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ABSTRACT
Length-weight relationship and relative condition factor (Kn) of greenback mullet Liza subviridis (Valenciennes, 1836) were 
estimated from 2286 samples (635 males and 1651 females) collected from the Pinang River Estuary, Balik Pulau, Penang 
from March 2013 to February 2014. The length-weight relationship and growth pattern were: W = 0.0117 L2.9989 (isometric) 
for  pooled samples (male and female together), W = 0.0157 L2.8787 (negative allometric) for males and W = 0.0109 L3.0284 
(isometric) for females. Independent t-test showed that female b value was higher than that of the males (p<0.05) with 
no significant difference between the wet and dry seasons (independent t-test, p>0.05). The mean Kn of L. subviridis was 
1.01±0.13; however, no significant difference was detected between  wet and dry seasons and between male and female 
samples (independent t-test, p>0.05).
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Length-weight relationship and coefficient of 
condition provide useful information for understanding 
the biology and ecology of fish in terms of estimating the 
average weight corresponding to a known length group 
(Froese, 2006) and in evaluating the relative well-being 
of a fish population (Bolger and Connolly, 1989). This 
in turn would provide  inputs for development of stock 
assessment models for  sustainable management of fish in 
an aquatic ecosystem (Mendes et al., 2004). The length-
weight relationship of fishes belonging to the family 
Mugilidae have been extensively studied worldwide 
(Moorthy et al., 2003; Lawson and Jimoh, 2010; Dankwa, 
2011; Renjini and Nandan, 2011; Gondal et al.,2014). 

The present study was undertaken to establish the 
length-weight relationship and relative condition factor of 
Liza subviridis (Valenciennes, 1836)  in a small estuarine 
area of Pinang River Estuary, Balik Pulau, Penang, 
Malaysia, which is subjected to various anthropogenic 
activities. A few researchers have studied the same species 
in the Merbok Estuary of Kedah (Nor Aziella, 2012) and 
in the Vellar Estuary of India (Rahman et al., 2013). 
However, these studies were conducted in large estuarine 
systems with less anthropogenic effect compared to the 
Pinang River Estuary considered in this study. A total 
of 2286 samples of L. subviridis were collected from 
March 2013 to February 2014 using gill net and cast 
net. The study site experienced wet season from June 
to November 2013 and dry season from March  to May 
2013 and December 2013 to February 2014 (Malaysian 

Meteorology Department, 2013; 2014). L. subviridis was 
identified  from the morphometric and meristic features as 
per  Harrison and Senou (1999) and  Nor Aziella (2012). 
The total length of the fishes  sampled were measured to 
the nearest 0.1 cm using measuring board and weighed 
to the nearest 1 g using a portable scale (OHAUS model 
LS2000). The shape of the anus was used to differentiate 
the sex, which was further confirmed by examining the 
gonads after  dissecting the abdomen.

The length-weight relationship was calculated as  
W = aLb (Froese, 2006), where W is total weight (g), L is 
total length (cm) (from the tip of the snout to the tip of caudal 
fin), a is constant proportionality (intercept value) and b is 
allometry coefficient (slope). The allometric equation was 
then changed to the linear form as: ln W = ln a + b ln L. 

The equation is the same as the linear equation Y = c + mX, 
where ln W and ln L equals Y and X and ln a and b 
represent the intercept and slope of the graph.

The following equation from Pauly (1984) was used 
to test whether the value of b calculated was significantly 
different from the cubic law (3): 

where, sd ln L and sd ln W are the standard deviations of the 
ln length and weight. The value of b is significantly different 
from the cubic law if the t calculated is greater than the 
t distribution table value for n-2 degrees of freedom.
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The confidence limit of population of L. subviridis 
was calculated based on formula by Zar (2010):

b ±(t 1 - α/2, n-2).√[S²/(n-2) (SD TL)]

where b is the slope calculated from the length-weight 
relationship, S2 is the mean square error and SD TL is the 
standard deviation of total length.

The relative condition factor (Kn) was calculated 
using the following formula, Kn = W/W’ (Le Cren, 1951), 
as cited by Froese (2006), where W is the total weight 
(g); W’ is aLb, where a and b are the intercept and slope 
obtained from length-weight equation. 

Independent samples t-test was computed for 
comparing all the dependent variables (b value and Kn 
of fish) calculated with seasonal factors of the dry and 
wet season and the gender factors (male and female). 
Statistical analyses were performed using SPSS software 
v20.

