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Abstract. Sex identification and composition analysis is an important research topic in fish population 

ecology, and the results have important implications concerning the conservation of wild fish resources and 

artificial propagation. However, since the individual morphological differences between male and female 

spotted steed (Hemibarbus maculates) are not obvious, it is usually difficult to identify sex by direct 

observation. Thus, it is usually done by observing the reproductive system after dissection. However, this 

method results in the death of the identified fish and cannot be used for later reproduction. To establish a 

method for sex identification of H. maculates by morphological quantitative indicators, 36 directly 

measured traits and 35 standardized traits from 68 H. maculates individuals collected from the Yuanzhou 

section of the Yuanhe River, China, were measured and analyzed. Based on the data, 13 personalities were 

screened from the 35 standardized traits by stepwise discriminant method and used to establish discriminant 

equations. The rate of correctly identifying the male and female individuals was 92.65%. In addition, the 

condition factor, D7-9, the dorsal fin long-throned length, the post-orbital length, D7-10, the head length, and 

the body length were significantly different between male and female H. maculates (t-test, P<0.05). These 

results implied that the male and female individuals of H. maculates could be identified using our 

established discriminant equations. 

Keywords: aquaculture, artificial propagation, fish, multivariate analysis, morphological discrimination 

Introduction 

Sex identification and composition analysis is an important research content in fish 

population ecology, and the results have important guidance to conservation of wild fish 

resources and artificial propagation (Chang et al., 2015; Lombardi-Carlson and Andrews, 

2015; An et al., 2017). Sex can be distinguished by the differences of body size and 

secondary sexual characteristics for fish with obvious heteromorphism. However, it is 

very hard to distinguish the sex for fish that do not have obvious heteromorphism, such 

as Acrossocheilus wenchowensis (Xu et al., 2006), Khanka spiny bitterling 

(Acanthorhodeus chankaensi Dybowsky) (Chen et al., 2013a), and top-mouth culter 

(Eryghroculter ilishaeformis) (Chen et al., 2013b). There are a lot of limitations in the 

use of anatomical and other sex identification methods, which are not conducive to the 

protection of studied fish and the implementation of artificial reproduction. Methods that 

identify male and female individuals by quantitative indicators of body shape 

characteristics has been successfully applied in many fish, such as elongate ilisha (Ilisha 

elongata) (Ni and Chen, 2003), Japanese eel (Aniguilla japonica) (Guo et al., 2011) and 

spotted scat (Scatophagus argus) (Wu et al., 2014). Though the application of 
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discriminant equation that is established according to fish morphological indexes, the 

accuracy of sex identification can be as high as 85%. 

Spotted steed (Hemibarbus maculatus Bleeker) is a small freshwater Cyprinidae fish, 

which is an endemic fish in China. Morphology and population ecology of H. maculatus 

living in different rivers have been studied (Wu et al., 1979; Miao and Yin, 1983; Xie et 

al., 1988; Fu and Qiao, 2008; Li et al., 2012; Tuo, 2012, 2013; Sun et al., 2014). Lin et 

al. (2005) report that there is no significant difference in individual size between male 

and female H. maculatus in the Oujiang River. Our previous investigation to H. maculatus 

in the Ganjiang River also shows that there is no obvious difference in individual size 

between male and female individuals of wild H. maculatus. Sexual maturity of male and 

female H. maculatus is not synchronous. Generally, the male fish reach sexual maturity 

in March, while the female fish reach sexual maturity in April or May. The parasexual 

characteristics of mature male fish lasted for a short time, and were obvious in March, but 

not in April and May. In addition, the abdominal bulge of the male fish is similar to that 

of females due to a large amount of food intake. Therefore, sex of H. maculatus cannot 

be identified directly from its morphological characteristics, which is not conducive to 

carrying out population ecology investigation and artificial reproduction. Therefore, to 

solve the problem of sex identification and provide reference for the study of population 

ecology and artificial reproduction of H. maculatus, in the present study, we 

systematically analyzed the morphological indexes of H. maculatus in the Ganjiang 

River, and established a sex identification model of H. maculatus. 

