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Abstract. Iqbal TH, Hajisamae S, Maae S, Zulfahmi I. 2025. Morphological diversity of fish size and otolith dimension of the 

protandrous hermaphroditic fish Eleutheronema tetradactylum from Pattani Bay, Thailand. Biodiversitas 26: 1807-1815. This study 

examines the morphological diversity of otolith dimensions across different sexes and size classes of Eleutheronema tetradactylum from 

Pattani Bay, Thailand. A total of 303 specimens (166 males, 137 females) were collected using monofilament gillnets from May to 

December 2021. Measurements of Standard Length (SL) and Body Weight (BW), Otolith Length (OL), Otolith Height (OH), and 

Otolith Weight (OW) were taken to the nearest size of 0.01 mm and weight of 0.001 g. Ordinary Least Squares (OLS) regression, 

Student's t-test, and One-way Analysis of Variance (ANOVA) were applied to estimate relationships and significant differences between 

sexes and size classes. The highest correlation was observed between SL and BW with OL in males (R2: 0.95). Significant differences 

were found in otolith parameters between sexes and size classes; females exhibited significantly larger otoliths than males, and the 

larger size of fish was also associated with significantly larger otoliths than those of smaller fish (P<0.01). These findings highlight the 

correlation between fish size and otolith dimensions, demonstrating otolith analysis as a useful tool for growth estimation and stock 

differentiation of E. tetradactylum populations. 
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INTRODUCTION 

The four-fingered threadfin, Eleutheronema tetradactylum 

(Polynemidae; Perciformes), is a protandrous hermaphroditic 

fish. This species is extensively distributed across tropical 

and subtropical regions, spanning from the Persian Gulf 

through Bangladesh and Southeast Asia to Australian 

waters (Ballagh et al. 2012). Juveniles are initially 

considered males in the early life stage and typically 

inhabit estuarine environments. In contrast, adults of this 

species reach a certain size and are typically found in 

shallow marine coastal waters at depths of less than 5 

meters within tropical and subtropical ecosystems 

(Motomura et al. 2002; Zischke et al. 2009). It is also 

reported that Ballagh et al. (2012) conducted a sagittal 

otolith analysis to explore the relationship between otolith 

size and fish size in E. tetradactylum. 

Otoliths are biomineralized calcium carbonate 

structures located in the inner ear cavity of teleost fishes, 

beneath the hindbrain (Masato and Katsunori 2021; 

Khanali et al. 2021; Smoliński and Gutkowska 2024). They 

are composed primarily of more than 90% aragonite within 

a proteinaceous matrix (Liu et al. 2022). Otoliths are 

classified into three types: sagitta, lapillus, and asteriscus 

(Mitsui et al. 2020; Schroeder et al. 2022). The sagitta and 

asteriscus exhibit interspecific variation, whereas the 

lapillus is generally conserved across species (Samsun and 

Sağlam 2024). 

The sagitta is the largest otolith of most teleost species, 

except those belonging to the orders Siluriformes and 

Cypriniformes. It possesses species-specific characteristics 

(Roy and Bardhan 2021; Pavlov 2022) and has been the 

primary focus of otolith morphology studies (Gao et al. 

2021; Motamedi et al. 2021; Fadzli et al. 2023). The sagitta 

comprises two surfaces: the outer (lateral) and inner 

(medial) surfaces. Otolith growth is positively correlated 

with fish size and typically follows an allometric pattern 

(Badaev et al. 2023; Deville et al. 2023; Majhi et al. 2023). 

Identifying the key factors influencing otolith size and 

shape variation is essential for advancing taxonomic, 

systematic, and evolutionary studies (Mitsui et al. 2020; 

Singh et al. 2022; Masubuchi et al. 2024). The morphology 

of the sagitta provides valuable taxonomic information, 

assisting in species identification and evolutionary research 

(Nelson et al. 2021; Mejri et al. 2022; Widdrington et al. 

2025) as well as enhancing the understanding of fish 

biology and ecology (Huang et al. 2021; Ku et al. 2021; 

Roy et al. 2024). 

Intraspecific variation in sagittal otolith dimensions 

(e.g. length, width, weight) has been utilized to estimate 

fish growth patterns (Wu et al. 2023; Widdrington et al. 

