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Background. The annular seabream, Diplodus annularis (Linnaeus, 1758), is the most common sparid ﬁsh in the
Mediterranean Sea. This species is widespread in Tunisia. Despite their economic importance, due to their excellent white and delicate ﬂesh (demersal ﬁsh) and their signiﬁcant size, few studies have hitherto focused on stock
discrimination and on the ﬁsheries management. The goal of this research was to evaluate the stock structure of D.
annularis for two Tunisian insular populations based on the otolith shape, using different statistical approaches.
Materials and methods. The specimens of Diplodus annularis were collected during ﬁve months ranging from
May through September 2014 at two sites: Djerba and Kerkennah. In total, 120 ﬁsh were collected from the two
sites: 60 specimens of each population (30 males and 30 females) and were included in different statistical analyses. The Fourier coefﬁcients were determined to evaluate the degree of similarity in the otoliths and detect the
reciprocal variability.
Results. By comparing the two studied populations, we revealed statistical signiﬁcant differences, an asymmetry
(left–right), of otoliths (P < 0.05). In the same population, symmetry (left–right) was detected for the males, females of Kerkennah, and females of Djerba. However, an asymmetry was detected only for the males of Djerba.
Also, sexual dimorphism was observed only for the Djerba population.
Conclusion. The comparison of the otolith morphology of the two populations showed a clear difference in shape
and a left–right asymmetry of otoliths. This asymmetry indicates that the two populations belong to different stock
of ﬁsh. The stocks characterization is considered as an important tool for ﬁsheries management. Further studies
are necessary to determine the origin of the otolith shape differences and whether they are related only to environmental conditions or a genetic basis may also be responsible.
Keywords: ﬁsh, ﬁsheries management, symmetry, asymmetry, shape, Djerba, Kerkennah

INTRODUCTION
Seabreams, representing the family Sparidae, are
widespread in the Mediterranean Sea and constitute an
important ﬁshery resource along this coast (Gordoa and
Molí 1997). They have global distribution and occur in
coastal waters thus sustaining important recreational and
commercial ﬁsheries (Fischer et al. 1987). The species
representing this family are distributed in a wide variety
of marine habitats, from rocky to sand bottoms, at depths

ranging from 0 to 500 m. They are more common, however, at depths not exceeding 150 m (Gonçalves 2000,
Gomes et al. 2001, Sousa et al. 2005, Ribeiro et al. 2006).
The annular seabream, Diplodus annularis (Linnaeus,
1758), is the most common sparid ﬁsh in the Mediterranean
Sea (Osset et al. 2005). Indeed, this species is distributed
from the Gulf of Biscay to Gibraltar, around Madeira and
Canary Islands, as well as in the Mediterranean and the Black
Sea (Jardas 1996, Summerer et al. 2001). The habitat of this

