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INTRODUCTION  

 

 Sparids, commonly known as seabreams, are a family of teleost fish within the order 

Perciformes, comprising approximately 166 species distributed across 39 genera (Parenti, 

2019). These fish predominantly inhabit tropical and temperate waters, with occasional 

occurrences in colder and brackish environments. They are demersal species, typically found 

on the continental shelf and upper slope. While smaller species and juveniles tend to be 

gregarious, adults generally adopt a solitary lifestyle (Fischer et al., 1987). Sparids hold 
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This study investigated the length-weight relationship and morphometric 

characteristics of sagittal otoliths of Diplodus sargus (Linnaeus, 1758), 

including contour shape analysis, using multiple analytical approaches. These 

approaches aim to characterize the otoliths' outlines and to explore their 

potential as a tool for biological and ecological discrimination. A sample of 

102 D. sargus individuals was collected from fisheries in three locations 

representing different coastal regions of Algeria: Mostaganem (western 

coast), Tipaza (central coast), and Jijel (eastern coast). A significant positive 

correlation (R² = 0.67; P < 0.05) between total length (TL) vs. total weight 

(TW) was revealed. Isometric growth between length and weight was 

recorded in D. sargus individuals (P> 0.05). Significant inter-station 

differences in TL and TW indicated spatial heterogeneity in population 

structure. A morphometric analysis based on weight and shape indices was 

applied to assess the structural variability of the otoliths. No significant 

differences were detected between the two sagittal otoliths in terms of weight 

and morphometric parameters (P> 0.05: Wilcoxon test and paired t-test). 

Furthermore, contour analysis of the right sagittal otolith using the wavelet 

method revealed significant shape variation, particularly in D. sargus sampled 

from Mostaganem. This variation may reflect the influence of environmental 

and/or genetic factors on otolith contour morphology in this region. 
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significant ecological and economic importance due to their species richness and worldwide 

high commercial value (Basurco et al., 2011).  

 The genus Diplodus includes 23 species, among which the white seabream, Diplodus 

sargus (Linnaeus, 1758), is one of the most widely distributed. Its geographical range extends 

across the Mediterranean, the western Black Sea, and the eastern Atlantic, from Brittany to the 

Canary Islands, Madeira, and northwestern Africa (Giacalone et al., 2022). This demersal 

species is commonly found in beds, primarily inhabiting rocky and mixed substrates at depths 

of less than 50 meters, where it seeks refuge in crevices and holes during nighttime or to evade 

predators during daytime activities (Harmelin, 1987; Sala & Ballesteros, 1997; Figueiredo 

et al., 2005).  

 Otoliths are biomineralized structures composed primarily of calcium carbonate, located 

in cavities on either side beneath the brain. The largest of these cavities houses the largest 

otolith, known as the sagitta, which plays a crucial role in hearing and balance (Simonian, 

2023). Although otolith morphology varies significantly among species, it generally features a 

convex proximal inner surface and a concave distal outer surface. Typically, otolith growth is 

more pronounced along the anteroposterior axis compared to the dorsoventral axis. The external 

morphology of otoliths serves as a key diagnostic feature for species identification, making 

them valuable tools in archaeological studies and in research on predator-prey interactions 

within trophic networks (Lowry, 2011; Disspain et al., 2016; Stock et al., 2021; Agiadi, 2022; 

Quigley et al., 2023). At the interspecific level, no direct correlation has been established 

between fish size and otolith size (Campana, 2005a). Consequently, pelagic species such as 

tuna and swordfish may possess relatively small otoliths, whereas certain small reef species 

exhibit disproportionately large otoliths (Campana, 2005a). Additionally, fish adapted for 

rapid swimming tend to have more elongated otoliths compared to bentho-demersal species 

(Volpedo et al., 2008; Tuset et al., 2015). Moreover, otolith contour analysis is a powerful tool 

for fisheries stock discrimination. Among the most widely used approaches, Fourier and 

wavelet methods allow precise characterization of otolith morphological variability and enable 

the identification of population differences based on geographic origin and environmental 

conditions (Tracey et al., 2006; Stransky, 2014).  