2025), distinguish fish stocks (Ballagh et al. 2012; Gao et 

al. 2021), and classify fish species, populations, sexes, and 

age classes (Başusta and Khan 2021; Mejri et al. 2022; Wu 
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et al. 2023). Additionally, otoliths provide insights into 

sensory adaptation (Singh et al. 2022), pigmentation 

patterns (Koca and Küçükköse 2023), ultrastructural 

characteristics (Roy and Bardhan 2021), ontogenetic 

changes, feeding ecology, predator-prey interactions, and 

trophic relationships (Mitsui et al. 2020; Majhi et al. 2023; 

Wu et al. 2023; Smoliński and Gutkowska 2024). The 

variation in otolith dimensions is also valuable for 

detecting hybridization (Li et al. 2021) and for studying 

otolith chemistry to track fish migration and life history 

(Liu et al. 2022; Yang et al. 2024). 

Despite extensive research on otoliths, certain aspects 

of their morphology remain poorly understood. Notably, no 

study has investigated otolith variation across different size 

classes or life stages of protandrous hermaphroditic fish. 

Slower-growing individuals often exhibit 

disproportionately larger otoliths (Chanthran et al. 2021; Li 

et al. 2021; Brand et al. 2023). Conversely, Roy et al. 

(2024) demonstrated that in Trichogaster fasciata, fast-

growing males possessed smaller otoliths than slower-

growing females despite males being larger at the same 

age. 

This present study aims to elucidate the morphological 

diversity between otolith parameters of Otolith Length 

(OL), Otolith Height (OH), and Otolith Weight (OW) with 

Standard Length (SL) and total Body Weight (BW) of E. 

tetradactylum across different sexes and size classes from 

Pattani Bay, Thailand, to address these knowledge gaps. 

The findings of this study will contribute to baseline 

biological knowledge and serve as a reference for future 

research on the management and conservation of this 

ecologically and economically significant species. 

MATERIALS AND METHODS 

Study area 

The study was conducted in the nearshore waters of 

Pattani Bay, Pattani Province, located in the southern 

region of Thailand (Figure 1). Pattani Bay is a 74 km2 

semi-enclosed estuarine system located in the lower part of 

Gulf of Thailand, characterized by a tropical monsoonal 

climate. The average water depth ranges from 0.2 to 1.5 m, 

with a maximum depth of 5 m at the bay's mouth 

(Hajisamae et al. 2006). 

Procedures 

Fish sampling 

Adult specimens of E. tetradactylum were collected 

using a monofilament gillnet with a mesh size of 4.5 cm 

stretched, a depth of 5 m, and a total length of 540 m over a 

continuous eight-month period (May-December 2021). 

Juvenile and smaller-sized E. tetradactylum specimens 

were sampled using a shrimp net in nearshore areas 

immediately following the primary sampling. A total of 

303 specimens (166 males and 137 females) were 

collected, stored in insulated cool boxes, and transported to 

the laboratory for further analysis. 

 

 

 

 
 

Figure 1. Maps of the sampling area in Pattani Bay, Pattani Province, Thailand. Site: 1: Outer bay; 2: Middle bay; 3: Inner bay 
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Laboratory works 

In the laboratory, Standard Length (SL) was measured 

to the nearest 0.01 cm using a digital vernier caliper, and 

total Body Weight (BW) was determined with an electronic 

balance to the nearest 0.01 gram (g). The specimens were 

categorized into three distinct size classes statistically 

based on their Standard Length (SL) in centimeters: small 

(4.77-18.35 cm), medium (19.11-32.31 cm), and large 

(32.34-46.11 cm), respectively. These categories were also 

similar to those in a previous study (Iqbal et al. 2023). 

Sagittal otoliths were extracted from the hindbrain using 

medical tweezer forceps, rinsed in distilled water, dried 

with tissue, and stored in vial tubes. Otoliths were 

photographed using a Nikon SMZ 745T microscope with 

the iWorks 2.0 software (NAHWOO, Version 20.16.306). 

Otolith Weight (OW) was measured to the nearest 0.0001 g 

using a digital balance (OHAUS PR Series 224/E). 

