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Abstract: This study is the first to compare patterns of phenotypic polymorphism among populations of two sym-
patric species: the green crab Carcinus aestuarii and the marbled crab Pachygrapsus marmoratus across
the Siculo-Tunisian Strait. For this purpose, 396 specimens, collected from nine sites along the Eastern
and Western Mediterranean coasts of Tunisia, were examined for morphometric variability of nine mor-
phometric traits for both species. Our results showed analogous dissimilarity patterns among locations as
revealed by one-way analysis of similarities (ANOSIM), permutational multivariate analysis of variance
(PERMANOVA) and multivariate regression analysis. At the regional scale, the Hotelling s T-squared test
exhibited similar patterns of morphological differentiation in both species, showing a highly significant
difference among Western and Eastern Mediterranean groups of populations for females and males. The
similarity percentages analysis (SIMPER) revealed similar discriminative morphometric traits (carapace
length and right and left chelae depth) in males of both crab species, accounting for morphological sepa-
ration among examined locations and groups. The one-way analysis of covariance (ANCOVA) revealed
similar trends in variation of these traits across locations in both species. Eastern Mediterranean crabs
exhibited longer carapaces and deeper chelae. These results support the tendency that patterns of morpho-
logical diversity and polymorphism vary similarly in both crab species and suggest the involvement of
several biotic and abiotic factors in shaping such morphological features.

Key words: Intertidal crabs, multivariate analyses, environmental heterogeneity, analogous morphometric dissimilari-
ties, Tunisian coast

Introduction

Species from phylogenetically disparate families, in-
habiting common environments and similar niches,

similar phenotypic responses amongst them (Losos
1992, Losos et al. 1998, RUBER et al. 1999, RUBER &

sometimes exhibit similarity in particular morphologi-
cal elements as has been shown for the shells of differ-
ent bivalve species (WATTERS 1994, CHECA & JIMENEZ-
JimENEZ 2003). Similar patterns of morphometric varia-
tions amongst species inhabiting similar environments
at different geographical locations occur frequently
when environmental factors exert strong selection
pressure on the taxa in those environments, generating
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Apams 2001, MELVILLE et al. 2006, StayToN 2006).
Phenotypic responses in organisms at different spatial
and temporal scales involve a wide range of factors,
such as interspecific interactions, resource availability,
climate and other environmental factors (MicHAUD &
EcHTERNACHT 1995, MEIRI 2010).

Environmental heterogeneity across biogeo-
graphic barriers is known to yield similar patterns
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of genetic and morphometric variation amongst spe-
cies inhabiting these areas. Comparative phylogeo-
graphical studies have often disclosed concordant
patterns across unrelated species (Avise 1998). Such
common patterns are attributed to a shared history of
fragmentation in the distribution of species, which
causes long-term population subdivision followed
by adaptation to specific abiotic features. Mounting
evidence come from studies carried out across well-
known phylogeographical boundaries such as the
Strait of Gibraltar (Borsa et al. 1997, PANNACCIULLI
et al. 1997, Naciri et al. 1999, PEREZ-LOSADA et al.
1999, ZANE et al. 2000), the well-documented cases
of the divide between the Gulf of Mexico and the
Western Atlantic Coast (reviewed in Avise 1994),
and the separation between the Indian and the
Western Pacific Oceans (WiLLiaMS & BENZIE 1998).

The transition zone between the Eastern
and Western Mediterranean basins, at the Siculo-
Tunisian Strait, is considered as one of the most in-
teresting Mediterranean barriers, and constitutes one
of the well-documented biogeographical transitions
in the marine environment (see ARNAUD-HAOND et al.
2007). The transition zone has been the subject of
numerous phylogeographic studies of a wide vari-
ety of marine taxa including fish (BAHRI-SFAR ef al.
2000, MERrI et al. 2009, KAOUECHE ef al. 2011), bi-
valves (NIkuLA & Vamora 2002, GHARBI et al. 2011),
shrimps (Z1TARI-CHATTI et al. 2008, 2009) and crabs
(RAGIONIERI & ScHUBART 2013, DELI ef al. 2014,
2015a, 2015b). While most of these studies have fo-
cused on intraspecific genetic polymorphisms, some
authors report on pattern of intraspecific morpho-
metric variation (DELI ef al. 2014, 2015a). No com-
parative morphometric studies among populations
of sympatric species across the region have been
carried out so far.

The Tunisian shores, lying across both
Mediterranean basins, are considered as excellent
location to study comparative biogeographical pro-
cesses. Indeed, the Tunisian littoral is characterised
by habitats of different textures, with muddy and
sandy habitats in the Eastern locations (those south-
ward the Siculo-Tunisian Strait) and rocky habitats
prevailing in the Western ones (those northward the
Siculo-Tunisian Strait; DELI et al. pers. obs.). This,
together with the notable difference in temperature
and salinity among both Mediterranean basins (with
the Eastern Mediterranean basin being warmer and
more saline than the Western basin; SERENA 2005),
could promote similar phenotypic response in ma-
rine invertebrate populations and, therefore, yield
similar patterns of morphological diversity and poly-
morphism.
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In this study, we aim to compare patterns of
phenotypic polymorphism among populations of
two sympatric species: the green crab Carcinus
aestuarii (Nardo, 1847) and the marbled crab
Pachygrapsus marmoratus (Fabricius, 1787). The
two coastal crab species are widely distributed in
the Mediterranean Sea (INGLE 1980, MorI et al.
1990, Kocgak et al. 2011) and play an important
role in structuring intertidal communities (BEHRENS
Yamapa & Hauck 2001, Canniccr et al. 2002,
CARLTON & CoHEN 2003). They are very abundant
across the Tunisian coast and occupy similar ecolog-
ical niches. Previous studies showed a remarkable
morphological differentiation among populations of
each species analysed separately (DELI et al. 2014,
2015a). Furthermore, results of both studies suggest
the existence of a striking similarity in pattern of
variability between C. aestuarii and P. marmoratus.
Both crab species exhibited similar biogeographic
patterns across the Siculo-Tunisian Strait, with the
existence of three morpho-groups that could be as-
signed to the two biogeographically different re-
gions of the Western and Eastern Mediterranean ba-
sins. Accordingly, these interesting findings urged
us to carry out a detailed examination of patterns
of phenotypic polymorphism variation in popula-
tions of both species from similar sampling sites
in order to seek for a possible interaction between
species and sampling location. Thereby, we address
the question whether specimens’ morphology of the
two species from the same sampling site and region
varies in the same way under the impact of similar
environmental conditions.