* Correspondence: Dr M. Trojette, Unité de Biologie Marine UR 13 ES 36, Faculté des Sciences de Tunis, Université Tunis El Manar, Tunis, Tunisie, phone: +216
50 612 051, e-mail: (MT) mayna_bio@hotmail.com, (ABF) benfalahabdelraouf@yahoo.fr, (MF) manel.ft@gmail.com, (BM) marsaouibochra@gmail.com, (NHM)
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ﬁsh is restricted mainly to Posidonia- (Harmelin-Vivien et
al. 1995) and Zostera (Matic-Skoko et al. 2004) beds.
Previous studies of Diplodus annularis focused on the
morphological characteristics (Tortonese 1975), life history (de la Paz 1975), age and growth (Gordoa and Molí
1997, Pajuelo and Lorenzo 2001, 2002, Matic-Skoko et
al. 2007, Girardin unpublished*), as well as the feeding
(Bell and Harmelin-Vivien 1983, Rosecchi 1987, Pita et
al. 2002). Also the morphology of Diplodus annularis
otoliths were studied by some authors (Kınacıgil et al.
2000, Pajuelo and Lorenzo 2002, Lychakov and Rebane
2000, Alós et al. 2010, Ayyildiz et al. 2014). However,
no studies regarding stock discrimination of D. annularis
have been conducted in comparison with other species
belonging to the family Sparidae (see Kınacıgil et al.
2000, Pajuelo and Lorenzo 2001, Arculeo et al. 2003,
Correia et al. 2011).
The otoliths generally remain stable over time, unlike
other calciﬁed structures like scales (Mérigot et al. 2007,
Morat et al. 2008). The analysis of otoliths characteristics
offers a unique potential for reconstitution, a temporal
resolution ranging from days to years, at a time, the environmental parameters effects and traits of ﬁsh life (Fablet
2012). In addition, the otoliths are also likely to keep record
of the depths at which ﬁsh occur (Morat unpublished**).
The otolith shape is species speciﬁc (Sadighzadeh et
al. 2014). The outer shape of ﬁsh otoliths has been used
in identiﬁcation of the species (Nielsen et al. 2010) and/
or ﬁsh stock (Begg and Brown 2000, Cardinale et al. 2004,
Ponton 2006). The three-otolith pairs in teleost have a large
morphological variability (Lombarte and Cruz 2007). This
variability is especially true for the saccular otolith (sagitta)
associated with the inner ear organ, sacculus, in non-ostariophsean ﬁshes (Platt and Popper 1981, Lombarte and Cruz
2007). The morphological differences affect both the size
and shape of the otoliths (Paxton 2000).
The goal of this study was to evaluate the stock structure of Diplodus annularis—which is probably inﬂuenced
by physical, biological, and ecological processes—by using otolith shape analysis. The case study was carried out
on two Tunisian insular populations (Djerba and Kerkennah) using different statistical approaches.

sunset to dawn. The gillnets were operated by coastal boats
from 5 to 13 m in overall length, on average.
The specimens of Diplodus annularis were collected
during ﬁve months, from May to September 2014, at two
sites: Djerba and Kerkennah. In total, 60 specimens (30
females and 30 males) were sampled from each site (as
shown in Fig. 1). Each ﬁsh was measured and dissected.
Only the total length and the total weight were taken into
account (Table 1).
Otolith extraction. The otolith extraction protocol is
based on several steps (Trojette unpublished***). Firstly,
we cut horizontally the upper bone of the ﬁsh head, with
a very sharp knife blade. After that, we extracted the ﬁsh
brain from the head to reach the otoliths located in the skull
cavities. Finally, the otoliths were removed with forceps,
and once removed, the left and right otoliths were cleaned
with distilled water, dried, wrapped in cotton wool, and
stored in Eppendorf tubes for further processing.
Image and shape analyses. The otoliths were photographed by a digital camera (Samsung PL210 with the
resolution of 14.2 megapixels and optical zoom 10×) on a
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MATERIALS AND METHODS
Sample collection. The ﬁshing of the annular seabream,
100 Km
Diplodus annularis, was carried out by speciﬁc gillnets targeting this particular species. The gillnets consist of a piece
of netting, with a rectangular shape, of 60 to 80 m in length
8°E
10°E
12°E
and 33 to 300 meshes of height. In this type of selective
mesh nets ranging from 22 to 26 mm (square measure), the
specimens become entangled at the level of the gills. The Fig. 1. Sampling sites (marked with four-pointed star) of
ﬁshing gear is composed by ﬁxed sections end to end with
the annular seabream, Diplodus annularis, along the
an average of 14 pieces. It is wedged on the bottom from the
coast of Tunisia

* Girardin M. 1978. Les Sparidés (Pisces, Teleostei) du Golfe du Lion-Ecologie et Biogéographie. Thèse de doctorat. Université des Sciences Techniques du Langudoc,
Montpellier, France.
** Morat F. 2011. Inﬂuence des apports rhodaniens sur les traits d’histoire de vie de la sole commune (Solea solea): Apports de l’analyse structurale et minéralogique des
otolithes. Thèse de doctorat en Océanographie. Université Marseille, France.
*** Trojette M. 2012. Etude otolithométrique comparée de trois populations d’une espèce de Scorpénidés (Scorpaena porcus) dans le milieu marin et insulaire de Tunisie.
Thèse. Faculté des sciences de Tunis, Université Tunis El Manar, Tunisie.
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Table 1
Length and weight of annular seabream, Diplodus annularis, specimens from different sampling sites in Tunisia
Parameter
Sex
Number of ﬁsh
Total length [mm]
Total weight [g]

