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ABSTRACT 
Length-weight relationship (LWR), condition factor, sex ratio, gonadosomatic index (GSI) and hepatosomatic index (HSI) 
of the smooth blaasop puffer fish Lagocephalus inermis (Temminck and Schlegel, 1850), an emerging fishery resource 
along south-eastern Arabian Sea were studied from 1,722 samples collected during August 2017-May 2019 from Mangalore 
Fishing Harbour, Karnataka, India. LWR indicated negative allometric growth [W = 0.034805L2.76 (males); W = 0.033574L2.78 

(females), W = 0.033979L2.77 (pooled)] and significant difference was observed in the b value of the fishes. Sex ratio was 
1:1.08. The ratio was unusually high during post-monsoon and Chi-square test revealed that the monthly sex ratio did not 
vary significantly throughout the year except for December and January (p<0.01). Condition factor (K) and relative condition 
factor (Kn) also were not significantly different between sexes. Two peak spawning seasons were identified, November-
February and August. The GSI was highest in August (female = 8.08 and male = 5.82) and lowest in May (female = 
3.32 and male = 3.49). The HSI value was found to be inversely related to GSI and was highest in May (5.21) and lowest in 
August (3.99). These parameters are essential pre-requisites for stock assessment and sustainable management of the fishery 
resource. 
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Introduction
Puffer fishes (Family: Tetraodontidae) include 184 

species under 27 genera (Matsuura, 2015). The smooth 
blaasop puffer fish Lagocephalus inermis (Temminck and 
Schlegel, 1850) is widely distributed along south-eastern 
Arabian Sea and mostly found in 10-200 m depth range. 
Since 2009, the resource has emerged as a major species of 
economic and ecological significance along the Karnataka 
coast, south-eastern Arabian Sea (Thomas et al., 2009; 
Saha et al., 2019). 

Biometric studies and study of biological parameters 
are considered as a major input for biomass estimation and 
management of fishery resources (Zargar et al., 2012) and 
it is imperative to study the growth characteristics related 
to weight and length of fish (Beyer, 1987; Morato et al., 
2001). It also helps to evaluate the comparative well-being 
and variations occurring in fish populaces (Bolger and 
Connolly, 1989). Length and weight relationships enable 
fisheries researchers to determine biomass of a population 
from length frequency distribution and ascertain the 
condition of the fish population (Anderson and Gutreuter, 
1983; Dulcic and Kraljevic, 1996). It has been proved to 
be an invaluable tool to study the morphological aspects 

of populaces dwelling in different regions and their life 
history (Goncalves et al., 1997). The health of a fish and of 
the population as a whole is reflected by the condition of 
the fish (Welcomme, 2001). Koops et al. (2004), described 
fish condition as an indicator of the available energy 
to allocate towards various traits of life, for example, 
migration, growth and reproduction. Studies  on  the  
sex  ratio  and  length-weight  relationship provide basic 
information to assess the reproductive potential and to 
estimate the stock size of fish populations (Stratoudakis 
et al., 2006).

Gonado-somatic index (GSI) is related to reproduction 
and spawning of fish and is the ratio between the weight of 
the fish body and its gonad (Parameswaran et al., 1974). 
This ratio is significant in determining the spawning 
period of a fish as the size and weight of matured gonads 
swiftly increases just before spawning (Yeldan and Avsar, 
2000). The GSI value is highest when the fish attains 
full maturity and the value significantly declines after 
spawning. Hepato-somatic index (HSI) on the other hand 
is related to the energy reserves in liver and metabolic 
activity (Lenhardt et al., 2009). HSI value increases when 
food is available abundantly and the general conditions 
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of the aquatic environment are favourable for growth. 
HSI value is considered to be a good indicator of recent 
feeding activity of the fish (Tyler and Dunns, 1976). Both 
HSI and GSI provide indications about the developmental 
pattern of fishes.

