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ABSTRACT
In this study, the relationships between total fish length and 

otolith biometry parameters (length, width and weight) of Diplodus 
vulgaris (Teleostei, Sparidae), sampled from two Tunisian lagoons 
(Boughrara and El Bibane), were examined. The individuals of the 
two samples presented a symmetry in their otolith pairs (no 
significant differences between left-right: t-test, P>0.05), thus, 
only right otoliths have been used for the statistic analyzes. Fish 
length-otolith biometry relationships have been represented by 
linear regressions. The highest correlation was observed between 
body length and otolith weight (R2=0.662, R2=0.56) following 
otolith length (R2=0.42, R2=0.23) and the last were otolith width 
(R2=0.33, R2=0.20), respectively for Boughrara and El Bibane 
lagoons. This strong relationship between otolith weight and total 
length of Diplodus vulgaris, reflect that sagittal weight could be 
used as the best predictor of fish length.

INTRODUCTION
The Sparidae family (seabreams) comprises more than 100 species worldwide with a peak of diversity in the 

Mediterranean Sea and the Northeast Atlantic [1]. The common two-banded seabream, Diplodus vulgaris is a demersal 
species distributed in the Mediterranean and Black Seas, along the eastern Atlantic coast from France to Senegal and 
from Angola to South Africa [2].

The otoliths are calcified structures found in the inner ear of teleost fish [3]; there are three pairs of calcareous 
structures: the sagitta, asteriscus, and lapillus [4].

We used the Sagittae because it is the biggest pair of otoliths, it has specific characteristics (shape and size) and it is 
characterized by a high morphological variability between species [5-7].

By using the relationship between fish-otolith length, it is possible to determine otolith length from fish length or vice 
versa [8], the analysis of otoliths retrieved from the stomachs or feces of piscivorous predators can be used to provide 
information on the type, size, mass, and energetic content of their fish prey [9] and specially for the determination of the 
prey size [10,11]. Otolith biometry–body length relationships have been determined for many fish species by different 
researchers [12-18].

Under the hypothesis that there is strongly linear regression relationship between fish length and otolith parameters 
(length, width and weight). The aim of the present research was to determine for the first time in worldwide, the 
relationship between fish lengths and otolith parameters (length, width and weight) of Diplodus vulgaris collected form 
Boughrara lagoon and El Bibane lagoon, Gulf of Gabes, Tunisia, also which of these three parameters have a strong
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correlation with the length of the fish to be able to determine later the size of the fish or vice versa. The relationships
between fish length and otolith parameters were tested by using regression method.

So, the findings will be very useful for the studies on subjects mentioned above and for the corresponding studies
which will be carried on for the other species in Sparidae family.

MATERIALS AND METHODS
Lagoons are economically and ecologically important because of intensive recreational and fishing activities [19], in our 

study fishes were selected, randomly, from Boughrara and El Bibane lagoon - Boughrara lagoon is located in southeastern 
Tunisia on the Mediterranean Sea and covers an area of 500 km2 (Figure 1). It is located on latitudes varying between 33°
28′ and 33°45′ N and on longitudes varying between 10°45′ and 10°57′ E. Water exchange between the sea and the 
lagoon is assured through two areas: The first is a 6-km-wide channel on the eastern side closed by an old Roman road. 
Only an opening of 150 m allows communication between the sea and the lagoon. The second, located in the northern 
side, is a 2.5-km-wide channel (known as the Ajim channel) [19].

Figure 1. Sampling area of D. vulgaris, Boughrara and El Bibane lagoons, Tunisia.

- Bahiret el Bibane is a hyperhaline lagoon located close to the Gulf of Gabès in southeastern Tunisia on the
Mediterranean Sea (33°15 ' North and 11'15 East) [20].

It covers approximately 230 km²; the greatest depth is 6.5 m. The lagoon of El Bibane is separated from the
Mediterranean Sea by a narrow belt of well-consolidated Tyrrhenian coastal deposits, which in their middle break up into
a series of small islands. Strong tidal currents pass between the islands, but water exchange with the open sea is limited
[21].

This study was carried out between May 2015 and May 2016. During this time, 120 specimens of D. vulgaris were 
examined, total lengths of fish samples were measured , sagittae, the largest of the 3 pairs of otoliths, were removed, 
cleaned with distilled water, air-dried and stored in Eppendorf tubes to photograph.

All the 120 sagittal otolith pairs were observed under binocular microscope (X40) and photographed by a fixed digital 
camera with a high performance (Sony HD 720p with the resolution of 16.1 megapixels and optical zoom 10X).

The photos of all otoliths were processed by the software Adobe Photoshop CS6 whose role is the transformation of
the original image of the otolith into a binary image, afterwards the photos will be analyzed by another program, “Shape”,
which will create twenty harmonics for each otolith (each otolith represents an individual).

The Length and Width of otoliths were also obtained automatically by numerical analysis from Shape software ver.1.3
to be able to couple this data with Fourier ellipses. The results were fed into Microsoft Excel so that they are processed by
other statistical software (XLSTAT); otolith weight was measured by using digital balance to the nearest 0.0001 g.

Differences between left and right otolith were tested by t-test by paired t-test.
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The results were statistically tested with t-test and the correlation coefficient of these relations was interpreted
according to Fowler and Cohen.

The total length-otolith parameters (length, width and weight) relationships were analyzed by linear model using the
following equation:

y=bx+a

Where, y: otolith size, x: total length, a: intercept value, b: coefficient value.