Materials and Methods 

Sample collection 

H. maculatus samples were collected from the Yuanzhou section of the Yuanhe River 

using screen meshes and floor cages from December 2010 to June 2012 (113°54′-114°37′ 

E, 27°33′-28°05′ N; Fig. 1). The Yuanhe River is a breach of the Ganjiang River. Fresh 

samples were placed in containers with oxygen pump, which can continuously oxygenate, 

and were quickly transport to the laboratory. The fish samples were anaesthetized using 

anesthetic MS-222 (50 mg/L) for 3-5 min before morphological measure and dissecting 

for sex identification. All experiments were carried out in accordance with the Animal 

Ethics Committee of Hunan Agricultural University. 

 

Figure 1. Map shows sampling area. The green rectangular area shows the range of sampling 

section of the river. The black arrows indicate the direction of water flow 
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Measurement of morphological indicators 

Body length (BL), head length (HL), head width (HW), head height (HH), snout length 

(SL), post-orbital length (PL), eye diameter (ED), interorbital width (IW), mouth width 

(MW), mouth length (ML), body highness (BH), pectoral fin length (PFL), Caudal fin 

length (CFL), distance between pelvic fin and anal fin (PAFD), and dorsal fin long-

throned length (DFL) were measured using rulers and vernier calipers according to 

previous description (Fish Research Laboratory of Hubei Institute of Hydrobiology, 

1976; Lin et al., 2005). The lengths were accurate to two decimal places. Sex glands were 

dissected and sex was identified by naked eyes. Fish body weight (W), gonad weight (Wg), 

and shell weight (W0) were weighed by an electronic balance. The weights were accurate 

to two decimal places. The condition factor (K) was calculated as follows, 

 

 𝐾 = 100 × (𝑊 𝐵𝐿3⁄ ) (Eq.1) 

 

where W was body weight, and BL was body length. 

Ten coordinate points were set up on the surface of fish based on the truss network 

theory (Fig. 2A), according to previous reports (Strauss and Bookstein, 1982; Corti et al., 

1988; Bookstein, 1997). A total of 21 truss network measurement traits were measured, 

including D1-2, …, and D9-10. The measured distance of truss network structure was the 

straight-line distance between two points (Fig. 2B). 

 

Figure 2. Schematic measuring points based on the truss network (A) and representation 

examples of the distances between points (B) 

 

 

Data analysis 

Data were recorded using Excel 2003 and analyzed using Statistica 10. Date are 

expressed as mean ± standard deviation (S.D.). In the present study, we analyzed three 



Tuo et al.: Sexual dimorphism based on external morphology of H. maculatus 

- 1542 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):1539-1550. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1801_15391550 

© 2020, ALÖKI Kft., Budapest, Hungary 

types of data, i.e. (1) data from traditional morphological indices, (2) data from truss 

network indices, and (3) data combing traditional morphological indices with truss 

network indices. Considering fish size is influenced by the age of fish, we also analyzed 

the traditional morphological data and truss network indices using three data transformed 

modes, i.e., ratio: 

 

 𝑀𝑎𝑑𝑗 = 𝑀 𝑆𝐿⁄  (Eq.2) 

 

logarithmic ratio: 

 

 𝑀𝑎𝑑𝑗 =  𝑙𝑜𝑔𝑀 𝑙𝑜𝑔𝑆𝐿⁄  (Eq.3) 

 

and logarithmic heterocorrelation index (ALLOM): 

 

 𝑀𝑎𝑑𝑗 = 𝑙𝑜𝑔𝑀 − 𝑏(𝑙𝑜𝑔𝑆𝐿 − 𝑙𝑜𝑔𝑆𝐿𝑚𝑒𝑎𝑛) (Eq.4) 

 

according to previous reports (Turan, 1999; Turan et al., 2004; Pinheiro et al., 2005). 

Where M is the local characteristic measurements of each specimen, SL is the body length 

of each specimen, SLmean is the mean body length of male or female fish, and b is the 

slope of linear regression of log10M and log10SL. 

