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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



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). 128 
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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 ± 1.26 129
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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  
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