
 

Variation in the Allometry of Morphometric 
Characteristics, Growth, and Condition 
Factors of Wild Bostrychus sinensis (Butidae) 
in Northern Vietnam
Nam Thanh Nguyen1,2,3, Linh Manh Ha4, Anh Thi Nguyen5, Nam Hoang Chu5, 
Hau Duc Tran5, Hung Phuc Nguyen5 and Thuy Thi Ta6*
1Faculty of Biology, University of Science, Vietnam National University, 334 Nguyen 
Trai, Thanh Xuan, Hanoi, Vietnam
2Center for Life Science Research (CELIFE), University of Science, Vietnam National 
University, 334 Nguyen Trai Thanh Xuan, Hanoi, Vietnam
3Biological Museum, University of Science, Vietnam National University, 19 Le Thanh 
Tong, Hoan Kiem, Hanoi, Vietnam
4Graduate School of Fisheries and Environmental Sciences, Nagasaki University, 
Nagasaki, Japan
5Hanoi National University of Education, 136 Xuan Thuy, Cau Giay, Ha Noi, Viet Nam
6Hanoi Metropolitan University, 98 Duong Quang Ham, Cau Giay, Ha Noi, Viet Nam

Article Information
Received 17 September 2020 
Revised 14 November 2020
Accepted 15 December 2020
Available online 06 May 2022
(early access)
Published 30 December 2022

Authors’ Contribution
NTN and TTT contributed to 
designing the research, writing the 
original draft. LMH performed the 
statistical analysis, prepared the 
figures. ANT and HPN contributed 
to the field investigation, data 
collection. NHC contributed to the 
field investigation, data collection, and 
funding acquisition. HDT designed 
the method, supervised and funding 
acquisition. All authors contributed to 
the revision of the manuscript.

Key words
Length-weight relationship, Allometric 
growth, Morphometry, Sexual 
dimorphism, Four-eyed sleeper goby

The four-eyed sleeper (Bostrychus sinensis), found in the Indo-Pacific, is a commercial goby in Vietnam. 
Knowledge of the allometric growth patterns of morphometric characters, the length-weight relationship, 
and the conditions for assessing and managing the fish populations is unknown. The present study tested 
the intersex differences in growth of morphometric characters, sexual and seasonal change in length-
weight relationship, and growth conditions for this species based on a year-round (2018‒2019) wild 
specimen collection in northern Vietnam. Four morphometric characteristics (standard length, pre-dorsal-
fin length, body depth, body width) showed higher growth rates in males than in females, suggesting a 
morphometric sexual dimorphism. The growth pattern of males and females were similarly higher than 
the isometric value of three, showing positive allometric growth in favorable environmental conditions. 
The slope values were higher in the dry season than in the wet season, but this was only significant 
in females. The higher intra-seasonal variability in the slope values was evaluated, showing females 
undergoing gonad depletion of the two sexes during their spawning season. The condition factors of both 
sexes were higher in the wet season when water temperature and food availability are higher. Female 
fish seemed to be more sensitive to environmental changes. The high value of the condition factors was 
shown for fish 9.9‒12.8 cm in total length (slightly larger than the optimum size of 11.48). Based on these 
findings, for a sustainable exploitation plan, we suggest fishing B. sinensis from December to March, with 
a catch size of 9.9‒12.8 cm in total length.

INTRODUCTION

The four-eyed sleeper (Bostrychus sinensis Lacepède, 
1801), distributed over the intertidal zone of the 

Indo-Pacific, is a commercially important fish in China  
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(Hong and Zhang, 2003) and in Vietnam (Ha and Pham, 
2014). It has been listed as a threatened species in the 
Vietnam Red Data Book (Ministry of Science and 
Technology, 2007). B. sinensis is a carnivorous species 
(Wu et al., 2009). Males and females inhabit individually 
in a burrow during the non-breeding season, but in the 
breeding season, they pair in the same burrow to spawn, 
where they exhibit egg-guarding behavior after spawning 
(Zhong and Li, 2002). While this fish is widely cultured in 
Vietnam (Nguyen et al., 2019), information its behavior, 
population dynamics, and body conditions in the wild 
remain unknown.

The length-weight relationship (LWR) is an important 
tool for fishery management used to quantify measure of 
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biomass while assessing the impact of the environment on 
fish (Tesch, 1968; Froese, 2006). By using the slope value 
of LWR regression, the growth patterns and dynamics 
of fish populations can be estimated (Anderson and 
Gutreuter, 1983). The body condition, which reflects the 
relative wellness of fish populations, can also be predicted 
from the LWR. This is assuming that fish living in better 
environmental conditions have a heavier weight at a given 
length (Le Cren, 1951; Froese, 2006). Condition factors 
are also an indicator of growth, feeding intensity, seasonal 
variation of food availability, and physiological fitness 
(Le Cren, 1951). The condition factors change by fish 
size and seasons (Froese, 2006), and the rate of change in 
females has been shown to be greater than in males due to 
differences in reproductive investment (Mahmood et al., 
2012). Taking together information regarding condition 
factors with spawning season and optimum fish size may 
be integrated into a sustainable exploitation strategy for 
commercial fisheries management (Beverton, 1992; Myers 
and Mertz, 1998; Froese, 2006).

In B. sinensis aquaculture, the procurement of fry still 
depends on parent collection from the wild. The quality 
of fry will be enhanced by a good quality of fish and an 
adequate sex ratio in the broodstock (Khalfalla et al., 
2008; Siddiqui and Al-Harbi, 1997). Distinguishing male 
and female fish in the process of B. sinensis broodstock 
selection is one of the major obstacles due to a lack of 
distinguishing external features in this species. Many fish 
species exhibit sexual dimorphism in growth patterns, 
in which one sex is larger than the other sex over the 
same period of time (Scott and Crossman, 1973). By 
using the allometric growth patterns of morphometric 
characteristics, the present study aimed to find any sexual 
dimorphism useful to distinguish sexes.

Thus, we estimated the variation of growth patterns, 
condition factors, and allometric growth patterns of 
morphometric characteristics among sexes, seasons, 
and fish size of B. sinensis. This information will be 
indispensable toward the basic requirements for sustainable 
management of the fish populations in commercial 
aquaculture.

