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Abstract. – Morphological variation of Lithognathus mormyrus (Linnaeus, 1758) samples harvested in six
Mediterranean lagoons was investigated using 23 truss elements and 11 conventional linear measurements.
Multivariate analyses revealed a highly significant morphological discrimination between western Mediterranean basin samples (lagoons of Bizerta, Ghar El Melh and Mellah) that differ from each other but are also
differentiated from the oriental lagoon samples (lagoons of El Biban, Farwa and Venice) by some variables,
which are related to the head length. Thus, our findings highlighted the peculiarity of the Mellah lagoon specimens (Algeria), which have the smallest heads compared to the other samples. This morphological variation
seems to be associated to various constraints represented by the feeding strategy, and availability, type and
size of ingested prey. As for the oriental specimens, they tended to cluster. However, significant differences,
related to the caudal peduncle length, were detected, especially between El Biban specimens and those of
Farwa and Venice lagoons. This morphological variation appears to be primarily associated to hydrodynamic
constraints. The morphological divergence among the various studied samples is suggested to be environmentally-induced (phenotypic plasticity).
Résumé. – Caractérisation morphologique de populations de Lithognathus mormyrus (Sparidae) dans quelques lagunes méditerranéennes.

La variabilité morphologique d’échantillons de Lithognathus mormyrus (Linnaeus, 1758), collectés
dans six lagunes méditerranéennes, a été analysée au moyen de 23 éléments de truss et 11 mesures linéaires
conventionnelles. Les analyses multivariées ont montré une discrimination morphologique, hautement significative, entre les échantillons du bassin occidental de la Méditerranée (lagunes de Bizerte, de Ghar El Melh
et de Mellah) qui diffèrent les uns des autres mais se distinguent aussi des spécimens lagunaires orientaux
(lagunes d’El Biban, de Farwa et de Venise) par certaines variables qui sont liées à la longueur de la tête.
Ainsi, les résultats obtenus ont fait ressortir la particularité des spécimens de l’échantillon de la lagune de
Mellah (Algérie) présentant des têtes petites. Cette divergence morphologique semble être liée à différentes
contraintes, représentées par la stratégie d’alimentation, et par la disponibilité, le type et la taille des proies
ingérées. Les échantillons orientaux ont montré une tendance à se regrouper. Toutefois, des différences significatives, liées à la longueur du pédoncule caudal, ont été décelées, et particulièrement entre l’échantillon d’El
Biban et ceux de Farwa et de Venise. Cette variation semble être principalement liée à des contraintes hydrodynamiques. La divergence morphologique, entre les divers échantillons étudiés, est suggérée comme étant
écologiquement induite (plasticité phénotypique).

The striped seabream, Lithognathus mormyrus (Linnaeus, 1758), is a demersal marine fish belonging to the family
Sparidae. It is a gregarious species living on various types
of sea bottoms in the Atlantic Ocean, the Mediterranean and
Red Seas and in the southwestern Indian Ocean, including
sandy and rocky bottoms and sea grass beds at depths ranging from 0 m to 150 m, but predominantly between 10 m and
30 m deep (Bauchot and Hureau, 1986, 1990). L. mormyus is
also frequently encountered in lagoons and estuaries along
the Mediterranean coasts (Matić-Skoko et al., 2007; Monteiro et al., 2010). After sea spawning period, young individuals enter into lagoons (Suau, 1970), which are known

to provide essential habitats such as nursery zones for many
fish species (Emre et al., 2010).
Coastal lagoons are dynamic ecosystems characterized
by physical features such as shallowness, relative isolation
from the open sea due to the coastal barriers that maintain
some communication channels and the presence of boundaries with strong physical and ecological gradients (Unesco,
1981; Pérez-Ruzafa et al., 2007). Along the Mediterranean
coastline, they are numerous and have mostly appeared during the Holocene time period. According to Kjerfve (1994),
the coastal lagoons are subdivided into three geomorphic
types, i.e. choked, restricted and leaky, which correspond to
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three points along a spectrum reflecting the importance of the
exchanges of water with the open sea. More generally, variability between lagoons is also attributed to the integration of
a large set of biotic and abiotic factors criteria such as size,
geomorphology, degree of isolation, bottom nature, salinity,
temperature, etc. (e.g. Barnes, 1980; Guélorget and Perthuisot, 1983; Pérez-Ruzafa et al., 2007). Estuaries and coastal
lagoons represent important environments for fisheries and
conservation, as they support high levels of fish production
(McHugh, 1967; Elliott, 2002) and are used by large numbers of fish as nursery sites (Malavasi et al., 2004; Çoban et
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al., 2008). Moreover, these environments are considered to
be naturally stressed systems with frequent disturbances and
fluctuations (e.g. Pérez-Ruzafa et al., 2007), which implies
the definition of appropriate conservation strategies and the
development of action plans for the sustainable use of both
the biotic resources and the environment. That requires precise knowledge of the population structure of the species,
particularly those of fishing interest.
As ever signaled, Lithognathus mormyrus, is present in
numerous lagoons around the Mediterranean Sea and yet
benefited from a few studies on morphological characteriza-