 The objective of this study was to analyze the length-weight relationship of D. sargus, 

examine the morphometric parameters of its sagittal otoliths, and evaluate their relevance as 

tools for stock discrimination. 
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MATERIALS AND METHODS  

 

1. Sampling  

 A total of 102 D. sargus individuals were collected from fisheries along three distinct 

regions of the Algerian coast: Jijel (eastern coast, n=12), Tipaza (central coast, n=60), and 

Mostaganem (western coast, n=30) (Fig. 1). The sampled individuals measured between 16 and 

22 cm in total length and weighed from 50 to 577g. 

 

Fig. 1. Sampling stations of D. sargus individuals  

 The specimens were immediately placed in a cooler and transported to the laboratory of 

Management and Valorisation of Agricultural and Aquatic Ecosystems (GVEAA) at the 

university centre of Tipaza, Algeria. In the laboratory, the specimens were rinsed and 

photographed with a scale using a Canon Ixus 155 camera. The total body weight (TW) was 

then measured using a precision balance (0.1 mg accuracy).  

 The sagittal otoliths were carefully extracted from each individual, thoroughly cleaned, 

and preserved in labelled vials (Eppendorf, ®), which were stored in a dry environment (102 

pairs of otoliths) (Fig. 2). Subsequently, the otoliths were transferred to the Thünen Institute of 

Sea Fisheries in Bremerhaven, Germany, for shape analysis. Intact sagittal otoliths were 

photographed using a high-resolution Leica M125-C digital stereomicroscope, with the sulcus 

acusticus facing upward and the rostrum oriented to the left in the horizontal plane to minimize 
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errors during normalization and digitization. Each otolith pair was then weighed using a 

SECURA225D-1S high-precision balance (SARTORIUS, accuracy: 10⁻⁵ g). 

 Finally, the total length (TL) of the individuals, along with the otolith morphometric 

parameters, was measured using the ImageJ software (version 1.54d). 

 

Fig. 2. Right sagittal otolith of D. sargus. (a) Proximal face and (b) Distal face 

2. Biometry of Diplodus sargus and otolith morphometry 

 The length-weight relationships of D. sargus individuals were established, regardless of 

sex, using the formula 𝑇𝑊 =  𝑎 𝑇𝐿𝑏 (Keys, 1928), where a is a constant and b is the regression 

slope or allometric coefficient. The constants a and b were estimated from the log-transformed 

values of length and weight using linear regression, represented by the equation log (TW) = b 

log (TL) + log (a). The length-weight relationship was used to establish the nature of growth 

(isometric or allometric) of the studied D. sargus individuals (Ricker, 1973). The significance 

of the regression was assessed using the F-statistic. To determine the nature of growth, the 

observed slope value (b) was compared to the theoretical value b = 3 (Sokal & Rohlf, 1995; 

Handjar et al., 2022). When b = 3, growth is isometric; when b < 3, growth is hypoallometric; 

and if b > 3, growth is hyperallometric. In the case of isometry, body proportions grow at the 

same rate. However, in the latter two cases, the growth of a given parameter is proportionally 

lower or higher than that of the reference trait. Similarly, the significance of the deviation of the 
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slope b from the reference value (b = 3) was tested using Student’s t-test via the FSA and 

FSAdata packages (Ogle et al., 2025). Moreover, differences in D. sargus, total length (TL) 

and total weight (TW) among stations were tested using one-way ANOVA, following 

verification of residual normality (Shapiro–Wilk test) and variance homogeneity (Levene’s 

test). If ANOVA assumptions were violated, the Kruskal–Walli’s rank-sum test was employed 

(Zar, 2010). 

 Subsequently, the wavelet coefficients for each right sagittal otolith were calculated 

using the shape R package, following the protocol described by Libungan and Pálsson (2015). 

In addition, morphometric parameters, including area [ARE], perimeter [PRM], Feret diameter 

[FRD], minimum Feret diameter [MFRD], and a variety of shape indices (Table 1) were 

calculated for otoliths from both sides using the ImageJ software (Tuset et al., 2003; Ponton, 

2006).  

Table 1. Morphometric variables and indices measured for each sagittal otolith 

Index Formula Description 

Circularity 

(CIR) 4𝜋 ×
(𝐴𝑟𝑒𝑎)

(𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟)2⁄  

Proximity to a perfect circle 

(1 = circle, <1 = less 

circular). 