MATERIALS AND METHODS

Study site
This study was conducted at Xuan Thuy National Park 

(20°13’28”N, 106°34’06’’E), which is the first Ramsar site 
in Southeast Asia and considered a hotspot of biodiversity 
conservation in the North of Vietnam (Hoang et al., 2013). 
The study site has the tropical monsoon region climate 
characteristics at which the rainy and dry seasons last from 
May to October, and from November to April, respectively 
(Dao et al., 2008; Ngo et al., 2013).

Fish collection
A year-round fish collection was conducted in Xuan 

Thuy National Park (Fig. 1) with fishing net traps (mesh 
size 2 cm) from March 2018 to February 2019 (collections 
in the months of April and June were missed due to 
bad weather). Fish were anesthetized by an overdose of 
2-phenoxyethanol and then stored with an 8-10% formalin 
solution immediately after collection. For each individual, 
total length and seventeen morphometric dimensions were 
measured to the nearest 0.01 cm using a caliper, and fish 
weight was recorded using an Analytical Balance SC4010 
(± 0.1 g). 

Fig. 1. A map showing sampling sites where surveys were 
carried out in the Ba Lat estuary of the Red River, northern 
Vietnam. Dash rectangles indicate where B. sinensis 
specimens were collected.

Sex identification
The sex of B. sinensis was identified based on the 

shape of the genital papilla (which are reddish in females 
while opalescent in males) but should be taken into 
consideration for fish out of the spawning season (Pandian, 
2011; Nguyen et al., 2019). After measuring, the fish were 
dissected to remove the gonads from abdomens, the sex 
then confirmed based on the gonadal morphology.

Data analysis
A Chi-square statistical test was used to examine 

the difference in the sex ratio. The data of morphometric 
measurements and weight were log-transformed then 
applied for regression analysis. The allometric growth of 
each morphometric dimension relative to the total length 
was calculated by the equation Y= aTLb

, with Y being 
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the morphometric dimension, TL is total length, a is the 
intercept, and b is the slope of regression (Minos et al., 
1995). The growth patterns of morphometric variables 
were determined by comparing the slopes and isometric 
value of one using t-tests. The morphometric variable was 
categorized into positive allometry (+A) if the slope was 
significantly higher than 1, negative allometry (-A) if the 
slope significantly lower than 1, and isometry (I) if the 
slope was equal to 1.

LWR regression was determined using equation W = 
aTLb (Riker, 1973), where W represents the bodyweight of 
fish (g), TL is the total length (cm), a and b are the intercept 
and slope of the regression, respectively. The log of weight 
(W) and log of total length (TL) were subjected to analysis 
of covariance (ANCOVA) to obtain values from the linear 
models (determination coefficient r2, intercept and slope). 
The slope was then compared among fish groups (male 
and female, dry and wet seasons). The slopes were also 
compared to the isometric value of three (b = 3) for growth 
type determination. Fish were divided into isometric 
growth types if the slope value was equal to three, positive 
allometric growth type if the slope was higher than three, 
and negative allometric growth if the slope was lower than 
three (Le Cren, 1951; Froese, 2006).

The condition factors (K) of fish were estimated 
following Le Cren (1951) using the equation K =, W/
aTLb, where W represents the fish weight (g), TL is the 
total length (cm) a and b are the regression coefficients. 
The K value of each fish group (divided by sexes, months, 
and seasons) was compared with the ideal value of one 
(K = 1) by t-tests and then compared among fish groups 
by the ANOVA test. The comparisons for K values of 
fish size-classes with one and among size-classes were 
performed by the Wilcoxon test and Kruskal–Wallis test, 
respectively, due to small and unequal sample sizes among 
groups. The equation Lmax-Lmin/ log10

n was used to divide 
fish size into five classes (Wand, 1997). The equation to 
calculate the optimum size was: Lopt = 101.0421*logLinf-0.274, 
where Linf = 100.044+0.9841logLmax, and Lmax were obtained by 
using an average of the three largest specimens (Froese 
and Binohlan, 2000). The R software version 3.6.3 was 
used for statistical analyses (R Core Team, 2020) with 
the FSA package to perform regression analyses (Ogle et 
al., 2020) and the ggplot2 package to produce the figures 
(Wickham, 2016). The level of significant difference for 
all statistical tests was set at p < 0.05.

RESULTS

A total of 442 B. sinensis individuals were examined. 
The sex ratios calculated for combined specimens, in the 
dry and wet seasons were not significantly different from 
a 1:1 ratio (chi-squared test, p > 0.05 for all cases). The 

fish length and fish weight ranged from 7.00‒21.40 cm 
and 3.00‒114.40 g, respectively. The ranges of length and 
weight for fish in each month, season, and sex are shown 
in Table II.

 
Morphometric characters in relation to the total length

The coefficient values of the correlation line between 
each morphometric measurement with the total length 
of fish in two sexes are shown in Table I. Most of the 
examined characteristics strongly correlated to the total 
length with high r-square value (r2 > 0.8) in both sexes, 
except for snout length, pelvic-fin length, pectoral-fin 
length in males, and snout length, upper jaw length, orbit 
diameter, and pelvic-fin length in females (r2 < 0.8).

The results of comparisons between regression 
slopes and an isometric value of 1 showed that in males, 
two dimensions (orbit diameter, pre-dorsal-fin length) had 
the regression slopes > 1 (+A, t-test, P < 0.05, Table I). 
Six dimensions, including snout length, pelvic-fin length, 
dorsal-fin base, caudal peduncle depth, body depth, and 
body width, showed slopes <1 (-A, t-test, p < 0.05, Table 
I). Moreover, the nine remaining dimensions had slopes 
equal to the isometric value of 1 (I, t-test, p > 0.05, Table 
I). Meanwhile, in females, eleven dimensions (standard 
length, snout length, upper jaw length, inter-orbital length, 
pelvic-fin length, dorsal-fin base, caudal peduncle depth, 
pre-dorsal-fin length, pre-anal-fin length, body depth, and 
body width) had regression slopes <1 (-A, t-test, p < 0.05, 
Table I). The slopes of regression between total length and 
the six remaining dimensions, including head length, orbit 
diameter, post-orbital length, pectoral-fin length, anal-fin 
base, and caudal peduncle length were equal to 1 (I, t-test, 
p > 0.05).