Length-weight relationship (LWR) for the genus 
Lagocephalus has been reported by many researchers from 
India and abroad (Naik and Jalihal, 1998; Joshi, 2004; 
Simon and Mazlan, 2008; Başusta et al., 2013; Sirisha and 
Rao, 2013; Bilge et al., 2017; Padmavathi et al., 2017; Anju 
et al., 2019). Limited studies on the biology of L. inermis 
are available from India (Joshi, 2004; Padmavathi et al., 
2017; Anju et al., 2019). However, there is not much 
information on the species from the Karnataka coast of 
the south-eastern Arabian Sea. The present study on the 
length-weight relationships, condition factor, sex ratio, 
spawning season, GSI and HSI of the smooth blaasop 
puffer fish L. inermis from south-eastern Arabian Sea 
will provide relevant information required to assess the 
population characteristics and biological performance of 
the species, which in turn will help fishery management 
for its sustainable exploitation in the region.
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Fig. 1. Map showing the study area Fig. 2. L. inermis from south-eastern Arabian Sea

Materials and methods

Collection of samples

Biweekly samples were collected from Mangalore 
Fishing Harbour during August 2017-May 2019. They 
were caught by multiday trawlers operating at a depth 
range of 10-200 m along south-eastern Arabian Sea 
(11.969°N; 71.794°E to 18.821°N; 74.932°E) (Fig. 1). 
A total of 1,722 specimens of L. inermis (Fig. 2) were 
collected and brought to the laboratory for analysis. Each 
fish was measured using a measuring board for total length 
(TL) up to the nearest 0.1 cm and an electronic balance for 
total weight (TW) up to the nearest 0.01 g. 

Length-weight relationship

To estimate length-weight relationships (LWR), the 
equation W = aLb, was used, where W is the total weight 
(g), L is the total length (cm), a is the intercept and b 
is the slope (Le Cren, 1951). The degree of association 
between the variables was computed by the determination 
coefficient, r2. Significance of the regression was assessed 
by analysis of variance (ANOVA) and the b-value for each 
species was tested by t-test to verify whether it differs 
significantly from the predictions for isometric growth  
(b = 3) (Pauly, 1993). 

Condition factor

The Fulton’s condition factor (K), was estimated 
using the equation K = 100*W/L3, where W is the total 
weight of the fish and L is the total length (Ricker, 1975). 
Relative condition factor (Kn), was calculated using the 
formula. Kn= Wo/Wc,,  where Wo is the observed weight 
and Wc is the estimated weight calculated from LWR 
(Vazzoler, 1996).  

When the value of Kn ≥ 1, the fish is in good condition 
and vice versa when the value of Kn< 1. Weight of the 
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fish is inclusive of the weight of the stomach. ANOVA 
was used to test the significance of the condition factor 
between months and between the sexes.
Sex raio

The sex ratio of males to females (M:F) was 
calculated as: total number of males/total number of 
females (Vazzoler, 1996). Chi-square (χ²) test was used 
to verify significant differences between sex ratio of the 
species and commonly expected 1:1 sex ratio (Sokal and 
Jamesrohlf, 1987), using the formula:

χ2 Ʃ (O-E)2

E=

Spawning season
The classification of maturity stages is aimed to 

study the spawning period and to calculate the size/age 
at sexual maturity. The International Council for the 
Exploration of Sea (ICES) scales was used to recognise 
the different stages of the gonads (Lovern and Wood, 
1937). The ovaries and testes were categorised into seven 
stages accordingly (I, II, III, IV, V, VI, VIIa, VIIb and IIb). 
Fresh ovaries and testes were examined macroscopically 
to study the general external characteristics. For ease of 
understanding the spawning period, stages I and II were 
combined and categorised as immature stage and from 
stage III to IIb, as mature stage.
Gondaosomatic index (GSI) and hepatosomatic index 
(HSI)

Sex of the sample was determined after dissection 
and weight of gonads was recorded using an electronic 
balance to the nearest 0.01 g. The samples were wiped 
using blotting paper to remove excess moisture from the 
surface and then the measurements of the body, gonads 
and liver were recorded. The monthly change in gonadal 
development helped in understanding the spawning season 
of the species and was determined by seasonal fluctuations 
in GSI (Anderson and Gutreuter, 1983). The HSI was 
calculated using the formula given by Welcomme (2001):

GSI of both male and female fishes was calculated 
using the formula (Welcomme, 2001):

Results
Length frequency distribution

A total of 1,568 samples were collected for analysing 
the length frequency distribution and length-weight 

HSI =
Weight of liver 

Weight of body
X 100

GSI =
Weight of gonad   

Weight of body
X 100

relationships. The length frequency contributing to the 
fishery was found to be in the range of 10.5 to 49.6 cm. 
The maximum catch was between the size groups  
21.1-31.0 cm (Fig. 3). 
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Fig. 3. Length frequency distribution of L. inermis from south-

eastern Arabian Sea during 2017-19

Length-weight relationship
The maximum total length for males and females 

were 49.6 and 46 cm whereas the minimum was 10.5 and 
11.8 cm respectively. The maximum total weight for males 
and females was 1,140 and 1,432 g and the minimum was 
42 and 39 g respectively. The regression equations for 
the length-weight relationships of males and females and 
sexes pooled were calculated (Table 1).