Ellipticity 

(ELP) 

(𝐹𝑒𝑟𝑒𝑡 − 𝑀𝑖𝑛𝑓𝑒𝑟𝑒𝑡)
(𝐹𝑒𝑟𝑒𝑡 + 𝑀𝑖𝑛𝑓𝑒𝑟𝑒𝑡)⁄  

A value of 0 indicates 

symmetry; higher values 

reflect elongation along a 

primary axis. 

Rectangularity 

(REC) 

(𝐴𝑟𝑒𝑎)
(𝐹𝑒𝑟𝑒𝑡 × 𝑀𝑖𝑛𝐹𝑒𝑟𝑒𝑡)⁄  

Similarity to a rectangle (1 = 

rectangle, <1 = irregular). 

Aspect ratio 

(AR) 

(𝐹𝑒𝑟𝑒𝑡)
(𝑀𝑖𝑛𝑓𝑒𝑟𝑒𝑡)⁄  

Width-to-height ratio (1 = 

square-like, >1 = elongated). 

Roundness 

(RND) 

4 × (𝐴𝑟𝑒𝑎)
𝜋 × (𝐹𝑒𝑟𝑒𝑡)2⁄  

Smoothness and curvature 

(1 = round, <1 = 

irregular/angular). 

Solidity 

(SLD) 

(𝐴𝑟𝑒𝑎)
(𝐶𝑜𝑛𝑣𝑒𝑥 𝑎𝑟𝑒𝑎)⁄  

Area vs. convex hull (1 = 

solid/convex, <1 = 

concave/fragmented). 

 

3. Statistical analysis of otolith morphometrics 

 The significance of differences between left and right otoliths in terms of mean 

morphometric measurements was assessed using a paired t-test. However, before performing 

this test, the data were transformed using the Yeo-Johnson method. The normality of the otolith 

geometric data was evaluated using the Shapiro-Wilk test, while homoscedasticity of variances 

was checked using Fisher’s F-test. Since the normality of otolith weights was not confirmed 

(Shapiro-Wilk test at P< 0.05), the non-parametric Wilcoxon signed-rank test was used instead 

of the paired t-test. In addition, a canonical analysis of principal coordinates [CAP] (Anderson 
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& Willis, 2003) was conducted to assess the variation in the contour shape of the right sagittal 

otolith from each individual among the three D. sargus populations. The CAP analysis was 

employed to explore the relationships between otolith shape and wavelet transformation 

coefficients. These coefficients capture variations in otolith contours and are used to analyze 

differences among populations. Subsequently, a permutation ANOVA (n = 1000 permutations) 

was performed to test the significance of the observed differences (Oksanen et al., 2022). All 

statistical analyses were conducted using the R software, version 4.3.0.  

RESULTS 

 

1. Biometric analysis of D. sargus individuals  

 Average total length of D. sargus increases as follows: 18.15 ± 1.80 cm (Mostaganem), 

18.50 ± 1.63 cm (Tipaza) and 20.46 ± 1.83cm (Jijel), with a mean value of 18.63 ± 1.82 cm. 

The average body weight increases as follows: 120.14 ± 29.14 g (Tipaza), 139 ± 91.57 g 

(Mostaganem) and 179.92 ± 53.67 g (Jijel), with a mean value of 132.72 ± 59.9 g. The 

biometric analysis revealed a high correlation (R2 = 0.67) between total body weight (TW) and 

total length (TL) with a statistically significant tendency (P< 0.05). The allometric coefficient 

value b is near to the isometric coefficient value, i.e., b = 3 (P> 0.05) (Fig. 3). The analysis of 

total length (TL) revealed significant differences among stations (ANOVA, F (2,99) = 8.24, 

P< 0.05). In contrast, the distribution of total weight (TW) deviated significantly from 

normality (Shapiro–Wilk test, P< 0.001). Accordingly, a non-parametric Kruskal–Wallis test 

was employed, which indicated significant differences among stations (χ² = 14.24, df = 2, 

P < 0.05). 