Subsequently, Otolith Length (OL) and Otolith Height (OH) 

were measured to the nearest 0.001 mm using the Digimizer 

image analysis software (Version 4.3.4) on the meter scale 

(Figure 2). The same person conducted all measurements to 

minimize the potential for measurement bias. 

Data analysis 

The relationships between SL, BW, and Otolith 

Parameters (OL, OH, and OW) were estimated for each sex 

and size class using Ordinary Least Squares (OLS) 

regression, following the methodology recommended by 

Kilmer and Rodríguez (2017) for allometric studies and 

functional trait relationships. Differences in otolith shape 

were analyzed using multivariate statistical methods 

suitable for flat structures, which can be accurately 

represented in two-dimensional space and imagery. 

 

 

 
Where, y represents the dependent variable, x denotes 

the independent variable, a corresponds to the intercept, 

and b represents the slope of the linear regression model. 

The r denotes the correlation coefficient, and the standard 

error is represented by s. 
 

 

 
 

Figure 2. The measurements of otolith length (longest line) and 

otolith height (shortest line) of Eleutheronema tetradactylum 

The degree of the association between variables was 

assessed using the coefficient of determination (R2). 

Additionally, a T-test was performed to evaluate whether 

significant differences exist in the b values across sexes 

and size classes, as derived from the linear regression 

analysis (Sokal and Rohlf 1987). 

 

 
 

Where, Ts is the t-test value, b represents the slope 

parameter, and Sb denotes the standard error of b value (the 

slope). The b values indicate three distinct growth patterns: 

positive allometric growth (b>3.0), negative allometric 

growth (b<3.0), and isometric growth (b: 3.0) (Ricker 

1973). 

Student's t-test was employed to evaluate the statistical 

significance of differences in otolith parameters (OL, OH, 

and OW) between males and females of E. tetradactylum. 

Additionally, One-way Analysis of Variance (ANOVA) 

was conducted to examine variations in otolith parameters 

among different size classes of fish (small, medium, and 

large) of E. tetradactylum. When significant differences 

were detected among size classes, a post hoc Tukey's 

Honestly Significant Difference (HSD) test was applied to 

determine pairwise differences. 

Prior to statistical analysis, otolith measurements (OL, 

OH, and OW) were standardized to the standard body 

length of E. tetradactylum using the allometric equation 

proposed by Lombarte and Lleonart (1993), as follows: 

 

 
 

Where, Madj represents the size-adjusted measurement, 

M denotes the original otolith measurement; Ls 

corresponds to the overall mean Standard Length (SL) of 

the fish, L0 represents the individual SL of the fish, and 

parameter b is the slope derived from the regression of log-

transformed M against log L0. Prior to analysis, all 

morphometric measurements were logarithmically 

transformed to improve normality and minimize residual 

heteroscedasticity. Statistical analyses were conducted 

using Paleontological Statistics (PAST) software version 

4.03 (Hammer et al. 2001).  

RESULTS AND DISCUSSION 

General characteristics 

The Standard Length (SL) and Body Weight (BW) of 

E. tetradactylum specimens ranged from 4.77 cm to 46.11 

cm and between 1.98 g and 1,300 g, respectively. Otolith 

measurements for Otolith Length (OL) ranged from 1.64 

mm to 12.20 mm, Otolith Height (OH) from 0.86 mm to 

5.82 mm, and otolith weight (OW) from 0.0003 g to 0.0580 

g. A comprehensive summary of SL, BW, and otolith 

parameters (OL, OH, and OW) of E. tetradactylum across 

the entire sampling period is presented in Table 1. 
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Table 1. Summary descriptives of fish body sizes and otolith parameters of male, female, small, medium, and large size classes of 

Eleutheronema tetradactylum 

 