Material and Methods

Sample collection and morphometric
measurements

Nine morphological measurements were used for
the morphometric analyses in two crab species (C.
aestuarii and P. marmoratus): carapace width (CW),
carapace length (CL), carapace height (CH), right
chela depth (RCHD), left chela depth (LCHD), right
chela width (RCHW), left chela width (LCHW),
propodus length (PL) and largest abdominal width
(LABW). These characters were measured using
vernier calipers to the nearest 0.01 mm. The width,
length and height of the carapace were measured at
the widest, longest, and deepest points respectively.
Similarly, chela depth and width were measured at
the deepest and widest points. Adult specimens of
C. aestuarii (CW > 3 cm) and P. marmoratus (CW
> 2 cm) were collected from nine sites in the litto-
ral fringe off the Tunisian coast (Table 1). For com-
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Table 1. Sampling information on the studied crab species Carcinus aestuarii and Pachygrapsus marmoratus, includ-
ing regions, collection sites, geographic coordinates and the number of female and male specimens examined

Number of examined specimens
Region Collection site Geographic coordinates C. aestuarii P. marmoratus
Females Males Females Males
Tabarka 36°57'N 08°45'E 11 11 11 11
Bizerte 37°16'N 09°52'E 11 11 11 11
Western Mediterranean Korbos 36°46'N 10°32'E 11 11 11 11
Kelibia 36°51'N 11°05'E 11 11 11 11
Benikhiar 36°28'N 10°46'E 11 11 11 11
Monastir 36°10'N 10°49'E 11 11 11 11
. Chebba 35°14'N 11°07'E 11 11 11 11
Eastern Mediterranean
Sfax 34°44'N 10°45'E 11 11 11 11
Medenine 33°52'N 10°51'E 11 11 11 11

parison purposes, an equal number of specimens (11
males and 11 females) per location were examined
for each crab species (Table 1).

Statistical analyses

Sexual dimorphism in morphological characters was
tested prior to data analysis in order to decide wheth-
er to consider sex of specimens as an independent
factor in the analysis. Multidimensional analyses
based on permutation tests were performed to com-
pare sex differences within and between the studied
locations using the software PERMANOVA V.1.6
(AnDERsON 2005). As previous studies (based on our
own analyses or inferred from earlier literature data)
showed clearly the existence of sexual dimorphism
in C. aestuarii (Kocak et al. 2011, DELI et al. 2014)
and P. marmoratus (DELI et al. 2015a), female and
male crabs were considered independently for statis-
tical analyses in the present study.

Patterns of morphometric relationships
can be influenced by the effect of allometric
growth and size in species of undetermined
age. Regressions, performed within the nine
studied locations for the examined measure-
ment of body dimensions (CL, CH, RCHD,
LCHD, RCHW, LCHW, PRL, LABW) versus
the carapace width (CW), used as an independ-
ent variable and considered as adjusted trait
values (REIST 1985, DEBUSE et al. 2001),
showed a positive and consistent allometry of
each measured trait among populations, sepa-
rately for females and males. Therefore, the ef-
fect of maximum carapace width (X) variation
on each measured trait (¥) within each location
was removed by using the allometric equation
Y = aX®. All measured traits were standardised
using the equation: ¥, = Y (X /X)" where Y is

the standardised measurement from the meas-
ured trait Y, of the i specimen, X is the mean
value of maximum carapace width for the ex-
amined location, X is the measured maximum
carapace width of the /™ specimen and b is the
standardising parameter obtained from the al-
lometric equation (ANASTASIADOU & LEONARDOS
2008). Standardised values were then plotted
against carapace width and arc-sinus/tangent-
transformed to achieve normality, before being
processed using multivariate analyses (CW was
not considered since it was used to adjust all the
remaining parameters).

The pattern of morphometric dissimilari-
ties among locations for both crab species was
assessed using non-parametric tests (one-way
Analysis of Similarities, ANOSIM), imple-
mented in the PAST software, V.2.17 (HAMMER
et al. 2001), based on the Bray-Curtis distance
(CrarkE 1993, AnpersoN 2001). The distances
were converted to ranks. In a rough analogy with
ANOVA, the test statistic R is based on com-
paring distances between groups with distances
within groups. Large positive R (up to 1) signified
dissimilarity between groups. The one-tailed sig-
nificance was computed by permutation of group
membership, with 9999 replicates. To assess the
interaction between inter-location phenotypic
polymorphism and the studied crab species for
females and males, we used permutational mul-
tivariate analysis of variance (PERMANOVA),
as implemented in the PERMANOVA software
(ANDERSON 2005). The analysis was based on
eight morphometric parameters, common to
both surveyed species and carried out with the
following design: the factor location was ana-
lysed as crossed fixed factor with nine levels
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(Tabarka, Bizerte, Korbos, Kelibia, Benikhiar,
Monastir, Chebba, Sfax, Medenine), while the
factor species was analysed was analysed as
crossed fixed factor with two levels (C. aestuarii
et P marmoratus). Pairwise comparisons of phe-
notypic polymorphism, between all pairs of lo-
cations, between the two sympatric crab species
were done using PERMANOVA. These analyses
were based on Bray-Curtis dissimilarities. Level
of significance (P) was inferred from permuta-
tion procedure. The number of used permuta-
tions was 9999.

In order to test for significant correlation be-
tween phenotypic polymorphism of both species
and whether pattern of morphological differen-
tiation varies similarly in the two crab species,
the relationship between average dissimilarities
(based on Bray-Curtis dissimilarities) among lo-
cations of C. aestuarii and those detected among
P. marmoratus was assessed using the Linear,
one independent, n dependent (multivariate re-
gression) model, implemented in PAST. This
model can fit each dependent variable separately
to the independent variable using simple linear
regression. We considered the dataset obtained
for the green crab as an independent variable
and the corresponding one for the marbled crab
as a dependent variable. The “adjusted” corre-
lation coefficient R? associated with an overall
MANOVA test of multivariate regression sig-
nificance were provided. Variables, responsible
for the eventual morphometric separation among
locations, in both species, were identified using
the Similarity Percentages (SIMPER) routine in
PAST. One-way ANCOVA (Analysis of covari-
ance), implemented in PAST, was used to test
whether the patterns of traits variation across lo-
cations were similar for the two sympatric spe-
cies. The analysis was based on the outcome of
SIMPER analysis inferring similar contributors
to the morphological differentiation among lo-
cations in both crab species. ANCOVA allows
comparing one variable in two or more groups
taking into account variability of other variables,
called covariates. The analysis yielded a scatter
plot and linear regression lines for all the groups.
An F-test for the equality of regression slopes
(as assumed by the ANCOVA) was also given.
Non significant /' meant that the hypotheses for
equality of slopes could not be rejected.