 

Fig. 3. Length–weight relationship of D. sargus from three stations of the Algerian coast 
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2. Otolith shape and morphometrics 

 The otolith shape of D. sargus revealed a heterosulcoid morphology (Fig. 2a), 

characterized by a sulcus acusticus with a clearly differentiated ostium and cauda. The ostium 

is funnel-shaped, and its length is equal to or shorter than that of the cauda. The cauda is tubular, 

curved, and distinctly bent posteriorly, terminating near the posteroventral edge (Fig. 2a). The 

distal face of the otolith is marked by the presence of calcareous granules arranged in clusters 

(Fig. 2b). 

 According to the weight and morphometric parameters, there is no statistically 

significant difference between the left and right sagittal otoliths (P> 0.05; Wilcoxon test and 

paired t-test; Table (2); Fig. (4)).  

 

Table 2. Morphometric parameters and shape indices of the left and right sagittal otoliths of 

Diplodus sargus, collected from the Algerian coast 

Morphometric parameters *Left sagittal otolith *Right sagittal otolith 

Feret (mm) 
6.45 ± 0.70 

(4.63 – 9.88) 

6.46 ± 0.63 

(4.63 – 8.86) 

MinFeret (mm) 
3.25 ± 0.30 

(2.65 – 4.70) 

3.27 ± 0.29 

(2.50 – 4.62) 

Area (mm²) 
15.35 ± 3.06 

(9.03 – 33.91) 

15.45 ± 2.79 

(8.61 – 30.63) 

Perimeter (mm) 
17.37 ± 1.84 

(12.67 – 26.72) 

17.46 ± 1.67 

(12.55 – 25.30) 

Weight (g) 
0.02 ± 0.01 

(0.01 – 0.06) 

0.02 ± 0.01 

(0.01 – 0.06) 

Otolith shape indices Left sagittal otolith Right sagittal otolith 

Circularity 
0.64 ± 0.04 

(0.34 – 0.71) 

0.63 ± 0.04 

(0.41 – 0.71) 

Rectangularity 
0.73 ± 0.02 

(0.69 – 0.77) 

0.73 ± 0.02 

(0.69 – 0.77) 

Ellipticity 
0.33 ± 0.03 

(0.26 – 0.39) 

0.33 ± 0.03 

(0.26 – 0.39) 

Aspect ratios 
2.06 ± 0.13 

(1.76 – 2.35) 

2.05 ± 0.13 

(1.76 – 2.35) 

Roundness 
0.49 ± 0.03 

(0.43 – 0.57) 

0.49 ± 0.03 

(0.42 – 0.57) 

Solidity 
0.96 ± 0.01 

(0.93 – 0.98) 

0.96 ± 0.01 

(0.93 – 0.98) 
*Results are expressed as mean ± s.d., (Min value – Max value). For each parameter, the statistically significant 

differences (paired t-test and Wilcoxon) are not significant (P > 0.05) among left and right sagittal otolith. 

 The left otolith of D. sargus exhibits a generally elliptical and moderately elongated 

shape, as revealed by the morphometric parameters. The Feret Diameter (FRD_L) range 
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between 4.63 and 9.88mm, while the minimum Feret diameter (MFRD_L) ranges from 2.65 to 

4.70mm, pointing to a structure that is clearly longer than it is wide. The area (ARE_L) varies 

between 9.03 and 33.91mm², and the perimeter (PRM_L) ranges from 12.67 to 26.72mm, 

indicating some variation in otoliths size among individuals (Table 2 & Fig. 4). The elongated 

form is further reflected in the aspect ratio (AR_L), which ranges from 1.76 to 2.35, suggesting 

that the otolith's length is approximately twice its width. Shape descriptors such as circularity 

(CRL_L: 0.34–0.71) and roundness (RND_L: 0.43–0.57) confirm that the otolith deviates from 

a circular outline, instead tending toward a more oval or elliptical shape. The ellipticity values 

(ELP_L), ranging from 0.26 to 0.39, further reinforce this observation by quantitatively 

describing the elongation (Table 2 & Fig. 4). The contour of the left otolith appears to be smooth 

and regular, as indicated by the high solidity values (SLD_L: 0.93–0.98), meaning the edge is 

continuous with few irregularities. Likewise, the rectangularity values (REC_L: 0.69–0.77) 

suggest that the otolith fits well within a rectangular frame, without prominent projections or 

notches (Table 2 & Fig. 4). 

 In summary, the left otolith of D. sargus can be described as elongated, elliptical, and 

structurally compact, with a smooth outline and consistent form. Given that paired t-test 

revealed no significant differences between left and right sagittal otoliths, this description is 

likely representative of both sides. 