Figure 1. - Sampling localities of
Lithognathus mormyrus: (1) Mellah
lagoon (Algeria); (2) Bizerta lagoon
(Tunisia); (3) Ghar El Melh lagoon
(Tunisia); (4) El Biban lagoon (Tunisia); (5) Farwa lagoon (Libya); (6) Venice lagoon (Italy).
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tion in this area. A significant degree of morphological dissimilarity between European Mediterranean samples of L.
mormyrus was found but without showing a clear geographical gradient (Palma and Andrade, 2002). Moreover, this species has revealed a significant morphological divergence
between lagoonal populations along the Tunisian coasts
(Hammami et al., 2011). These latter morphological results
contrast with our knowledge on the genetic structure of the
species, which shows only moderate differences between
the lagoons at Bizerta (Northern Tunisia) and at El Biban
(Southern Tunisia) (Hammami et al., 2007). These findings highlight the probable importance of the environmental component in shaping the species morphology, and are
likely to have arisen from the phenotypic plasticity of fishes
in response to differences in environmental factors (Wimberger, 1991, 1992). Indeed, during their early life stages,
the morphology of fish species is particularly dependent on
environmental conditions (Ryman et al., 1984; Cheverud,
1988) and fishes are considered to be phenotypically more
variable than most other vertebrates (Carvalho, 1993). Thus,
morphological structure of fish populations appears as an
effective parameter to elucidate the phenotypic divergence
between populations of fish species living in different habitats (Silva, 2003; Turan et al., 2006; Mejri et al., 2012) and
to identify the discreet phenotypic stocks and movement
among geographically isolated populations (Roby et al.,
1991; Palumbi, 1994; Uiblein, 1995; Hossain et al., 2010).
In this regard, the lagoons are suitable places for comparing
the morphological characters among fish populations.
In this paper we aim to define and compare further
the morphological pattern of L. mormyrus from different
lagoons, at the scale of the Mediterranean Sea, and explore
the possible correlation between environmental parameters
of the lagoons and the phenotypic differences between their
populations. The morphology of adult specimens taken from
six Mediterranean lagoons with different environmental features (Fig. 1: Mellah in Algeria, Bizerta, Ghar El Melh and
El Biban in Tunisia, Farwa in Libya, and Venice in Italy) are
investigated based on the analysis of the body shape using
the truss network system (Strauss and Bookstein, 1982) and
conventional linear measurements.

MATERIAL & METHODS
Collection sites (Fig. 1)
The six selected lagoons offer a diversity of environments that differ by their characteristics geomorphological,
hydrological, hydrodynamic, physicochemical and by their
biocenoses (Annex I). Three lagoons, Mellah (Algeria), Bizerta and Ghar El Melh (Tunisia), are located on the south
shore of the western Mediterranean basin. Two lagoons, El
Biban (Tunisia) and Farwa (Libya), are situated in the Gulf
of Gabès (southern shore of eastern Mediterranean basin),
which is of subtropical affinity (Bradai et al., 2004). And
finally, the last lagoon, Venice (Italy) is located in the northern Adriatic (northern shore of eastern Mediterranean basin),
which is of Subatlantic affinity (Giordani Soika, 1978) and
exhibits some Indo-Pacific elements (Sacchi et al., 1985).
Sampling
A total of 188 specimens of striped seabream were collected. Samples were directly taken at the inshore inputs
using the trammel nets and fish weir (Tab. I). Moreover, fish
with low standard length were discarded to get rid of the
allometric growth, characteristic of the early stages of development. Therefore, all considered specimens are mature.
Sample size varied between 25 and 42 individuals
(Tab. I). According to Reist (1985), the limit of 25 specimens
is considered to be appropriate for truss approach. Nevertheless, we opted to analyse all specimens sampled in order to
have more concise results.
Shape analysis according to truss approach
The truss network system described for fish body morphometrics (Strauss and Bookstein, 1982) was used to
make a network on the fish body outline. Eleven landmarks
determining 23 truss elements were produced and measured (Fig. 2; Annex II). Images of fish were acquired from
a fixed distance with a digital camera, and analysed using
image software (Visilog, version 6.480). This software interface allows the practitioner to precisely landmark and record
the X-Y coordinates of each landmark, to build the truss network.

