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Abstract 
 
Otolith morphometrics, coupled with image analysis and mathematical equations 
were examined to investigate stock structure of Anchovy, Encrasicholina 
punctifer on Persian Gulf and Oman Sea. Samples (360 Otolith) were collected 
during December and January 2012 from three main fisheries landing including 
Gheshm, Garze and Jask. The structure of transverse sagittal otolith sections were 
described for individual anchovy samples by using Image motic software. The 
measured parameters for each otolith were: length, width, weight, perimeter and 
area. In addition, the morphological indices of otoliths including roundness, oval 
and circular indices were measured by mathematical equations. Results from this 
study showed a similarity in morphological and morphometric parameters of 
Otoliths of anchovy stocks collected from Gheshm, Garze and Jask. Therefore, 
theses three populations could be considered as single population.  
Keywords: Encrasicholina punctifer, morphological, morphometric, Otolith, 
Persian Gulf, Oman Sea 
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Introduction 
 
Otoliths are crystalline structures composed of calcium carbonate and are good 
structures for use in fish stock identification, containing a range of measurable 
characteristics including linear and shape morphometrics, optical density, and 
microstructural zonation and growth patterns, and elemental constituents [3, 12, 
14]. Linear and shape morphometrics of otoliths have been widely used for fish 
stock identification [4, 7, 9, 13, 18]. Otolith morphometrics have been found to be 
strongly correlated with growth, which influences development of otolith 
microstructure [4, 18]. Although otolith morphometrics can not be used to 
differentiate stocks on a genetic basis, they can provide a phenotypic basis for 
stock separation that is useful for fisheries management [2, 6]. The variation in 
otolith shape is a strong index for identification and separation of fish stocks and 
also in fish taxonomy [1]. Generally, same fish species inhabiting in different 
environment have differences in terms of size, shape and chemical composition of 
otolith [4, 18].  The Anchovies are pelagic fish that are distributed widely in 
Persian Gulf and Oman Sea. Annually, more than 20000 tons anchovies are 
captured from coastal waters of Hormozgan province, Iran [8]. Due to wide 
distribution of anchovies in Persian Gulf and Oman Sea, the identification their 
stocks could be useful for stock management strategies. In the present study, we 
used the morphological and morphometric characteristics of anchovy, 
Encrasicholina punctifer otoliths in order to the identification its stocks on 
Persian Gulf and Oman Sea. 
 
 
Materials and methods 
 
Anchovy samples were collected from three fisheries landing including Gheshm 
(latitude: 56° 05' 19"; longitude: 26° 48' 10"), Garze (latitude: 52° 56' 38"; 
longitude: 26° 43' 51") and Jask (latitude: 57° 46' 50"; longitude: 25° 38' 28") 
during December and January 2012 (Fig 1). From each landing, 120 random 
samples of the Anchovy were collected by purse seine net and sorted on ice until 
otolith analysis. The biometrical parameters including total length, standard 
length, forkal length and body height were measured for each fish before remove 
of otoliths. Sexes were determined by macroscopic examination of the gonads. 
The sagittal otolith pairs were removed from each sample by scalpel under a 
stereomicroscope (Fig 2) [17]. After otolith removing, the samples were washed 
by alcohol and then dried. The measured parameters for each otolith were: length, 
width, weight, perimeter and area. The morphological indices of otoliths including 
roundness, oval and circular indices were measured by mathematical equations. 
The length and width were measured under digital stereoscope. For this purpose, 
the snout and grooved part of each otolith were placed towards beneath and right  
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side respectively and then the images were taken at a magnification of 4X under 
stereoscope connected to a computer [1]. The taken images were investigated by 
Image motic software to measure length, width, perimeter and area of otoliths. 
The morphological indices were calculated according to Table 1 [1, 16, 19]. We 
used the SPSS software was used for analysis of data. One-way analysis of 
variance (ANOVA) was employed to analyze otolith parameter between 
anchovies collected from Gheshm, Garze and Jask. When significant F-ratios 
were calculated by ANOVA, the Tukey test was applied to identify which means 
were different. The relationships between standard length vs. otolith weight; total 
length vs. otolith weight; forkal length vs. otolith length were investigated by 
bivariate correlation coefficients of Pearson. Then, Linear and non-linear 
regression models were investigated using regression fits. The morphological 
similarity degree of otoliths was determined by using multivariable test 
(ANOSIM) in PRIMER 5 software. 