Morphometric comparison among both
species at the regional scale was carried out by
assessing morphological differentiation among
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Western Mediterranean populations (Tabarka,
Bizerte, Korbos, Kelibia, Benikhiar) and their
Eastern Mediterranean counterparts (Monastir,
Chebba, Sfax, Medenine). Discriminant/
Hotelling analysis, implemented in PAST, was
applied on the two sets of multivariate data for
each crab species, for both females and males.
Given the two sets of multivariate data, an axis
was constructed so that it maximised the differ-
ence between the sets (Davis 1986). The two
sets were then plotted along this axis using a his-
togram. Equality of the means of the two groups
was tested by a multivariate analogue to the #-
test, called Hotelling s T-squared, and a P value
for this test was given to confirm or reject the
hypothesis that the two groups were morpho-
logically distinct. The SIMPER routine analy-
sis was used to account for traits contributing
to differences among Mediterranean basins, by
species for each sex. Variation patterns of mor-
phometric traits, contributing to morphological
differentiation among basins in both crab spe-
cies, were assessed in order to seek for similar
trends.

Results

Inter-location morphometric comparison

One-way ANOSIM plots exhibited clear phe-
notypic differences among populations of the
two crab species (Fig. 1). Statistical analyses
revealed similar trends of morphological dis-
similarities among female C. aestuarii (R =
0.362; P < 0.001) and female P. marmoratus
(R =0.112; P < 0.001). Similar tendency was
shown for male crabs (C. aestuarii: R =0.401; P
<0.001; P marmoratus: R =0.233; P <0.001).
PERMANOVA analysis showed the existence
of highly significant interactions between the
two factors, location and species, for both sexes
(females: F° ocation<species — 110296, P (permutation)
=0.0001; males: || . o ., = 6144.920, P (per-
mutation) = 0.0001; Table 2). In addition, the
results of the detailed analysis, comparing the
pairwise phenotypic polymorphism between the
two species, for females and males, confirmed
this trend and revealed similarities in the signifi-
cance level of morphometric difference for most
studied comparisons (Table 3).

The multivariate regression analysis revealed
highly significant correlation between average dis-
similarities observed among C. aestuarii locations
and those detected for P. marmoratus for both fe-
males (R2=0.332, P (regression) = 0.0002; Fig. 2A)
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Fig. 1. One-way ANOSIM plots depicting inter-location morphometric variation for both sexes of Carcinus aestuarii
and Pachygrapsus marmoratus. Group 1: Tabarka, Group 2: Bizerte, Group 3: Korbos, Group 4: Kelibia, Group 5:
Benikhiar, Group 6: Monastir, Group 7: Chebba, Group 8: Sfax, Group 9: Medenine

Table 2. Summary of results of permutational multivariate analysis of variance (PERMANOVA) assessing the interac-
tion between inter-location phenotypic polymorphism and the studied crab species for females and males

Females
Source df SS MS F P (Perm) P (MC)
Location 8 228321.7012 28540.2126 876.1992 ok woHk
Species 3481.5592 3481.5592 106.8857 ok ok
Location x Species 8 28741.1801 3592.6475 110.2961 Hak HoHk
Residual 180 5863.0943 32.5727
Total 197 266407.5347
Males
Source df SS MS F P (Perm) P (MC)
Location 8 233637.1601 29204.6450 51714.2524 oAk HA*
Species 1 3295.2225 3295.2225 5835.0296 ok HoEE
Location x Species 8 27761.8220 3470.2277 6144.9209 ok ok
Residual 180 101.6516 0.5647
Total 197 264795.8562

Notes: df represents degree of freedom, SS Sum of squares, MS Mean square, F' morphometric distance inferred from
Bray-Curtis dissimilarities, Perm permutation procedure, and MC Monte-Carlo asymptotic procedure. Number of per-
mutations used is 9999. *** significant difference at P < 0.001.

and males (R? = 0.307, P (regression) = 0.0004; Fig.
2B). The results supported the tendency that the pat-
tern of morphological differentiation varies in the
same way in both examined crab species. SIMPER
analyses showed that carapace length (CL), right
chela depth (RCHD) and left chela depth (LCHD)

contributed the most to the separation between male
populations in both species, with a cumulative con-
tribution of 56.43 % in C. aestuarii and 61 % in P,
marmoratus (Table 4). For females, different pat-
terns of parameters contribution were noted among
the studied crab species with RCHD, RCHW and
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Table 3. Pairwise comparisons of phenotypic polymorphism between the two sympatric crab species Carcinus aestua-
rii and Pachygrapsus marmoratus, for females and males based on Bray-Curtis dissimilarities

. . . Females Males
Comparison per population pairs/
Sex per studied species C. aestuarii P. marmoratus C. aestuarii P. marmoratus

P (Perm) P (Perm) P (Perm) P (Perm)

Tabarka vs. Bizerte Hkok Hokok Hokok [
Tabarka vs. Korbos Hkok Hokok Hokok ook
Tabarka vs. Kelibia *xk Hksk Hekok Heook
Tabarka vs. Benikhiar Hkok Hokok Hokok sk
Tabarka vs. Monastir Hkok kg *kk Heook
Tabarka vs. Chebba Hkok Hokok Hokok Heokok
Tabarka vs. Sfax Hokok *k % Hokok Sk
Tabarka vs. Medenine Hkok Hokok Hokok sk
Bizerte vs. Korbos ns wekdk ns Sk
Bizerte vs. Kelibia ns wekk e Seves
Bizerte vs. Benikhiar Hokok *k % Hokok Sk
Bizerte vs. Monastir Hkok Hokok Hokok Heokok
Bizerte vs. Chebba Hkek Aok sk sk
Bizerte vs. Sfax ook ok ok Rk Sk
Bizerte vs. Medenine Hkk sk ok Hokx
Korbos vs. Kelibia w3k w% pr ns
Korbos vs. Benikhiar Hkox sk ko Heook
Korbos vs. Monastir Hkok Hokok Hokok kg
Korbos vs. Chebba Hkk sk ok Hokx
Korbos vs. Sfax Hook ok Rk Sk
Korbos vs. Medenine ook o Hokk sk
Kelibia vs. Benikhiar Hkok Hokok Hokok Heskok
Kelibia vs. Monastir Hkox sk *kk Heok
Kelibia vs. Chebba Hkok Hokok Hokok Heokok
Kelibia vs. Sfax Hkox sk ko Heook
Kelibia vs. Medenine Hkok Hokok Hokok Heskok
Benikhiar vs. Monastir ek ns ek %
Benikhiar vs. Chebba s ns ek ns
Benikhiar vs. Sfax ek ns ek ns
Benikhiar vs. Medenine ek * wedek ns
Monastir vs. Chebba ns ns ns ok
Monastir vs. Sfax o ns ook *kk
Monastir vs. Medenine ns ns * ns
Chebba vs. Sfax o ns ek *
Chebba vs. Medenine ns ns * *
Sfax vs. Medenine * ns ok s

Notes: P (Perm) level of significance inferred from permutation procedure and deduced from permutational multivari-
ate analysis of variance based on Bray-Curtis dissimilarities. Number of permutations used is 9999. * P <0.05, ** P <

0.01; *** P<0.001, and ns P > 0.05.

