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Abstract: The purpose of this paper is to provide for the first time data on a hard substratum macroinvertebrate
species inhabiting El Mellah, the unique coastal lagoon in Algeria, and to increase knowledge on limpet
species in South Mediterranean protected areas. Between the summer 2019 and the spring 2020, several
biological and population dynamics aspects of the high-shore limpet Patella rustica were investigated.
Based on length-frequency distribution analysis using the FiISAT II software, the age of sampled limpets
ranged from one to five years old, and the estimated growth parameters were identified as Loo=40.55 mm,
K=0.39 year', with a growth performance index (®') of 2.81. Morphometric analysis revealed significant
positive allometric relationships indicating variations in body proportions during ontogenesis. Condition
index exhibited strong seasonality, with the highest value (41.2743.27) recorded during winter. Overall,
this study revealed that P. rustica from El Mellah lagoon follows similar morphological and physiological
patterns to other populations in the range of the species across oceanic and marine coastal waters.
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Introduction

Patellid limpets are one of the most widespread
invertebrates inhabiting the rocky shores of the
intertidal area from the supratidal to the subtidal
(RIDGWAY et al. 1998, HENRIQUEZ et al. 2017). Their
geographical distribution is essentially anti-tropical
limited mainly to southern Africa and the North-
eastern Atlantic (KouropaNou et al. 1999). Lim-
pets are generalist herbivorous grazers (KEASAR &
SAFRIEL 1994). They are considered key species in
rocky coastal ecosystems through their fundamental
role in the ecology and biodiversity of these habi-
tats (HAWKINS & HARTNOLL 1983, BRANCH 1985,
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MENGE et al. 1994, EspINOSA & RIVERA-INGRAHAM
2017). Thereby, limpet’s grazing activity impacts
not only algal abundance, density and growth but
this process is essential in structuring intertidal com-
munities by influencing the establishment of other
organisms such as barnacles (BOAVENTURA et al.
2002, JENKINS et al. 2005, CoLEMAN et al. 2006,
BoORGEs et al. 2015). Consequently, any change or
removal of limpets feeding behaviour may have cas-
cading effects on the ecosystem in which they live
(RAFFAELLI & HAWKINS 1996, PRUSINA et al. 2014).

In the Mediterranean Sea, the literature men-
tions that the family Patellidae is represented by
two genera, Cymbula H. Adams & A. Adams, 1854
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Fig. 1. Location and boundaries of Ramsar site EI Mellah.

and Patella Linnaeus, 1758 (RIDGWAY et al. 1998,
EspiNosa et al. 2011, EspINOSA & RIVERA-INGRA-
HAM 2017, HENRIQUEZ et al. 2017); the Algerian
coastline hosts representatives belonging to both
genera. Four species at least have been recorded
and their presence recently confirmed: Patella fer-
ruginea Gmelin, 1791, Patella caerulea Linnaeus,
1758, Patella rustica Linnaeus, 1758 and Cymbula
safiana (Lamarck, 1819) (KALLOUCHE et al. 2018,
Bouzaza & MEezaLl 2019). These patellids have
been the subjects of numerous studies dealing with
various aspects of their biology and ecology such as
occurrence, distribution, morphometric character-
istics, reproduction, phylogeny and ecotoxicology
(Boumaza & SEmMrOUD 2001, Espinosa 2009, BELDI
et al. 2012, KALLOUCHE et al. 2014, 2018, MAATAL-
LAH et al. 2014, ZEGAOULA et al., 2016, BouzazA &
MEgzaLl 2018a, 2018b, 2019, Air MOHAMED AMER
et al. 2018). However, most of these studies have
been conducted on the Oran coast (northwest Alge-
ria) and mainly focused on P. caerulea and P. fer-
ruginea. The particular attention put on these two
species has probably been linked to their endemic
status in the Mediterranean and to the fact that P
ferruginea is an endangered species at risk of ex-
tinction (EspiNvosa 2009 and literature therein). On
the other hand, relatively little is known about the
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remaining species of the family Patellidae occurring
along Algerian shores.

