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Abstract: This study deals with the length-weight relationship and relative
condition factor (Kn) of 2480 specimens of Rhinomugil corsula (Hamilton, 1822),
ranging from 3.5 cm to 29.5 cm total length and 0.40 g to 235.34 g weight,
sampled monthly for two years period from March 2016 to February 2018 from
the Sitakunda Coast of the Bay of Bengal, Bangladesh. Arithmetic form of
equations for length (TL) and weight (W) of fish showed curvilinear relationships in
male: W=0.0081TL3-016, female: W= 0.0083TL3058 and combined sex:
W=0.0076TL3-052) while logarithmic scale showed linear relationships in male: LogW=-
2.122+3.016LogTL, female: LogW=-2.09+3.058 TL and combined sex: LogW=-
2.121+3.052TL. In all the cases the coefficient of correlations between length and
weight were positive and highly significant (P<0.01). The regression coefficient b’
values were found to be 3.01+0.11, 3.06£0.12 and 3.05+0.12 for male, female and
combined sexes, respectively for two years period together. When ¢’ test was done, the
growth was found to be isometric in case of male and combined sex and positive
allometric in case of female. The relative condition factor (Kn) varied from 1.0003-
1.009, 1.001-1.008 and 1.001-1.008, respectively, for male, female and combined sex
in 2016-17, whereas 1.001-1.007, 1.003-1.006 and 0.992-1.008 respectively in 2017-
18. The Kn values were always around ‘1’ or a little bit more than ‘1’ for length groups
as well as monthly, indicating the excellent growth and robustness of fish due to
favorable environmental condition prevailing in the habitat of the fish, in the

Sitakunda coast of the Bay of Bengal.
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INTRODUCTION

Rhinomugil corsula is a Mullet fish, belongs to the family Mugillidae,
commonly known as Corsula Mullet, and locally known as Bata, Khalla or
Khorsula found in the rivers and estuaries of southern Asia, in Bangladesh,
India, Nepal and Myanmar (Froese and Pauly 2018). The fish is very hardy and
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can tolerate a wide range of salinity and temperature, hence, could be suitable
for culture in intertidal ponds of coastal zone. The analysis of the mathematical
relationship between the length and weight of a fish species is very much
necessary in the study of biology, management, and population dynamics of fish
species; as the study of these parameters solve a number of problems related to
the biology of fish such as variation in growth, size at first maturity, gonad
development, and breeding season (LeCren 1951, Ricker 1975 and Chatterji et
al. 1977). Extensive works on length-weight relationship along with relative
condition factor and aspects of biology of different fish species have been done
in the different parts of the world including India and Bangladesh (LeCren 1951,
Doha and Dewan 1967, Shafi and Quddus 1975a,b, Das 1977, Azadi et al
1988, Azadi and Nasiruddin 1990, Azadi et al. 1992, Azadi and Naser 1996,
Celik and Torcu 2000, Kar and Barbhuiya 2000, Mamun and Azadi 2004,
Azadi and Rahman 2007, Azadi and Ullah 2008, Erguden et al. 2009, Azadi and
Arshad-ul-Alam 2011, Parvin et al. 2011, Ranjini and Nandan 2011, Chu et al.
2012, Akter and Akter 2013, Zubia et al 2014, Sharma 2015, Ali et al. 2016,
Moslen and Miebaka 2017, Turker and Bal 2018, Pramanick et al. 2017 and Das
et al. 2018). Some works on the R. corsula from freshwater area have also been
done in India (Ranganathan and Natarajan 1969, Suganun and Vinci 1981,
Fatima 1991, and Fatima and Khan 1993). But no published work was found on
the length-weight relationship and relative condition factor of this commercially
important mullet, Rhinimugul corsula from the southeastern coast of
Bangladesh. Hence, the study on length-weight relationship and relative
condition factor of R. corsula was undertaken in the present investigation. This
study might help to understand the growth pattern and wellbeing of the fish and
health condition of the habitat in the Sitakunda coast of the Bay of Bengal
which is very much needed in fisheries management.

MATERIAL AND METHODS

Collection of samples: Experimental fishes were collected from the three fish
landing stations namely (1) Sitakunda bazar fish landing station (22°37'12°N,
91°46'4’E) (2) Kumira fish landing station (22°30'33"N, 91°41'56"E) and (3)
Bhatiari fishing village (22°2539"N, 91°44'17’E), and sometimes directly from
fishermen catch in the Sitakunda coast. After collection, the fish samples were
brought to the laboratory of the Department of Zoology, University of Chittagong.
Lengths were measured to the nearest centimeter (cm) and weight up to the
nearest gram (g). The fishes were grouped according to sex and those fish which
were too small to identify the sex were considered as combined sex. Samples were
collected monthly, thus a total of 2480 specimens of Rhinomugil corsula were
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collected, where 854 were males, 1482 were females and 144 were unsexed due to
small size. Fish total length and weight ranged from 3.3 cm to 29.5 cm and 0.4 g
to 235.34g, respectively. Of total 2480 fishes, 1231 were collected and examined
during first year, from March 2016 to February 2017 and the remaining 1249
during second year, from March 2017 to February 2018. The L-W data of male
and female fishes were used for the study of length-weight relationship
separately and also for combined sexes for each year and also for two years
together. Sexes of undetermined fishes below 7 cm length were treated under
combined sexes.