LABW being the major contributors to the separa-
tion between C. aestuarii populations (cumulative
contribution of 57.68 %). On the other hand, CL,
LABW and CH were major contributors to the sepa-
ration between P. marmoratus populations with a
cumulative contribution of 76.43 % (Table 4). The
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assumption that similar patterns of traits variation
across locations could be observed in the two sym-
patric species was tested with one-way ANCOVA.
Analysis, based on the three traits which contrib-
uted to the morphometric separation among males
populations in C. aestuarii and P. marmoratus (CL,
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Fig. 2. Multivariate regression analysis depicting correlation between average dissimilarities among Carcinus aestua-
rii and Pachygrapsus marmoratus locations, for both sexes

RCHD and LCHD), showed similar trends of the
variation of each of the analysed morphometric
traits across locations in both species (Figs. 3A, B,
C). This was verified statistically by the homogene-
ity of regression slopes. Indeed, the slopes of the two
regression lines (one for the green crab and the other
for the marbled crab) were not significantly different
(CL: F=10.024, P=0.877; RCHD: F = 1.885, P =
0.191; LCHD: F=0.199, P=0.661).

Inter-basin morphometric comparison

The Hotelling s T-squared test exhibited similar pat-
terns of morphological differentiation in the two
sympatric crab species, showing a highly significant
difference among both groups of populations, corre-
sponding to the Western and Eastern Mediterranean
basins, for females (C. aestuarii: Hotelling’s T’
= 80.373, F = 9.321, P < 0.001, Fig. 4A; P. mar-
moratus: Hotelling’s T? = 98.469, F = 1142, P <
0.001, Fig. 4B) as well as for males (C. aestuarii:
Hotelling’s T? = 117.48, F = 13.625, P < 0.001, Fig.
4C; P. marmoratus: Hotellings T = 101.26, F =
11.743, P <0.001, Fig. 4D).

While no match was found between the females
of the two sympatric crab species, regarding major
contributors to the separation among the studied ba-
sins, SIMPER analyses of male groups, yielded sim-
ilar results to that found for locations showing that
CL, RCHD and LCHD contributed the most to the
separation between males of both species, with a cu-
mulative contribution of 58.77 % in C. aestuarii and
61.23 % in P. marmoratus (Table 4). Patterns of male
contributors’ variation among basins were similar
for the two species (Fig. 5). The left and right che-
lae tended to be deeper in the Eastern Mediterranean
specimens than those from the Western basin (Fig.
5B, C). In addition, carapaces of both crab species
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from the Eastern Mediterranean were found to be
longer than those from the Western Mediterranean
(Fig. 5A).

Discussion

The present study is the first to compare pat-
terns of morphological variation in two sym-
patric crab species across the transition zone at
the Siculo-Tunisian Strait. Our results showed
similar patterns of morphometric differentia-
tion among the studied locations and regions for
both species. The present findings are consist-
ent with those of Hopkins & THURMAN (2010)
for fiddler crabs (genus Uca) along the eastern
shore of North America, where similar patterns
of morphological variation were found in geo-
graphically separated populations in the Gulf
of Mexico and the Atlantic Ocean. Comparable
trends were shown for trans-Brazilian fiddler
crab species, exhibiting similar patterns of mor-
phological differences between their northern
and southern populations, across the Ponta do
Calcanhar biogeographical feature (HampTON et
al. 2014). Common patterns of morphological
variation were also found in other marine inver-
tebrate sympatric species, such as the two inter-
tidal littorinid gastropods Littorina saxatilis and
Melarhaphe neritoides along the west coast of
the Iberian Peninsula (QUEIROGA ef al. 2011).
The results of the detailed PERMANOVA
analyses, comparing morphometric differentiation
among pairs of populations in the two species, re-
vealed similar patterns of variation for females and
males. This trend was confirmed by the results of a
multivariate regression analysis showing significant
correlation between average dissimilarities among
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locations for both sexes in C. aestuarii and P. marm-
oratus species. The outcome of these different anal-
yses indicated alike dissimilarities patterns among
locations, supporting the tendency that the pattern
of morphological differentiation varies similarly in
both crab species. This suggests that local adapta-
tion may involve the selection of characters allow-
ing crabs to use specific microhabitats (Crow et al.
2009). Because the samples were collected from the
same locations, it is more likely that the two exam-
ined species are under the impact of similar selec-
tive pressures, leading to similar use of habitat and,
therefore, to similar response to the environmental
conditions at each site. In this sense, heterogeneous
predation pressure across sampling sites could be
one of the factors inducing similar levels of pheno-
typic differentiation among locations in C. aestuarii
and P. marmoratus. Predation is often heterogene-
ous in its distribution and has been shown to impose
strong evolutionary and plastic responses in the phe-
notypes of potential prey (Kerroot & Six 1987). For
example, predator-induced mortality has been dem-
onstrated to be a strong selective pressure capable

of driving rapid evolution in a suite of antipredator
traits in insects (e.g., WHITMAN & AGRAWAL 2009),
fish (e.g., WEBB 1986, REZNICK & GHALAMBOR 2001,
O’STEEN et al. 2002) and lizards (e.g., IRsCHICK &
Losos 1998, WARNER & ANDREWsS 2002). Direct se-
lection from predators can also induce similar plastic
responses of the same traits in many species (e.g.,
HarveLL 1990, AGrawaL 2001, Stoks et al. 2003,
RELYEA & AuLD 2005).