The comparisons of regression slopes between the 
two sexes showed that four morphometric characteristics 
(standard length, pre-dorsal-fin length, body depth, body 
width) had higher growth rates in males than in females 
(t-test, p < 0.01 for all cases, Table II).

Length-weight relationship
The weight of the fish was highly correlated with 

the total length in both sexes based on high regression 
coefficients (LogW = 0.006 + 3.240*LogTL, r2 = 0.985, 
F(1, 215) = 13950, p < 0.001 for males, LogW = 0.006 
+ 3.233*LogTL, r2 = 0.979, F(1, 223) = 10260, p < 
0.001 for females), the slopes (b) were similar between 
males and females (p > 0.05). Slope values of fish in the 
dry season (b = 3.274 ± 0.020 SE) was not significantly 
different from that of fish in the wet season (b = 3.202 
± 0.037 SE, p > 0.05). A significant interaction between 
seasons and sexes on slope values was detected for 
only female fish (F(1, 221) = 6.633, p < 0.05, Fig. 2). 
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Table I. Morphometric variables vs. total length (TL) (all measurements were transformed to logarithmic scale 
before computation) of wild female and male B. sinensis. The values given are from the equation Y = aTLb; a is 
intercept and b is slope value of regression; SEb, standard error of b; SEe, standard error of estimation; R2, coefficient 
of determination; G, growth type of morphometric demention; I, -A and +A indicating isometric, negative and 
positive allometric growth type, respectively.

Dimension Male Female P
a b R2 SEb SEe G a b R

2 SEb SEe G
SL 0.089 0.995 0.999 0.007 0.003 I 0.182 0.949 0.996 0.011 0.005 -A 0.002
SnL 1.671 0.510 0.457 0.135 0.067 -A 1.649 0.585 0.568 0.095 0.047 -A 0.638
UJL 1.138 0.887 0.865 0.085 0.034 I 1.356 0.690 0.643 0.096 0.043 -A 0.149
HL 0.585 1.025 0.961 0.050 0.018 I 0.589 1.027 0.893 0.066 0.024 I 0.976
OD 1.225 1.318 0.869 0.124 0.033 +A 1.497 0.936 0.648 0.129 0.043 I 0.050
IOD 1.212 0.874 0.920 0.062 0.026 I 1.252 0.839 0.820 0.073 0.031 -A 0.723
PrOL 0.801 1.012 0.993 0.020 0.008 I 0.864 0.964 0.949 0.042 0.016 I 0.353
PL 1.202 0.704 0.729 0.104 0.048 -A 1.166 0.750 0.682 0.095 0.041 -A 0.740
PLL 1.139 0.761 0.527 0.175 0.063 I 0.934 0.927 0.760 0.097 0.035 I 0.375
DFB 0.617 0.898 0.988 0.024 0.010 -A 0.594 0.912 0.980 0.024 0.010 -A 0.668
AFB 1.022 0.917 0.965 0.043 0.017 I 1.086 0.868 0.858 0.066 0.027 I 0.561
CPL 0.546 1.140 0.938 0.071 0.023 I 0.757 0.979 0.937 0.047 0.018 I 0.052
CPD 1.052 0.873 0.929 0.058 0.024 -A 1.213 0.737 0.849 0.058 0.028 -A 0.114
PrDL 0.355 1.088 0.985 0.032 0.011 +A 0.713 0.866 0.913 0.040 0.021 -A 0.002
PrAL 0.316 0.976 0.992 0.021 0.008 I 0.435 0.909 0.980 0.024 0.010 -A 0.051
BD 1.003 0.857 0.920 0.061 0.026 -A 1.244 0.660 0.864 0.049 0.027 -A 0.016
BW 1.009 0.879 0.969 0.038 0.016 -A 1.220 0.704 0.911 0.041 0.022 -A 0.005

SL, standard length; SnL, snout length; UJL, upper-jaw length; HL, head length; OD, orbit diameter; IOD, interorbital length; PrOL, postorbital length; 
PL, pelvic-fin length; PLL, pectoral-fin length; DFB, dorsal-fin base; AFB, anal-fin base; CPL, caudal peduncle length; CPD, caudal peduncle depth; 
PrDL, predorsal length; PrAL, preanal length; BD, body depth; BW, body width.

Fig. 2. Regression slope values (b) of wild female and male 
B. sinensis in the dry and wet seasons.

The coefficients of regressions were also quantified 
for males and females in every month. No significant 
differences of slope values were found between the two 

sexes in every month, but this value for the two sexes 
combined was significantly higher in three months 
(December, January, and February) than those of the other 
months (p < 0.05, Table II).

The results of one-sample t-tests revealed that 
the slope values of regression lines (for all fish, males 
and females, and fish in the dry and wet seasons) were 
significantly higher than the isometric value (the cubic 
value of three) with p < 0.05 for all cases. The slopes for 
the LWR of fish were not significantly different from the 
isometric values in October for males, and in May, August, 
or October for females (p > 0.05, Table II). The regression 
slopes were significantly higher than the isometric values 
in the remaining months in both male and female fish (p < 
0.05, Table II).

Condition factors (K) and optimum size
The mean K values were equal to 1 when calculated 

for all specimens, both male and female (p > 0.05). In 
female fish, the condition factors were significantly higher 
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in the wet season than in the dry season (p < 0.001, Fig. 3). 
In male fish, the condition factors were slightly higher in 
the wet season than in the dry season though not significant 
(p > 0.05, Fig. 3). No significant difference was found 
between the two sexes in both the dry and wet seasons (p 
> 0.05, Fig. 3).

Fig. 3. Condition factors (K) of wild female and male B. 
sinensis in the dry and wet seasons.

Fig. 4. Monthly changes in condition factors of wild B. 
sinensis, vertical bars showing standard error.

The K values were higher than the isometric value of 
1 in the three months of July, August, and September (p < 
0.05, Fig. 4). In the two months of May and November, the 
K values were significantly lower than the other months 
and were < 1 (p < 0.05, Fig. 4). A significant difference 
was found among the five size classes (p < 0.01, Fig. 5), 
and the size class of 9.9–12.8 cm in total length had a K 
value > 1 (p < 0.001) compared to the other size classes. 
The estimated optimum size for specimens was 11.48 cm 
in total length.