Table I. - Sample locations of Lithognathus mormyrus, code, sampling date, fishing gear, number of individuals and mean standard length
(MSL average ± s.d.).
Countries

Algeria
Tunisia
Libya
Italy

Localities

Mellah
Bizerta
Ghar El Melh
El Biban
Farwa
Venice
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Code

LM-MedW
LBIZ-MedW
LGM-MedW
LBIB-MedE
LFW-MedE
LV-MedE

Date

Jul. 2009
Nov. 2008-Jan 2009
Apr. 2008
Jun. 2008-Jun. 2009
Feb. 2010
May 2010

Fishing gear

Monofilament nets-Fish weir
Trammel nets
Trammel nets
Fish weir
trammel nets
trammel nets

Sample size
25
30
36
42
29
26

MSL (cm)

15.55 ± 1.76
17.32 ± 2.08
15.85 ± 1.53
15.46 ± 1.6
16.49 ± 0.97
17.66 ± 1.26
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Morphology of Lithognathus mormyrus in Mediterranean lagoons

Hammami et al.

was established to infer if the averages of each variable are
significantly different between two given samples.
To illustrate the differences or similarities between the
studied samples and the contribution of each character to
group separation, a Discriminant Function Analysis (DFA)
was assessed. Wilk’s criterion was estimated to test the significance of such discrimination for a combination of variables. Discriminant functions were used to classify individuals into samples. The classification success rate (PCS) was
evaluated based on the percentage of individuals correctly
assigned into its original sample. These statistical tests were
performed using R 2.11.1 Software.
Figure 2. - Conventional linear variables and truss elements. Locations of the 11 landmarks (1-11) used to define the truss network
on L. mormyrus. Landmarks are illustrated as black dots and truss
measurements between the dots as discontinued lines. Abbreviations in Annex II.

Calibration was achieved for each specimen by measuring a known distance on a millimetre scale in each picture.
All morphometric measurements were performed and analysed using the R 2.11.1 software.
Conventional linear measurements
Eleven complementary conventional measurements that
document dimensions else than the outline of the body (such
as orbital width, operculum length, preorbit length, snout
length and others) were measured and added to truss data
(Fig. 2, Annex II).
Statistical analyses
The precision of the variables (truss elements and conventional linear measurements) was tested by digitizing one
specimen from each sample twenty times, and calculating
the error variance for each variable.
The morphometric data were transformed into logarithm
in order to increase multivariate normality (Pimentel, 1979).
Size-dependent variation was removed using an allometric
approach (Reist, 1985):
Mtrans = log M - β (log SL – log SLmean)
where Mtrans: transformed measurement; M: original measurement; β: within-group slope regressions of log M against
log SL; SL: standard length of the fish; SLmean: overall mean
of the standard length.
After size effect removal, statistical analyses were performed for all data (truss and conventional linear measurements) in order to identify the combinations of variables that
contribute to the separation between the studied lagoon samples.
Univariate analysis of variance (ANOVA) was performed
to test whether the averages of each morphometric variable
differed among the studied populations. In addition, the t-test
130

RESULTS
The ANOVA of 23 truss elements and 11 conventional
linear measurements reveals highly significant differences
(P < 0.001), between the lagoon samples, for 19 truss and
10 conventional variables (Tab. II). The variable V14, which
is related to the height of the body (distance between the
dorsal fin insertion and pelvic fin), is the only variable that
remained stable between the different localities.
Among the five discriminant functions performed by
DFA, the three first DFs explain respectively, 29%, 23% and
18%, which represent 70% of the total variation. The preorbital length is the variable that most contributes to define the
first function (Tab. II). DF2 was mainly defined by the following variables: V1 (distance between the tip of the mouth
and the end of the head, in the dorsal region), V25 (operculum length), V28 (predorsal length), V29 (prepelvic length),
V30 (pre-anal length), and V31 (prepectoral length) (Tab.
II). All these characters are head length related. The V5,
related to the peduncle length, is the only variable defining
DF3 (Tab. II).
Plotting DF1×DF2 highlights the discrimination between
most of the Mediterranean lagoons (Fig. 3a). According to
DF1, the two northern Tunisian lagoon samples (Bizerta and
Ghar El Melh lagoons) are discriminated from the Mellah
lagoon and from all the eastern samples (El Biban, Farwa and
Venice lagoons), by the preorbital length character (LPrO)
which shows, based on t-test results, the highest averages at
Bizerta and Ghar El Melh (LBIZ and LGM) (Annex III).
Along the second discriminant function (DF2), Bizerta
and Mellah on one hand clearly distinguish from Ghar El
Melh, and on the other hand all three also distinguish from
the eastern lagoons (El Biban, Venice, and Farwa lagoons),
which have a median position along that axis. This discrimination is explained by the distance between anterior tip of
snout and the end of the head and the operculum, predorsal, prepectoral, prepelvic and pre-anal lengths. All these
variables are related to the length of the head. The Pairwise
average comparisons reveals that Mellah lagoon specimens
Cybium proofs
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Table II. - Loadings from discriminant function analysis. Univariate
statistics (ANOVA). Significance levels; *: P < 0.05; **: P < 0.01;
***: P < 0.001.
Truss

