), reducing

the proportion of larger individuals (mostly females), reducing

gonadal production, and lowering reproductive success, which is

the main cause for population vulnerability (Ostalé-Valriberas et al.,

2022). Therefore, if with the implementation of MPAs, big

individuals could be preserved, as seems to happen for P.

ferruginea in the Mediterranean, can be obtained by indirect effects

regarding the reproductive output of these broadcast spawners.

Therefore, the major factor allowing for the coexistence of size

classes is probably the effect of very high-intraspecific competition

within large sizes, which reduces densities below levels at which small

limpets can be eliminated (Boaventura et al., 2003). However,

intraspecific competition depends on the species, because it is

related to behavior and spatial distribution (Espinosa and Rivera-

Ingraham, 2017). In P. ferruginea, intraspecific competition appears

to be lower than in other species (Espinosa et al., 2006). By contrast,

the recruitment of Patella is lower in sheltered areas (Fernández et al.,

2016), which must be compensated with higher survival and growth

rates, because lower densities allow for a lower degree of intraspecific

competition. Moreover, some experimental studies support the

hypothesis that greater growth in sheltered areas is specifically

more due to lower density per unit grazeable area, meaning higher

food availability (Jenkins and Hartnoll, 2001). However, as the study

has shown, harvesting seems to be the main factor affecting the size

classes of Patella spp., being significantly higher in MPAs (Espinosa

et al., 2008), although the surveillance factor is fundamental (Coppa

et al., 2016; Marra et al., 2018).

From the findings of this study, it can be concluded that of the

five species of the genus Patella present in the Mediterranean, the

most studied is P. ferruginea. This explains the temporal distribution

of the studies, because the increase in studies occurred in the early

2000s, which coincides with the establishment of the conservation

status and the concern about the population status of P. ferruginea.

The analysis of the effects of protection on the density and mean size

of P. ferruginea individuals revealed no significant differences in

mean density between the control sites and MPAs. However, the
Frontiers in Marine Science 08
mean size of individuals was significantly higher in MPAs than

control sites. This pattern may be related to the intra- and

interspecific competition between individuals.
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Conservational status and demographic characteristics of Patella ferruginea gmelin
1791 (Mollusca, gastropoda) on the alboran island (Western Mediterranean). Anim.
Biodiversity Conserv. 26 (2), 29–37.

Power, M. E., Tilman, D., Estes, J. A., Menge, B. A., Bond, W. J., Mills, L. S., et al.
(1996). Challenges in the quest for keystones: identifying keystone species is difficult
but essential to understanding how loss of species will affect ecosystems. BioScience 46
(8), 609–620. doi: 10.2307/1312990

Probert, P. K. (2017). Marine conservation (Cambridge, United Kingdom:
Cambridge University Press).
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