Sex/Size Fish size/otolith parameters Min-Max Mean±SD 95% CI 

Male (n: 166) Standard length (cm) 4.77-24.14 10.52±6.31 9.55-11.49 

Body weight (g) 1.98-273.49 47.34±73.30 36.11-58.58 

Otolith length (mm) 1.64-8.72 4.05±2.45 3.68-4.43 

Otolith height (mm) 0.86-4.02 1.85±1.17 1.68-2.04 

Otolith weight (g) 0.0003-0.0189 0.0044±0.005 0.0036-0.0053 

Female (n: 137) Standard length (cm) 22.1-46.11 30.22±5.46 29.3-31.15 

Body weight (g) 200.3-1300 523.14±263.39 478.64-567.65 

Otolith length (mm) 6.25-12.20 8.81±0.92 8.66-8.97 

Otolith height (mm) 2.85-5.82 3.96±0.45 3.89-4.05 

Otolith weight (g) 0.0144-0.0575 0.0279±0.01 0.0262 0.0297 

Small (n: 129) Standard length (cm) 4.77-18.35 7.43±2.78 6.95-7.92 

Body weight (g) 1.98-132.12 11.36±23.99 7.18-15.54 

Otolith length (mm) 1.649-8.107 2.932±1.394 2.69-3.17 

Otolith height (mm) 0.862-3.869 1.328±0.688 1.21-1.45 

Otolith weight (g) 0.0003-0.0104 0.0017±0.0019 0.001-0.002 

Medium (n: 135) Standard length (cm) 19.11-32.31 25.73±3.54 25.13-26.33 

Body weight (g) 98.15-900 336.44±142.71 312.14-360.73 

Otolith length (mm) 6.255-10.115 8.334±0.566 8.24-8.43 

Otolith height (mm) 2.856-4.546 3.79±0.327 3.73-3.85 

Otolith weight (g) 0.0102-0.0563 0.0206±0.0066 0.019-0.02 

Large (n: 39) Standard length (cm) 32.34-46.11 37.31±4.37 35.89-38.73 

Body weight (g) 376.81-1300 837.06±269.59 749.67-924.45 

Otolith length (mm) 7.97-12.201 9.692±1.091 9.34-10.05 

Otolith height (mm) 3.586-5.83 4.341±0.54 4.17-4.52 

Otolith weight (g) 0.027-0.058 0.04±0.009 0.037-0.043 

Overall (n: 303) Standard length (cm) 4.77-46.11 19.42±11.47 18.13-20.73 

Body weight (g) 1.98-1300 262.47±300.73 228.48-296.47 

Otolith length (mm) 1.64-12.20 6.20±3.04 5.86-6.55 

Otolith height (mm) 0.86-5.82 2.81±1.39 2.65-2.97 

Otolith weight (g) 0.0003-0.0575 0.015±0.01 0.0135-0.0167 

Note: Min: Minimum; Max: Maximum; SD: Standard Deviation; CI: Confident Interval 

 

 

Relationship between fish size and otolith size 

The relationship between fish size parameters (SL and 

BW) and otolith parameters (OL, OH, and OW) of E. 

tetradactylum was analyzed across different groups, 

including the overall population, males, females, and size 

classes (small, medium, and large), as summarized in 

Tables 2 and 3. The highest correlations were observed 

between SL and BW with OL in male fish, with both 

regression coefficients (R²) reaching 0.958. Conversely, 

weaker relationships were identified based on adjusted R² 

values (R²<0.500) in the following cases: SL and BW with 

OL in medium-sized fish, SL and BW with OH in females, 

medium and large-size classes, and SL and BW with OW 

in medium-sized fish. Additionally, the relationship 

between fish size and otolith dimensions exhibited negative 

allometric growth, with b values consistently below 3.0 

(b<3.0). 

Results from t-tests indicated statistically significant 

differences (P<0.01) in the estimated of b values between 

males and females, as well as among the small, medium, 

and large size classes for all examined relationships, except 

for the relationships between SL and BW with OH in 

medium-sized fish, where no significant differences were 

detected (P: 0.116 and P: 0.188, respectively). 

Relationship between different otolith dimensions 

The estimation of the relationships between OL vs OH, 

OL vs OW, and OH vs OW indicated a negative allometric 

growth pattern (b<3.0). The strongest correlations were 

observed between OH vs OL, OL vs OW, and OH vs OW 

in males and the small-size class (R²>0.90). In contrast, the 

weakest correlations were found for OH vs OL, OL vs OW, 

and OH vs OW in females and the medium-size class 

(R²<0.500). Results from the t-test revealed that all b values 

exhibited significant differences across all otolith size 

parameters (P<0.01), except for OH vs OW in the medium 

size class (P: 0.137). Details of the relationships between 

otolith parameters are presented in Table 4. 

