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ABSTRACT

KEYWORDS

The study describes the main biological characteristics such as length-weight relationship, sex ratio, Fulton 
condition factor ‘F’ and relative condition factor ‘Kn’ for Caranx ignobilis along the southwest coast of India during 
2018-2020. The length-weight relationship for C.ignobilis was analyzed by the cube law and was found to be 
0.0219, 2.86, and 0.9534 respectively for a, b, and r values. The value of r obtained from the relation W=a Lb 
holds a strong relationship with the length and weight. The sex ratio of C.ignobilis was found to be 1:0.7 which was 
slightly biased towards males with Chi-square showing a significant difference (p<0.05) from the expected ratio 
of 1:1.Fulton condition factor studied for the species at different months varied from 1-1.9 with an average of 1.3 
implies an overall biological condition of the fish in good health. The observed result of the relative condition factor 
of C.ignobilis is also found to be > 1 which signifies the good health condition of the species in its present habitat.
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In fisheries, effective management and conservation strategy 
need the utmost knowledge of several aspects like length-
weight relationship, sex ratio, and condition factors of the 
species. These factors should be studied in detail, as they 
provide much important information such as growth, well-
being, fitness, and overall health of the selected species. 
The length-weight relationship is one of the most important 
parameters to be concerned in fishery management, 
whenever a stock has been selected for scientific studies. 
Length-weight regression has been used mainly for 
stock assessment models and also to predict the present 
and future possibilities of fish stock. This relationship is 
important in fishery science to raise the length frequency 
data to the total catch. The relation of length to weight can 
be expressed mathematically by the equation W=aLb (Le 
Cren,1951). Length-weight variables may differ between 
sexes and between stocks or those belonging to different 
geographical regions. LWR parameters a and b are used 
to evaluate the weight of individual fish from its length, to 
calculate condition indices, and to compare the life history 
and morphology of populations belonging to various 
regions (Sani et al., 2010). The morphometric relationships 
between length and weight can be used for the assessment 
of the well-being of individuals and to determine possible 
variation between separate unit stocks of the same species. 
Variable a is used as the scaling coefficient for the weight 
at length of the fish and variable b is used as the shape 
parameter for the body form of the fish (Kuriakose Somy 
,2017).The value of b may change during various time 
phases which shows the fullness of the stomach, general 
condition of appetite, and stages of gonadal development 
(Zaher et al., 2015). The sex ratio provides basic information 
to assess the reproductive potential and to estimate the 
stock size of fish populations. The study on sex ratio gives 
an idea about sex viability, segregation, and aggregation 
of sexes according to their feeding, breeding, or migratory 
behavior. The condition factor which shows the biological 

condition or well-being of the fish in its present habitat is 
also an important parameter whenever a fish population is 
considered for stock studies. It is also called the ‘coefficient 
of condition’ or length–weight factor- K which is a 
measure of various ecological and biological factors like 
the degree of fitness, gonad development, and the fitness 
of the environment concerning the feeding condition (Mac 
Gregoer, 1959). The condition factor is used to compare 
the condition fatness or well-being of fish and it is based 
on the supposition that heavier fish of a given length are 
in better condition. The condition factor is a useful index 
for growth and feeding measure (Oribhabor et al., 2011). 
We can also compare the growth condition of the fish by 
studying the relative condition factor of the species (Kn). 
A good condition of the fish will be represented when Kn 
>1 and when Kn is less than 1, it indicates poor growth 
condition. The value of Kn varies based on many factors 
like feeding intensity, spawning periodicity, breeding 
pattern, and numerous factors like stress, sex, season, water 
quality parameters, and other environmental factors (Khalaf 
et al., 2003). The present work is on C. ignobilis which is a 
highly prized marine carangid fish that grows up to a length 
(TL) of 170cm and 80 kg by weight. This is regarded as a 
species of high mariculture potential (E.M Abdussamad., et 
al 2007) and economic importance, and there have been no 
other studies regarding the length-weight relationship, sex 
ratio, and condition factor of these species. So, the study on 
length-weight relationship, sex ratio & condition factors of 
C. ignobilis can greatly aid the fishery sector and scientific 
researchers who have been working in this field. 