Sampling site
Djerba
Males
30
129.86 ± 8.53
31.06 ± 4.07

Djerba
Females
30
126.86 ± 8.14
31.94 ± 4.38

Kerkennah

Kerkennah

Males
30
115.76 ± 5.15
28.27 ± 4.18

Females
30
117.46 ± 5.6
28.41 ± 3.69

The values are mean ± standard deviation (based on 5 month period.

dissecting microscope after observation. The image analysis on a computer screen allowed us to evaluate each image and store it in a database. The photos of all otoliths
were processed by Adobe Photoshop CS6 (Fig. 2). Subsequently the images were processed by the Shape Ver. 1.3
software which would create 20 harmonies for each otolith (each otolith represents an individual). Each harmony
was composed by four coefﬁcients, so called the Fourier
Coefﬁcients (A, B, C, and D) corresponding to the values
of the projection of the binary image on the axes X and Y
(Kuhl and Giardina 1982), resulting in 80 coefﬁcients per
individual. The most useful method for shape analysis of
otoliths is based on Fourier descriptors (Duarte-Neto et
al. 2008). Recently, other representations such as wavelets
(Chuang and Kuo 1996) and multi-scale curvature (CSS)
(Mokhtarian and Mackworth 1986) have been studied in
the analysis of calciﬁed structures forms (Parisi-Baradad
et al. 2005).

Female Djerba (L-R)

Male Djerba (L-R)

Female Kerkennah (L-R)

Male Kerkennah (L-R)

Fig. 2. Photographs of the otoliths (left–right) of annular
seabream, Diplodus annularis, processed with the aid
of the Photoshop software
Statistical methods. The morphological variation in individuals is based on statistical analysis of the parameters
from the developments in Fourier series. The mathematical analyses of the otolith shape are achieved by Elliptic
Fourier Analysis (EFA). This technique describes the silhouette called Harmonic. Each harmonic is characterized
by four Fourier Coefﬁcients (A, B, C, and D) which cal-

culates the Fourier Power (FP), the percentage of Fourier
Power (FP%), and the cumulative percentage of the Fourier Power (FPn% cumulative). The respective formulas
(Crampton 1995) are provide below:
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The cumulative percentage of Fourier Power (FPn%)
is calculated in order to determine the necessary and sufﬁcient number of harmonics for better construction of
the silhouette of the otolith (Crampton 1995). This is obtained for a value equal to 99.99% of the cumulative percentage of the mean Fourier Power (FPn%). The results
were fed into Microsoft Excel and processed. To assess
the differences between different batches of otoliths, we
performed multivariate analyses that enable the processing of all the otolith parameters at the same time. The
data matrix was subjected to a Discriminant Function
Analysis (DFA), to illustrate the differences and similarities between the observed groups and optimize the variability existing between them. The DFA was determined
successively, while the factorial graphic designs allow
visualizing individuals or variables. Various indicators
and tests are also used in order to estimate the reliability of our results. These analyses were performed using
‘XLSTAT’ (2007) software.
Statistical tests. The statistical analysis of the otolith
shape is achieved by the Elliptic Fourier Analysis (EFA)
describing the shape of the otolith. To have the best possible otolith shape, the percentage of Fourier Power was
calculated to determine the number of harmonics necessary and sufﬁcient. For this reason, this number was ﬁxed
at 20. A total of 180 replicates were obtained (60 observations the for each study site).
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Multivariate analysis was performed for the treatment
of all otolith synchronous parameters. The data matrix
was previously subjected to DFA, which detect similarities and differences between the two sets of otoliths. The
results were subsequently interpreted by the STAT EXCEL 2007 software and provide the following different
statistical tests.
RESULTS
The Wilks’ Lambda test (Rao approximation) performed on the otoliths (see Fig. 2) revealed the presence of
statistically signiﬁcant differences between the two populations studied (P < 0. 0001) (Table 2).
Table 2
Wilks’ Lambda test of the distance approximation
between populations of annular seabream,
Diplodus annularis (Rao approximation)
Parameter