Result of statistical analysis of otolith parameter 

Table 5 presents the statistical analysis of otolith size in 

male and female specimens. The mean size±Standard 

Deviation (SD) for OL was measured as 0.661±0.184 mm 

and 0.99±0.039 mm, whereas OH was 0.425±0.157 mm 

and 0.695±0.039 mm, and OW was 0.002±0.002 g and 

0.012±0.004 g in males and females, respectively. Results 

of the t-test revealed statistically significant differences in 

all otolith parameters between male and female specimens 

(P<0.01), with females exhibiting significantly larger 
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otoliths than males. All otolith parameters (OH, OL, and 

OW) clearly undergo significant changes when the fish 

transition from male to female, with larger otoliths 

occurring during the sex change. 

Table 6 summarizes the mean size±SD of small, 

medium, and large otoliths. The mean OL was 0.578±0.109 

mm, 0.969±0.027 mm, and 1.027±0.044 mm. 

Corresponding OH values were 0.354±0.095 mm, 

0.679±0.031 mm, and 0.726±0.043 mm, while OW values 

were 0.001±0.001 g, 0.009±0.003 g, and 0.017±0.004 g for 

small, medium, and large otoliths, respectively. 

Analysis of Variance (ANOVA) demonstrated 

significant differences in otolith parameters among the 

three size categories (P<0.01). These findings indicate that 

larger fish possess proportionally larger otoliths than 

smaller individuals. Furthermore, post hoc analysis using 

Tukey's Honestly Significant Difference (HSD) test 

confirmed highly significant differences (P<0.01) among 

all pairwise comparisons of fish size and otolith 

parameters. 

 

 

 

Table 2. Relationship between the fish standard length (cm) and the otolith parameter of Eleutheronema tetradactylum 

 

Standard length (cm) Ordinary least squares regression Student's t-test for b 

Otolith Sex/Size Slope (b) ±SE Intercept (a)±SE Adjusted R2 t P value 

OL (mm) Male 0.876±0.014 -0.221±0.014 0.958 61.433 <0.001 

Female 0.393±0.033 0.404±0.049 0.509 11.851 <0.001 

Small 0.962±0.030 -0.298±0.027 0.890 32.052 <0.001 

Medium 0.180±0.036 0.712±0.051 0.159 5.021 <0.001 

Large 0.666±0.100 -0.026±0.159 0.540 6.602 <0.001 

Overall 0.729±0.008 -0.083±0.011 0.956 81.629 <0.001 

OH (mm) Male 0.742±0.014 0.322±0.015 0.940 50.869 <0.001 

Female 0.315±0.037 0.224±0.056 0.338 8.315 <0.001 

Small 0.824±0.029 -0.396±0.027 0.857 27.662 <0.001 

Medium 0.070±0.044 0.578±0.063 0.018 1.580 0.11649 

Large 0.584±0.108 -0.198±0.170 0.441 5.411 <0.001 

Overall 0.604±0.008 -0.193±0.011 0.938 67.546 <0.001 

OW (g) Male 0.011±0.001 -0.009±0.001 0.926 45.39 <0.001 

Female 0.052±0.002 -0.066±0.004 0.734 19.313 <0.001 

Small 0.007±0.001 -0.005±0.001 0.852 27.072 <0.001 

Medium 0.033±0.002 -0.039±0.004 0.501 11.558 <0.001 

Large 0.062±0.006 -0.082±0.010 0.717 9.698 <0.001 

Overall 0.019±0.001 -0.016±0.001 0.816 36.646 <0.001 

 

 

 

Table 3. Relationship between fish body weight (g) and otolith parameter of Eleutheronema tetradactylum 

 

