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Abstract | To study length-weight relationship (LWR) and length-length relationships (LLRs) of farmed
Catla catla, thirty fish specimens were collected from a fish farm located at Muzaffargarh, Pakistan during
January, 2019. Total length (TL), standard length (SL), fork length (FL) and body weight was taken of each
fish specimen. Mean TL and body weight (W) of studied fish specimens of C. cat/a was found 49.14+1.58
cm and 1775.29+191.18 g, respectively. Results of regression analyses revealed highly significant (P < 0.001)
correlation for LWR and LLRs in farmed C. cat/a. Value of exponent 4 was found 3.23 in LWR of farmed C.
catla indicating positive allometric pattern of growth in C. catla. While, in LLRs, b-value was observed 1.00
or close to 1.00, indicating isometric pattern of growth in SL and FL with an increase in TL for the studied
fish species. Mean condition factor value was found 1.49+0.04 in the present work. Results of this work will
be useful for fishery biologists and fisheries management.
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Introduction frequently demonstrated with linear regressions by

using logarithm to predictor and response variables.
The significance of predicting LWRs in fish has
been highlighted by different workers. It offers data
about the habitat conditions, fish morphological
characteristics, fish condition and fatness, life history,
general health, growth pattern and fish age structure

Fish is a crucial nutritional constituent due to
its high protein level. Fish body weight and
total length are two valuable empirical measures in
population calculation and commonly, in the studies
of stock assessment and ecosystem biology (Jellyman

et al., 2013). Fish weight can be assessed from total
length whether the length-weight relationships
(LWRs) are already documented for the studying fish
species (Froese e al., 2011).

Length-weight relationships (LWRs) provide useful
information for fishery management for both applied

and basic purposes (Xiong ez a/., 2018). LWRs are

(Froese, 2006; Ogle, 2016). Moreover, it also allows
fishery scientists to estimate weight of fish when it
was difficult due to technical and field limitations and
to simulate fish population dynamics and modeling
food webs (Hilborn and Walters, 2001; Jellyman ez
al., 2013). Today it is indispensable to build fisheries
management on solid stock assessment of the fisheries
resources and therefore, basic data on biology and
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stock size of key species are urgently needed (Chen
et al., 2020).

LWR might show variation over seasons (De Giosa
et al., 2014). It is claimed that slope value (4) and
growth pattern can differ during different time
intervals demonstrating the gonads stages, condition
of appetite, and fullness of stomach, as /-value is
influenced by numerous abiotic and biotic factors

(Zaher et al., 2015).

Furthermore, length-length relationships (LLRs)
are important for fisheries management and for
population growth relative studies (Moutopoulos
and Stergiou, 2002). Condition factor (K) is another
significant biometric tool that is derived from LWRs
(LeCren, 1951). K-value defines the deviance of mean
weight of fish in a population for measurement of
appropriateness of water environment for fish growth

(Mensah, 2015).

The aim of the present study was to assess LWR,
LLRs and condition factor of a major carp, Catla
catla during winter season from farming system of

Muzaffargarh, Pakistan.
Materials and Methods

A total of 30 fish specimens of a major carp, Catla
catla were collected by using drag net from Punjab
Fish Farm (Latitude: 30.320432°N, Longitude:
71.361564°E) located near Muzaffargarh, southern
Punjab, Pakistan. Individual body weight (W, g) of
C. catla was recorded to the nearest 0.01 gram. Total
length (TL, cm), standard length (SL, cm) and fork
length (FL, cm) were measured to the nearest 0.1
centimeter.

The mathematical formula of the correlation
between fish TL and W can be designated by power
function. The length-weight relationship (LWR) was
performed using the formula W= aTL’. Data were
also transformed into logarithm: log W= log a + & log
TL where a is constant, and 4 is slope of the linear
regression that sets the allometric pattern of growth

(Froese, 2006).

Moreover, length-length relationships (LLRs)
were calculated by the technique of least squares to
fit a simple linear regression model by taking the

equations; SL=a+bTL,FL=a+bTLand SL=a+5

FL.The 95% confidence interval (CI) was determined
for parameters “a”and “4” (Froese, 2006). In addition,
condition factor (K) was assessed by using formula, K

= W/TI?x100.
Results and Discussion

Total, standard and fork lengths of Catla catla in
this study were ranged 46.10-51.50, 37.50-42.00
and 40.00-45.50 cm, with mean values 49.14+1.58,
40.13+1.39 and 43.19+1.47 cm, respectively. While,
body weight of C. catla was ranged 1500.00- 2121.38
g with mean value 1775.29+191.18 g.
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Figure 1: Length-weight relationship for log-transformed data of
farmed Catla catla.