Alternatively, both crab species could exhibit
adaptive plasticity in their morphology in response
to changes in food quantity or type, across locations.
For example, specialist crabs with a diet dominated
by hard-shelled prey have been shown to develop
more musculature when fed exclusively on that
prey type instead of prey without hard exoskeletons
(Yamapa & Bourping 1998). Although we expected
populations of both species to show local adapta-
tion in behavioural, morphological and life-history
traits, we also predicted that these same traits could
exhibit some degree of plasticity in response to en-
vironmental conditions during development. Indeed,
many studies have shown that the larvae of marine
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invertebrates are not totally passive and that even if
they are carried away by currents, they require a suit-
able site to complete their metamorphosis (Eckman
1996, WEERSING & TooneN 2009). At each larval
stage, individuals are exposed to a wide variety of
physical, chemical (salinity) and biological (inter-
and intraspecific competition, nutrient availability,
occurrence of predators) processes that affect the
probability of transition from one stage to another
(EckMAN 1996, WING et al. 1995). In this context, the
larvae of each species may show similar patterns of
tolerance towards the habitat properties favourable
to their metamorphoses. However, we do not have
accurate and sufficient data to support this hypoth-
esis. Further studies on the larval behaviour of each
species are needed in order to understand the mecha-
nisms that influence their dispersion and, therefore,
the population dynamics.

SIMPER analysis showed similar set of traits
(CL, RCHD, LCHD) contributing to the morphologi-
cal differentiation among males’ populations in both
crab species, but not in females. The latter pattern
in female crabs could be explained by the fact that
the females of C. aestuarii and P. marmoratus ex-
hibit disparate behaviour and interact differently with
the environment they inhabit. Specific behaviour of

258

each crab’s females might include life history traits,
such as reproduction. ANCOVA analysis, based on
the three traits which contributed to the morpho-
metric separation among males’ populations in C.
aestuarii and P. marmoratus, showed similar trends
of traits variation across locations in both species,
highlighting a similar variation in carapace and chela
morphology. Species with overlapping geographic
ranges could exhibit character convergence (induc-
ing similar trends in character variation) or displace-
ment (favouring one character over the others) owing
to several biotic (i.e. interspecific competition) and
abiotic factors (i.e. species interaction with the en-
vironment). The distribution of alternative resources,
when a limiting resource is unique and essential,
might have a substantial influence on the effects of
competition, with convergence being a possible re-
sult of selection on the competing species (ABRAMS
1987a, 1987b, Fox & Vasstur 2008). Accordingly,
owing to the fact that both species exploiting a com-
mon trophic niche, traits under selection might have
responded similarly to those selective constraints
(HERREL et al. 2008, VINCENT et al. 2009), reflecting
overall adaptations to a shared environment.
Morphometric analysis at regional scale yielded
similar morphological differentiation patterns in both
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crab species which could be attributed to either ge-
netic differentiation or phenotypic plasticity. Recent
studies by DELI et al. (2015a, 2015b) showed that the
same surveyed locations, for both species, do dif-
fer in their genetic polymorphism. Indeed, while the
Tunisian P. marmoratus showed genetic homogene-
ity, the green crab populations across the same sur-
veyed geographic spectrum were shown to be struc-
tured and genetically differentiated. Accordingly, it
is more likely that the concordance of phenotypic
characters in defining two distinct groups, represent-
ing the Eastern and Western Mediterranean locations,
might be a plastic response to divergent selection
pressures between alternative environments. For in-
stance, we can hypothesise that the similar pattern
of morphological differentiation among both species
groups could be the result of a regional adaptation
to specific abiotic features, such as temperature and
salinity. It is known that the Eastern Mediterranean
basin is warmer and more saline than the Western
with an average water temperature and salinity of
16-29°C and 39 ppt respectively; while the Western
basin displays lower temperatures (12-23 °C) and sa-
linity (36 ppt) (SEReNA 2005). Furthermore, habitats
of different textures characterise the sampling sites,
with muddy and sandy habitats in the Eastern loca-
tions (those southward the Siculo-Tunisian Strait)
and rocky habitats in the Western ones (those north-
thward the Siculo-Tunisian Strait), which could also

promote similar phenotypic response in both species.
THURMAN et al. (2013) showed that the two trans-Bra-
zilian fiddler crabs species Uca (Boboruca) thayeri
and Uca (Leptuca) cumulanta, exhibiting ecological
similarities (similar salinity and substrate preferenc-
es), displayed a common pattern of morphological
variation.

The most remarkable morphological differ-
ences among groups, which were common to both
species as identified by SIMPER, were related to
variation in carapace length and right and left che-
lae depth for male crabs. For these traits, the Eastern
Mediterranean crabs exhibited longer and deeper
proportions. This suggests the involvement of spe-
cific biotic and abiotic features that might have led
to such morphological features.

Longer carapaces, characterising the Eastern
Mediterranean crabs, might be an adaptation to
the environment features of the region. It is known
that the branchial region of the carapace overlying
the gill chambers assures water conservation in in-
tertidal crabs. Thus, enlarging carapace dimensions
would likely serve as a safeguard against desicca-
tion (JONES 1941). This seems advantageous for
the Eastern Mediterranean specimens where the tem-
perature tends to be higher (SEREna 2005). Fiddler
crab species from arid regions in the western Gulf of
Mexico showed similar adaptations (THURMAN 1998,
Hoprkins & THURMAN 2010; THURMAN et al. 2013).
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Carapace shape might also be related to the type of
intertidal habitat as trophic pressures are substan-
tially different between habitat types (Quiroca 2006,
IpaszkiN et al. 2013). Therefore, carapace shape of
male crabs from Eastern Mediterranean muddy and
sandy habitats may reflect feeding efficiency and food
availability. VJAYAKUMAR et al. (2000) showed that
an increase in body dimensions (carapace width and
carapace length) of the horseshoe crab Tachypleus
gigas population could probably be due to increased
availability of food. Broader carapaces, on the other
hand, may play a role in the defence against predators
or in agonistic encounters between males (GLass &
HunTtINGFORD 1988, REID et al. 1994).

Deeper chela, characterising the male crabs
from the Eastern Mediterranean, could reflect a
plastic response to differing environmental condi-
tions such as prey-linked availability. Variations
in the chela morphology have previously been
linked to diet and prey resistance (SMiTH & PALMER
1994, Smith 2004). Therefore, claw morphology of
Eastern and Western Mediterranean crabs can result
from differing food availability on different shores.
FERREIRA SiLvA et al. (2009, 2010) showed a relation-
ship between cheliped size and percentage of prey

References

ABRrAMS P. A. 1987a. Alternative models of character displacement
and niche shift. Adaptive shifts in resource use when there
is competition for nutritionally nonsubstitutable resources.
Evolution 41: 651-666.

ABRramS P. A. 1987b. Alternative models of character displacement
and niche shift: Displacement when there is competition for
a single resource. The American Naturalist 130: 271-282.