Elements
V1: 1-2
V2: 2-3
V3: 3-4
V4: 4-5
V5: 5-7
V6: 6-7
V7: 6-8
V8: 8-9
V9: 9-10
V10: 10-11
V11: 1-11
V12: 2-11
V13: 3-11
V14: 3-10
V15: 4-10
V16: 4-8
V17: 5-8
V18: 5-6
V19: 4-6
V20: 4-9
V21: 3-9
V22: 2-10
V23: 3-8
V24: HP
V25: LOp
V26: Ø
V27: LM
V28: LPrD
V29: LPrPe
V30: LPrA
V31: LPrP
V32: LD-P
V33: LP-Pe
V34: LPrO

Mediterranean lagoon samples

DF1
DF2
DF3
0.150
0.669
0.160
0.063
-0.027
-0.317
0.208
-0.211
-0.096
-0.243
-0.524
-0.153
-0.532
-0.274
0.567
-0.259
-0.173
0.162
-0.104
-0.488
-0.226
0.107
-0.344
-0.019
-0.339
-0.114
-0.083
0.052
0.466
0.198
0.381
0.274
-0.135
0.283
0.160
0.109
-0.028
0.292
0.013
-0.022
0.096
0.013
-0.145
-0.328
-0.107
-0.216
-0.499
-0.252
-0.030
-0.377
-0.216
0.299
-0.164
0.124
-0.202
-0.534
-0.095
0.103
-0.528
-0.200
-0.091
-0.247
-0.226
0.316
0.176
0.089
0.025
-0.403
-0.133
Conventional measurements
0.373
0.260
-0.138
0.055
0.196
0.428
0.172
0.271
-0.196
0.161
0.915

0.427
0.763
0.362
0.329
0.720
0.643
0.619
0.717
-0.182
-0.064
0.315

-0.402
-0.120
0.301
0.053
-0.075
0.030
-0.081
-0.095
-0.051
0.382
-0.003

F
23.886***
3.089*
3.316**
14.093***
41.153***
9.399***
13.292***
5.380***
10.170***
8.821***
10.340***
4.746***
3.561**
1.066
6.756***
14.284***
12.291***
7.178***
13.800***
12.064 ***
4.338***
6.272***
5.944***

23.407***
41.965 ***
11.352 ***
4.807***
28.020***
36.632 ***
19.606 ***
35.952 ***
3.373**
5.191***
282.500***

(Algeria) have the smallest heads when compared to the
other western samples (Bizerta and Ghar El Melh lagoons)
but also compared to the eastern ones (El Biban, Farwa, and
Venice lagoons), which show a tendency to cluster (Annex
III).
The distinction of the Ghar El Melh from Bizerta lagoon
samples also explained by DF2, seems to be defined by the
head region here again, especially by the variable V1 (Distance between the tip of the mouth and the end of the head).
Indeed, Ghar El Melh specimens show the highest average
Cybium proofs