 

Fig. 4. Box plot of the morphometric measurements of the two sagittal otoliths of D. sargus, 

(R= right and L = left) 

3. Otolith contour analysis 

 The analysis of the right sagittal otolith contours in D. sargus individuals revealed 

significant morphological differences among the three studied populations, particularly around 

the rostrum in the 160–210° and 340–359° ranges (Figs. 5 and 6). Moreover, within the 340–

359° range, a marked deviation in the mean otolith contour of D. sargus from the Mostaganem 

station was observed compared with those from the other stations (Figs. 5, 6). 
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Fig. 5. Mean shape of the right sagittal otolith based on wavelet reconstruction for three discrete 

fish populations of D. sargus from the Algerian coast (J: Jijel, M: Mostaganem and T: Tipaza) 

 

 

Fig. 6. Mean and standard deviation (s.d.) of wavelet coefficients for all combined right sagittal 

otoliths, with intraclass correlation (ICC, black solid line) 
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 This morphological divergence is supported by the results of the canonical analysis of 

principal coordinates [CAP] (Fig. 7). Indeed, the CAP1 axis accounts for 87.71% of the 

variance, representing the primary factor differentiating the populations, while the CAP2 axis 

explains 12.29%, indicating additional but less variability. The distribution of individuals on 

the CAP plot reveals a broader dispersion of red points (Mostaganem), indicating higher 

morphological heterogeneity in this population. In contrast, the black (Jijel) and green (Tipaza) 

points exhibit noticeable overlap, suggesting a greater similarity in otolith shape between these 

two populations. 

 

 

 

 

Fig. 7. Otolith shape of three D. sargus populations from the Algerian coast using canonical 

analysis of principal coordinates with the wavelet coefficients. (J: Jijel, M: Mostaganem and T: 

Tipaza). Big filled circles are barycentre’s 

 The ANOVA like permutation test confirmed that this differentiation is statistically 

significant (CAP: F (2, 99) = 3.22, P< 0.01), highlighting the variability in otolith contours 

among populations, particularly between Mostaganem and the other two stations.  

DISCUSSION 

 

 The growth of D. sargus across all studied areas was found to be isometric, indicating 

that (TW) increases at the same rate as (TL). According to Lagler (1966) and Wootton (1990), 

isometric growth implies that fish maintain geometric similarity during ontogeny, with body 

proportions and specific gravity remaining essentially constant throughout their lifetime. This 

result was nearly similar to those obtained by Man-Wai and Quignard (1982) in the Gulf of 

Lion, France, Morato et al. (2001), in the Azores, Portugal, Mouine et al. (2007), in the Gulf 
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of Tunis, Tunisia, and by Benchalel and Kara (2013) as well as Boufekane et al. (2021) on 

the eastern and central Algerian coast (Algeria), respectively. The significant variation in length 

and weight among stations indicates spatial heterogeneity in D. sargus populations along the 

Algerian coast, potentially pointing to distinct population units. Such patterns are commonly 

reported in Mediterranean sparids (Khedher et al., 2021; Geladakis et al., 2023). Beyond 

somatic growth patterns, the analysis of otolith morphology provides additional insights into 

the biology of D. sargus. The heterosulcoid shape and the morphological features of D. sargus 

otoliths observed in this study are consistent with those described by Tuset et al. (2008) in the 

western Mediterranean. In addition, the presence of calcareous granules on the distal face agrees 

with the observations of Shtewi et al. (2023). Therefore, the similarity of the shape and 

morphometric parameters between the left and right sagittal otoliths may be explained by the 

bilateral symmetry development of the otolith, which is regulated by genetic and physiological 

mechanisms (Campana, 2005b), and by the homogeneous environmental conditions e.g., 

temperature, salinity, and nutrition, which promote similar otolith growth (Vignon & Morat, 

2010). Additionally, the absence of auditory dominance in fish leads to morphological 

symmetry between the left and right otoliths, thereby reducing morpho-geometric variability 

between them (Lombarte & Cruz, 2007). Furthermore, mechanical and behavioural 

constraints, particularly a balanced and symmetrical swimming mode, limit the occurrence of 

significant asymmetries in otolith structure (Morat et al., 2012). This bilateral concordance in 

otolith shape and morphometrics is consistent with the findings of Bostanci et al. (2016) for 

another sparid e.g., Diplodus puntazzo (Walbaum, 1792) sampled from the Aegean Sea 

(Turkey), except for the ellipticity index, where a significant difference was observed. 