Index of sexual heteromorphism (Ish) was calculated as follows (Gibbons and Lovich, 

1990; Shou et al., 2005), 

 

 𝐼𝑠ℎ = 1 −  𝐵𝐿𝑚𝑒𝑎𝑛.𝑠𝑏𝑠 𝐵𝐿𝑚𝑒𝑎𝑛.𝑙𝑏𝑠⁄  (Eq.5) 

 

where Ish is the index of sexual heteromorphism, BLmean.sbs is mean body length of the 

gender with smaller body size, and BLmean.lbs is mean body length of the gender with larger 

body size. Student’s t test was used to compare the body length and 35 morphological 

parameters of male and female individuals. The significant level was set to p = 0.05. 

A comprehensive index with the largest eigenvalue vector was selected from 35 

directly measured characteristic parameters, and the principal component with a larger 

contribution rate was determined, then the principal component analysis (PCA) profile 

was drawn. R-cluster analysis was conducted based on the Pearson correlation 

coefficient. Stepwise regression method was used to further analyze and screen the 

characteristics with significant differences between male and female individuals, and the 

discriminant equations of male and female H. maculatus were established. 

Results 

Heteromorphism of male and female H. maculatus 

A total of 68 H. maculatus samples were collected. The BLs of female H. maculatus 

were range from 11.00 to 26.90 cm (17.88 ± 3.91 cm), which were larger than those of 

male H. maculatus (range from 11.60 to 21.60 cm, 15.82±3.25 cm; Table 1). The Ish was 

0.126. The individual size of male and female H. maculatus samples were significantly 

different (t-test, t = -2.36, P=0.021; Table 1). The morphological parameters were 

positively correlated with the body length (Appendix 1). The correlation coefficients were 

range from 0.278 to 0.903. After logarithmic heterodyne transformation according to the 
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equation Eq.4, the D7-9, and D7-10 of males were significantly higher than those of females 

(t-test, P < 0.05). The K, HL, PL, and DFL of females were significantly higher than those 

of males (t-test, P < 0.05). There was no significant difference in other local 

characteristics between the sexes (Table 1). 

 
Table 1. Descriptive statistics of morphological traits of H. maculates (cm) 

Characters 
Female Male 

t-value p-value 
Sampling size Mean ± S.D. Sampling size Mean ± S.D. 