Fig. 5. Variation of condition factors (K) among body 
size classes of wild B. sinensis, vertical bars are showing 
standard error.

DISCUSSION

Sex ratio
The difference in the behavior of males and females 

fish in different seasons, especially in spawning season, 
may result in an unequal number of fish caught in each sex 
(Silva and Gordo, 1997). In this study, the sex ratios of B. 
sinensis were not significantly different between the two 
seasons and they were equal to the 1:1 ratio, suggesting 
males and females do not live separately through the year. 
Similar to this study, the 1:1 sex ratio is widely observed 
in gobiid species collected from southern Vietnam, such 
as Boleophthalmus boddarti (Dinh, 2014), Parapocryptes 
serperaster (Dinh et al., 2016), and Periophthalmodon 
schlosseri (Dinh, 2016a).

Sexual dimorphism in growth patterns of morphometric 
characteristics

Sexual dimorphism is common in fish and is expressed 
through differences between males and females in many 
features such as the genital papilla, fin shape, body-color, 
and breeding tubercles (Andersson, 1994). The dimorphism 
in body size composed of morphometric dimensions 
occurs in many species and is the most discernible sexual 
difference (Andersson, 1994). Investigating more sexual 
dimorphism characteristics in fish can help understand 
the nature of species, social function of sexes, or adaptive 
significance of characteristics (Kim et al., 2008).

The rate of increase of morphometric characteristics 
in relation to body length of fish is well expressed by the 
regression slope value (b) and is both species-specific and 
sex-specific (Minos et al., 1995, 2008). The morphometric 
analysis showed considerable intersex differences in terms 
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Table II. Length, weight range and regression coefficient of wild B. sinensis over the sampling period. The values 
given are from the equation W = aTLb; N, number of sample; TL, total length; W, weight; a is intercept and b is slope 
value of regression; R2, coefficient of determination; I and +A indicate isometric and positive allometric growth type, 
respectively.

Time N Range of TL and W Intercept (a) Slope (b) R2 Compare sexes

Male Female

Male Fe-
male

TL W TL W Male Fe-
male

Male Gro-
wth

Female Gro-
wth

Male Fe-
male

t df P

Mar 32 24 7.0-21.4 3.0-114.4 7.51-16.5 4.0-53.1 0.007 0.006 3.16 +A 3.23033 +A 0.99 0.99 -0.831 3/52 0.41

May 23 21 7.6-17.7 3.5-58.1 9.8-18.0 7.7-62.1 0.005 0.006 3.26 +A 3.1687 I 0.9978 0.9731 0.868 3/40 0.391

Jul 33 38 7.5-13.1 4.2-25.2 7.7-14.3 4.3-34.2 0.005 0.006 3.31 +A 3.27637 +A 0.9856 0.9817 0.32 3/67 0.75

Aug 18 26 8.2-15.0 5.7-40.5 8.3-16.9 6.1-61.9 0.007 0.008 3.19 +A 3.15007 I 0.9918 0.9864 0.459 3/40 0.648

Sep 14 19 7.8-16.6 4.7-57.9 8.2-17.8 5.9-85.2 0.007 0.006 3.22 +A 3.28999 +A 0.993 0.9857 -0.578 3/29 0.567

Oct 25 25 8.6-14.9 6.7-37.3 8.5-15.7 5.3-43.6 0.010 0.008 3.02 I 3.0991 I 0.9491 0.9545 -0.369 3/46 0.714

Nov 13 14 9.7-17.3 8.5-70.9 9.5-17.1 7.1-57.7 0.003 0.006 3.45 +A 3.2107 +A 0.9885 0.9804 1.395 3/23 0.176

Dec 19 27 8.2-16.8 5.3-58.1 7.2-17.2 3.5-6.4 0.004 0.005 3.39 +A 3.33819 +A 0.9968 0.9947 0.799 3/42 0.429

Jan 17 12 10.5-17.4 10.5-64.6 9.1-18.2 7.6-75.5 0.004 0.004 3.38 +A 3.37248 +A 0.9859 0.9962 0.096 3/25 0.924

Feb 23 19 7.7-18.1 4.1-69.9 8.7-17.8 6.2-70.7 0.005 0.004 3.31 +A 3.4148 +A 0.9973 0.9974 -1.788 3/38 0.081

Wet 113 129 7.5-17.7 3.5-58.1 7.7-18.0 4.3-85.2 0.006 0.008 3.23 +A 3.13476 +A 0.9712 0.9643 1.321 3/238 0.188

Dry 104 96 7.0-21.4 3.0-114.4 7.2-18.2 3.5-75.5 0.006 0.005 3.25 +A 3.29532 +A 0.9939 0.991 -0.965 3/196 0.336

All 217 225 7.0-21.4 3.0-114.4 7.2-18.2 3.5-85.2 0.006 0.006 3.24 +A 3.23309 +A 0.9848 0.9787 0.173 3/438 0.863

of growth patterns and the rate of change of some continuous 
variables in B. sinensis. Male fish showed isometric (b 
= 1) and positive allometric (b > 1) growth patterns for 
standard length and pre-dorsal-fin length, respectively. 
In contrast, female fish showed negative allometric (b < 
1) growth patterns for these two dimensions. The rates of 
change expressed through the slopes of regression lines 
for body depth and body width were significantly faster in 
males than in females. Therefore, the standard length, pre-
dorsal-fin length, body depth, and body width were larger 
in males than in females of the same total length fish and 
can help to distinguish two sexes. 

Such differences are consistent with previous studies 
that used morphometric analysis for sex determination in 
fishes (Oladosu et al., 2007; Kim et al., 2008). Mashiko and 
Yamane (1993) also demonstrated sexual dimorphism in 
morphometric characteristics for a goby named Tridentiger 
kuroiwae brevispinis, using a similar method to the one 
presented here. In that study, the head width, mouth width, 
length of the third spine of the first dorsal fin, and anal 
fin length were relatively greater in males than in females 
(Mashiko and Yamane, 1993). The males of Oxyeleotris 
marmorata, another species in the same Family (Butidae) 
as our target species, were distinguished from females by 
shorter urogenital length and longer caudal fin, as well as 
caudal peduncle length (Idris et al., 2012). For species that 
sex-related external characteristics are not as apparent as 

B. sinensis, this kind of morphometric analysis may be 
helpful for sex determination. However, the morphometric 
differences identified in this investigation are not easily 
observed and require measurements that may lead to some 
difficulties in field identifications. 