compared to Bizerta lagoon specimens (tLGM-LBIZ = 3.014,
P < 0.01, ddl = 64).
The plot DF1×DF3 notably illustrates the distinction of
El Biban sample from other samples notably other eastern
ones along DF3, which is due to the variable V5 in relation
to the caudal peduncle length (Fig. 3B). The application of
the t-test shows that El Biban specimens have the lowest
average compared to other eastern lagoon samples (t LFWLBIB = 5.512, P < 0.001, ddl =69; tLV-LBIB = 7.876, P < 0.001,
ddl =66).
The significance of the inter-group variability between
the Mediterranean lagoon samples was proven by the estimation of Wilk’s criterion (Wilk’s λ = 0.001, F = 13.245,
P < 0.001). The overall assignment of individuals into their
original sample by DFA is 95.5% and the highest proportion
of properly classified individuals into their original group
is observed for Bizerta and Ghar El Melh lagoon samples
where it reaches a 100% (Annex IV).
DISCUSSION
The morphometric analysis, conducted based on truss
elements and complementary conventional measurements,
shows a significant phenotypic heterogeneity of the striped
seabream between the six different Mediterranean lagoons
sampled. The variation between the western lagoons (Mellah,
Bizerta and Ghar El Melh) is mainly due to the head length
and dimensions. In fact, northern Tunisian samples are characterized by their high preorbital length, especially Ghar El
Melh specimens, while Mellah sample shows smaller head
than all others. Concerning the eastern samples (El Biban,
Farwa and Venice), they globally cluster together with also
a small head but with intermediate preorbital length. Finally,
the populations show various peduncle shapes from shorter
ones at El Biban to longer ones at Venice and Mellah.
The morphological discrepancy in the head region was
highlighted in several marine fish such as carangids (Turan,
2004), labrids (Westneat, 1995; Wainwright et al., 2004),
gobies (Mejri et al., 2012) and sparids (Sarà et al., 1999;
Palma and Andrade, 2002) and the influence of habitat differences is generally evoked as an explanation. It could be
justified since aquatic environments present different intrinsic characteristics (hydrodynamics, turbidity, temperature,
salinity, substrata, etc.) and offer various ecological niches
with different diets (Hyndes et al., 1997; Delariva and Agostinho, 2001). In this respect, the studied lagoon samples
belong to different geographical areas (Western Mediterranean basin, Gabès Gulf in south Eastern Mediterranean
basin, North Adriatic in north Eastern Mediterranean basin)
with various influences (Atlantic, subtropical and subatlantic with Indo-Pacific elements) and differences especially in
their hydrodynamics, physicochemical characteristics and in
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Figure 3. - FDA scores on the three first
discriminant functions for the Mediterranean lagoon samples projected on
FD1×FD2 plane (A) and on FD1×FD3
plane (B).
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the bottom nature (Annex I) where might feature different
food resources.
Indeed, demersal fish, like Lithognathus mormyrus, are
highly mobile but very dependent of the bottoms, where they
get their feeding. Thus, L. mormyrus usually inhabits the bottoms in search of its food. Its preferred preys vary from one
environment to another. In the Gulf of Annaba (Algeria), the
diet of L. mormyrus consists mainly of molluscs, especially
bivalves, crustaceans (Mysidacea, Amphipoda, Decapoda,…) and clupeid fish are secondary preys (Harchouche et
al., 2005), while in the Gulf of Gabès its preferred preys are
represented by crustaceans, annelids being secondary preys
(Ghorbel, 1981). In addition, in the Adriatic Sea (Croatia),
the diet of striped seabream is composed of eight groups of
benthic animals (bivalves and gastropods molluscs, polychaetes, crustaceans decapods, copepods and amphipods,
echinoderms and teleost fish) with a wide panel of size and
among whom the preferred group varies with the age of the
fish (Šantić et al., 2010). These differences in L. mormyrus
diet probably reflect fluctuation of prey abundance and availability in the various areas. In fact, if feeding (e.g. type, size)
is a well-known factor that influences head morphology,
ingestion of different prey types contributes significantly to
the head shape as is the case of the salamander larvae (Walls
et al., 1993). Thus, further analysis of the diet of striped seabream in the studied sites would allow verifying its impact
on interpopulation variation notably in the head shape.
Our results also indicate that Mellah lagoon specimens
have smaller heads compared to all the remaining samples.
Similar findings, concerning the particularity of Mellah
environment, have been reported with other species. Indeed,
Kara and Frehi (1997) have mentioned a local morphological discrimination between Dicentrarchus labrax of the Gulf
of Annaba and those of the Mellah lagoon. Most of discriminative characters were related, as in the present work, to the
anterior part of the body, mainly the head region.
In addition to these differences in the head shape, morphological discrepancies regarding the caudal peduncle
length were observed. Such variation is usually related to
the swimming activity, the performance, the predation pressure, and then to the hydrodynamic constraints (Poleo et
al., 1995; Walker, 1997; Ghalambor et al., 2003; Costa and
Cataudella, 2007). Although, the three eastern lagoons (El
Biban, Farwa and Venice) are characterized by permanent
communication with the open sea (Medhioub, 1979; Pergent and Pergent-Martini, 2000; Bellafiore et al., 2008) and
they are subject to large marine influences due to their wide
inlets. However, the communication with the open sea of
Farwa lagoon and that of Venice is much broader than that
of El Biban. In addition, when considering the differences in
hydrodynamic (Annex. I), the Venice lagoon is characterized
by an important semidiurnal tidal regime with a range of
about ± 0.7 m, thus more pronounced than El Biban regime.
Cybium proofs