Length-weight relationship: The length-weight relationships were calculated
following the non-linear formula of LeCren (1951): W= alLb, Where W= total body
weight (g), L= total body length (cm), a= intercept / constant, b= exponent. This
relationship was also expressed in the logarithmic transformation giving a
straight line relationship, Log W= Log a + b Log L. This equation is same to Y = a
+ bX, where LogW=dependent variable (Y), Log L = independent variable (X), b=
regression coefficient, a= intercept. To get an idea of the relationships (linear,
curvilinear or non-linear) between the length and weight, a scattered diagram
was drawn, after that arithmetic (curvilinear) and logarithmic (linear) graphs
were fitted. The t-test was employed to confirm whether regression coefficient ‘b’

differed significantly from the cube law. All ‘b’ values were subjected to t-test, as
(b-3)
S.E.(b)’

where S.E.= Standard error of regression coefficient ‘b’ and S.E.= sv/n, where,s =

suggested by Johnson and Ndimele (2010) using the following formula: t =

standard deviotion, n = number of sample. All statistical analyses were done using
the software ‘SPSS’ (version-16) and graphs and diagrams for data presentation
were produced using MS Excel (version-2007).

Relative condition factor: To see the effect on body condition due to different
length groups and seasons, monthly and length group wise relative condition
factor’ (Kn) was calculated for male and female sexes separately and also for
both the sexes combined, following LeCren (1951):

Kn=¥v , where Kn=relative condition factor, W=observed weight, and W

=calculated weight

RESULTS AND DISCUSSION
Length-weight relationship: The length and weight of the studied fishes were

significantly correlated with each other in all the months (P<0.01) and the values
of coefficient of correlation (r) ranged between 0.990 and 0.998 for males; 0.991
and 0.999 for females, and 0.990 and 0.998 for combined sex.
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Curvilinear and linear relationship was observed in arithmetic and logarithmic
expression of length-weight relationship respectively, for male, female and combined
sex in both first (2016-17) and second year (2017-18) (Table 1) as well as in the
combined data of both the years (2016 -18) (Figs. 1 and 2). Similar relationships
between length and weight of R. corsula but collected from freshwater reservoir
and rivers were also recorded by many authors (Mortuza and Rahman (2006),
Fatima (1991), Suganun and Vinci (1981), Ranganathan and Natarajan (1969) in
different parts of the world. The rate of change of weight relative to length was
slightly different for males than that of the females in 24 months of the study.
The regression coefficients (b) were 3.01+0.11, 3.06+0.12 and 3.05%0.12,
respectively, for males, females and combined sex, indicated that the growth of
male was slightly slower than that of the females. The growth rate of both sexes
was slightly more than that of the cube of length as the b’ values for males and
females were greater than 3. The b’ values varied from 2.834 to 3.17, 2.837 to
3.216, and 2.856 to 3.193, respectively, for male, female and combined sex in
2016-17 (first year); whereas 2.855 to 3.223, 2.957 to 3.322, and 2.905 to
3.216, respectively, for male, female and combined sex in 2017-18 (second year).
Different authors reported different ranges of b’ value for different fishes. Hile
(1936) and Martin (1949) reported the exponent varying form 2.5-4.0 for fishes,
whereas Raja (1967) found a range of 2.0-5.4 in marine teleosts. Ranganathan
and Natarajan (1969) reported an overall b’ value 3.002 and 3.175 for R. corsula
from Sathnur Reservoir and Krisnagiri Reservoir, India. Carlander (1977) stated
that b’ value will remain within 2.5 to 3.5 if the data are real and calculated for
large number of fish randomly. According to Carlander (1977) <2.5 or >3.5
values of ‘b’ indicate the small numbers of data or data were collected
erroneously. Suganan and Vinci (1981) reported an overall ‘b’ value of 2.958 at
Nagarjunasagar Reservoir of India. Fatima (1991) reported the ‘b’ values of male,
female and combined sex of R. corsula to be 2.767, 2.987 and 2.986, respectively
from the River Yamuna, India; whereas, Mortuza and Rahman (2006) reported
the b’ values to be 2.941, 3.008 and 2.984 for R. corsula from Padma River in
Rajshahi, Bangladesh. The theoretical value of regression coefficient (b) in
length-weight relationship is reported as 3, when the body form of fish remains
constant (hypothetical ideal fish) at different length, i.e., growth is isometric and
the weight will be proportional to the cube of length if the fish does not change
form or density as it grows (Allen 1938). But in natural condition most of the
fishes do not follow the ‘cube law’ as the specific gravity, body shape or body
outline of the fish changes in different phase of growth and season (Rousenfell
and Everhart 1953). If the value of ‘b’ deviates from the ideal value (3) then it is
called allometric growth, thinner and heavier fishes have the ‘b’ value below and
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above 3, accordingly called negative and positive allometric growth respectively
(Grover and Juliano 1976, King 2007). The variation in the estimates of the
coefficient ‘b’ from expected value of ‘3’ (cube law) was tested by ‘t-test’. No
significant difference were found between the b value of male (t = 0.482, df = 23,
P>0.01) and combined sex (t = 2.216, df = 47, P>0.01) with cube law but for
female significant difference (t = 2.623, df = 47, P<0.01) was observed. Hence,
the growth of male and combined sex was considered as isometric, whereas, that
of female was found to be positive allometric, indicating the good environmental
condition of the fish habitat at the Sitakunda coast. In all other previous studies
(Mortuza and Rahman 2006, Fatima 1991, Suganan and Vinci 1981,
Ranganathan and Natarajan 1961) where R. corsula were collected either from
large reservoir or from rivers, the exponent was less than the present study
suggesting that the estuarine habitat of the coast of Bay of Bengal in Sitakunda
provided a better environment for R. corsula. Sex related difference of the
exponent ‘b’ was very much evident in the present study — the values of b’ for
females were greater than those of the males. Differences in gonad development
or other physiological changed between sex of fishes may influence in sex related
difference in weight of a given length (Fatima 1991). In the present study female
fishes had higher b’ values during the breading season of the fish (June to
October) agreed the findings of Fatima (1991).