Many inductions were suggested for dimorphic 
morphometric characteristics, such as male-male 
competition, environmental factors, social role, and 
reproductive behaviors (Minos et al., 2008; Shine, 1989). 
In this discussion, however, we did not discuss the cause 
of sex differences in the morphometric characteristics of B. 
sinensis due to the lack of sufficient ecological information. 
Further studies related to ecological differences and fish 
behavior are needed in order to produce any reliable 
conclusions.

Length-weight relationship
The high values of the coefficients of determinations 

(r2) were found in this study for fish of both sexes, in two 
seasons, in all months, and in combined fish, indicating 
that fish length can be used to estimate fish weight with 
ideal accuracy. The independent effects of season or sexes 
on LWR were not significant in this study. Furthermore, 
the regression slopes calculated for separated sexes, 
seasons, and combined specimens were all significantly 
higher than the isometric value (b=3), indicating that the 
environmental conditions were favorable for this fish 
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to grow at the study area. As a consequence of positive 
allometric growth, larger specimens tended to have 
plumper bodies than smaller specimens (Froese, 2006). 
The b growth parameters of fish species commonly fell in 
a range of 2.5 to 3.5. This appears to be species-specific 
though it can be affected by environmental conditions 
(Ricker, 1973; Froese, 2006). The positive allometric 
growth pattern has been reported for some goby species, 
for example, Periophthalmus argentilineatus with b= 
3.34, Periophthalmus spilotus with b = 3.50 (Khaironizam 
and Norma-Rashid, 2002), rock goby Gobius paganellus 
in Portugal with b = 3.16 (Azevedo and Simas, 2000), 
and gudgeon Gobio gobio in northern Spain with b = 3.33 
(Oscoz et al., 2005; Metin et al., 2011). Each of these 
species has been reported positive allometric growth for 
both sexes, as well as the four-spotted goby Deltentosteus 
quadrimaculatus with b = 3.52, 3.29, and 3.45 for females, 
males, and all fish, respectively. From the Mekong Delta of 
southern Vietnam, isometric or positive allometric growth 
pattern were reported in several gobies such as B. boddarti 
with b = 3.13 (Dinh, 2014), Trypauchen vagina with b 
= 3.44 (Dinh, 2016b), P. schlosseri with b= 2.96 (Dinh, 
2016a). Accordingly, the Mekong Delta area provides 
suitable environmental conditions for fishes to grow 
(Dinh, 2014, 2016a, 2016b). However, in the same area, 
some species were reported to grow relatively negative 
allometric such as P. serperaster with b= 2.79 (Dinh, 
2015) and Butis butis with b = 2.74 (Dinh, 2017). These 
differences suggest that the species-specific character may 
also play an important role in fishes’ growth patterns. 

We found that the physical conditions of the 
environment were different between the wet and dry 
seasons (Ta et al., 2020). The heavy rain and strong wind 
during the wet season brought nutrients from inland areas 
to the estuarine and coastal waters resulting in higher 
primary production in the wet season over the dry season 
within the study area (Dinh et al., 2016; Mahmood et 
al., 2012; Twilley, 1988). It was therefore hypothesized 
that differences in climatic conditions and water quality 
dynamics might affect the LWR slopes as fish grow in 
weight slower in the dry season than in the wet season. 
However, the regression slopes for sex-combined 
specimens were similar between the two seasons, implying 
the variations in environmental conditions were still in the 
optimal range, and food availabilities in the environment 
were sufficient for this fish to develop in equally in both 
seasons. Similarly, the effects of the season on the growth 
patterns were not significant in Parapocryptes serperaster 
in the Mekong Delta of Vietnam (Dinh et al., 2016).  

Interestingly, the interactions of seasons and sex had 
a significant impact on the change of regression coefficient 
in females but not in males. Therefore, it is suggested that 

the rates of change in growth trajectories were different 
between males and females. The parameter of the LWR 
may also be affected by reproductive investment and 
depletion during the spawning season (King and Udo, 
1998; Froese, 2006). The lower slope value of LWR in the 
wet season than in dry season (even both higher than the 
cubic value) indicated that female fish get fleshy slower 
in the wet season. The higher intraseasonal variability 
in the slope values of females rather than males of B. 
sinensis might be attributed to a larger volume of gonad 
depletion in females than in males during the spawning 
season (peaked in the wet season). This phenomenon also 
suggested that the reproductive investment of females was 
higher than that of male B. sinensis.

In the present study, the heightened slope values over 
the three months of the pre-spawning season (December, 
January, and February) (Nguyen et al., 2019) suggest a 
significant effect in gonad development on the LWR of 
this species. The increase of gonad size in the spawning 
season has been reported to induce an increase in the slope 
value of LWR in fish (Kalaycı et al., 2007). Especially in 
some gobies, females’ slope values are higher than that of 
males due to the increase of body weight in females during 
the spawning season, such as B. boddarti (Dinh, 2014) and 
T. vagina (Dinh, 2016b).

Condition factors
It is well known that the condition of fish is correlated 

with seasonal changes in environmental conditions (Froese, 
2006). The condition factors tend to decrease during 
the times when water temperature and food availability 
are low; and increase in the times that fish prepare for 
spawning, then sharply decrease again after spawning 
and quickly increase if the environmental conditions are 
good. This process is manifest clearly in females (Le Cren, 
1951; Froese, 2006). In the present study, the condition 
factors were higher in the wet season than in the dry 
season for both sexes (though only significant in females), 
indicating a seasonal variation for condition factors in B. 
sinensis. The inverse phenomenon was found in the goby 
T. vagina collected in the Mekong Delta area, where the 
condition factor is higher in the dry season than in the wet 
season (Dinh, 2016b). Differently, the condition factor 
stays stable over the year in P. schlosseri (Dinh, 2016a). 
Again in the present study, the seasonal variability in the 
condition factors in females being higher than males could 
be because females are more sensitive to environmental 
changes.