BL 33 17.88±3.91 35 15.82±3.25 -2.36 0.021 

D1-2 33 0.63±0.03 35 0.63±0.03 0.20 0.844 

D1-3 33 0.64±0.05 35 0.64±0.04 -0.06 0.953 

D2-3 33 0.93±0.04 35 0.93±0.04 -0.07 0.944 

D2-4 33 0.56±0.05 35 0.56±0.05 -0.21 0.832 

D1-4 33 0.41±0.06 35 0.41±0.07 0.44 0.658 

D3-4 33 0.77±0.05 35 0.78±0.04 0.69 0.490 

D3-5 33 0.63±0.05 35 0.65±0.07 0.84 0.407 

D4-6 33 0.63±0.05 35 0.64±0.05 1.04 0.301 

D3-6 33 0.60±0.04 35 0.58±0.09 -0.91 0.369 

D4-5 33 0.99±0.05 35 1.00±0.03 1.16 0.252 

D5-6 33 0.79±0.04 35 0.79±0.05 0.03 0.974 

D5-7 33 0.12±0.08 35 0.11±0.06 -0.31 0.758 

D6-8 33 0.35±0.05 35 0.37±0.04 1.37 0.177 

D5-8 33 0.62±0.05 35 0.62±0.04 0.14 0.885 

D6-7 33 0.85±0.05 35 0.84±0.04 -0.03 0.977 

D7-8 33 0.69±0.05 35 0.69±0.04 -0.09 0.928 

D7-9 33 0.36±0.08 35 0.40±0.05 2.77 0.008 

D8-10 33 0.82±0.04 35 0.83±0.03 1.60 0.116 

D8-9 33 0.85±0.06 35 0.85±0.06 0.18 0.885 

D7-10 33 0.47±0.05 35 0.49±0.04 2.02 0.048 

D9-10 33 0.25±0.04 35 0.26±0.03 0.83 0.412 

HL 33 0.64±0.02 35 0.63±0.03 -2.51 0.015 

PL 33 0.23±0.05 35 0.21±0.03 -2.92 0.005 

DFL 33 0.57±0.03 35 0.55±0.03 -2.89 0.005 

K 33 1.51±0.31 35 1.79±0.24 4.01 < 0.001 

HH 33 0.38±0.03 35 0.38±0.04 -0.30 0.762 

HW 33 0.35±0.06 35 0.35±0.07 0.09 0.925 

SL 33 0.23±0.18 35 0.18±0.05 -1.61 0.116 

ED 33 0.00±0.04 35 0.00±0.04 0.30 0.768 

IW 33 0.18±0.11 35 0.18±0.07 0.0004 1.000 

BH 33 0.55±0.04 35 0.57±0.04 1.84 0.071 

ML 33 -0.01±0.08 35 -0.01±0.05 -0.17 0.867 

PFL 33 0.53±0.05 35 0.51±0.04 -1.47 0.148 

CFL 33 0.55±0.05 35 0.54±0.04 -1.63 0.108 

PAFD 33 0.63±0.04 35 0.63±0.03 0.40 0.692 

Except BL, other morphological parameters were logarithmically heterodyne transformed. Date are 

expressed as mean ± S.D. (cm). Transformation variables are compared with t-test. BL, body length; HL, 

head length; ED, eye diameter; PL, post-orbital length; DFL, dorsal fin long-throned length; K, condition 

factor; HH, head height; HW, head width; SL, snout length; IW, interorbital width; BH, body highness; 

ML, mouth length; PFL, pectoral fin length; CFL, caudal fin length; PAFD, Distance between pelvic fin 

and anal fin 

 

 

Correlations between morphological characteristic variables of H. maculatus 

The first three principal components of 35 morphological characteristics of 

H. maculatus explained 85.17% of variation (Table 2). BL, D1-2, D1-3, D2-3, D5-6, D9-10, 

D4-6, D6-7, and HL had higher positive load coefficients in the first principal component 

(explaining 75.93% of variation). K had a higher positive load coefficient in the second 

principal component (explaining 6.40% of variation). HL had a higher positive load 
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coefficient in the third principal component (explaining 2.85% of variation; Table 2). The 

morphological features overlapped greatly, and some local features were significantly 

separated (Fig. 3A). 

 
Table 2. Factor loadings of principal components extracted from 35 morphological characters 

in male and female H. maculatus 

Character 
Component 

1 2 3 

BL 0.98 0.02 0.00 

D1-2 0.97 0.00 0.03 

D1-3 0.95 0.05 -0.03 

D2-3 0.97 0.02 -0.02 

D2-4 0.92 0.03 -0.01 

D1-4 0.80 -0.03 -0.03 

D3-4 0.97 0.03 -0.07 

D3-5 0.82 -0.07 0.02 

D4-6 0.96 -0.01 -0.05 

D3-6 0.77 0.12 -0.06 

D4-5 0.98 -0.02 0.01 

D5-6 0.97 0.01 0.02 

D5-7 0.91 0.10 0.00 

D6-8 0.95 -0.02 -0.01 

D5-8 0.94 -0.03 0.15 

D6-7 0.96 0.04 0.01 

D7-8 0.94 0.00 0.10 

D7-9 0.81 -0.29 0.16 

D8-10 0.96 -0.10 0.09 

D8-9 0.86 -0.03 0.14 

D7-10 0.90 -0.19 0.08 

D9-10 0.96 -0.05 0.02 

HL 0.97 -0.05 -0.05 

HH 0.94 0.00 -0.04 

HW 0.88 0.11 -0.27 

SL 0.27 -0.35 0.76 

PL 0.95 -0.08 -0.02 

ED 0.78 0.01 -0.20 

IW 0.86 0.08 -0.10 

ML 0.92 0.08 -0.01 

BH 0.93 0.14 -0.04 

PFL 0.92 -0.11 -0.13 

CFL 0.91 -0.13 -0.04 

PAFD 0.92 0.02 -0.02 

DFL 0.92 -0.12 -0.03 

K 0.06 0.69 -0.23 

Eigenvalues 28.85 2.43 1.08 

Contribution rate (%) 75.93 6.40 2.85 

Cumulative contribution rate (%) 75.93 82.33 85.18 

Variables with major contributions from each principal component are indicated in bold. BL, body length; 