Morphology of Lithognathus mormyrus in Mediterranean lagoons

Water exchanges between Venice Lagoon with the sea may
reach 8000 m3 s–1 and typically amounts to about one-third
of the total lagoon volume per tidal cycle (Gačić et al., 2004;
Bellafiore et al., 2008). These findings could explain the differences in caudal peduncle region between Venice specimens (which have long caudal peduncle) compared to El
Biban ones. Despite the lack of data for Farwa lagoon, such
an explanation can be applied to this area where the wide
extend of the exchange area (inlet ≈ 3 km) can highlight the
greater marine influence (Smart et al., 2006) compared to El
Biban lagoon (width of the main inlet ≈ 400 m) (Guélorget
et al., 1982). The lengthening of the caudal peduncle seems
to be developed as a mechanism of adaptation to improve
swimming ability in strong hydrodynamic environments.
As for the variation in the caudal peduncle length
between Bizerta, Ghar El Melh and El Biban lagoons, it can
be explained by the differences among their respective average depths. Indeed, Bizerta lagoon is the deepest one (≈ 7 m).
Therefore fish that feed on the bottom, as L. mormyrus, need
a better swimming performance than their congeners living in shallow lagoons such as Ghar El Melh (≈ 0.8 m) and
El Biban (≈ 4 m) (Annex I). The same hypothesis may be
retained to explain the differences between Mellah (≈ 3.5 m)
and Ghar El Melh (≈ 0.8 m) lagoons. In contrast, the difference in caudal peduncle length between Mellah and El Biban
lagoons seems to be associated to another factor. Indeed,
Mellah lagoon is a small confined where eutrophication generates an increase in turbidity. Yet, previous studies, concerning the turbidity effects, have revealed that increasing turbidity often leads to substantive community changes through
altering trophic dynamics (Van de Meutter et al., 2005).
Thus, the outcomes of predator-prey interactions are highly influenced by levels of turbidity (Gregory, 1993; Bonner
and Wilde, 2002; Lehtiniemi et al., 2005; Zamor and Grossman, 2007). So, in high turbidity conditions, the detection
and reaction distance of both participants (prey and predators) can likely diminished as turbidity increases. Therefore,
search time of prey tended to increase, due to the relative
scarcity of prey and the significant predation pressure, forcing predators to have a better swimming performance (Vogel
and Beauchamp, 1999; Quesenberry et al., 2007). Such findings can suggest that Mellah specimens seem to be adapted
to have the high mobility required to maximize encounter
rates with patchily distributed prey.
In this study, we showed the existence of morphological
differences between the Mediterranean lagoonal populations
of L. mormyrus. The phenotypic plasticity observed can be
related with variation in selective pressures of their respective habitats: variety of diets, niches, environmental conditions (Mayr, 1963; Swain and Foot, 1999).
Indeed, continuous exposure to the physical and biotic
properties of an individual’s habitat is known to usually
induce a phenotypic response in that individual (Páez et al.,
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2008). In the same context, Kara and Frehi (1997) inferred
that lagoon organisms, either if they are permanent or temporary residents, can show adaptive strategies in response to
multiple environmental conditions.
However, the expression of many phenotypic traits can
be explained not only by the local environment factors, but
also by the genetic compound, and/or the interaction between
genes and environment (Cabral et al., 2003; Favaloro and
Mazzola, 2006; Bahri-Sfar and Ben Hassine, 2009). So far,
we do not have sufficient data on the genetic structure of
these Mediterranean lagoon samples to exclude totally that
genetic control of the different morphologies. Therefore, our
results need further genetic analysis to highlight the real contribution of genetic and plastic response to the environmental components in the establishment of these morphologies.
Further research is needed to have a clearer understanding
of the likely complex relationship between energetic swimming, habitat structure, diet, predation process, and morphological variation in this species.
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Annex I. - Environment parameters of the six studied lagoons.
Mellah
Geographic
coordinates
Area