The monthly change of condition factors showed 
that reproductive investment has a significant impact on 
the condition factors of fish. The highest condition factor 
value was found in August. It then gradually decreased to 
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the lowest level in November, suggesting that most of the 
fish during these times were in the post-spawning phrase. 
This finding also proposes that the peak of the spawning 
season of B. sinensis is approximately in late August and 
early September. This finding is in agreement with our 
gonadosomatic index data (authors’ unpublished data). 
Similarly, the spawning season of B. sinensis in Vietnam 
has been reported to take place from April to August for 
cultured fish (Nguyen et al., 2019). The low value of K in 
May and a gradual decrease from September to November 
might be induced by the burrowing and egg guarding 
behavior as has been reported in other species (Järvi-
Laturi et al., 2008; Lissåker and Kvarnemo, 2006).

Since this fish is still exploited commercially in the 
study area, a sustainable catch strategy with the least 
impact on the population is needed. Catching fish at an 
optimum size in good condition may be a solution to 
both achieve the fishing efficiency while at the same time 
minimizing the impact on population recruitment (Froese 
and Binohlan, 2000; Froese, 2006). The optimum size for 
our specimens was calculated, yielding a value of 11.48 
cm TL, which is slightly larger than the first maturity size 
of ~9‒10 cm TL (Nguyen et al., 2019). The result of the 
condition factors calculated for each class size showed the 
best conditions for a range of 9.9‒12.8 cm TL. Combining 
these results with the monthly changes of condition factors 
and suggesting the spawning season above, catching fish 
at a size of ~ 9.9‒12.8 cm TL from December to March 
would allow fish to have an opportunity to spawn and 
bring forward high-quality individuals with minimum 
impact on population recruitment.

CONCLUSIONS

The higher growth rates of four morphometric 
characteristics (standard length, pre-dorsal-fin length, 
body depth, body width) observed in males over females 
suggested morphometric sexual dimorphism in B. sinensis. 
The values of regression slopes (calculated for both sexes, 
both seasons, and in combined specimens) were higher 
than the isometric value of the three, suggesting that this 
species is living in favorable environmental conditions. 
Female fish showed higher intraseasonal variability in 
the slope values than males. This is most likely due to the 
difference in gonad depletion between the two sexes during 
their spawning season. The condition factors of both sexes 
were higher in the wet season when water temperature 
and food availability are higher. Female fish seemed to 
be more sensitive to environmental changes than males. 
Based on these results, we propose that fishing B. sinensis 
from December to March (non-spawning season) at a size 
range of 9.9‒12.8 cm TL is optimum for this species. 

ACKNOWLEDGMENTS

We would like to thank Mr. Binh (a local fisherman) 
due to his help in collecting fish specimens. This study was 
funded primarily by the NAGAO foundation. This study 
is also partly financial supported by the Vietnam National 
Foundation for Science and Technology Development 
(NAFOSTED) under grant number: 106-NN.05-2018.302. 
We pledge that the use of fish specimens in the present 
study was performed in compliance with current laws and 
ethical statements of using animals for research.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Anderson, O.R. and Gutreuter, S.J., 1983. Length, 
weight, and associated structural indices. In: 
Fisheries techniques (eds. L. Nielsen and D. 
Johnson). American Fisheries Society, Bethesda, 
MD. pp. 284–300.

Andersson, M., 1994. Sexual selection. Princeton 
University Press. New Jersey, US. https://doi.
org/10.1515/9780691207278

Azevedo, J.M.N. and Simas, A.M.V., 2000. Age and 
growth, reproduction and diet of a sublittoral 
population of the rock goby Gobius paganellus 
(Teleostei, Gobiidae). Hydrobiologia, 440: 129–
135. https://doi.org/10.1007/978-94-017-1982-
7_12

Beverton, R.J.H., 1992. Patterns of reproductive 
strategy parameters in some marine teleost 
fishes. J. Fish Biol., 41: 137–160. https://doi.
org/10.1111/j.1095-8649.1992.tb03875.x

Dao, M.S., Nguyen, D.T. and Nguyen, Q.H., 2008. 
The environmental impact assessment of shrimp 
farming development in the core zone of Xuan Thuy 
National Park (Nam Dinh, Vietnam). Technical 
report, Xuan Thuy National Park, Vietnam.

Dinh, Q.M., 2014. A preliminery study on length-weight 
relationship of the mudskipper Boleophthalmus 
boddarti in Soc Trang. J. Biol., 36: 88–92. https://
doi.org/10.15625/0866-7160/v36n1.4524

Dinh, Q.M., 2015. Habitat, growth and life history of 
the goby Parapocryptes serperaster. PhD thesis, 
Flinders University, Adelaide, Australia.

Dinh, Q.M., 2016a. Growth and body condition variation 
of the giant mudskipper Periophthalmodon 
schlosseri in dry and wet seasons. J. Biol., 38: 
352–358. https://doi.org/10.15625/0866-7160/
v38n3.7425

https://doi.org/10.1515/9780691207278
https://doi.org/10.1515/9780691207278
https://doi.org/10.1007/978-94-017-1982-7_12
https://doi.org/10.1007/978-94-017-1982-7_12
https://doi.org/10.1111/j.1095-8649.1992.tb03875.x
https://doi.org/10.1111/j.1095-8649.1992.tb03875.x
https://doi.org/10.15625/0866-7160/v36n1.4524
https://doi.org/10.15625/0866-7160/v36n1.4524
https://doi.org/10.15625/0866-7160/v38n3.7425
https://doi.org/10.15625/0866-7160/v38n3.7425


817                                                                                        

 

Growth and Condition Factor of Four-Eyed Sleeper 817

Dinh, Q.M., 2016b. Growth pattern and body condition 
of Trypauchen vagina in the Mekong Delta, 
Vietnam. J. Anim.Pl. Sci., 26: 523–531.