RESULTS
The present paper describes the relationship between Total Lengths and Otolith size (Length, Width and Weight) in D.

vulgaris from lagoon of Boughrara and El Bibane (southeastern Tunisia). We could not find any paper dealing with the
relationship between fish lengths and otolith size of this species in Tunisia or any other country for comparison.

A total of 120 specimens belonging to the D. vulgaris have been examined, total lengths of them were ranged between 
131-176 mm for Boughrara lagoon and 101-141 mm for El Bibane lagoon as in Table 1.

Table 1. Means and standard deviation of Total Length (TL) of specimens of Diplodus vulgaris examined in this study.

TL N Min Max Mean SD

Boughrara lagoon 60 131 176 150.577 10.99

El Biben lagoon 60 101 141 115.48 8.092

Al measurements of left and right otoliths were tested and no significant differences were observed between left and 
right otolith (t-test, P>0.05), therefore, only right otolith used for next analysis. Otolith length, width and weight 
measurements are recorded in Table 2.

N Min Max Mean SD

*Boughrara Lagoon

OL(mm) 60 62.98 155.04 1.04.001 19.1

OW(mm) 60 11.91 97.10 42.59 11.67

Owe(g) 60 0.0104 0.201 0.019 0.022

*El Bibane Lagoon

OL(mm) 60 257 427 345.02 37.35

OW(mm) 60 99 368 222.83 65.35

Owe(g) 60 0.001 0.107 0.012 0.0125

Sagittal otolith (Figure 2) lengths and widths were ranged between 62.98-155.04 mm and 11.91-97.10 mm, 
respectively for Boughrara lagoon and for El Biben lagoon were ranged between 257-427 mm and 99-368 mm, 
respectively. Otolith weights were determined between 0.0104-0.201 g for Boughrara lagoon and 0.001-0.107 g for El 
Biben lagoon (Table 2).
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Table 2. Measured values of otolith size length (mm), width (mm) and weight (g) of D. vulgaris (Boughrara and El Bibane lagoons).



Figure 2. Schematic picture of Otolith of D. vulgaris and its biometric parameters.

Relationships between fish length and otolith length, weight and width were described by regression model and linear 
equation for the two lagoons (Figures 3-8):

Figure 3. Total length-otolith length relationship of D. vulgaris in Boughrara lagoon.

Figure 4. Total length-otolith width relationship of D. vulgaris in Boughrara lagoon.
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Figure 5. Total length-otolith weight relationship of D. vulgaris in Boughrara lagoon.

Figure 6. Total length-otolith length relationship of D. vulgaris in El Bibane lagoon.

Figure 7. Total length-otolith width relationship of D. vulgaris in El Bibane lagoon.
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Figure 8. Total length-otolith weight relationship of D. vulgaris in El Bibane lagoon.

Boughrara lagoon:
Fish Length <--> Otolith Length: R²=0.42 

Fish Length <--> Otolith Width: R²=0.33 

Fish Length  <-->  Otolith Weight: R²=0.66

El Biben lagoon:
Fish Length <--> Otolith Length: R²=0.23 

Fish Length <--> Otolith Width: R²=0.20 

Fish Length <--> Otolith Weight: R²=0.52

DISCUSSION
The results given by the linear model analyze, showed that otolith dimensions and weight had linearly correlated to 

total fish length; In addition, for each two lagoons’ population (Boughrara and El Bibane) of Diplodus vulgaris, this 
relationships between fish length and otolith parameters showed a high positive correlation, this latter is similar to results 
found by Black Pomfret from Iranian Coast of Oman Sea [22].

In general, linear functions are often chosen as the preferred to describe the relations between otolith size and fish 
length [23]. But, according to Campana, the relationship between otolith size (length, width and weight) and fish length is 
not necessarily linear, moreover, the relationship for adults is often very different from that for larvae.

Our research findings show that otolith parameters (length, width and weight) increase as fish length increase; Thus,
otolith growth can be correlated with fish growth for D. vulgaris. However, otolith weight is more related to fish length
growth, it showed the highest correlation value, but, otolith width has the lowest correlation. Therefore, the results from
this study indicate that otolith weight can be power proxy to estimate the size of D. vulgaris.

Additionally, Hunt [24], investigated that otolith weight as the best indicator to determine the age and length of the fish 
and also the most easily measured parameter to be determined. Nevertheless, Harkonen [25], found that there is a high 
correlation between fish length and otolith length more than width and weight, and that this relationship is usually linear 
between all these parameters [26].

The major reasons of these differences in relationships' results obtained by various researchers may be due to the 
differences of fish species, habitat, and food availability in surrounding and water quality [27]. Moreover, one of the most 
responsible environmental factors acting on fish is the temperature [28]. Certainly, fish were very sensitive to temperature 
changes and were able to respond to a change of only 0.03°C [29].

Different studies of several researchers [30-32] have determined stronger and positive linear relationships between 
fish length and otolith size in different fish species with different body forms.

Thus correlation between otolith size and the fish size resulted that the weight, length and width, are basic indicators
for the growth measurement. Also, according to Harvey et al, this research studies showed in food habits and food chain
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of predators (fish, Sea birds, marine mammals…), to determine the size of fish that are usually according to weight,
length or width of otolith achieved useful.

D. vulgaris is an important fish species with a high commercial value in Tunisia. Due to its economic importance, this 
study is essential to ameliorate management and stock monitoring, for a sustainable exploitation of this resource.

Also this suggests that for better understanding about otolith growth, in future studies should be used the relationships 
between otolith age and weight, and survey about otolith factors such as perimeter, area, circularity, rectangularity, and 
thickness [33-37].
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