Value

Lambda
F (Observed value)
F (Critical value)
DDL1
DDL2
P-value
Alpha

0.0192
1.5776
1.1282
539
1116
< 0.0001
0.05

The matrix of Mahalanobis distances described the
distance between the left and right otoliths of each population (Djerba and Kerkennah). It also described the
distance between the left otoliths and the right ones of
both populations (left Djerba–left Kerkennah and right
Djerba–right Kerkennah) (Table 3). Indeed, the respective left–right distances between the otoliths (L–R) were
7.56 and 15.45 for Djerba (female and male) and 8.44
and 8.80 for Kerkennah (female and male), indicating
that the Mahalanobis distance between the individuals
for the two populations was similar except the males of
Djerba. Turning to the Mahalanobis distances between
the otoliths of the two populations, the distances between
Kerkennah–right–female versus Djerba–right–female
and Kerkennah–right–male versus Djerba–right–male

amounted to 13.02 and 17.63, respectively. Also, the
distance between Kerkennah–left–female versus Djerba–left–female and between Kerkennah–left–male versus Djerba–left–male were 10.53 and 14.99, respectively
(Table 3).
With the exception of one case (otolith left–right male
Djerba), these results showed that the distance between
the left otoliths and the right ones of both populations was
more important than the distance between left–right otoliths within each population.
The Mahalanobis and Fisher distances gave the same
results. In fact, the Fisher distance between the otoliths
(left–right) for Djerba (female and male) were 0.99 and
2.03, respectively and for Kerkennah (female and male)
were 1.12 and 1.17, respectively. The highest distances
were for the males of Djerba, followed by males, females
of Kerkennah and females of Djerba. By comparing the
two populations (Djerba and Kerkennah), the Fisher distance Kerkennah–right–female versus Djerba–right–female and Kerkennah–right–male versus Djerba–right–
male amounted to 1.74 and 2.35, respectively. The Fisher
distance between Kerkennah–left–female versus Djerba–
Left–female and Kerkennah–left–male versus Djerba–
left–male was 1.38 and 1.97, respectively (Table 4). The
above-mentioned results showed that the most important
distances were those detected between the otoliths of
Djerba males and Kerkennah males).
In the context of a comparison within the same population, the P-value (left–right) of Fisher distance was
highly statistically signiﬁcant (P < 0.0001) for the males
originally from Djerba Island (case of left–right asymmetry) while the P-values were not signiﬁcant (P > 0.05)
for the females of Djerba (P = 0.5006), the males and
females of Kerkennah (male P = 0.1947, female P =
0.2609) (case of left–right symmetry) (as shown in Table
4 below the diagonal). In another hand, sexual dimorphism was observed only in the Djerba population: (for
female and male left, P = < 0.0001 < 0.05), (for female
and male right, P = < 0.0023 < 0.05). It can be concluded
that in Djerba population, dimorphism was more signiﬁcant for left otoliths. However, no difference was detected between males and females of the Kerkennah populaTable 3

Matrix Mahalanobis distances between otoliths representing both sexes and two sides of otoliths
for two sampling sites of annular seabream, Diplodus annularis