El Mellah is the only coastal lagoon in Alge-
ria; it is a Ramsar site and a part of the UNESCO
Biosphere Reserve of El-Kala National Park located
in the northeast of the country. This paralic ecosys-
tem is far from any sources of pollution; although
maintaining fishing and aquaculture activities, El
Mellah remains slightly affected by anthropogenic
disturbance and may be recognised as a reference
to south Mediterranean lagoons (DRAREDJA et al.
2019). El Mellah has been the subject of many sci-
entific studies that have looked at both applied and
ecological aspects. Among the latter, research works
focusing on macrozoobenthic fauna received much
attention (BAKALEM & RomaANO 1979, GUELORGET
et al. 1989, DRAREDIA & BAKALEM 2004, DRARED-
JA 2005, DRAREDJA et al. 2012, MAGNI et al. 2015,
BENSAAD-BENDJEDID et al. 2018). However, to date,
none of these studies covered hard substratum mac-
ro-invertebrates and all of them have taken into ac-
count only soft-bottom communities.

Against this background, the aim of the present
study was to provide basic information on the biol-
ogy of patellogastropod limpet Patella rustica as a
first contribution to the knowledge of rocky shore
communities inhabiting El Mellah lagoon. We also
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contribute additional data on patellid limpets resi-
dent in the South Mediterranean protected areas. In
this work, we analyse age structure, growth, shell
form and seasonal variations in the condition index
of the population under study.

Materials and Methods

Study area

El Mellah lagoon is situated at the extreme north-
east of Algeria (36°53’ N, 8°19” E) (Fig. 1). This
protected transitional water ecosystem (Ramsar site
No. 1424) covers an area of 865 ha. It communi-
cates with the Mediterranean Sea to the north by a
long and narrow channel (900 m long, 10 m wide).
El Mellah sediment is sand with shell debris along
the shore and mud in the central area of the lagoon
(Magnr et al. 2015). Its rocky banks consist of
shelly sandstone blocks (GUELORGET et al. 1989).
El Mellah is characterised by its rich biodiversity;
it provides an adequate habitat for a wide range of
wildlife species — water birds, fish, invertebrates
and plants. Besides its ecological significance, the
lagoon plays an important socio-economic role as it
maintains artisanal fisheries activities.

Sampling

Patella rustica specimens were collected along El
Mellah lagoon rocky intertidal area near the mouth,
where the species is most abundant. Field sampling
was performed randomly at low tide on a seasonal
basis from summer 2019 to spring 2020 (Table 1).
Limpets were hand-collected using a knife and then

Table 1. Sampling periods and number of Patella rustica
sampled individuals.

Season — Month Number of individuals
Summer — July 2019 450
Autumn — October 2019 307
Winter — January 2020 241
Spring — April 2020 402

transferred to the laboratory for processing. Only in-
dividuals with minimum or free of epibionts were
retained for the study. Once brushed and rinsed, six
parameters were measured on each individual: shell
length (SL, mm), shell width (SW, mm), shell height
(SH, mm), distance from apex to anterior end (AA,
mm), distance from apex to posterior end (AP, mm)
(Fig. 2) and total weight (TW, g). Linear and weight
measurements were performed using a Vernier cal-
liper and digital scale with respective accuracies of
0.1 mm and 0.01 g.

Age structure and growth parameters

The shell length dataset was divided into size classes
of 2 mm intervals. Based on the analysis of the length-
frequency distribution (LFD), age groups were deter-
mined through the Bhattacharya procedure (1967)
incorporated in the FiSAT II software (GAYANILO et
al. 2005). This approach assumes the normal distri-
bution of cohorts. Subsequently, from the resulting
mean sizes for each age, asymptotic length (Loo, mm)
and growth coefficient (K, yr') of the von Bertalanffy
growth formula (VBGF) were also estimated via Fi-
SAT II. Note that by default, FiSAT considers t, the
third parameter of VBGF equal to zero. Obtained Loo
and K were used to compute the growth performance
index according to Pauly & Munro (1984) equation
as: @' =1logl0 K + 2 log10 Leo.

Relative growth and shell morphology

Length-length and length-weight relationships be-
tween pairs of measured parameters (SL vs SW, SH,
AA, TW) were determined by regression equations
according to the logarithmic form Log Y = Log a +
bLog X (SokaL & RoHLF 1987), which was convert-
ed from the original equation Y= a*X" where Y is
the dependent and X the independent variables, “a”
the intercept and “b” the slope of the regression line.
Both constants a and b were calculated by the least-
squares method. The determination coefficient “R?”
was used to assess the association degree between
variables. All regression analyses were performed on

Table 2. Summary statistics on measured variables of Patella rustica from El Mellah lagoon.