Bourehail et al. (2015) reported non-significant differences between the two Sphyraena 

sphyraena (Linnaeus, 1758) and sagittal otoliths of Sphyraena viridensis (Cuvier, 1829) 

collected from the Gulf of Annaba (Algeria, south-western Mediterranean), except for the 

circularity index. On the other hand, the variation in otolith contour shape, identified through 

wavelet analysis and particularly evident in D. sargus from the coast of Mostaganem, may be 

attributed to the proximity of Mostaganem to the Almería-Oran Front (AOF), a genetic barrier 

that restricts gene flow and promotes the emergence of morphological differences. According 

to Bargelloni et al. (2005), the AOF represents a major barrier to the dispersal of marine 

populations in the Mediterranean and significantly influences their genetic structuring. These 

authors demonstrated that this barrier leads to genetic separation among marine populations, 

which could explain the observed variation in otoliths. Furthermore, a recent study on Mytilus 

galloprovincialis (Lamarck, 1819) revealed the presence of a mosaic hybrid zone extending 

600 km along the Algerian coast, suggesting that this genetic barrier does not act as an absolute 

divide but rather as a gradual transition (El Ayari et al., 2019). These results support the 

hypothesis that D. sargus populations on the Mostaganem coast undergo progressive 

differentiation influenced by the Almeria-Oran barrier. It has also been demonstrated that 

demersal species are more likely to be influenced by geographical barriers and hydrological 

fronts, restricting their movements and increasing the morphological differentiation of otoliths 

between stocks (Mahé, 2019). The mouth of Oued Cheliff, Algeria's largest Oued, is a major 

conduit for sediments and agricultural pollutants to the Mostaganem coast (Belhadj et al., 

2006; Vandenbussche, 2017; Benkaddour, 2018). This influx of contaminants, particularly 
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trace metals and pesticides, has led Benkaddour (2018) to identify a station at the Oued’s 

mouth as a hotspot of anthropogenic inputs. The site exhibited extremely high conductivity (up 

to 80.0 ± 0.1 mS·cm⁻¹ during the wet season, far above the Algerian standard of 2.8 mS·cm⁻¹), 

elevated dissolved salts and pollutants, an excessive organic load (COD/BOD₅ = 7680), and 

consistently high levels of suspended matter and sulphates. Water temperature ranged from 12.3 

to 28.8 °C, with pH values between 6.7 and 8.3. Trace metal analyses revealed substantial 

concentrations of several trace metallic elements, including zinc (Zn, 13.3 ± 1.6 μg·L⁻¹), 

manganese (Mn, 20.5 ± 1.5 μg·L⁻¹), aluminium (Al, 92.3 ± 1.7 μg·L⁻¹), arsenic (As, 2.24 ± 0.01 

μg·L⁻¹), and lead (Pb, 0.5 ± 0.1 μg·L⁻¹). These extreme physicochemical conditions, indicative 

of chronic pollution, are likely to induce sublethal stress in D. sargus by disrupting metabolic 

pathways and otolith biomineralization, potentially contributing to the otolith contour shape 

deviations observed along the Mostaganem coast. Similar effects have been documented in 

Dicentrarchus labrax (Linnaeus, 1758) exposed to high pollutant concentrations 

(Vandenbussche, 2017), highlighting the broader ecological consequences of Oued inflow and 

coastal contamination on fish growth and development. It has also been shown that depth also 

influences otolith morphology (Tuset et al., 2003). It is therefore likely that the individuals of 

this sparid sampled at Mostaganem evolved in habitats located at different isobaths from those 

at the Tipaza and Jijel stations, which could explain the morphological differences observed. 

These bathymetric variations could lead to morpho-functional adaptations of the otoliths in 

response to the specific constraints of their environment. 