♀RD
♀RK
♀LD
♀LK
♂RD
♂RK
♂LD
♂LK

♀RD

♀RK

♀LD

♀LK

♂RD

♂RK

♂LD

♂LK

0

13.0233
0

7.5665
18.7084
0

12.2499
8.4412
10.5329
0

13.0281
19.1323
14.1883
16.2943
0

12.7440
7.4403
17.1066
11.0658
17.6341
0

10.5535
13.0220
17.0788
14.0500
15.4517
11.5311
0

10.2469
10.0027
10.0873
7.5216
13.5998
8.8098
14.9934
0

RK = right otolith from Kerkennah, LK = left otolith from Kerkennah, RD = right otolith from Djerba, LD = left otolith from Djerba); the
underscored values indicate the distance between the two populations / the the values in bold indicate the distance within each population.
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Table 4
The test of Fisher distances between sexes and two sides of otoliths for two sampling sites (above diagonal)
and P-values (below diagonal) for annular seabream, Diplodus annularis,
♀RD
♀RD
♀RK
♀LD
♀LK
♂RD
♂RK
♂LD
♂LK

*
0.0018
0.5006
0.0062
0.0023
0.0026
0.0431
0.0592

♀RK
1.7411
*
< 0.0001
0.2609
< 0.0001
0.4683
0.0018
0.0642

♀LD

♀LK

♂RD

♂RK

♂LD

♂LK

0.9953
2.5012
*
0.0440
0.0005
< 0.0001
< 0.0001
0.0695

1.6113
1.1285
1.3854
*
< 0.0001
0.0202
0.0006
0.5127

1.7137
2.5578
1.8663
2.1433
*
< 0.0001
< 0.0001
0.0011

1.7038
1.0113
2.2870
1.4794
2.3575
*
0.0117
0.1947

1.3882
1.7409
2.2465
1.8481
2.0324
1.5416
*
0.0002

1.3478
1.3373
1.3268
0.9893
1.7889
1.1778
1.9722
*

Values above the diagonal represent the values of Fisher distance: Those underlined with a single solid line indicate distance between
the two populations; Those underlined with a double solid line indicate the distance within each population. Values (italicized) below the
diagonal represent the P-value of Fisher distance: Those underlined with a dashed line represent the left–right asymmetry detected for males
of Djerba; Those underlined with a single solid line represent the left–right symmetry detected for ♀Djerba, ♀Kerkennah, and ♂Kerkennah;
Those underlined with a double solid line represent the left–right asymmetry detected between the two populations: Kerkennah and Djerba.

Centroids (axes F1 and F2 : 52.58 %)
3

2

LD

F2 (21.79 %)

tion: (for female and male left, P = 0.5127 > 0.05), (for
female and male right, P = 0.4683 > 0.05).
The results of the comparison between both lots of
ﬁsh (Djerba and Kerkennah) revealed a clear difference
between the otoliths (left–right) of males and females (P
< 0.05). The asymmetry (left–right) of otoliths revealed
here indicates that the two populations of ﬁsh (Djerba and
Kerkennah) have a different morphology of otoliths and
belong to different ﬁsh stock.
The Discriminant Factor Analysis showed the projection of individuals on the two ﬁrst axes (F1 and F2)
(Fig. 3). Further on, these two discriminant axes explained
30.79% and 21.79% of total variation, respectively (Table
5). Thus, these two axes accounted for 52.58% of the total variance. The otoliths (left–right) of specimens from
Djerba were separated by F1 (male) and F2 (female) axis,
while the individuals of Kerkennah were differentiated by
the F2 (male) axis and F5 (female) axis (F5 had a percentage of discrimination equal to 8.957 % (Table 5), non-signiﬁcant result with P-value = 0. 260). Different statistical
tests (Fisher and Mahalanobis distances) conﬁrmed the
symmetry (left–right) detected in the both male and female otoliths. This is true for the two studied sites. An
exception for the males of Djerba for what we observed
an asymmetry.
The otoliths (right–right) and (left–left) for Djerba and
Kerkennah are separated by the axis F1. An asymmetry
between the otoliths of the two populations was observed
which conﬁrmed the previous results (achieved with the
Fisher and Mahalanobis tests).