Growth in both sexes was found to be negative 
allometric (b<3). The LWR varied significantly between 
sexes (p<0.01).
Condition factor (K) and relative condition factor (Kn)

The mean condition factor of L. inermis was 1.67 
and the monthly mean condition factor is given in Table 2. 
Value of K was comparable between the sexes 
throughout the year except for December when it was 
1.56 for males and 1.81 for females respectively. Mean 
relative condition factor for both male and female  
L. inermis was equal to 1 which signifies that the condition 
of the fish is good (Table 3). The Kn values for males was 
high from March to September while that of the females 
did not show any clear pattern as such. Kn values for 
females were high in January, March, April, August and 
November. Condition factor for both the sexes was found 
to be significantly different between months (p<0.01) but 
was not significantly different (p<0.01) between the sexes.

Sex ratio

A total of 1,722 samples were analysed for  
determining the sex ratio. It was found to be 1:1.08 which is 
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Table 1. Length-weight relationship of L. inermis from south-eastern Arabian Sea during 2017-19

Sex N
           Length and weight characteristics               Parameters of LWR

df Growth (+/-)
Lmean ±SD (cm) Wmean ±SD (g) a b r2

Male 814 26.46 4.99 321.76 167.78 0.034805 2.760 0.944 813 Negative
Female 753 26.65 5.22 343.5 189.56 0.033574 2.782 0.940 752 Negative
Pooled 1568 26.56 5.12 332.91 180.54 0.033979 2.773 0.942 1567 Negative

Table 2. Monthly condition factor (K) of L. inermis during 2017-19 
from south-eastern Arabian Sea

Month
           Condition factor
Male Female

January 1.69 1.63
February 1.56 1.6
March 1.65 1.60
April 1.76 1.79
May 1.70 1.65
August 1.57 1.62
September 1.75 1.63
October 1.65 1.78
November 1.64 1.68
December 1.56* 1.81*

*Mean condition factor between male and female is significantly different 

Table 3. Monthly relative condition factor (Kn) of L. inermis 
from south-eastern Arabian Sea during 2017-19

Month
     Relative condition factor
Male Female

January 1.03 1.04
February 0.86 0.85
March 1.10* 1.11*

April 1.10* 1.10*

May 1.00* 0.97
August 1.02* 1.14*

September 1.04* 0.92
October 0.87 0.89
November 0.98 1.03*

December 0.98 0.98
*The mean relative condition factor is significantly high during March 
and April

not significantly different from the hypothetical ratio of 1:1. 
The ratio was unusually high in the post-monsoon months 
of December and January (1:2 and 1:2.3 respectively). 
The lowest values were observed in the monsoon 
months of August and September (1:0.58 and 1:0.42 
respectively). Chi-square test revealed that the sex ratio 
was not significantly different throughout the year except 
for September, December and January (p<0.01) (Table 4).

Spawning season

Maturity stages of both the testes and ovaries 
indicated that this species is a continuous spawner with 
the highest peaks in February, August and December. 

Table 4. Monthly sex ratio and Chi-square test value of L. inermis 
from south-eastern Arabian Sea during 2017-19

Month Sex ratio Chi-Square (χ2)
January 1: 2.30* 33.93*

February 1 : 0.67 6.49
March 1 : 0.97 0.03
April 1 : 1.05 0.08
May 1 : 0.80 1.93
August 1 : 0.58 8.21
September 1 : 0.42 28.80*

October 1 : 1.29 2.96
November 1 : 0.69 8.07
December 1 : 2.00* 18.33
*Significant (p<0.01)

In May and October there is a sudden dip indicating the 
presence of inividuals in spent recovering phase. Highest 
spawning was observed from November to February and 
in August (Fig. 4). 

Gonado-somatic index (GSI)

In the present study, weight of the ovary and testes 
varied significantly throughout the year. Highest mean 
GSI value for ovary was observed in August (8.08) and 
lowest in May (3.32). Similarly, the highest mean GSI 
value for testes was observed in August (5.82) and the 
lowest during May (3.49) (Fig. 5). In all the other months 
for both male and female the mean GSI value ranged 
between 4.22 and 5.82.