Body weight (g) Ordinary least squares regression Student's t-test for b 

Otolith Sex/Size Slope (b)±SE Intercept (a) ±SE Adjusted R2 t P value 

OL (mm) Male 0.270±0.004 0.352±0.006 0.954 58.749 <0.001 

Female 0.147±0.012 0.595±0.034 0.495 11.517 <0.001 

Small 0.287±0.009 0.339±0.008 0.871 29.394 <0.001 

Medium 0.056±0.010 0.828±0.026 0.170 5.2281 <0.001 

Large 0.221±0.036 0.384±0.105 0.502 6.1181 <0.001 

Overall 0.229±0.002 0.389±0.005 0.959 84.878 <0.001 

OH (mm) Male 0.228±0.004 0.164±0.006 0.933 47.853 <0.001 

Female 0.119±0.014 0.375±0.038 0.333 8.2163 <0.001 

Small 0.245±0.009 0.151±0.008 0.834 25.342 <0.001 

Medium 0.017±0.013 0.634±0.033 0.012 1.3231 0.18807 

Large 0.213±0.035 0.105±0.102 0.496 6.0361 <0.001 

Overall 0.189±0.002 0.198±0.005 0.940 68.888 <0.001 

OW (g) Male 0.003±0.001 -0.002±0.001 0.921 43.998 <0.001 

Female 0.019±0.001 -0.040±0.002 0.693 17.491 <0.001 

Small 0.002±0.001 -0.001±0.001 0.842 26.058 <0.001 

Medium 0.009±0.001 -0.015±0.002 0.468 10.830 <0.001 

Large 0.022±0.001 -0.048±0.005 0.778 11.402 <0.001 

Overall 0.005±0.001 0.004±0.001 0.796 34.326 <0.001 

Note: OL: Otolith Length; OH: Otolith Height; OW: Otolith Weight; SE: Standard Error; T: Student’s t-test value 

 

 



 BIODIVERSITAS  26 (4): 1807-1815, April 2025 

 

1812 

Table 4. Relationship between different otolith parameters (length, height, and weight) of Eleutheronema tetradactylum 

 

Otolith Sex/Size 
Ordinary least squares regression Student's t-test for b 

Slope (b)±SE Intercept (a)±SE Adjusted R2 t P value 

OL vs OH Male 0.844±0.010 -0.133±0.007 0.974 79.602 <0.001  
Female 0.789±0.050 -0.087±0.050 0.642 15.57 <0.001  
Small 0.837±0.021 -0.129±0.012 0.92 38.91 <0.001  
Medium 0.751±0.075 -0.049±0.072 0.4291 9.99 <0.001  
Large 0.844±0.078 -0.142±0.080 0.7576 10.75 <0.001  
Overall 0.828±0.006 -0.124±0.005 0.981 126.93 <0.001 

OL vs OW Male 0.012±0.0003 -0.006±0.0002 0.894 37.361 <0.001  
Female 0.077±0.006 -0.064±0.006 0.483 11.239 <0.001  
Small 0.007±0.0002 -0.003±0.0001 0.898 33.56 <0.001  
Medium 0.037±0.0085 -0.027±0.008 0.123 4.33 <0.001  
Large 0.061±0.0089 -0.045±0.009 0.558 6.84 <0.001  
Overall 0.023±0.0008 -0.012±0.0007 0.715 27.493 <0.001 

OH vs OW Male 0.014±0.0004 -0.004±0.0001 0.88 34.706 <0.001  
Female 0.066±0.007 -0.034±0.005 0.342 8.3934 <0.001  
Small 0.008±0.0002 -0.002±0.00009 0.893 32.62 <0.001  
Medium 0.011±0.007 0.0008±0.005 0.016 1.49 0.13735  
Large 0.060±0.009 -0.026±0.007 0.517 6.29 <0.001  
Overall 0.028±0.001 -0.008±0.0006 0.696 26.308 <0.001 

Note: OL: Otolith Length; OH: Otolith Height; OW: Otolith Weight; SE: Standard Error; T: Student’s t-test value 

 

 

 

Table 5. Student's t-test analysis on mean value ±SD of fish size and otolith size between male and female of Eleutheronema 

tetradactylum 

 

Otolith parameters Mean±SD (Male) Mean±SD (Female) t P value 

OL (mm) 0.661±0.184 0.99±0.039 20.514 <0.001 

OH (mm) 0.425±0.157 0.695±0.039 19.548 <0.001 

OW (g) 0.002±0.002 0.012±0.004 25.277 <0.001 

Note: OL: Otolith Length; OH: Otolith Height; OW: Otolith Weight; SD: Standard Deviation; T: Student’s t-test value 