AGRAWAL A. A. 2001. Phenotypic plasticity in the interactions and
evolution of species. Science 294: 321-326.

AnasTasiapou C. & LEonarDOs 1. D. 2008. Morphological varia-
tion among populations of Atyaephyra desmarestii (Mil-
let, 1831) (Decapoda: Caridea: Atyidae) from freshwater
habitats of northwestern Greece. Journal of Crustacean
Biology 28(2): 240-247.

ANDERSON M. J. 2001. A new method for non-parametric multivar-
iate analysis of variance. — Austral Ecology, 26 (1): 32-46.

ANDERSON M. J. 2005. Permanova-Permutational multivariate
analysis of variance. Department of Statistics University
of Auckland, Auckland.

ARNAUD-HAOND S., Diaz ALMELA E. & TEIXEIRA S. 2007. Vicari-
ance patterns in the Mediterranean Sea: East-West cleav-
age and low dispersal in the endemic seagrass Posidonia
oceanica. Journal of Biogeography 14: 963-976.

Aviste J. C. 1994. Molecular Markers, Natural History and Evolu-
tion. Chapman and Hall, New York, NY, USA.

Avist J. C. 1998. The history and purview of phylogeography: a
personal reflection. Molecular Ecology 7: 371-379.
Banri-Srar L., LEMAIRE C., HassiNe O. K. B. & BonnoMME F.
2000. Fragmentation of sea bass populations in the western
and eastern Mediterranean as revealed by microsatellite

260

type intake in the two intertidal crab species P. mar-
moratus and Eriphia verrucosa, across shores of dif-
fering wave exposure. The authors found that larger
claws corresponded to higher intake of hard-shelled
prey, abundant on exposed shores. Claw morphol-
ogy could also be affected by habitat feature of
each Mediterranean basin. The study by ROSENBERG
(2002) revealed the existence of a significant corre-
lation between claw shape and habitat in fiddler crab
species of the genus Uca. Sand-dwelling species
were shown to have a relatively shorter manus and a
longer chela than mud-dwelling species.

At last, the existence of similar patterns of phe-
notypic variation in the two sympatric crab species
suggests the involvement of several biotic and abi-
otic factors which origin and effect require detailed
investigations. The identification of selective pres-
sures is currently required to explore local adapta-
tion, probably linked to the ecology and habitat use
(PraTtH et al. 2007). Future studies of intra- and inter-
specific phenotypic variation along experimental en-
vironmental gradients and predator regimes would
allow understanding how coastal crabs can respond
to environmental and climatic heterogeneity and
help us predict responses to future changes.

polymorphism. Proceedings of the Royal Society B: Bio-
logical Sciences 267: 929-935.

BEHRENS YAMADA S. & Hauck L. 2001. Field identification of the
European green crab species: Carcinus maenas and Carci-
nus aestuarii. Journal of Shellfish Research 20: 905-912.

Borsa P., BLANQUER A. & BErRreBI P. 1997. Genetic structure of
the flounders Platichthys flesus and P. stellatus at different
geographic scales. Marine Biology 129: 233-246.

Cannicer S., Gomer M., Boppr B. & Vannint M. 2002. Feeding
habits and natural diet of the intertidal crab Pachygrapsus
marmoratus: opportunistic browser or selective feeder?
Estuarine, Coastal and Shelf Science 54: 983-1001.

Carcton J. T. & Conen A. N. 2003. Episodic global dispersal in
shallow water marine organisms: the case history of the
European shore crabs Carcinus maenas and C. aestuarii.
Journal of Biogeography 30: 1809-1820.

CHECA A. G. & JIMENEZ-JIMENEZ A. P. 2003. Evolutionary morphol-
ogy of oblique ribs of bivalves. Palaeontology 46: 709-724.

CLarke K. R. 1993. Non-parametric multivariate analyses of
changes in community structure. Australian Journal of
Ecology 18(1): 117-143.

Crow S. K., Waters J. M., Cross G. P. & WaLLis G. P. 2009.
Morphological and genetic analysis of Galaxias ‘southern’
and G. gollumoides: Interspecific differentiation and intra-
specific structuring. Journal of the Royal Society of New
Zealand 39(2): 43-62.

Davis J. C. 1986. Statistics and Data Analysis in Geology. John
Wiley and Sons.

DeBusk V. J., Appison J. T. & ReynoLps J. D. 2001. Morphomet-
ric variability in UK populations of the European lobster.



Similar Patterns of Morphological Variation in Two Coastal Crab Species, Carcinus aestuarii...

Journal of the Marine Biological Association of the United
Kingdom 81(3): 469-474.

DEeL1 T., Banies H., Saip K. & Cuarti N. 2015a. Patterns of
genetic and morphometric diversity in the marbled crab
(Pachygrapsus marmoratus, Brachyura, Grapsidae)
populations across the Tunisian coast. Acta Oceanologica
Sinica 34(6): 49-58.

DEeL1 T., Saip K. & CHatti N. 2015b. Genetic differentiation
among populations of the green crab Carcinus aestuarii
(Brachyura, Carcinidae) from the Eastern and Western
Mediterranean coasts of Tunisia. Acta Zoologica Bulgarica
67(3): 327-335.

DELi T., Saip K. & Cuarti N. 2014. Morphological differentiation
among geographically close populations of the green crab
Carcinus aestuarii Nardo, 1847 (Brachyura, Carcinidae)
from the Tunisian coast. Crustaceana 87(3): 257-283.

Eckman J. E. 1996. Closing the larval loop: Linking larval ecology
to the population dynamics of marine benthic invertebrates.
Journal of Experimental Marine Biology and Ecology
200: 207-237.

FErrEIRA Sitva A. C., Brazao S., Hawkins S. J., THompsoN R.
C. & Boaventura D. M. 2009. Abundance, population
structure and claw morphology of the semi-terrestrial crab
Pachygrapsus marmoratus (Fabricius, 1787) on shores of
differing wave exposure. Marine Biology 156: 2591-2599.

FERREIRA Siva A. C., Sitva 1. C., HAwkiINs S. J., BoavENTURA D. M.
& TrompsoN R. C. 2010. Cheliped morphological variation
of the intertidal crab Eriphia verrucosa across shores of
differing exposure to wave action. Journal of Experimental
Marine Biology and Ecology 391: 84-91.

Fox J. W. & Vasseur D. A. 2008. Character convergence under
competition for nutritionally-essential resources. The
American Naturalist 172(5): 667-680.