-3

LK

1
RK

LK
-2

-1
RD

0

Centroids
0

1

2

3

RK

-1
LD

RD

-2

-3

F1 (30.79 %)

Fig. 3. Discriminant Function Analysis for two sexes and
two sides of otoliths for annular seabream, Diplodus
annularis
DISCUSSION
The otolith shape analysis was studied to test the possible stock discrimination existing between the two insular populations of Diplodus annularis. The results have
shown that, for each population, the comparison between
the left and right otoliths revealed symmetry for the otoliths of male and female of the Kerkennah population and
the otoliths of female of the Djerba population.
A signiﬁcant asymmetry (<0.001) was only detected
for the male’s otolith (left–right) of the Djerba population.
Such asymmetry can be explained by a genetic or environmental stress during development or a decrease in specifTable 5

Eigen values of the discrimination rate for populations of annular seabream, Diplodus annularis

Eigen value
Discrimination [%]
Cumulative percentage

F1

F2

F3

F4

F5

F6

F7

1.7714
30.7911
30.7911

1.2537
21.7919
52.5830

0.9483
16.4827
69.0656

0.6372
11.0755
80.1412

0.5153
8.9576
89.0988

0.3767
6.5476
95.6463

0.2505
4.3537
100.0000
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ic condition components like growth, fertility or survival
(Panﬁli et al. 2005). For the Djerba population, we have
also detected a sexual dimorphism.
According to Schwarzhans (1994), the function and
role of the observed sexual dimorphism in the social life
of the ﬁshes is unknown. For example, within the genus
Neobythites (Ophidiidae), about half of the species exhibit
sexual dimorphism. An obvious explanation would be a
speciﬁc sound-receiving ability designed to locate mating partners in the deep sea during reproduction period
(Shuster 2009). The morphological alteration only occurs
in the male otoliths (Schulz-Mirbach et al. 2010), therefore, the change for the male otoliths of ﬁsh can easily be
evident and recognized (Jaramillo et al. 2014). The otoliths of female ﬁsh remain practically unchanged.
The comparisons between the two studied populations have revealed signiﬁcant differences in the otolith
shape. The statistical analyses have proven an asymmetry
(left–right) for the otolith morphology. This may be due
different factors, like the environmental parameters. In
fact, there are big differences between the marine and the
insular environment, the latter being characterized by the
highest tides in the Mediterranean (Bernardi et al. 2014).
According to Brebbi (unpublished*), the marine environment is a dispersive medium suggesting the existence of
potentially signiﬁcant gene ﬂow between ﬁsh populations.
This effect is acting on the marine reproduction phase.
This corresponds to a gathering and homogenization
which promotes mixing of ﬁsh gametes (the otoliths of
different marine populations become similar and symmetrical). Trojette et al. (2014) who revealed an asymmetry
(L–R) of otoliths for the Tunisian insular environment (the
Island of Djerba) and symmetry (L–R) of otoliths for the
Tunisian marine environment (Rafraf and Hammam Lif),
conﬁrmed this hypothesis.
The differences in habitat use by ﬁshes (an environmental factor) may also affect the different structures as
the otoliths (sagittae) (Cruz and Lombarte 2004, Lombarte and Cruz 2007, Lombarte et al. 2010). For example, Jaramillo et al. (2014) described that otoliths of four
benthic ﬁshes: Scorpaena scrofa Linnaeus, 1758; Mullus
surmuletus Linnaeus, 1758; Uranoscopus scaber Linnaeus, 1758; and Synaptura lusitanica de Brito Capello, 1868
from the coast of Valencia had considerable differences
in the morphology and the morphometry. This could be
associated with the type of substrate where the ﬁsh is most
frequently found and the habitat use (soft substrates/hard
substrates/mixed substrates).
Also, environmental factors (like temperature, salinity, feeding, depth, etc.) are almost certainly the cause of
geographic variations in the shape or appearance of the
otolith nucleus, otolith annuli, and variations in the ratio
of otolith size to ﬁsh size (Cañás et al. 2012). However,
the measurements of otolith shape based on ratios of otolith radii and on the Fourier analyses in particular, had
some success in distinguishing among stocks and have
been assumed to be based, at least in part, on genetic dif-