Table 1. Length (TL)-Weight (W) relationships of male, female and combined sex of R. corsula
in arithmetic and logarithmic scale at Sitakunda coast during two years study period
(2016-17 and 2017-18)

Year Sex Arithmetic Logarithmic SE(b)+
2016- Male W=0.0081TL3-01 LogW = -2.093+3.01LogTL 0.0332
17 Female W=0.0076TL3-05 LogW = -2.119+3.051LogTL  0.037

Combined = W=0.0084TL3-007  LogW = -2.075+ 3.007LogTL  0.033

2017- Male W=0.0081TL3019  LogW = -2.094+3.019LogTL  0.033
18 Female W =0.0076TL3066  LogW =-2.121+3.066LogTL ~ 0.033
Combined  W=0.0086TL3013  LogW=-2.068+ 3.013LogTL  0.026

2016- Male W=0.0081TL3-016  LogW= -2.122+ 3.016LogTL  0.023
18 Female W= 0.0083TL3058  LogW= -2.09+ 3.058LogTL 0.025

Combined = W=0.0076TL3052  Log W =-2.121 + 3.052TL 0.020

Relative Condition factor: The ranges of relative condition factor (Kn) were
1.0003-1.009, 1.001-1.008 and 1.001-1.008, respectively, for male, female and
combined sex during 2016-17, whereas 1.001-1.007, 1.003-1.006 and 0.992-1.008
respectively during 2017-18. Yearly, the highest Kn value was found in males of
2016-17 and combined sex of 2017-18, whereas, the lowest Kn value was obtained
in females of 2016-17, and males and females of 2017-18 (Table 1). The relative
condition factor (Kn) of a fish can be influenced to varying extent by several factors.
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Fluctuations of Kn’ values might occur due to factors such as condition of
environment, seasonality, abundance of food, maturity stages, size range, ages, sex,
increase or decrease in feeding activities, amounts of accumulated fats and effect of
parasites (Pervin et al. 2011, Zubia et al. 2014). But majority of the authors reported
that monthly fluctuations in Kn’ are closely related to the sexual cycle of the fish,
and the fluctuations in the Kn’ values are due to fluctuations in the weight of
gonads before and after the spawning (LeCren 1951, Morrow 1951 and Sarojini
1957). However, other workers have suggested the feeding rhythm of fish is more
closely related to monthly fluctuations of Kn and these fluctuations are independent
of reproductive cycle (Hile 1948, Qasim 1957, Bal and Jones 1960). Generally, the
gonad related weight gain during pre-spawning period cause the increase in ‘Kn’
values and when the ovary of fishes become spent, consequently the weight and
physical condition of fish decline, hence the Kn’ value falls sharply.