Variables N Mean SE Min Max
SL (mm) 1400 22.72 0.13 12 38.1
SW (mm) 1294 18.78 0.13 7.1 323
SH (mm) 1294 8.99 0.08 3 22.2
AA (mm) 1195 12.51 0.10 24.1
AP (mm) 1195 16.38 0.11 7.3 29.5
TW (g) 1384 2.45 0.05 0.12 10.56

N = Number of specimens; SE = Standard Error of mean; min = minimum; max = maximum
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Fig. 2. Measured shell dimensions on P. rustica shells.
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Fig. 3. Seasonal changes in mean values of condition index with standard deviation (vertical bars) for P. rustica from

El Mellah Lagoon.

log-transformed data using R software, version 3.1.2
(R DEVELOPMENT CORE TEAM, 2014). To determine
the nature of growth (isometry vs allometry), a Stu-
dent’s t-test (SOKAL & ROHLF 1987) was applied to
calculate the deviation of the slope b from isometric
values one or three; 1: in the case of the same type of
variables (length-length relationships) and 3: in case
of a distinct type of variables (length-weight relation-
ship). For all tests, statistical significance level was
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accepted at P<0.05. Besides, to deeply analyse shell
patterns, metric measures were also used to calcu-
late the means of 3 classic morphometric descriptors
SW/SL, SH/SL, and AA/AP. According to CABRAL
(2007), those ratios provide respectively information
on shell base form (circular/ oval), conicity (hight/
flattened cone), and cone eccentricity (centered/ ec-
centric apex) depending on whether their values are
equal or lower than 1.
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Table 3. Age-length key of Patella rustica from El Mellah  characters are presented in Table 2.

lagoon.
Age Mean length % of popu- SI
(year) (mm) = SD lation

1 15.67 +1.73 15.14 -
2 21.84+1.12 40.14 2.54
3 26.66 +1.27 33 2.20
4 31.82+2.18 9.29 2.32
5 36 £2.40 2.43 1.83

SD= standard deviation; SI= Separation index

Age structure and growth parameters

Length-frequency distribution analysis suggested
that P. rustica population from El Mellah lagoon
is divided into five age groups ranged from 1 to 5
years, with the dominant cohorts in the second and
third age-classes which together represented about
73% of overall sampled individuals. Data on mean
lengths assigned to each identified age group are pre-
sented in table 3. Values of von Bertalanfty growth

Table 4. Morphometric relationships and type of growth of Patella rustica from El Mellah lagoon.

X Y N Loga b SE b R P Rel‘;fi‘;;‘fhip
LogSL | LogSW | 1204 | -02091 | 1.0909 | 0.0002 0.96 <0.001 + allometry
LogSL | LogSH | 12904 | -08308 | 13076 | 0.0005 0.81 <0.001 + allometry
LogSL | LogAA | 1195 | -05203 | 1.1943 | 0.0003 0.91 <0.001 + allometry
LogSL | LogTW | 1384 | -4.1787 | 33109 | 0.0005 0.95 <0.001 + allometry

Table 5. Morphometric ratios of Patella rustica from El Mellah lagoon.

Descriptor Calculation N Mean | SD Shape tendency
Base ellipticity SW/SL 1294 0.82 0.05 The closer the value is t_o 1, the closer the shell base
to the circular form
Conicity SH/SL 1294 0.39 0.06 The greater the ratio, the higher the cone.
Cone eccentricity SAA/SAP 1195 0.76 0.08 The closer the ratio is to 1, the more symmetrical the apex”.

Condition index

A conventional condition index (CI) as an indica-
tor of molluscs physiological status was calculated
seasonally for 50-60 individuals of similar sizes (20-
30 mm shell length), following Lucas & BENINGER
(1985) as:

Flesh wet weight (g)

CI= *100
Total weight (g)

CI seasonal values were expressed as mean +
standard deviation (SD). The Kruskal-Wallis non-
parametric test (5% level of significance) performed
under R software was used to investigate significant
differences between seasonal CI values.