546 Samples of the species C. ignobilis were collected from 
the southwest coast of India  mainly from Kanyakumari 
coast (8° 14’ 13.09172 N , 77° 9’ 50.17102 E) of Tamil 
Nadu and Vizhijam  coast ( 8° 23’N,8.2388 E) of Kerala. 
The samples were collected from a depth of 30m with 
different types of gears mainly hook and line and trawl net. 
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3. Results and Discussion

Fig. 1. Site map of south west coast of India 
(Vizinjam and Kanyakumari)

The species of C.ignobilis was identified using the key for 
the carangid   family. Measurements were taken The total 
length (TL) of the fish in cm was taken from the tip of the 
snout to the end of the caudal fin using a measuring tape in 
cm, and the weight of the fish in g was taken using a digital 
weighing balance.
2.1 Length-weight estimation
The estimation of the length-weight relationship of the fish 
under study was calculated using the equation W= a Lb (Le 
Cren, 1951) where W = body weight of the fish (g), L= 
total length of the fish (cm); and ‘a’ and ‘b’ are the intercept 
and the slope respectively. This equation can be linearized 
by logarithmic transformation to give W = log a + b log 
(L). The statistical analysis, and the linear regression for 
estimating the b and coefficient of determination i.e. R2 
values were done using MS Excel software. In computing 
linear regression between the length and weight of the 
collected fish samples, the confidence limit was set to 95 
%. To compare the pattern of growth, the value of b was 
confirmed by the equation t=b-3/Sb (Sokal and Rohlf 1987), 
where t S is the test value, b = mean parameter of all the 
LWR, and Sb =standard error. Comparison of the t-test value 
with the critical table value in the t-table will allow the 
determination of the b value from the ideal value of 3.
2.2 Sex ratio
Males were distinguished from females by examining the 
gonad structure. The sex ratio was determined by dividing 
the number of females by the number of males. The chi-
square test was used to analyze whether the proportion 
of females possesses any difference from the proportion 
of males. The null hypothesis was tested for the results at 
p (0.05) and the degree of freedom as 1. Chi-square (χ²) 
verifies the existence of any significant differences between 
the sex ratio of the species which is commonly expected to 
be 1:1.
χ² = ∑ (O-E)2/E

χ² : Chi-square test, O : observed values, E : expected values
2.3 Fulton’s condition factor 
The condition factor which shows the relative fatness and 
well-being of the fish was determined by Fulton’s formulae 
K = 100* W/L3, Froese (2006) where W = weight (g), L = 
length (cm) and 100 is a factor to bring the value of k near 
unity.
2.4 Relative condition factor
The relative condition factor of the fish is studied to assess 
the health of the species. It is defined using the formula Kn 
=Wo/Wc, where Wo is the observed weight of the fish, and 
Wc is the calculated weight of the fish (Le Cren,1951).

The statistical analysis of the length-weight relationship for 
Caranx ignobilis was found to be in positive correlation 
with the linear equation expressed as Log W=0.021+ 2.86 
Log X. The value of intercept (a) = 0.021 and the slope 
(b) =2.86 and the value of r2 was found to be 0.953 which 
implies a strong relationship between the length and weight 
of the fish. For a fish to be in isometric growth the b value 
should be 3. The b value for C.ignobilis was statistically 
confirmed using a t-test and was found to be significant. The 
growth pattern of C.ignobilis shows negative allometric 
ie, b=-2.86. This decrease in the value of slope (b) may 
be due to many reasons as the value of b is dependent on 
biological, geographical, temporal, and sampling factors 
(Bagenal & Tesch 1978; Froese 2006). Wetherbee et al, 
2004 found a similar b value for C.ignobilis in Hawaiian 
water which is -2.76, likewise supporting the negative 
allometric growth pattern of these species. The result of the 
present study also supports the views of Le Cren (1951) 
and Chauhan (1987) that a fish normally does not retain the 
same shape or body outline throughout their lifespan, and 
the specific gravity of tissue may not remain constant and 
so the actual relationship may depart significantly from the 
cube law. This variation in the value of slope or b value may 
be due to sampling size variation, life stages, geographical 
differences, and environmental factors.
The values of the sex ratio obtained for each month 
during the two years for the pooled data of corresponding 
months are shown in table 1. Analysis of the sex ratio of 
males to females was found to be 1:0.7, and chi-square 
analysis revealed that there is significant variation from the 
expected ratio of 1:1with χ2 =7.7, which is greater than the 
critical value of 3.8. In the month of May also the ratio 
was significant with a sex ratio 1:0.4 and χ2 value 5.142. 
In all other months except July (sex ratio 1:1) and May, 
the sex ratio was found to be fluctuating around 1:1 but 
not deviated significantly when chi-square values were 
observed. It seems to have male dominance in all the 
months (except in July and September) signifying the male 
preponderance in this species during the study. September 
is the only month that shows female dominance. But the 
chi-square value in September was 0.125 which is less than 
the critical p-value and hence found to be non-significant. 
In the month of May, only the sex ratio was found to deviate 
significantly from the expected ratio of 1:1 with a chi-