Hepatosomatic index (HSI)

The monthly mean HSI value of L. inermis did not 
vary much during the study period. The highest mean HSI 
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Fig. 5. Mean gonadosomatic index of L. inermis

was recorded during May (5.21) and the lowest during 
August (3.99) (Fig. 6). Throughout all other months, the 
mean HSI value did not vary much and was in the range 
4.38 to 5.09.

Discussion

The biology of L. inermis is an unexplored area and 
hence very limited published information is available for 
comparison. The results of LWR of L. inermis were found 
to be analogous with the works done along the south-west 
coast of India (Joshi, 2004; Padmavathi et al., 2017; Anju 
et al., 2019). The b values in their findings were also less 
than 3 indicating that the growth is negative allometric. 
L. sceleratus from the Gulf of Suez showed negative 
allometric growth with b value less than 3 for both sexes 
(2.9 for males; 2.84 for females and 2.86 for combined 
sexes) (Sabrah et al., 2006). Along the west coast of India, 
Naik and Jalihal (1998), studied the LWR of the males and 
females of L. spadiceus and the values were estimated to 
be 2.61 and 2.49 respectively. Some studies on the LWR 
of L. inermis has been done in Kerala (Joshi, 2004; Anju 
et al., 2019), India and our results agree with theirs in the 
b value being less than 3. This indicates that the fish grows 
more in weight compared to its length. 

Data pertaining to sex ratio plays a vital role in our 
understanding of the correlation between individuals, 
populations and the environment as a whole (Vicentini 
and Araujo, 2003). The expected or standard sex ratio 
is 1:1 which varies from species to species and also 
within the same population at various point of time 
depending upon several factors like reproduction strategy, 
availability of food, environmental conditions and 
adaptation to environmental changes. L. inermis was 
found to have higher number of females during the month 
of October and males were higher from September to 
December (Naik and Jalihal, 1998). Sabrah et al. (2006) 
studied the biology of L. sceleratus  including their sex 
ratio. The results revealed that females were predominant 
during late spring i.e., from April to June and males were 

predominant from February to March. However, in this 
study we found that the females were predominant from 
December to January (post-monsoon season) along the 
south-west coast of India, possibly due to  aggregation of 
females for spawning.

Joshi (2004) concluded that the Kn values of both 
the sexes of L. inermis were in synchronisation with their 
reproductive behaviour. This result has been documented 
in our study also where the value of the relative condition 
factor is high in the months of March and April, 
synchronising with the reproductive activity.

Although the occurrence of mature fishes was 
observed to be >30% throughout the year, the percentage 
of mature individuals in August and during November-
February, was high (<70%) indicating peak spawning in 
these months. This finding is unequivocal with the results 
obtained from the gonadosomatic index study, which 
indicated high values during these months. This again 
corroborates the fact that L. inermis spawns throughout 
the year with the peak spawning season during November 
to February and August. During the south-west monsoon 
season (June-July), fishing using mechanised vessels is 
banned along the entire south-west coast and so data could 
not be collected during those months. As the GSI value 
drops suddenly in May and September and is at peak 
during August, it might be possible that the spawning 
actually commences somewhere in June or July. This 
result is synchronous with the research findings of Joshi 
(2004),  who found that L. inermis spawned twice a year,  
during April and October. It was also observed that when 
the GSI value was the highest, HSI value was lowest 
i.e. during the month of August indicating that the liver 
undergoes decrease in weight during reproduction. This 
may be due to the transfer of energy reserves for gonadal 
development and maturation (Zin et al., 2011). 

This study provides vital information on LWR, 
condition factor, sex ratio, spawning season, GSI and 
HSI of L. inermis which is an emerging fishery resource 
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along the south-eastern Arabian Sea, and bears ecological 
significance in the trophic network (Mohamed et al., 
2013). LWRs showed negative allometry which can be 
attributed to species specific morphological characteristics 
or environmental conditions. Kn values were mostly 
above or close to 1 which shows the overall well-being 
of the resource. Sex ratio was uniform except for two 
months when the females were predominant and could 
be attributed to their spawning behaviour. The GSI and 
HSI values were inversely proportional to each other and 
the study confirms two spawning peaks for L. inermis 
along this coast viz., November to February and August. 
The parameters generated in this study will be useful for 
sustainable management of the fishery resource.
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