Results

Specimen sizes and weights

In the present study, specimens of P. rustica ranged
respectively in shell length and total weight from 12
to 38.1 mm (Mean + SE: 22.72 + 0.13 mm), and
0.12 to 10.56 g (Mean = SE: 2.45 + 0.05 g). Data
on descriptive statistics of measured morphometric

parameters obtained from age-length key were Loo =
40.55 mm, K = 0.39 year'. The growth performance
index was equal to 2.81.

Relative growth and shell morphology

The morphometric relationships relating SL to lin-
ear and weight characteristics (Table 4) were signifi-
cant (P<0.001) and showed high determination coef-
ficients with values ranged between 0.81 and 0.96.
Positive allometries prevailed in all relationships
indicating that: SW, SH, AA, and TW growth occurs
at a faster rate than shell length; this implies that
during ontogenesis, individuals of P. rustica from
El Mellah tend to become heavier and their shell
bases more circular with relatively higher cones.
These results were supported by ratios analysis (Ta-
ble 5) indeed, base ellipticity and cone eccentricity
showed values close to one when the conicity ratio
was slightly below 40%.

Condition index

Variation in the condition index of P rustica is
presented in Figure 3. Values were low in summer
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(34.91+2.54), increased in autumn (35.56+2.03),
peaked during winter (41.27+3.27), and once again
declined in spring (38.15+2.71). The Kruskal-Wallis
analysis showed significant differences between CI
mean values among seasons (P < 0.001).

Discussion

The maximum shell length registered in P. rustica
from El Mellah lagoon was 38.1 mm. Comparing
our results with previous studies, it appears that
this value is higher than what was observed for the
species in the Algerian western coast (36 mm, AIT
MoHAMED AMER et al. 2018), in the southeastern
Adriatic Sea (33.6 mm, PrusiNa et al. 2015) and, in
Sardinia shores where MaRRra et al. (2017) report that
individuals larger than 35 mm were extremely rare.
However, it is lower than the maximum shell lengths
registered in P. rustica populations from Viransehir
(Turkey, DEniz 2010) and Mindelo shores (Portu-
gal, Sousa et al. 2012) where the largest specimens
reached respectively 42.5 mm and 51 mm. Several
authors have attributed the difference in limpet max-
imum sizes to the effects of environmental factors
such as primary productivity, sea-water temperature,
and influence of the latitude (BosmaN et al. 1987,
EspINOSA & RIVERA-INGRAHAM 2017, HENRIQUES et
al. 2017). Otherwise, numerous studies have dem-
onstrated that limpets reach higher sizes in Marine
Protected Areas in contrast with non-protected and
easily accessible zones where limpets’ largest speci-
mens remain the preferential target of human col-
lection (Lasiak 2006, EspiNnosa et al. 2014, MARRA
et al. 2017, Sousa et al. 2020). However, it is worth
noting that in El Mellah lagoon, Ramsar site of or-
nithological importance (SAMRAOUI & SAMRAOUI
2008), avian predation pressure should be taken into
account as a factor that can impact limpets’ popula-
tion structure. In a survey on El Mellah waterbirds
assemblage, TELAILIA et al. (2017) counted no less
than 11 piscivorous bird species among which La-
rus michahellis, Larus fuscus, Ichthyaetus audouinii
and Phalacrocorax carbo. According to ESPINOSA
(2009) and TLIG-ZOUARI et al. (2010), birds espe-
cially gulls are significant predators which might
seriously affect the population dynamics of limpets.

In the present study, age composition revealed
a maximum age of five years, with an abundance
of second and third-year-old individuals. Our results
suggest that P. rustica from El Mellah lagoon is a
relatively short-living species; this is in line with
previous studies. Indeed, PrRusINA et al. (2015) es-
timated the mean age at approximately 2.9 years,
while MARRA et al. (2017) reported that the species
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rarely exceed two years of life. Nevertheless, Lima
et al. (2006) had given a conservative estimate of
4 to 6 years as maximum longevity of P. rustica.
Moreover, the calculated asymptotic length, growth
coefficient, and growth performance index of the
studied population were 40.55 mm, 0.39 year!, and
2.81 respectively. Compared to the little available
literature documenting the growth of P. rustica, our
findings fall between results obtained in the Adriatic
sea (PrusiNA et al. 2015) and those from the Sardinia
coast (MARRA et al. 2017). According to HENRIQUES
et al. (2017) who reviewed the published literature
on the biology of patellid limpets, growth variability
within this family would be mostly related to local
environmental factors such as seawater temperature
(resulting from geographical latitude), availability
of food, wave action, and vertical distribution on the
shore. However, other factors such as hydrodynam-
ics, desiccation, immersion period, predation and
competition were also considered as having a signif-
icant impact on the growth rate among limpet spe-
cies (ESPINOSA & RIVERA-INGRAHAM 2017, Sousa et
al. 2017).