'The relation between TL and W is exponential taking
the general equation Y = aX?, or W=aTL’. When the
data were converted to log form and plotted, a linear
correlation was achieved (Figure 1). Log-transformed
regression equation for the present study is as follows:

Log W=-22227 + 3.2342 Log TL

Length-weight relationship (LWR) was found highly

significant with the coeflicient of determination (%)
value 0.934 for Catla catla. Slope () value in this

relationship was found 3.23 during winter season.

Detailed statistics on the length-length relationships
(LLRs) for Catla catla collected from Muzaffargarh,
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Pakistan, are presented in Table 1, providing estimates
for the equation parameters “2” and “4” along with the
respective 95% confidence intervals and the coefficient
of determination. In LLRs, all regressions were also
highly significant (P < 0.001), with the coefficient of
determination (%) ranging from 0.855 to 0.928. Value
of coefficient 4 in these relationships was remained
between 0.97 to 1.00. Whereas, condition factor value

was ranged from 1.41 to 1.56, with a mean 1.49+0.04.

Table 1: Regression parameters and associated statistics

for length-length relationships of farmed Catla catla

during winter season.
a b

SL=4a+4TL -0.0826 1.00

FL=4+6TL 0.0009 0.97

SL=4+6FL 0.0038 0.98

95% Cl of a 95% CI of b 1

-0.3513 t0 0.1862 0.84 to 1.16 0.855
-0.2874t0 0.2892 0.80to 1.14 0.828
-0.1681 to 0.1757 0.87 to 1.08 0.928

a: intercept; b: slope; Cl: confidence intervals; r: coefficient of
determination.

'The high coeflicient of determination values achieved
in the calculation of LWR and LLRs in the present
study reduced ambiguity (Nallathambi ez a/., 2020)
and indicated a good quality of the prediction and
small dispersion of the data (Correia ez a/., 2018) for
linear regression in the observed fish specimens of
Catla catla.

In the present work, value of parameter “4” in the
LWR remained 3.23, hence falls within the normal
range i.e. 2.50-3.50 (Froese, 2006; Hanif ez a/., 2017).
If specific gravity of a fish persist same and holds
unchanged shape throughout life, growth pattern is
denoted as isometrically and value of “b” would be
equal to 3.0 (Wootton, 1990). However, in the present
study, 4 > 3, indicated positive allometric pattern of
growth in Catla catla that means large fish samples
have grown more in weight than in length and
robustness of large-sized specimens; or large samples
were in good nutritional environments at sampling
time (Froese, 2006). The results of the present
study are in agreement with the study of Singh and
Lakhwinder (2015), who have also reported /-value
3.20 for C. catla, and with the results of Hanif ez a/.
(2020) who have documented this value 3.21 in a
cyprinid fish species (Glossogobius aureus) indicating
positive allometric growth pattern. On the other
hand, Kartha and Rao (1990) and Ishtiaq and Naeem
(2016) have documented isometric growth in C. cat/a,
representing large samples have the same condition
and shape as small samples. The detected variation

could be clarified by various factors including number
of samples, size, gonadal development, temperature
(Macieira ez al., 2008), season (Yeasmin ez a/., 2015),
sex (Nacem ez a/., 2010) and feed availability (Ishtiaq
and Naeem, 2016; Igbal and Naeem, 2018).

Value of exponent 4 in LLRs for C. catla, remained
1.00 or very close to 1.00 representing that standard
length (SL) and fork length (FL) is growing
isometrically in relation to total length of C. cat/a in
this study. This indicates that SL and FL is increasing
with the same proportion with an increase in TL of
the fish. Similarly, SL also showed isometric pattern
of growth with an increase in FL for farmed C.
catla. Additionally, it can be inferred from the mean
condition factor value that fish is in good condition
as overall fitness for fish species is assumed when
condition factor (K) value is equal or close to 1.

Conclusions and Recommendations

'The high value of coeflicient of determination (%) for
LWRs and LLRs in the present study represented
small dispersion and good predictive power of the
data. Moreover, parameter 4 > 3.0 (positive allometic
pattern of growth) in the estimates of LWR for farmed
Catla catla during winter season, is the indication of
highly nourished adult specimens.
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