36°53’N-8°19’E
km2

Bizerta

Ghar El Melh

37°13’N-9°51’E 37°10’N-10°11’E

El Biban

Farwa

Venice

33°16’N-11°17’E

33°05’N-11°44’E

45°26’N-12°18’E

8.65
(Guélorget et al.,
1989)

128
(Béjaoui et al.,
2008)

28.5
(Moussa et al.,
2005)

230
(Capapé et al.,
2004)

Mean depth

3.5 m
(Guélorget et al.,
1989)

7m
(Béjaoui et al.,
2008)

0.8 m
(Moussa et al.,
2005)

Temperature

10°C-30°C
(Chaoui et al.,
2006)

11.5°C-29.5°C
(Béjaoui et al.,
2008)

10.3 °C-29.7°C
(Ben Hassine,
1983)

4m
(Lemoalle and
Vidy, 1984 ;
Medhioub et al.,
1986)
13°C-30°C
(Neifar, 2001)

Salinity

25.4‰-34.8‰
(Chaoui et al.,
2006)

32‰-36.8‰
(Béjaoui et al.,
2008)

36‰-51‰
(Moussa et al.,
2005)

45‰-50‰
(Neifar, 2001)

Area of
exchange

Chanel
Length: 900 m

Chanel
Length: 7 km

Inlet

Inlets

Width: 10 m

Width: 300 m

Width: 85 m

Width of the main
inlet: 400 m

Depth: 0.6 m

Depth: 12 m

(Guélorget et al.,
1989)

(Brahim et al.,
2008)

(Moussa et al.,
2005)

Bottom types

Muddy
(Guélorget et al.,
1989)

Muddy
(Hamdi et al.,
2002)

Muddy
(Moussa et al.,
2005)

Vegetation

Zostera noltii

Cymodocea
nodosa
Caulerpa
prolifera
Ulva lactuca

Ruppia cirrhosa

Ruppia maritima
Ulva sp.

km2

Enteromorpha sp.
(Algae are the most (Algae are the
dominants)
most dominants)
(Guélorget et al.,
1989)
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(Zaouali, 1984)

km2

Depth: 2.5 m

Cladophora sp.

(Algae are the
most dominants)
(Moussa et al.,
2005)

km2

km2

31
(Pergent and
Pergent-Martini,
2000)
0.5-2.5 m
(Pergent and
Pergent-Martini,
2000)
10°C-29°C
(Pergent and
Pergent-Martini,
2000)
38.5‰-44‰
(Pergent and
Pergent-Martini,
2000)
Inlet
Width: 3 km

Depth of the main
inlet: 14 m
(Guélorget et al.,
1982; Medhioub et
al., 1986 )
Sandy
(Medhioub et al.,
1986)

(Smart et al.,
2006)

Sandy
(Pergent and
Pergent-Martini,
2000)
Zostera noltii
Cymodocea
nodosa
Cymodocea nodosa
Posidonia
oceanica
Caulerpa prolifera Caulerpa prolifera
Lithothamnium sp.
(Phanerogams are
the most
dominants)
(Guélorget et al.,
1982)

550 km2
(Solidoro et al.,
2010)
1m
(Solidoro et al.,
2010)
3°C-24°C
(Solidoro et al.,
2010)
21.5 ‰-38‰
(Tolomio et al.,
2006)
Inlets
Lido inlet (width:
800 m depth: 14m)
Malamocco inlet
(width: 400 m;
depth: 17m)
Chioggia inlet
(width: 400 m;
depth: 8m)
(Solidoro et al.,
2010)
Sandy
(Amos et al.,
2010)
Zostera noltii
Zostera marina

Cymodocea
nodosa
Ulvaceae
(Phanerogams are (Phanerogams are
the most
the most
dominants)
dominants)
(Pergent and
(Amos et al., 2010;
Pergent-Martini,
(Solidoro et al.,
2000)
2010)
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Mellah
Geographic
coordinates
Tide

36°53’N-8°19’E
Isolated from
marine currents
(hydrological
isolation and high
confinement)
(Guélorget et al.,
1989)

Bizerta

Ghar El Melh

37°13’N-9°51’E 37°10’N-10°11’E
0.02-0.13 m

0.08-0.22 m

(Mejri et al.,
2012)

(Moussa et al.,
2005)

Hammami et al.