The shell shape analysis showed that P. rustica
from El Mellah lagoon has an overall positive al-
lometric growth reflecting a more rapid increase in
shell height and width than shell length; this means
that as individuals grow, shell bases tend to become
progressively more circular, and the cones higher.
Our findings are consistent with the general mor-
phology pattern observed in P. rustica (DeNiz 2010,
PrusiNa et al. 2014) as well as several other Patella
living at high shore levels (CABRAL 2007, TELIG-
ZOUARI et al. 2011, BareLLl 2016, Bouzaza &
MEezaL1 2018b). In previous literature, this growth
profile is described as an adaptive phenotypic re-
sponse of molluscs to dry habitats, allowing them
to store a greater amount of water and minimize its
loss due to high temperature, desiccation and salin-
ity stress (BRaNcH 1981, Oztiirk & ERGEN 1999,
BoukHicHA et al. 2010, BELKHODJA & ROMDHANE
2012). Several authors (CABRAL 2007, CABRAL &
NataL JORGE 2007) highlighted that patellid limpets
developed efficient adaptations to overcome certain
environmental factors, which would be responsible
for their specific morphological patterns and genetic
variability (BRANCH 1981, MAURO et al. 2003, FARIA
et al. 2017). Nevertheless, among limpet species, P,
rustica appears to be particularly well adapted to life
in harsh environments and resist remarkably to het-
erogeneous conditions that characterize the coastal
intertidal habitats (PrRusINA 2015). This observation
is fully supported by the findings of TLIG-ZOUARI
et al. (2010). These authors reported that along the
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Tunisian coastline, even though P. rustica occurred
higher than all other limpet species, it seemed to be
the more tolerant to the stresses caused by the dura-
tion of air exposure and dehydration.

Condition indices reflect general physiological
states of organisms, they are closely related to both
intrinsic (gametogenic and nutrient storage cycles)
and extrinsic factors (water temperature and avail-
ability of food); thereby, these indicators represent
practical and easy tools to monitor molluscs repro-
ductive activity as well as environmental conditions
of their habitats (VASCONCELOS et al. 2008, FERNAN-
DEZ et al. 2015). Seasonal variations in the condi-
tion index of P. rustica from El Mellah lagoon were
in full agreement with results obtained in previous
works. Indeed, some authors have indicated that the
significant increase of soft parts recorded in Patella
spp. during winter could be due to the frequent water
splashes that facilitate limpets grazing, contrary to
summer, in which high temperature and desiccation
reduce their foraging activity (SANTINI & CHELAZZI
1995, PrRUSINA et al. 2015). On the other hand, the
CI peak detected in January may also correspond to
the ripening phase of the reproductive cycle, when
most individuals are at their best physiological sta-
tus just before spawning. Under this scenario, the
study population would likely follow the reproduc-
tive pattern previously observed in other P. rustica
populations from the Atlantic and Mediterranean
coastal waters, describing a spawning event occur-
ring in the cold season (RIBEIRO et al. 2009, PRUSINA
et al. 2014, ZEGAOULA et al. 2016).

Conclusion

This work focused on some morphological and
physiological traits of the keystone species P. rus-
tica, a limpet known for its ability to adapt to high
shore environments where molluscs are left dry and
exposed to waves and currents actions (CABRAL
& NATAL JORGE 2007, PrRuUSINA et al. 2015). The
main finding drawn from this study is that the age
structure, growth patterns, and condition index of
P. rustica from El Mellah lagoon showed values
and trends similar to those obtained elsewhere in
the range of the species across oceanic and marine
coastal waters. These results could reflect a success-
ful adaptation of the studied population against the
unstable and stressful environmental conditions that
characterize coastal lagoons. Our findings can be
a good starting point for further and more detailed
studies necessary to establish effective conservation
measures for this species.
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