Dinh, Q.M., 2017. The length-weight relationship of 
the Duckbill sleeper Butis butis (Hamilton, 1822). 
J. Sci. and Technol. Univ. Danang, 112: 47–49. 
https://doi.org/10.2108/zs170013

Dinh, Q.M., Qin, J.G., Dittmann, S. and Tran, D.D., 
2016. Morphometric variation of Parapocryptes 
serperaster (Gobiidae) in dry and wet seasons in 
the Mekong Delta, Vietnam. Ichthyol. Res., 63: 
267–274. https://doi.org/10.1007/s10228-015-
0497-0

Froese, R. and Binohlan, C., 2000. Empirical 
relationships to estimate asymptotic length, length 
at first maturity and length at maximum yield per 
recruit in fishes, with a simple method to evaluate 
length frequency data. J. Fish Biol., 56: 758–
773. https://doi.org/10.1111/j.1095-8649.2000.
tb00870.x

Froese, R., 2006. Cube law, condition factor and weight-
length relationships: history, meta-analysis and 
recommendations. J. appl. Ichthyol., 22: 241–253. 
https://doi.org/10.1111/j.1439-0426.2006.00805.x

Ha, T. and Pham, Q., 2014. Effect of different artificial 
feed on growth and survival rate of black sleeper 
Bostrichthys sinensis (Lacepede, 1881) 5-6 cm at 
Do Son, Hai Phong Province. J. Fish. Sci. Technol., 
Nha Trang Univ., 2: 151–155.

Hoang, T.T.N., Ho, T.H. and Le, X.C., 2013. Biological 
diversity in Xuan Thuy National Park, Nam Dinh 
Province. Proc. 5th natl. Sci. Conf. Ecol. Biol. 
Resour., pp. 587–594.

Hong, W. and Zhang, Q., 2003. Review of captive 
bred species and fry production of marine fish in 
China. Aquaculture, 227: 305–318. https://doi.
org/10.1016/S0044-8486(03)00511-8

Idris, H.B., Ambak A. and Ikhwanuddin, M., 2012. Sex 
determination in Oxyeleotris marmorata (Bleeker, 
1852) based on morphometric features. Adv. Nat. 
appl. Sci., 6: 763.

Järvi-Laturi, M., Lehtonen, T.K., Pampoulie, C. and 
Lindström, K., 2008. Paternal care behaviour of 
sand gobies is determined by habitat related nest 
structure. Behaviour, 145: 39–50. https://doi.
org/10.1163/156853908782687197

Kalaycı, F., Samsun, N., Bilgin, S. and Samsun O., 
2007. Length-weight relationship of 10 fish species 
caught by bottom trawl and midwater trawl from 
the middle Black Sea, Turkey. Turkish J. Fish. 
aquat. Sci., 7: 33–36.

Khaironizam, M.Z. and Norma-Rashid, Y., 2002. 

Length-weight relationship of mudskippers 
(Gobiidae: Oxudercinae) in the coastal areas of 
Selangor, Malaysia. World Fish Center Quart., 25: 
20–22.

Khalfalla, M.M., Hammouda, Y.A., Tahoun, A.M. and 
Abo-State, H.A.M., 2008. Effect of broodstock sex 
ratio on growth and reproductive performance of 
blue tilapia Oreochromis aureus (Steindachner) 
rered in Hapas. 8th Int. Symp. Tilapia Auquac., pp. 
115–125.

Kim, Y., Zhang, C., Park, I., Na J. and Olin P., 
2008. Sexual dimorphism in morphometric 
characteristics of Korean chub Zacco koreanus 
(Pisces, Cyprinidae). J. Ecol. Field Biol., 31: 107–
113. https://doi.org/10.5141/JEFB.2008.31.2.107

King, R.P. and Udo, M.T., 1998. Dynamics in the 
length-weight parameters of the mudskipper 
Periophthalmus barbarus (Gobiidae), in Imo River 
estuary, Nigeria. Helgol. Meeresuntersuch., 52: 
179–186. https://doi.org/10.1007/BF02908746

Le Cren, E.D., 1951. The length-weight relationship 
and seasonal cycle in gonad weight and condition 
in the perch (Perca fluviatilis). J. Anim. Ecol., 20: 
201–219. https://doi.org/10.2307/1540

Lissåker, M. and Kvarnemo, C., 2006. Ventilation or 
nest defense–parental care trade-offs in a fish with 
male care. Behav. Ecol. Sociobiol., 60: 864–873. 
https://doi.org/10.1007/s00265-006-0230-0

Mahmood, K., Ayub, Z., Moazzam, M. and Siddiqui, 
G., 2012. Length-weight relationship and condition 
factor of Ilisha melastoma (Clupeiformes: 
Pristigasteridae) off Pakistan. Pakistan J. Zool., 44: 
71–77.

Mashiko, K. and Yamane, S., 1993. Sexual dimorphism 
in the goby Tridentiger kuroiwae brevispinis. 
Japan. J. Ichthyol., 40: 363–368.

Ministry of Science and Technology, 2007. Vietnam red 
data book (Part animals). Science and Technics 
Publishing House, HANOI, VN.

Minos, G., Katselis, G., Kaspiris, P. and Ondrias, I., 
1995. Comparison of the change in morphological 
pattern during the growth in length of the grey 
mullets Liza ramada and Liza saliens from western 
Greece. Fish. Res., 23: 143–155. https://doi.
org/10.1016/0165-7836(94)00334-S

Minos, G., Kokokiris, L. and Kentouri, M., 2008. 
Allometry of external morphology and sexual 
dimorphism in the red porgy (Pagrus pagrus). 
Belgian J. Zool., 138: 90–94.

Metin, G., İlkyaz, A.T., Soykan, O. and Kinacigil, 
H.T., 2011. Age, growth and reproduction of four-
spotted goby, Deltentosteus quadrimaculatus 

https://doi.org/10.2108/zs170013
https://doi.org/10.1007/s10228-015-0497-0
https://doi.org/10.1007/s10228-015-0497-0
https://doi.org/10.1111/j.1095-8649.2000.tb00870.x
https://doi.org/10.1111/j.1095-8649.2000.tb00870.x
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1016/S0044-8486(03)00511-8
https://doi.org/10.1016/S0044-8486(03)00511-8
https://doi.org/10.1163/156853908782687197
https://doi.org/10.1163/156853908782687197
https://doi.org/10.5141/JEFB.2008.31.2.107
https://doi.org/10.1007/BF02908746
https://doi.org/10.2307/1540
https://doi.org/10.1007/s00265-006-0230-0
https://doi.org/10.1016/0165-7836(94)00334-S
https://doi.org/10.1016/0165-7836(94)00334-S


818                                                                                        

 

N.T. Nguyen et al.