HL, head length; ED, eye diameter; PL, post-orbital length; DFL, dorsal fin long-throned length; K, 

condition factor; HH, head height; HW, head width; SL, snout length; IW, interorbital width; BH, body 

highness; ML, mouth length; PFL, pectoral fin length; CFL, caudal fin length; PAFD, Distance between 

pelvic fin and anal fin 

 

 

The results of R-cluster analysis of 35 morphological parameters by heterocorrelation 

transformation showed that the standardized relative traits were divided into two 

branches. The first branch contained D1-2, …, D9-10, and K, which represented body shape 

and lean characteristic parameters; and the second branch contained HL, HH, HW, SL, 

IW, ED, and IDL, which mainly represented the head traits of H. maculatus (Fig. 3B). 
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Figure 3. Principal component analysis (PCA) profile based on standardized morphological 

indexes (A) and R-cluster dendrogram of standardized morphological indexes (B) of H. 

maculatus. BL, body length; HL, head length; ED, eye diameter; PL, post-orbital length; DFL, 

dorsal fin long-throned length; K, condition factor; HH, head height; HW, head width; SL, 

snout length; IW, interorbital width; BH, body highness; ML, mouth length; PFL, pectoral fin 

length; CFL, caudal fin length; PAFD, Distance between pelvic fin and anal fin 
 

 

Sex discrimination based on quantitatively morphological characteristics 

The comprehensive discriminant rate based on the traditionally morphological data 

was 83.82%. (Male: 88.57%; Female: 78.79%). The comprehensive discriminant rate 

based on the truss network data was 91.18% (Male: 97.14%; Female: 84.85%). The 

comprehensive discriminant rate based on the integrated data of traditionally 

morphological characteristics and truss network characteristics was 98.53% 

(Male: 100%; Female: 96.97%). The comprehensive discriminant rates based on the three 

data transfer methods of the integrated data of traditionally morphological characteristics 

and truss network characteristics was 82.35% for ratio (Male: 80%; Female: 84.85%), 

88.24% for logarithmic ratio (Male: 94.29%; Female: 81.82%), and 92.65% for ALLOM 

(Male: 1.43%; Female: 93.94%), respectively. 

The discriminant formulas for male and female of H. maculatus were constructed as 

follows based on the 13 morphological parameters (i.e. K, DFL, D7-9, IW, D3-6, D4-6, BH, 

HL, D8-9, D6-8, D3-4, D5-8, and D3-5) after the logarithmic heterocorrelation transformation 

that were screened by stepwise regression, 

 

 

𝑌1 =  −1857.66 − 27.39𝐾 − 320.14𝐷𝐹𝐿 + 860.03𝐷7−9

− 385.12 𝐼𝑊 + 235.83𝐷3−6 − 436.43𝐷4−6

− 21.39𝐵𝐻 + 3527.74 𝐻𝐿 + 582.19𝐷8−9

− 1391.47𝐷6−8 + 1491.79𝐷3−4 + 717.05𝐷5−8

− 232.48𝐷3−5 

(Eq.6) 

 

 

𝑌2 =  −1960.26 − 33.16𝐾 − 355.13𝐷𝐹𝐿 + 904.87𝐷7−9

− 350.58𝐼𝑊 + 258.83𝐷3−6 − 474.59𝐷4−6

− 58.20𝐵𝐻 + 3644.81𝐻𝐿 + 603.11𝐷8−9

− 1446.06𝐷6−8 + 1538.12𝐷3−4  + 757.36𝐷5−8

− 246.62𝐷3−5 

(Eq.7) 
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If Y1 > Y2, the fish was male, otherwise it was female. The significance test of the 

discriminant function shows that the discriminant function has reached the extremely 

significant level (F(13, 54) = 9.2441, P < 0.001). The frequency distribution of each 

individual’s discriminant scores also showed that the model could distinguish male and 

female H. maculates (Fig. 4). The sixty-eight individuals were judged by the sex 

discrimination equations (Eq.6 and Eq.7), and anatomical verification, only 5 (7.35%) 

fish individuals had misjudged sex by the sex discrimination equations. The accuracy rate 

was 92.65% (Table 3). 