GHARBI A., ZITARI-CHATTI R., vAN WoMHOUDT A., DHRAIEF M.
N., Denis F., Saip K. & CHarti N. 2011. Allozyme Varia-
tion and Population Genetic Structure in the Carpet Shell
Clam Ruditapes decussatus Across the Siculo-Tunisian
Strait. Biochemical Genetics 49: 788-805.

Grass C. W. & HunTINGFORD F. A. 1988. Initiation and resolution
of fights between swimming crabs (Liocarcinus depurator).
Ethology 77: 237-249.

HamMER @., HARPER D. A. T. & Ryan P. D. 2001. PAST: Paleon-
tological statistics software package for education and data
analysis. Palaeontologia Electronica 4(1): 9.

Hampton K. R., Horkins M. J., McNamara J. C. & Taurman C.
L. 2014. Intraspecific variation in carapace morphology
among fiddler crabs (Genus Uca) from the Atlantic coast
of Brazil. Aquatic Biology 20: 53-67.

Harverr C. D. 1990. The ecology and evolution of inducible
defenses. Quarterly Review of Biology 65: 323-340.
HEerRreL A., VINCENT S. E., ALFARO M. E., WASSENBERGH S. V.,
VanHooyponck B. & Irschick D. J. 2008. Morphologi-
cal convergence as a consequence of extreme functional
demands: examples from the feeding system of natricine
snakes. Journal of Evolutionary Biology 21: 1438-1448.

Hopkins M. J. & TaurmaN C. L. 2010. The geographic structure
of morphological variation of eight species of fiddler crabs
(Ocypodidae: genus Uca) from the eastern United States
and Mexico. Biological Journal of the Linnean Society
100: 248-270.

IpaszkiNY. L., MARQUEZ F. & Nocera A. C. 2013. Habitat-specific
shape variation in the carapace of the crab Cyrtograpsus

angulatus. Journal of Zoology 290: 117-126.

INGLE R. W. 1980. British crabs. London: Oxford University Press
and British Meuseum Natural History.

Irschick D. J. & Losos J. B. 1998. A comparative analysis of the
ecological significance of maximal locomotor performance
in Caribbean Anolis lizards. Evolution 52: 219-226.

Jones L. L. 1941. Osmotic regulation in several crabs of the
Pacific coast of North America. Journal of Cellular and
Comparative Physiology 18: 79-92.

KaoutcHE M., BAHRI-SFAR L., GONZALEZ-WANGUEMERT M.,
Pirez-Ruzara A. & BEN Hassine O. K. 2011. Allozyme
and mtDNA variation of white seabream Diplodus sargus
populations in a transition area between western and east-
ern Mediterranean basins (Siculo-Tunisian Strait). African
Journal of Marine Science 33(1): 79-90.

Kerroor W. C. & S A. 1987. Predation: direct and indirect
impacts on aquatic communities. Univ. Press of New
England, Hanover, PA.

Kocak C., AcarLi D., Katagan T. & Ozsek M. 2011. Morphomet-
ric characters of the Mediterranean Green Crab (Carcinus
aestuarii Nardo, 1847) (Decapoda, Brachyura) in Homa La-
goon, Turkey. Turkish Journal of Zoology 35(3): 551-557.

Losos J. B. 1992. The evolution of convergent structure in Carib-
bean Anolis communities. Systematic Biology 41: 403-420.

Losos J. B., JackmaN T. R., LArRsoN A., QUEIROZ K. & RODRIGUES-
ScHETTINO L. 1998. Contingency and determinism in
replicated adaptive radiations of island lizards. Science
279: 2115-2118.

MEIri S. 2010. Length-weight allometries in lizards. Journal of
Zoology 3: 218-226.

Meri R., Brutto S. L., Hassine O. K. B. & Arcureo M. 2009.
A study on Pomatoschistus tortonesei Miller 1968 (Perci-
formes, Gobiidae) reveals the Siculo-Tunisian Strait (STS)
as a breakpoint to gene flow in the Mediterranean basin.
Molecular Phylogenetics and Evolution 53: 596-601.

MELVILLE J., HARMON L. J. & Losos J. B. 2006. Intercontinental
community convergence of ecology and morphology in
desert lizards. Proceedings of the Royal Society of London,
Series B 273: 557-563.

Micnaup J. E. & EcHTERNACHT A. C. 1995. Geographic varia-
tion in the life history of the lizard Anolis carolinensis
and support for the pelvic const raint model. Journal of
Herpetology 29: 86-97.

Mori M., MancoN R. & FanciuLet G. 1990. Notes on the repro-
ductive biology of Carcinus aestuarii Nardo (Crustacea,
Decapoda) from the lagoon of San Teodoro (Island of
Sardinia, Italy). Rivista di Idrobiologia 29: 763-774.

Nacirt M., LEMAIRE C., Borsa P. & BonHoMME F. 1999. Genetic
study of the Atlantic/Mediterranean transition in sea bass
(Dicentrarchus labrax). Journal of Heredity 90: 591-596.

NikuLA R. & Vainora R. 2003. Phylogeography of Cerastoderma
glaucum (Bivalvia: Cardiidae) across Europe: a major break
in the Eastern Mediterranean. Marine Biology 143: 339-350.

O’SteEN S., CuLLum A. J. & BennETT A. F. 2002. Rapid evolu-
tion of escape ability in Trinidadian guppies. Evolution
56: 776-784.

PannaccruLLr F. G, Bisdor J. D. D. & Hawkins S. J. 1997. Genetic
structure of populations of two species of Chthamalus
(Crustacea: Cirripedia) in the north-east Atlantic and
Mediterranean. Marine Biology 128: 73-82.

PErREZ-Losapa M., GUERRA A. & SanjuaN A. 1999. Allozyme
differentiation in the cuttlefish Sepia officinalis (Mollusca:

261



Deli T, K. Said & N. Chatti

Cephalopoda) from the NE Atlantic and Mediterranean.
Heredity 83: 280-289.

Prata M., Hauswarpt J. S., MoLL K., ToBLEr M., DE LeoN F.
J. G., Scuruppe 1. & TiepEMANN R. 2007. Local adaptation
and pronounced genetic differentiation in an extremophile
fish, Poecilia mexicana, inhabiting a Mexican cave with
toxic hydrogen sulphide. Molecular Ecology 16: 967-976.

QuEiroGa H., Costa R., LEONARDO N., SoARES D. & CLEARY D. F.
R.2011. Morphometric variation in two intertidal littorinid
gastropods. Contributions to Zoology 80(3): 201-211.

Quiroga A. P.2006. Descripcion de la ictiofauna de marismas con
diferente dominancia botanica de Peninsula Valdés, Chubut.
Licenciature thesis, National University of Patagonia San
Juan Bosco, Puerto Madryn, Argentina.