 

 

 

Table 6. One-way ANOVA test on mean value ±SD of fish size and otolith size between small, medium, and large size classes of 

Eleutheronema tetradactylum  

 

Otolith Size Mean ±SD (S) Mean ±SD (M) Mean ±SD (L) SS MS F P value 

OL (mm) 0.578±0.109 0.969±0.027 1.027±0.044 12.228 6.114 1086 <0.001 

OH (mm) 0.354±0.095 0.679±0.031 0.726±0.043 8.391 4.196 931.3 <0.001 

OW (g) 0.001±0.001 0.009±0.003 0.017±0.004 0.009 0.005 864.5 <0.001 

Note: S: Small; M: Medium; L: Large; OL: Otolith Length; OH: Otolith Height; OW: Otolith Weight; SD: Standard Deviation; SS: Sum 

of Square; MS: Mean Square; F: F-test value 

 

 

 

Discussion 

In the present study, the relationship between fish 

length and weight and otolith parameters was analyzed 

using the Ordinary Least Squares (OLS) regression model. 

The results demonstrated that otolith parameters exhibited 

a linear correlation with fish length and weight, consistent 

with findings reported for Umbrina cirrosa in the eastern 

Mediterranean Sea (Başusta and Khan 2021), Forsterygion 

nigripenne in Otago, New Zealand (Taddese et al. 2021), 

Aphanius furcatus from the Hormuzgan Basin Southern 

Iran (Motamedi et al. 2021) and Chaunax abei in Suruga 

Bay, Japan (Şenbahar et al. 2024). Furthermore, sexual 

dimorphism in otolith parameters has been investigated in 

several marine species, including the shi drum (U. cirrosa), 

killifish (A. furcatus), and toadfish (Porichthys notatus) 

(Mitsui et al. 2020; Başusta and Khan 2021; Motamedi et 

al. 2021). 

These study findings indicate that female E. 

tetradactylum exhibits larger otoliths compared to their 

male counterparts. The increased otolith size in females 

may be more closely associated with enhanced auditory 

acuity rather than heightened sound sensitivity (Lackmann 

et al. 2022), which is characterized by a lower threshold 

and a broader range of frequency responses (Bose et al. 

2018; Chanthran et al. 2021; Koca and Küçükköse 2023). 

Motamedi et al. (2021) reported a similar pattern in A. 

furcatus, where females possessed larger otoliths than 

males, likely due to differential growth rates during early 



IQBAL et al. – Morphological diversity of Eleutheronema tetradactylum 

 

1813 

developmental stages (Brand et al. 2023; Itoh 2024). The 

larger otolith shape in E. tetradactylum is initially 

developed in male individuals and remains unchanged in 

females after sex change (Itoh 2024; La Mesa and Eastman 

2024). Furthermore, under the influence of sensory drive, 

female fish are more likely to select males whose mating 

signals can be easily detected through their sensory 

mechanisms (Li et al. 2021; Daban and Şen 2024). 

In E. tetradactylum, which undergoes sex change, 

otoliths may play a crucial role in communication and 

social structuring within the population (Gao et al. 2021; 

Motamedi et al. 2021; Pavlov 2022). It is also suggested 

that males of E. tetradactylum that transition to females 

may exhibit faster growth rates prior to reaching the size or 

age threshold for sex change, potentially explaining their 

relatively smaller otolith size before transformation (Li et 

al. 2021; Singh et al. 2022; Xuan et al. 2023; Khanali et al. 

2021; Masubuchi et al. 2024). Furthermore, the observation 

that otoliths in sex-changing males were already smaller 

suggests that early growth differences during the first year 

may influence their eventual development into terminal 

females (Nelson et al. 2021; Wu et al. 2023; Wilson and 

Altenritter 2024) 

Phenotypic plasticity in fish is influenced by various 

ecological factors, including diet quality and quantity, food 

availability, and phylogenetic biomineralization (Roy and 

Bardhan 2021; Deville et al. 2023; Majhi et al. 2023; 

Masubuchi et al. 2024). Additionally, population-level and 

genetic variations, differences in growth rates between 

sexes, and ontogenetic changes contribute to the 

physiological mechanisms underlying sexual dimorphism 

in fish (Başusta and Khan 2021; Motamedi et al. 2021; 

Badaev et al. 2023). 