El Biban

Farwa

Venice

33°16’N-11°17’E

33°05’N-11°44’E

45°26’N-12°18’E

± 0.5 m
(max ≈ 1 m)
(Lemoalle and
Vidy, 1984)

Lack of data

± 0.70 m
(max ≈ 1.93)
(Solidoro et al.,
2010)

Annex II. - Description of the truss and conventional variables.
Variables
V1: 1-2
V2: 2-3
V3: 3-4
V4: 4-5
V5: 5-7
V6: 6-7
V7: 6-8
V8: 8-9
V9: 9-10
V10: 10-11
V11: 1-11
V12: 2-11
V13: 3-11
V14: 3-10
V15: 4-10
V16: 4-8
V17: 5-8
V18: 5-6
V19: 4-6
V20: 4-9
V21: 3-9
V22: 2-10
V23: 3-8
V24: HP
V25: LOp
V26: Ø
V27: LM
V28: LPrD
V29: LPrPe
V30: LPrA
V31: LPrP
V32: LD-P
V33: LP-Pe
V34: LPrO
138

Description of measurements

Truss
Distance between the tip of the mouth and end of the head, in the dorsal region
Distance between the end of the head and dorsal fin insertion
Length of dorsal fin base
Distance between the posterior insertion of dorsal fin and maximum curvature of the peduncle in dorsal region
Distance between the maximum curvature and end of the peduncle, in the dorsal region
Distance between the maximum curvature and end of the peduncle, in the ventral region
Distance from the posterior anal fin to maximum curvature in ventral region
Length of anal fin base
Distance between the pelvic fin insertion and anal fin
Distance between the pelvic fin insertion and end of the head, in the ventral region
Distance between the tip of the mouth and end of the head, in the ventral region
Distance between the end of the head, in the dorsal region, and end of the head, in the ventral region
Distance between the dorsal fin insertion and end of the head in ventral region
Distance between the dorsal fin insertion and pelvic fin
Distance between the anterior insertion of pelvic fin and posterior dorsal fin
Distance between the posterior insertions of pelvic and dorsal fins
Distance from the posterior anal fin to maximum curvature in dorsal region
Width of peduncle
Distance between the posterior insertion of dorsal fin and maximum curvature of the peduncle in ventral region
Distance between the posterior insertion of dorsal fin and anterior anal fin
Distance between the anterior insertions of dorsal and anal fins
Distance between the pelvic fin insertion and end of the head in dorsal region
Distance between the anterior insertion of dorsal fin and posterior anal fin
Conventional
Height of the pectoral fin
Operculum length
Orbital width
Snout length
Pre-dorsal length
Pre-pelvic length
Pre-anal length
Pre-pectoral length
Distance between the dorsal fin insertion and pectoral fin
Distance between the pectoral fin insertion and pelvic fin
Pre-orbit length
Cybium proofs
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Annex III. - Matrix of the t-test for the truss and conventional variables, which contribute to the discrimination between the Mediterranean
lagoon samples. Significance levels; *: P < 0.05; **: P < 0.01; ***: P < 0.001.

LM-MW

LBIZ-MW

LGM-MW

LBIZ-MW

LGM-MW

-2.422*

-2.975**

-3.013**

-4.430***

-2.777**

-4.060***

-3.450***

-3.905***

-3.658***

-2.079*

0.987
LM-MW

4.620***
LGM-MW

8.313***

-1.417

0.987
LBIZ-MW

3.530***
LM-MW

1.417

10.902***

LBIB-ME
V1:1-2
-0.891
LOp
-2.625*
LprP
-2.102*
LPrPe
-1.298
LPrA
-0.856
V5:5-7
4.752***
LBIB-ME
LPrO
9.10***
V5:5-7
3.724***
LBIB-ME
LPrO
11.999***

LFW-ME

LV-ME

-2.849**

-5.069***

-3.402***

-5.260***

-3.170**

-4.558***

-3.264**

-5.292***

-3.218**

-5.836***

-0.814
LFW-ME

-3.478***
LV-ME

7.183***

5.449***

-1.995*
LFW-ME

-4.574***
LV-ME

10.040***

7.993***

Annex IV. - Correct classification of individuals into their original group. (LM-MW: Mellah lagoon; LBIZ-MW: Bizerta lagoon; LGMMW: Ghar El Melh lagoon; LBIB-ME: El Biban lagoon; LFW-ME: Farwa lagoon and LV-ME: Venice lagoon).
Samples

LM–MW

LBIZ–MW

LGM–MW
LBIB–ME
LFW–ME
LV–ME

Cybium proofs

LM–MW LBIZ–MW LGM–MW LBIB–ME LFW–ME LV–ME
96

–

–

–

100

–

–

–

100

0

0

–

–

–

–

–

–

–

4

–

–

–

–

–

95

–

4

10

–

3

90
4

–

2

–

92
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