(Valenciennes, 1837), in İzmir Bay (central Aegean 
Sea). Turk. J. Zool. 35: 711–716. https://doi.
org/10.3906/zoo-1001-32

Myers, R.A. and Mertz, G., 1998. The limits of 
exploitation: A precautionary approach. Ecol. 
Appl., 8: 165–169. https://doi.org/10.1890/1051-
0761(1998)8[S165:TLOEAP]2.0.CO;2

Ngo, T.T.H., Nguyen, T.T.H., Vu, T.H. and Ngo, D.T., 
2013. A study of the rainy season onset dates over 
Vietnam in the period of 1961-2000. J. Sci.: Nat. 
Sci. and Technol., VNU Hanoi, 29: 72–80.

Nguyen, H.V., Nguyen, M.T. and Nguyen, S.K.H., 
2019. Broodstock management and effect of HCG 
hormone dosages on breeding of four-eyed sleeper 
(Bostrichthys sinensis, Lacepède, 1801). Hue Univ. 
J. Sci., 128: 15–25.

Ogle, D.H., Wheeler, P. and Dinno, A., 2020. FSA: 
Fisheries stock analysis (R package version 
0.8.30). Available at: https://github.com/droglenc/
FSA (accessed 1 Jul 2020).

Oladosu, G.A., Obi, A. and Oladosu, O.O., 2007. Sex 
determination in Heterotis niloticus (Cuvier 1829) 
based on morphometric features. ASSET Ser. B., 6: 
22–30.

Oscoz, J., Campos, F. and Escala, M.C., 2005. Weight-
length relationships of some fish species of the 
Iberian Peninsula. J. appl. Ichthyol., 21: 73–74. 
https://doi.org/10.1111/j.1439-0426.2004.00587.x

Pandian, T.J., 2011. Sexuality in fishes: 1st edn. CRC 
Press, Boca Raton, US.

R Core Team, 2020. R: A language and environment for 
statistical computing. R Foundation for Statistical 
Computing, Vienna, Aus- tria. Available at: https ://
www.R-proje ct.org/ (accessed: 12 Jul, 2020).

Ricker, W.E., 1973. Linear regressions in fishery 
research. J. Fish. Res. Bd. Canad., 30: 409–434. 
https://doi.org/10.1139/f73-072

Scott, W.B. and Crossman, E.J., 1973. Freshwater fishes 
of Canada. Fisheries Research Board of Canada 
Bulletin 184. Gordon Soules Book Publ., Ottawa, 
Canada. 966 pp.

Shine, R., 1989. Ecological causes for the evolution of 
sexual dimorphism: a review of the evidence. Q. Rev. 
Biol., 64: 419–461. https://doi.org/10.1086/416458

Siddiqui, A.Q. and Al-Harbi, A.H., 1997. Effects of sex 
ratio, stocking density and age of hybrid tilapia on 
seed production in concrete tanks in Saudi Arabia. 
Aquac. Int., 5: 207–216.

Silva, M.N. and Gordo, L.S., 1997. Age, growth and 
reproduction of the black goby, Gobius niger, from 
Obidos Lagoon, Portugal. Cah. Biol. Mar., 38: 
175–180.

Ta, T.T., Chu, N.H., Nguyen, N.T., Tran, H.D., Tran, T.T., 
Ha, L.M. and Nguyen, T.N., 2020. Morphometrics 
and body condition of Glossogobius olivaceus 
(Actinopteri: Gobiiformes: Gobiidae) in magrove 
forest of northern Vietnam. Manuscr. Submitt. Publ.

Tesch, F.W., 1968. Age and growth. Methods for 
assessment of fish production in fresh waters. 
Blackwell Scientific Publ., Oxford, UK. pp. 93–
123.

Twilley, R.R., 1988. Coupling of mangroves to the 
productivity of estuarine and coastal waters. In: 
Jansson BO (eds), Coastal-offshore ecosystem 
interactions. Lecture Notes Coastal Estuarine 
Studies. Springer, Berlin, DE., 22: 155–180. https://
doi.org/10.1007/978-3-642-52452-3_7

Wand, M.P., 1997. Data-based choice of histogram bin 
width. Am. Stat., 51: 59–64. https://doi.org/10.108
0/00031305.1997.10473591

Wickham, H., 2016. Ggplot2: Elegant graphics for data 
analysis. Springer-Verlag, New York, US. https://
doi.org/10.1007/978-3-319-24277-4_9

Wu, R.X., Hong, W.S., Zhang, Q.Y. and Chen, S.X., 2009. 
Comparative enzyme activities of the intestinal 
brush border membranes of the herbivorous 
mudskipper Boleophthalmus pectinirostris and the 
carnivorous Chinese black sleeper Bostrichthys 
sinensis. J. Appl. Ichthyol., 25: 571–575.

Zhong, A. and Li, M., 2002. Biological characteristics 
and breeding advances in Bostrichthys sinensis. J. 
Zhejiand Ocean Coll. (Nat. Sci.), 21: 269–272.

https://doi.org/10.1890/1051-0761(1998)8%5bS165:TLOEAP%5d2.0.CO;2
https://doi.org/10.1890/1051-0761(1998)8%5bS165:TLOEAP%5d2.0.CO;2
https://github.com/droglenc/FSA
https://github.com/droglenc/FSA
https://doi.org/10.1111/j.1439-0426.2004.00587.x
https ://www.R-proje ct.org/
https ://www.R-proje ct.org/
https://doi.org/10.1139/f73-072
https://doi.org/10.1086/416458
https://doi.org/10.1007/978-3-642-52452-3_7
https://doi.org/10.1007/978-3-642-52452-3_7
https://doi.org/10.1080/00031305.1997.10473591
https://doi.org/10.1080/00031305.1997.10473591
https://doi.org/10.1007/978-3-319-24277-4_9
https://doi.org/10.1007/978-3-319-24277-4_9