Environmental factors such as water salinity, 

temperature, and depth have been shown to influence 

variations in otolith shape (Lombarte and Lleonart 1993; 

Masato and Katsunori 2021; Smoliński and Gutkowska 

2024). Additionally, these factors play a significant role in 

the morphological modification of the sulcus acusticus 

region of the sagittal otolith, which is associated with 

enhanced auditory perception (Roy and Bardhan 2021; 

Nelson et al. 2021). In the present study, field observations 

indicated that larger individuals of E. tetradactylum were 

more frequently found in deeper waters with lower 

temperatures compared to those inhabiting shallower 

regions. Furthermore, otoliths from individuals residing in 

warmer waters tended to be relatively larger and heavier 

than those from colder environments (Mejri et al. 2022; 

Fadzli et al. 2023; Samsun and Sağlam 2024). 

These study findings indicate a significant variation in 

otolith parameters across different size classes of E. 

tetradactylum, suggesting a general ontogenetic shift in 

otolith morphology. The development of the sagittal otolith 

exhibits stage-specific variations associated with sexual 

maturity in E. tetradactylum (Roy and Bardhan 2021). 

Ontogenetic changes in otolith shape are attributed to shifts 

in the growth acceleration patterns of the fish (Mitsui et al. 

2020; Singh et al. 2022; Masubuchi et al. 2024). A positive 

correlation was observed between fish size and otolith 

weight, indicating proportional growth. The sagittal otoliths 

of smaller individuals of E. tetradactylum are characterized 

by a smooth surface and marginal sculpture, which 

represent plesiomorphic traits. In contrast, larger 

individuals exhibit substantial morphological 

modifications, likely due to the progressive deposition of 

calcium carbonate crystals (Huang et al. 2021; Ku et al. 

2021; Roy and Bardhan 2021; Pavlov 2022; Fadzli et al. 

2023). 

The relationship between otolith size and fish body 

parameters has been well-documented, with studies 

demonstrating a significant correlation between otolith 

length and weight with body length and weight in various 

fish taxa (Mitsui et al. 2020; Nelson et al. 2021; Singh et al. 

2022; Badaev et al. 2023; Brand et al. 2023; Majhi et al. 

2023). In the present study, a positive correlation was 

observed between otolith length and body length, as well as 

between otolith length and body weight, in E. 

tetradactylum, indicating that otolith size increases 

proportionally with somatic growth. Notably, the otolith 

length exhibited a stronger correlation with body length 

than otolith height, particularly in medium-sized 

individuals. These findings align with previous studies on 

E. tetradactylum (Roy and Bardhan 2021) and other fish 

genera, including Coelorinchus and Merluccius (Lombarte 

and Lleonart 1993), Aphaniidae (Motamedi et al. 2021), as 

well as Sillaginidae (Yang et al. 2024).  

It is hypothesized that otolith formation may reach a 

developmental threshold at a specific body length due to 

stabilization in otolith weight. Furthermore, variations in 

the relationship between otolith and body size may be 

species-specific and influenced by population dynamics 

(Roy and Bardhan 2021; Xuan et al. 2023; Yang et al. 

2024; Widdrington et al. 2025). In conclusion, this present 

study represents the first investigation into the relationship 

between otolith parameters and the size (length and weight) 

of E. tetradactylum in the Gulf of Thailand, with a specific 

focus on Pattani Bay. Among the measured otolith 

parameters, otolith length was identified as the most 

reliable predictor of fish length and weight, considering 

variations in sex and size classes. The findings clearly 

indicate a positive correlation between fish size and otolith 

dimensions, with larger individuals possessing 

proportionally larger otoliths. Additionally, female E. 

tetradactylum exhibited significantly larger otoliths 

compared to males. Given the direct relationship between 

otolith size and fish growth, otolith parameter analysis 

provides essential insights into the growth dynamics of E. 

tetradactylum. It serves as a valuable tool for estimating 

fish length and weight. Furthermore, these parameters can 

be used for differentiating fish stocks within E. 

tetradactylum populations. 
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