  
  

Results 
 
According to results, there were no significant differences between sexes of 
anchovy in terms of Biometrical parameters (P>0.05). Also, it was found no 
differences between length and weight of left and right otolith in each fish sample 
(P>0.05) (Table 2). The area and perimeter of otoliths did not show significant 
differences between the Anchovies collected from Jask, Gheshm and Garze 
landings (P>0.05). As well as, there were no significant differences between 
experimental groups in terms of rectangular index, circular index and oval index 
(P>0.05). The ANOSIM test showed a high similarity between calculated otolith 
indices of experimental groups. Also, significant relationships were found 
between standard length vs. otolith weight (Fig 2, P<0.05); total length vs. otolith 
weight (Fig 3, P<0.05); forkal length vs. otolith length (Fig 4, P<0.05), forkal 
length vs. otolith weight (Fig 5, P<0.05), total length vs. otolith length (Fig 6, 
P<0.05) and standard length vs. otolith length (Fig 7, P<0.05). 

  
  

Discussion 
 
Fish otolith is a species-specific structure, although the similarities between 
species belonged to same genus or family are high [4, 7, 9, 18]. This problem 
makes some difficulties in identification and separation of related species on the 
basis of otolith analysis. In numerous studies, otolith structure has been used for 
identification of fish stocks in nature [3, 12, 14]. Petursdottir et al. (2006) [15] 
demonstrated the two different stocks of Cod, Gadus morhua based on otolith 
data. Torres et al. (2000) [20] also separated the stocks of Merluccius with 
analysis of otolith structure. 
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Wholly, the variations in otolith structure are mainly dependent on fish growth 
rate which this return to some factors including nutrition status, temperature and 
genetic characteristics. On the other word, regional differences in growth rate may 
be a principal determinant in the development of regional differences in otolith 
morphometrics [4, 18]. Growth (i.e. metabolic activity) alters the rate of otolith 
crystalline growth, which determines the size and shape of individual crystals, and 
ultimately the size and shape of individual otoliths [10]. As instance, in fast 
growth fish, otoliths form long thin crystals, in contrast to short compacted 
crystals of otoliths in slow growth fish [11]. Also, the morphological differences 
of otoliths between wild and cultured stocks of Cod have been attributed to 
differences in surrounding water temperature and nutritional condition [5]. In the 
present study, it was found no differences in morphological and morphometric 
indices of fish otoliths of three examined region. This result may be due to the 
similar condition of environment and nutrition in these three regions of Persian 
Gulf and Oman Sea. Therefore, the sampled anchovies from three examined 
regions are likely belonged to same stock. In our study, significant linear 
correlations were found between fish length and morphometric characteristics of 
otolith samples. Such correlations have been observed in some studies, indicating 
influence of fish growth rate on otolith morphometrics. In conclusion, according 
to otolith analysis, it was demonstrated that the sampled anchovies from Gheshm, 
Garze and Jask landings could be considered as a same stock. 
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Table 1. Mathematical equations used in the present study 
 
Morphological indices Equation 
Rotation index P/A2 
Rectangular index A/(FL*FW) 
Form factor (4πA)/P2 
Circular index (4A)/(πFL2) 
Oval index (FL-FW)/(FL+FW) 
 
 
 
 
 
 
 
Table 2. Otolith weight in fish collected from examined landings (i.e. Jask, 
Gheshm and Graze)  
 

Otolith weight   
(Jask landing) Mean SD
Left otolith 0.00076033 7.84686 
Right otolith 0.000754933 0.02468 
(Gheshm landing) Mean SD
Left otolith 0.000764222 1.0313 
Right otolith 0.000763889 1.0124 
(Garze landing) Mean SD
Left otolith 0.000895358 6.08957 
Right otolith 0.000902508 5.53782 
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Fig 1. The map shows study area (Gheshm, Garze and Jask) in the Persian Gulf 
and Oman sea, Hormozgan province, Iran. 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Otolith images 
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Fig 2. The relationship between standard length and otolith weight in anchovies, 
Encrasicholina punctifer sampled from Gheshm, Garze and Jask landings. 
 
 

 
 
 
 
 
Fig 3. The relationship between total length and otolith weight in anchovies, 
Encrasicholina punctifer sampled from Gheshm, Garze and Jask landings. 
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Fig 4. The relationship between forkal length and otolith length in anchovies, 
Encrasicholina punctifer sampled from Gheshm, Garze and Jask landings. 
 

 
 
 
 
 
Fig 5. The relationship between forkal length and otolith weight in anchovies, 
Encrasicholina punctifer sampled from Gheshm, Garze and Jask landings. 
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Fig 6. The relationship between total length and otolith length in anchovies, 
Encrasicholina punctifer sampled from Gheshm, Garze and Jask landings. 
 

 
 
 
Fig 7. The relationship between standard length and otolith length in anchovies, 
Encrasicholina punctifer sampled from Gheshm, Garze and Jask landings. 
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