The length-weight relationship analysis showed that 
the b values for all individuals, males and females were 
2.999 ± 0.005, 2.879 ± 0.004 and 3.028 ± 0.005 respectively. 
The calculated b value was within the suggested range of 
Froese (2006), i.e., in the range of 2.5>b<3.5. The mean 
b value of the females was higher than that of the males 
(t-test, p<0.05). A higher b value in the females was also 
observed by Rahman et al. (2013). Oren (1981) indicated 
that during spawning, the sex ratio of 1 female to 4 males 
was spotted for striped mullets, where the female was 
much larger than the males. The higher b value observed 
in females was due to the weight of the ripe ovary that has 
affected the length-weight relationship (Hossain, 2010).

Statistical analysis showed that there was no 
significant difference detected for the b values of all 
samples and females from the cubic law b = 3 (p>0.05), 
suggesting that the fish experienced isometric growth. The 
b value of the males was significantly different from the 
cubic law (3), indicating that the fish experienced negative 
allometric growth. A similar growth pattern was observed 
by Rahman et al. (2013) for L. subviridis in Parangipettai 
waters of India, but a different result was observed by Nor 
Aziella (2012) in Merbok Estuary of Kedah (negative 

allometric for males, females and combined sex). Merbok 
Estuary in comparison to the Pinang River (which is 
shallow and a small microtidal estuary) is a large macrotidal 
system with high productivity (Khairun, 2004) as well as 
high predatory density. Long periods of exposure towards 
high predatory density would have altered the behavioural 
patterns (e. g. decrease in feeding activity) leading to 
poor physiological condition (Laakkonen, 2006). This 
situation would certainly affect the growth pattern of the 
fish population inhabiting the area. 

It was observed that the b values for the wet season 
were relatively higher compared to that of the dry 
season, but this difference was not statistically significant  
(Table 1). The difference in b values for fish population 
does not depend on a single factor, e.g. seasonal 
variations. Instead, it is a combination of various factors 
(Froese, 2006). The difference in the b value could 
be the combination of i) condition of the fish sample,  
e.g. stages of gonad development (Froese, 2006);  
ii) sampling procedure, e.g. number of samples and 
length ranges of the samples collected (Hossain, 2010); 
and iii) environmental characteristic of the habitat,  
e.g. productivity condition of the water (Jyrwa, 2015). 

A higher Kn value was observed in the females 
compared to the males. This result is in agreement with 
previous studies by Wijeyaratne and Costa (1987) on L. 
subviridis and by Das (1977) on Mugil cephalus. Das 
(1977) and Oren (1981) reported that the higher condition 
of females than males could be attributed to the heavier 
weight of the ovaries in females compared to the testes 
in males.

There was no significant difference in Kn values 
between dry and wet seasons. Generally, the seasonal 
variation in the coefficient of condition of a fish species is 
attributed to the food availability and ripening of gonads 
during the pre-spawning period (usually during the onset 
of wet season) (Froese, 2006). However, a different 
situation was observed in Pinang River Estuary as there 
were no obvious differences between the wet and dry 
seasons in terms of environmental parameters measured 
(Nurul Ruhayu, 2010) and hence  there might not be 
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Table 1.  b values of L. subviridis between wet and dry seasons within the twelve months sampling.

Season Months b (±95% CL) Season Months b (±95% CL)

Wet Jun-13 2.950 ± 0.005 Dry Dec-13 2.644 ± 0.004*
Jul-13 2.872 ± 0.004 Jan-14 2.589 ± 0.005*
Aug-13 2.980 ± 0.005 Feb-14 2.763 ± 0.005*
Sept-13 2.856 ± 0.002 Mac-13 2.856 ± 0.003
Oct-13 2.831 ± 0.003 Apr-13 2.617 ± 0.004*
Nov-13 2.848 ± 0.003 May-13 2.707 ± 0.003*

*Indicates significant difference from cubic law (3) at p < 0.05; b (slope) with ±95% confident limit (CL); SD - standard deviation. 
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much difference in the condition and the amount of food 
available during both seasons.

Intra and inter-species difference was reported in the 
coefficient of condition due to the individual biology of 
the fish viz., gonad maturation process in male and female, 
body size, accumulation of lipid and muscle growth 
(Barnharm and Baxte, 1998), environmental conditions 
of the habitat such as different salinity regime (Nehemia 
et al., 2012) and different length class that had been 
sampled during the study period (Mbaru et al., 2011; 
Shukor et al., 2008).

Pinang River estuarine area is still conducive to 
support the growing population of L. subviridis inhabiting 
the area. But the authorities have to bear in mind that 
the decline of fish diversity in this area (especially the 
predatory species) due to high impact of anthropogenic 
activities in the surrounding area will eventually lead to 
the decline of this species as well. Results of the present 
study will help to initiate awareness on the importance of 
improving and maintaining the condition of an estuarine 
area in order to maintain good well-being of fish population 
inhabiting the aquatic ecosystem.	
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