Racioniert L. & ScHuBart C. D. 2013. Population genetics, gene
flow, and biogeographical boundaries of Carcinus aestuarii
(Crustacea: Brachyura: Carcinidae) along the European
Mediterranean coast. Biological Journal of the Linnean
Society 109: 771-790.

Rem D. G., ABELLO P., WarmMaN C. G. & NavLor E. 1994. Size-
related mating success in the shore crab Carcinus maenas
(Crustacea: Brachyura). Journal of Zoology 232: 397-407.

REisT J. D. 1985. An empirical evaluation of several univariate
methods that adjust for size variation in morphometric data.
Canadian Journal of Zoology 63(6): 1429-1439.

RELYEAR. A. & AuLp J. R. 2005. Predator- and competitor-induced
plasticity: how changes in foraging morphology affect
phenotypic trade-offs. Ecology 86: 1723-1729.

Reznick D. N. & GuaaramBor C. K. 2001. The population ecol-
ogy of contemporary adaptations: what empirical studies
reveal about the conditions that promote adaptive evolution.
Genetica 112-113: 183-198.

RosenBerG M. S. 2002. Fiddler crab claw shape variation: A
geometric morphometric analysis across the genus Uca
(Crustacea: Brachyura: Ocypodidae). Biological Journal
of the Linnean Society, 75: 147-162.

RuBer L. & Apams D. C. 2001. Evolutionary convergence of
body shape and trophic morphology in cichlids from Lake
Tanganyika. Journal of Evolutionary Biology 14: 325-332.

RuBer L., VERHEYEN E. & MEYER A. 1999. Replicated evolution
of trophic specializations in an endemic cichlid fish lineage
from Lake Tanganyika. Proceedings of the National Acad-
emy of Sciences, USA 96: 10230-10235.

SereNA F. 2005. Field identification guide to the sharks and rays
of the Mediterranean and Black Sea. FAO Species identi-
fication Guide for Fishery Purposes. Rome: FAO, 97 p.

Smrta L. D. 2004. Biogeographic differences in claw size and
performance in an introduced crab predator Carcinus
maenas. Marine Ecology Progress Series 276: 209-222.

SmitH L. D. & PALMER A. R. 1994. Effects of manipulated diet on
size and performance of brachyuran crab claws. Science
264: 710-712.

Stayton C. T. 2006. Testing hypotheses of convergence with
multivariate data: morphological and functional conver-
gence among herbivorous lizards. Evolution 60: 824-841.

Stoks R., McPEek M. A. & MitcHELL J. L. 2003. Evolution of prey
behavior in response to changes in predation regime: dam-
selflies in fish and dragonfly lakes. Evolution 57: 574-585.

TrurmAN C. L. 1998. Evaporative water loss, corporal temperature
and the distribution of sympatric fiddler crabs (Uca) from
south Texas. Comparative Biochemistry and Physiology
Part A 119: 279-286.

262

THURMAN C. L., FArRIA S. C. & McNamARra J. C. 2013. Distribution
of fiddler crabs along the coast of Brazil: implications for
biogeography in the western Atlantic. Marine Biodiversity
Records 6: el.

VuaYAKUMAR R., Das S., CHATTERII A. & PARULEKAR A. H. 2000.
Morphometric characteristics in the horseshoe crab Tachy-
pleus gigas (Arthropoda: Merostomata). Indian Journal of
Marine Sciences 29: 333-335.

VINCENT S. E., BranpLEY M. C., HERREL A. & ALFARO M. E.
2009. Convergence in trophic morphology and feeding
performance among piscivorous natricine snakes. Journal
of Evolutionary Biology 22: 1203-1211.

WARNER D. A. & AnprREws R. M. 2002. Laboratory and field
experiments identify sources of variation in phenotypes
and survival of hatchling lizards. Biological Journal of the
Linnean Society 76: 105-124.

Warters G. T. 1994. Form and function of unionoidean shell
sculpture and shape (Bivalvia). American Malacological
Bulletin 11: 1-20.

WEBB P. W. 1986. Effect of body form and response threshold on
the vulnerability of four species of teleost prey attacked
by largemouth bass (Micropterus salmoides). Canadian
Journal of Fisheries and Aquatic Sciences 43: 763-771.

WEERSING K. & Toonen R. J. 2009. Population genetics, larval
dispersal, and connectivity in marine systems. Marine
Ecology Progress Series 393: 1-12.

WHITMAN D. W. & AcGrawaL A. A. 2009. What is phenotypic
plasticity and why is it Important? In: Whitman DW, An-
anthakrishna TN (eds.): Phenotypic plasticity of insects:
mechanisms and consequences. Science Publishers, Inc.,
Enfield, NH, pp. 1-63.

WiLtiams S. T. & Benzie J. A. H. 1998. Evidence of a biogeo-
graphic break between populations of a high dispersal
starfish: congruent regions within the Indo-West Pacific
defined by color morphs, mtDNA, and allozyme data.
Evolution 52: 87-99.

WING S. R., LarGIER J. L., Botsrorp L. W. & QuinN J. F. 1995.
Settlement and transport of benthic invertebrates in an in-
termittent upwelling zone. Limnology and Oceanography
40: 316-329.

Yamapa S. B. & Bourping E. G. 1998. Claw morphology, prey
size selection and foraging efficiency in generalist and
specialist shellbreaking crabs. Journal of Experimental
Marine Biology and Ecology 220: 191-211.

ZANE L., OsTELLARI L., MAccaTrROZZO L., BARGELLONI L., CuzIN
Roupy J., Buchnorz F. & PatarneLLo T. 2000. Genetic
differentiation in a pelagic crustacean (Meganyctiphanes
norvegica, Euphausiacea) from the North East Atlantic
and the Mediterranean Sea. Marine Biology 136: 191-199.

Z1TARI-CHATTI R., CHATTIN., ELOUAER A. & SaID K. 2008. Genetic
variation and population structure of the caramote prawn
Penaeus kerathurus (Forskal) from the eastern and western
Mediterranean coasts in Tunisia. Aquaculture Research
39: 70-76.

Z1TARI-CHATTI R., CHATTI N., FuLGIONE D., Gaiazza 1., Aprea G.,
ELouair A., SAID K. & CaprIGLIONE T. 2009. Mitochondrial
DNA variation in the caramote prawn Penaeus (Melicertus)
kerathurus across a transition zone in the Mediterranean
Sea. Genetica 136: 439-447.

Received: 06.01.2016
Accepted: 12.10.2016