ferences (Capoccioni et al. 2011). In some cases, reports
of stock discrimination based on otoliths morphology appear to reﬂect environmental differences among regions
(Rakocinski et al. 2015).
Of all of the environmental factors, the most responsible one for ﬁsh, and indirectly otolith growth, is the temperature (Khemiri et al. 2005, Fablet et al. 2009). Indeed,
ﬁsh are very sensitive to temperature changes and are able
to respond to a change of only 0.03°C (Bull 1952). In this
case, L∞ is susceptible to increase as temperature decreases
(Sinovčić 2000, Basilone et al. 2004). Additionally, Taylor
(1959 in Sinovčić 2000) reported that an increase of just
1°C in the mean annual temperature reduced the L∞ for 29
cm in the Atlantic cod, Gadus morhua Linnaeus, 1758.
In addition to the environmental parameters (Aguirre
and Lombarte 1999, Torres et al. 2000, Volpedo and
Echeverría 2000, 2003, Gauldie and Crampton 2002,
Volpedo and Fuchs 2010), also other factors have effect
on the otoliths, they include ontogenetic factors (Tombari
et al. 2005, Gonzalez Naya et al. 2012), physiological
factors as the hearing capabilities associated with specialization in acoustic communication (Popper and Fay 1993,
Paxton 2000, Lombarte and Cruz 2007), and the phylogeny (Nolf and Tyler 2006). All of those could affect the
morphology, the morphometry, and the microstructure of
sagittae (Volpedo and Fernández-Cirelli 2006, Volpedo et
al. 2006). Other factors as the different communication
strategies of ﬁshes may also affect the different structures
as the otoliths (sagittae) (Cruz and Lombarte 2004, Lombarte and Cruz 2007, Lombarte et al. 2010).
The inﬂuence of the genetics factors on growth of the
otoliths cannot be disregarded. In other teleosts, differences in growth in small geographic areas (offshore/inshore)
were detected for the Atlantic cod, Gadus morhua, in the
Atlantic (Imsland and Jónsdottir 2003) and for the European anchovy, Engraulis encrasicolus (Linnaeus, 1758) in
the Mediterranean Sea (Borsa 2002). These authors emphasized the existence of two genetically different populations for each species, a coastal population with a small
size and a pelagic population with a larger size. Differences in hydrological regime between regions are generally
reported as a barrier to delineate populations (Williams et
al. 2009).
Moreover, Megalofonu (2006) made a comparison
between growth and morphology of the otoliths with somatic growth and age in juveniles of the Atlantic blueﬁn
tuna Thunnus thynnus (Linnaeus, 1758). This study reported that the signiﬁcant statistical differences were observed between the otolith measurements and ﬁsh somatic
growth. These differences were also revealed between the
tested otolith variables and the ﬁsh age. Moreover, the relations between shape indexes and age revealed that the
otolith morphology of blueﬁn tuna varied from a round
shape for younger specimens (20 days old) to an elongated
shape for older ﬁsh (129 days old).
According to Itoh et al. (2000), otolith shape of blueﬁn
tuna is ﬁrstly spherical, then hemispherical with a ﬂat dis-