 

Figure 4. Frequency distribution of discriminant scores of male and female H. maculatus 

 

 
Table 3. Discriminant analysis results of the stepwise discriminant function analysis based on 

the standardized morphological data of H. maculatus 

Sex 
Histologic 

identification 

Predicted result 
Accuracy of 

discrimination (%) 

Total 

discrimination 

accuracy (%) 

Transformations* 
Male Female 

Male 35 28 7 80 
82.35 M / SL 

Female 33 5 28 84.85 

Male 35 33 2 94.29 
88.24 logM / logSL 

Female 33 6 27 81.82 

Male 35 32 3 91.43 
92.65 

logM - b(logSL - 

logSLmean) Female 33 2 31 93.94 

* M is the local characteristic measurements of each specimen, SL is the body length of each specimen, 

SLmean is the mean body length of male or female fish, and b is the slope of linear regression of log10M 

and log10SL 

 

 

Discussion 

Sexual heteromorphism of individuals is generally interpreted as the result of a 

combination of sexual selection, fertility selection, and ecological selection (Emlen and 

Oring, 1977; Lande, 1980; Hedrick and Temeles, 1989). There are three main types of 

sexual heteromorphism of fish individual size, i.e. female adult is larger than male adult, 

female adult is smaller than male adult, and the size of male and female individuals is 

similar (Parker, 1992; Pyron, 1996; Erlandsson and Ribbink, 1997). Lin et al. (2005) 
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report that the individual size of H. maculatus in the Oujiang River is no significant 

difference between male and female individuals, while female adults of H. maculatus in 

the Yuanhe River are significantly larger than male adults. This result indicates that the 

ecological factors from different habitats could influence the heteromorphism of 

individual size of H. maculatus. The difference of local morphological characteristics 

between males and females showed that the male of H. maculatus in the Yuanhe River 

had larger tail stalk than female, in consistent with eleotrid goby (Odontobutis obscurus) 

(Fan et al., 2009), and catfish (Clarias fuscus) (Fan et al., 2014). 

The results of PCA and R-cluster analysis showed that the morphologic differences of 

male and female H. maculatus in the Yuanhe River mainly concentrated in three aspects: 

fish body shape, K, and head shape, which was basically consistent with the results of 

I. Elongata (Ni and Chen, 2003) and S. argus (Wu et al., 2014). 

Integration of the traditionally morphological indicators and the truss network data 

could significantly improve the accuracy of sex discrimination of H. maculatus, which 

was consistent with the reports of blunt snout bream (Megalobrama amblycephala) (Li et 

al., 1991). The ALLOM data transformation method has the highest accuracy for male and 

female discrimination of H. maculatus in Yuanhe River, with a comprehensive 

recognition rate of 92.65%. It should be further verified whether the transformation 

method could improve the accuracy in other fish. 

Conclusion 

In conclusion, a quantitatively morphological discriminant model for identifying male 

and female H. maculates was established in the present study. The accuracy rate of 

H. maculates discrimination between male and female was 92.65% using logarithmic 

heterocorrelation method to transform the quantitatively morphological data. However, 

automatic identification system based on the model needs to further develop to speed up 

the identification of male and female H. machlates. The best sex ration for artificial 

propagation of H. machlates also needs to further study. 
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APPENDIX 

 

Appendix 1. Correlation between body length (BL) and other morphological parameters. BL, 

body length; HL, head length; ED, eye diameter; PL, post-orbital length; DFL, dorsal fin long-

throned length; K, condition factor; HH, head height; HW, head width; SL, snout length; IW, 

interorbital width; BH, body highness; ML, mouth length; PFL, pectoral fin length; CFL, 

caudal fin length; PAFD, Distance between pelvic fin and anal fin 