https://www.sciencedirect.com/science/article/pii/S1687428518300724#b0120
https://www.sciencedirect.com/science/article/pii/S1687428518300724#b0120
https://www.sciencedirect.com/science/article/pii/S1687428518300724#b0120
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Months Male Female Total Sex 
Ratio

χ2 Significant
 or not at
5% level

JANUARY 19 13 32 1:0.6 1.19 NS
FEBRUARY 17 10 27 1:0.5 3.14 NS
MARCH 27 17 44 1:0.6 2.27 NS
APRIL 23 21 44 1:0.9 0.09 NS
MAY 20 8 28 1:0.4 5.14 S
JUNE 21 14 35 1:0.6 1.40 NS
JULY 21 21 42 1:1 0 NS
AUGUST 18 16 34 1:0.8 0.11 NS
SEPTEMBER 15 17 32 1:1.1 0.12 NS
OCTOBER 28 22 50 1:0.7 0.72 NS
NOVEMBER 26 24 50 1:0.9 0.08 NS
DECEMBER 19 12 31 1:0.6 1.58 NS
Total 254 195 449 1:0.7 7.7 S

Fig. 2. Graph showing pooled data of length-weight relation for 
Caranx ignobilis 

Table 1. Monthly distribution of sex ratio and chi-square values of C. ignobilis

square value of 5.14. The pooled data also showed to be 
deviating from the normal (1:1 ratio) indicating an overall 
male preponderance in this species. William, F., 1965 also 
found similar results from Hawaii islands(USA) showing 
significant male dominance in C.ignobilis.
This difference in sex ratio during this month from the 
normally expected ratio of 1:1 may be due to many 
factors like reproductive behavior, food availability, and 
environmental conditions. Since the month of May is 
a peak spawning period for this species, a large number 
of males may get aggregated during this time. Similar 
findings in the variation of sex ratio have been explained by 
Reynolds J D, 1974 in which deviation in sex-ratio could 
also be due to partial segregation of mature forms through 
habitat preferences, due to migration (Collignon J1960) 
or behavioral differences between sexes (Polonsky A S & 
Tormosova I D, 1969) thus causing one sex being caught 
easily than the other. However, the overall significant 
difference 
observed in the pooled data between the sexes indicates 
the existence of seasonality in the sex distribution of this 
population. 