 Brebbi P. 1988. Génétique des populations marines: le modèle « Flet » (Platichthys flesus L. 1758, Téléostéen, Pleuronectidae). Thèse de doctorat. Université des
Sciences et Techniques du Languedoc, Montpellier, France.
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tal side up to the ﬁfth increment. It seems that during the
netic structure of two Sparidae species, Diplodus vulinvestigated life period, the otolith morphology of blueﬁn
garis and Lithognathus mormyrus in the Mediterratuna undergoes signiﬁcant dimensional change. Lagardère
nean Sea. Fisheries Research 63 (3): 339–347.
et al. (1995) mentioned that for other species, otolith morDOI: 10.1016/S0165-7836(03)00102-4
phology varies from a roundness of shape in larval indi- Ayyildiz H., Ozen O., Altin A. 2014. Growth and hatchviduals to the speciﬁc shape in adults.
ing of annular seabream, Diplodus annularis, from
In the same way, Silva et al. (2015) made the predicTurkey determined from otolith microstructure. Jourtion of the age of juveniles of sardine, Sardina pilchardus
nal of the Marine Biological Association of the United
(Walbaum, 1792), from otolith and ﬁsh morphometric
Kingdom 94 (5): 1047–1051.
characteristics. The authors revealed that morphometric
DOI: 10.1017/S002531541400040X
variables examined, otolith weight, diameter, ﬁsh total Basilone G., Guisande C., Patti B., Mazzola S., Cuttitta
length and weight, were linearly related to the logarithm
A., Bonanno A., Kallianiotis A. 2004. Linking habof age in sardine juveniles being 109–280 days old.
itat conditions and growth in the European anchovy
Finally, Yadollahvand and Rahnama (2014) found that
(Engraulis encrasicolus). Fisheries Research 68 (1–3):
the otolith characteristics were better correlated with age
9–19.
than with other ﬁsh characteristics.
DOI: 10.1016/j.ﬁshres.2004.02.012
In our study, we made decision for a coherent sampling Begg G.A., Brown R.W. 2000. Stock identiﬁcation of
(the individuals have approximately the same size) and
haddock Melanogrammus aeglefinus on Georges Bank
ﬁsh age classes were not determined due sampling probbased on otolith shape analysis. Transactions of the
lem, but the difference in otolith morphology between the
American Fisheries Society 129 (4): 935–945.
two populations, was statistically conﬁrmed.
DOI: 10.1577/1548-8659(2000)129<0935:SIOHMA>2.3.CO;2
Bell J.D., Harmelin-Vivien M.L. 1983. Fish fauna of
CONCLUSION
French Mediterranean Posidonia oceanica seagrass
This work contributes to the knowledge on the stock
meadows. 2. Feeding habits. Tethys 11 (1): 1–14.
discrimination for Diplodus annularis, one of the com- Bernardi G., Ramon M.L., Alva-Campbell Y., Mcmercially most important benthic ﬁshes in Tunisia. It proCosker J.E., Bucciarelli G., Garske L.E., Victor
vides key information for studying ﬁsheries management
B.C., Crane N.L. 2014. Darwin’s ﬁshes: Phylogeogof this species in the investigated area.
raphy of Galápagos Islands reef ﬁshes. Bulletin of MaThe comparison of the otolith morphology between
rine Science 90 (1): 533–549.
the two populations showed a clear difference in shape
DOI: 10.5343/bms.2013.1036
(a left–right asymmetry) of otoliths. The morphology of Borsa P. 2002. Allozyme, mitochondrial-DNA, and morﬁsh otoliths could be inﬂuenced by biotic factors related
phometric variability indicate cryptic species of anto the genotype or physiological condition of the ﬁsh, by
chovy (Engraulis encrasicolus). Biological Journal of
abiotic factors (mostly temperature), or by a combination
the Linnean Society 75 (2): 261–269.
of the two parameters. Further studies are necessary to
DOI: 10.1046/j.1095-8312.2002.00018.x
determine the origin of the otoliths shape differences and Bull H.O. 1952. An evaluation of our knowledge of ﬁsh
whether they are related only to environmental conditions
behaviour in relation to hydrography. Rapports et
or a genetic basis may also be responsible.
procès-verbaux des réunions de la Conseil permanent
In the future research, the use of otolith shape (to deinternational pour l’exploration de la mer 131 (7): 8–23.
termine the age of the ﬁsh) and the chemical analysis of Cañás L., Stransky C., Schlickeisen J., Sampedro M.P.,
the otoliths will be needed in order to achieve a better disFariña A.C. 2012. Use of the otolith shape analysis
crimination of stocks. Such data are of great importance
in stock identiﬁcation of anglerﬁsh (Lophius piscatorifor improving stock assessment. The rational stock manus) in the Northeast Athlantic. ICES Journal of Marine
agement should be based on the population, subdivided
Science 69 (2): 250–256.
according to phenotypic heterogeneity induced by enviDOI: 10.1093/icesjms/fss006
ronmental variability.
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