Table 2. Relative condition factors of male, female and combined sex of R. corsula during the
study period

Type and Sample Relative condition
Year numbers factor
Type Number Mean +SD
Male 428 1.007£0.10
2016-17 Female 741 1.005+0.11
Combined 1231 1.006+0.11
Male 426 1.005+£0.09
2017-18 Female 741 1.005+0.11
Combined 1249 1.007+0.11

In all cases (male, female and combined sex), immature fishes showed more or
less high Kn’ values, which continued to decline gradually as the length
increased up to 19-21 cm in males and 21-23 cm in females and combined sex
(Fig. 3). The peak of Kn’ value was observed in 23-27 cm length class which
started from 19-21 cm length in male fish but no decline of ‘Kn’ value from peak
was observed (Fig. 3). The apparent incompleteness of the curve in male R.

corsula beyond 23-27 cm length class is probably due to the non-availability of
specimens of more than 27 cm length in the samples. Like other fishes, R.
corsula showed high ‘Kn’ values during immature stage (Fig. 3) due to higher
rate of feeding and growth during this stage (Qasim 1957, Menon 1950), as they
grew ‘Kn’ value tend to decline gradually (Fig. 3). But before maturity, the
metabolic rate might have increased due to pre-spawning fat deposition and
gonad development (Gowda et al. 1987), as a result, the weight of fish increased
quickly in mature fishes (19-21 cm in male and 21-23 cm in female and
combined sex) (Fig. 3) and the highest value of ‘Kn’ was observed during this
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Fig. 1. Length-weight relationship (arithmetic) of male (a), female (b) and combined sex (c) of R.
corsula from Sitakunda coast during 2016-18.
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Fig. 2. Length-weight relationship (logarithmic) of male (a), female (b) and combined sex (c) R. corsula
from Sitakunda coast during 2016-18.

stage for both males (23-27 cm) and females (25-27 cm) as well as in combined
sex (25-27 cm) (Fig. 3). Fatima (1991) found peak in 26.1-28.0 cm and 30.1-
32.0 cm length classes, respectively for male and female R. corsula. Monthly
fluctuations in the ‘Kn’ values were observed throughout the 24 months of
investigation for both male and female as well as in combined sex (Fig. 4). In all
cases, annual data of the two consecutive years showed variations, but a more
or less generalized trend was followed — raise of Kn’ values from pre spawning
season (June) to spawning season and a gradual decline was observed from late
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spawning season to post spawning season (Fig. 4). For males, the highest peak
of Kn’ was recorded in August 2016 and 2017, whereas for the females, the
highest peaks were observed in November 2016 and October 2017, respectively
during the two years study period that fell in the peak spawning season. The
results (Fig. 4) clearly indicated that fluctuation patterns of ‘Kn’ values are more
or less similar in both sex, suggesting almost similar metabolic activity in males
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Fig. 3. Relative condition factor (Kn) of different length class of male and female R. corsula.
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Fig. 4. Monthly variations of relative condition factor of male, female and combined sex of R. corsula
during 2016-17 and 2017-18.

and females (Fatima 1991). The conspicuous appearance of matured fish
between April and August may have given rise to ‘Kn’ values anf extended
spawning season might cause the fluctuations condition factor of fish. Findings
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of the present study are in close agreement with the findings of Fatima (1991) in
R. corsula and Morrow (1951) in Longhorn sculpin, who had reported that the
initial peak of the Kn’ values, which appeared at the beginning of the spawning
season might be related to the pre-spawning growth of the gonads. Similar
observations have also been made by Pillay (1954), Sarojini (1957), Gowda et al.
(1987) for different species of mullets. The study of relative condition factor has
been used to compare the pulpiness of fish. It is used to compare the weight of
fish against a standard calculated weight to ascertain the condition of fishes
compared to the standard condition. As the monthly mean condition factor
never went below one (1.0), it can be concluded that the health condition of R.
corsula collected from the Sitakund coast of the Bay of Bengal was good,
indicated a good and healthy condition of the environment.

CONCLUSION

In fisheries management, information on length-weight relationships for a given
species could be used in setting up yield equations (Beverton and Holt 1957,
Ricker 1958). In fish yield measurement from a water body and in regulation of
fisheries through construction of desirable mesh-size of the fishing gear in
response to the market demand for a fish not having less than a marketable size
and weight-the knowledge of length-weight relationship for a given species could
be of practical utility in fisheries practices (King 2007). The relative condition
factor is an important tool for investigating the body condition and the general
well-being of a fish (Hossain et al. 2000) in its environment. This may vary with
food abundance and the average reproductive stage of the fish stock (King 2007),
and also parasitic infections and physical factors reflecting recent physical and
biological circumstances (LeCren 1951).
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