Condition factor is also a standard practice in fishery 
science, indicating the changes that occurred to the growth 
coefficient in fish. Fulton condition factor studied for 
C.ignobilis at different months for a period of consecutive 
two years (shown graphically in figure 3) revealed that the 
K value lies between 1- 1.9 with an average k value of 1.32 
The K value was found to be highest in the month of May 
(K=1.9) and lowest in the month of February (K=1.05) 
Fig(3). The K value shows a steep increase during the 
months of March, May, and December which shows 
a conspicuous positive correlation between K and the 
spawning season of these species. As the condition factor is 
a representation of the overall health of the species, we can 
say that there is increased gonadal development during the 
breeding season, and hence it will impart to the total weight 
of the fish and thus by increasing the K value naturally.
There are similar findings that support our observations that 
the K value is highly dependent on the maturity cycle or the 
spawning periodicity of the fish. (Le Cren, 1951) explains 
that the fluctuation in the gonad weight is attributed to the 
condition factor of a fish. Here the average condition factor 
K for C.ignobilis is 1.3 which indicates the overall condition 
of the fish is in good condition. Observation on the relative 
condition factor of C.ignobilis for each month revealed that 
the Kn values vary in each month ranging from 0.92-1.4. 
The relative condition factor Kn for C.ignobilis in January 
was 1.056 and it gradually increases and reaches a peak in 
February. Kn value then goes down in March, and then it 
increases in April. In the month of May, Kn value again 
declines and in June, Kn value shows an upward trend. 
Kn reaches 1.41 in the month of July which is the highest 
Kn value observed during the entire period of study. In the 
month of August, the Kn value again declines. In September, 
Kn gradually tends to increase with a slight peak and then 
shoots to a steep peak of 1.2 in October. In November and 
December, Kn values declined. The high level of Kn value 
in the month of July may be attributed to high feeding and 
a high abundance of food since monsoon is available on the 
southwest coast during these months. The declining value 
of the relative condition factor for C.ignobilis in the months 
of March, May, August & November and in December 
can be correlated with their spawning period since many 
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4. Conclusion
From the present study on the LWR of C.ignobilis, we can 
conclude that C.ignobilis is having a negative allometric 
pattern of growth since the b value observed is found to 
be slightly deviating from the normal isometric value of 
b=3. The r2 value was found to be good with a value of 
0.953. which implies a strong relationship between length 
to weight. The sex ratio was found to be biased towards 
males and was significant, indicating a male preponderance 
in the population when analyzed through chi-square. Fulton 
condition factor, as well as the relative condition factor 
for C.ignobilis, was found to be in the good range which 
indicates that the overall condition of the fish is good in its 
natural habitat. It was also found that there is conspicuous 
positive relation exists between gonadal development and 
co-efficient (K), and the relative condition factor(Kn) was 

Fig. 3. Graph showing Fulton condition factor for C. ignobilis during different months

Fig. 4. Graph showing relative condition Kn factor of C. ignobilis at different months

studies report that feeding intensity will be very less in fish 
during breeding. This decline in Kn value was supported 
by the study conducted by Lizama and Ambrósio, 2002, 
who observed similar findings that the fish usually decrease 
their feeding activity and use their lipid reserves during 
spawning which results in a decrease in the condition of 
the fish. Even though C.ignobilis is a continuous spawner, 
it will show small breeding peaks during the months of 
March, May, August, November & December, and hence, 
a drop in feeding activity during these months may be the 
reason for the low Kn value at these times.
The findings of Venkataraman, 1979 suggest that the Kn 
value of carangids are exclusively based on spawning 
periodicity. But as long as the fish is living in a flexible 
environment, the wellness of a species cannot be correlated 
and explained only on certain limited factors. According to 
Morato et al., 2001 several factors determine the growth 
of fish such as food availability, habitat, environmental 
changes, etc. Le cren ,1951 also explains that the deviation 
of the Kn value from 1 is due to the consequence of 
physiochemical features on the life cycle of fish species. 
Furthermore, Vazzoler (1996) confirmed that the lowest Kn 
values during the more developed gonadal stages signify 

resource transfer to the gonads during the reproductive 
period. So the changes in relative condition factors for 
C.ignobilis at different months in this study cannot be 
correlated only to the spawning periodicity but also by the 
influence of other environmental factors. In the present 
study, the species is said to be in good health since the 
average Kn value of all months is 1.
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influenced by many other unknown factors apart from the 
spawning cycle and feeding behavior. Being candidate 
species for economic as well as mariculture potential, 
studies on the length-weight relationship, sex ratio as well 
as condition parameters of these species will be useful for 
other researchers working in this field and also the data 
presented may further contribute in establishing future 
biometric studies of this species.