CONCLUSION 

 

 This study provided a general overview of the length-weight relationship in the sparid 

D. sargus sampled in three areas along the Algerian coast. We recorded isometric growth and a 

good correlation between the measured parameters (TL & TW). Our results of allometric 

relationships corroborate those of previous studies carried out on the same species.  The 

observed differences in length and weight of D. sargus along the Algerian coast mirror those 

documented in other Mediterranean sparids. In addition, the general examination of D. sargus 

sagittal otoliths morphology revealed a heterosulcoid shape characterized by an elongated, 

elliptical form, structural compactness, and a smooth, consistent outline. Similarly, 

morphometric analysis of the sagittal otoliths of D. sargus revealed no significant differences 

between pairs of otoliths from the same individual. This uniformity seems to result from the 

bilateral symmetry of otolith development, homogeneous environmental conditions and the 

absence of auditory dominance, which act together to limit the morphological asymmetries of 

the otoliths. Analysis of the contours of D. sargus otoliths revealed a marked differentiation 

between the Mostaganem population and those of Tipaza and Jijel. This morphological 

variation could be attributed to the influence of the Almeria-Oran (AOF) genetic barrier, which 

limits gene flow and favours the emergence of differences between the studied sparids. 

However, the presence of a hybrid mosaic zone along the Algerian coast suggests that this 

barrier acts progressively rather than absolutely. Furthermore, the differentiation observed 

could also be the result of local environmental factors, in particular the influence of the Oued 

Cheliff, the main vector of sediments and agricultural contaminants toward the Mostaganem 

coast. The accumulation of pollutants, such as heavy metals and pesticides, is likely to alter 
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otolith development by generating physiological stress in juvenile of D. sargus. These 

disturbances could modify calcium depositions and, consequently, otolith morphology. 

Additionally, depth variations in the habitat could also play a role in shaping otolith structure. 

Changes in hydrostatic pressure, temperature, and nutrient availability at different depths may 

influence otolith growth patterns and mineralization processes, further contributing to the 

morphological differentiation observed between populations, underlining the importance of 

taking these elements into account when studying the structuring of populations of this sparid 

on the Algerian coast. 
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 الملخص

لدى  (الأوتوليثات) السهمية السمعيةتبحث هذه الدراسة في العلاقة بين الطول والوزن والخصائص المورفومترية للعظيمات 

Diplodus sargus (Linnaeus, 1758)باستخدام عدة مقاربات تحليلية.  يماتظللع ، بما في ذلك تحليل الشكل الخارجي

الخارجي للأوتوليثات واستكشاف إمكاناتها كأداة للتمييز البيولوجي والبيئي. تم  المحيطوتهدف هذه المقاربات إلى توصيف 

من المصايد في ثلاث مناطق تمثل سواحل مختلفة من الجزائر: مستغانم  D. sargusفرداً من  102جمع عينة مكونة من 

 لغربي(، تيبازة )الساحل الأوسط(، وجيجل )الساحل الشرقي(. وقد أظهرت النتائج وجود ارتباط إيجابي معنوي)الساحل ا

((R² = 0.67, P<0.05بين الطول الكلي ؛ (TL)  الكليوالوزن.(TW) تم تسجيل نمو متساوي القياس بين الطول  كما

برزت فروق معنوية في قيم الطول والوزن بين المحطات،  إلى ذلك، بالإضافة D. sargus .(P> 0.05) والوزن لدى أفراد

وتم تطبيق تحليل مورفومتري يعتمد على الوزن ومؤشرات الشكل من أجل تقييم  ما يعكس تبايناً مكانياً في البنية السكانية

 المورفومترية العواملأو من حيث الوزن  اث السهميةالأوتوليث زوجبين التباين البنيوي للأوتوليثات. ولم تسُجّل فروق معنوية 

(. علاوة على ذلك، كشف تحليل المحيط الخارجي للأوتوليث  P> 0.05)اختبار ويلكوكسون واختبار "ت" للعينات المرتبطة

المجمعة من مستغانم. وقد يعكس   D. sargusالأيمن باستخدام منهجية المويجات عن تباين معنوي في الشكل، خصوصًا لدى 

 .العوامل البيئية و/أو الوراثية على مورفولوجية محيط الأوتوليث في هذه المنطقة هذا التباين تأثير

 .تحليل الشكل؛ محيط الأوتوليث؛ التمييز بين المخزونات؛ الجزائر: الكلمات المفتاحية
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