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In developing countries, management of fisheries resources is directly or indirectly dependent on fish reproductive 
biology & conservation of the breeding grounds. Indian Oil Sardine fishery is a commercially important pelagic fishery 
along the coast of Mumbai. A Ganado-somatic index value of females was maximum (8.20) in September and minimum 
(0.38) in January. For males, the maximum Gonado-somatic index was 8.36 in September and the minimum 0.29 in 
February. Based on sex ratios month-wise, females were slightly more dominant in all months. There is a significant 
difference in the length-wise distribution of sexes, with a large number of females in higher length groups. Females attain 
the length at first maturity at 166.5 mm, and matured ovaries were seen in September and October, with a maximum 
percentage in September. It is estimated that the absolute fecundity ranged between 28,860 and 52,646, and the relative 
fecundity ranged between 450 and 684 number eggs per gram of fish weight. 
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Introduction 
Clupeidae, a taxonomically diverse family of fishes 

distributed throughout the world, make up one-third 
of all marine fish caught in India1. Around 106 
species of clupeid fishes have been found in Indian 
waters, including the 14 species of lesser sardines, 
and one species of Indian oil sardine. Geographically, 
the species occurs along the coasts of India, Africa, 
Oman, Indonesia, the Philippines, and Vietnam2. It is 
essential to have a solid understanding of fish 
reproduction biology to assess fish populations 
rationally and provide science-based recommendations 
for fisheries management3,4. A lack of knowledge 
regarding the biology of fish can produce overfishing 
and ineffective management of the Indian oil sardine 
fishery5,6. The compatibility of the spawning season 
with the optimal conditions for larval survival 
determines the success of reproductive activities7,8. 
Stock assessment models combine spawning 
periodicity and size at first maturity, laying the 
groundwork for management measures such as 
minimum legal size for retention and temporal and 
geographic fishing limitations9,10. The productivity of 
fish resources is largely influenced by the 
reproductive traits of the particular species11. Given 
the importance of reproductive biology, the 

investigation has been done on the Indian oil sardine 
along the west coast of India12-19. However, no reports 
on the reproductive traits of this species were found 
from the Mumbai Sea, where it forms an important 
fishery. Hence, the study was conducted to access the 
biological parameters of this species from the 
Mumbai Sea. Present findings will be useful for the 
conservation and sustainable utilization of the 
resources along the coast of Mumbai waters. 
 
Materials and Methods 

In the present study, specimens were collected 
weekly from Versova, Sassoon Docks, and New Ferry 
Wharf fish landing centers along the Mumbai coast 
from September 2013 to May 2014 (Fig. 1). The 
weight of each specimen and gonad weight were 
taken to the nearest 0.05 gm by electronic balance for 
GSI calculation, and the GSI ratio was determined 
using the equation below20:  

 GSI = Weight of gonadTotal body weight X 100 

 
The gravimetric method was used to determine the 

species' fecundity. It is based on the relationship 
between the weight of the ovary and the density of the 
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oocyte in the ovary. To estimate fecundity, a total of 7 
ripe preserved ovaries were used. A subsample of 0.05 g 
was weighed from each ovary's front, middle, and 
posterior parts with a precision of 0.001 g. After 
separating the eggs using Gilson's fluid, subsamples 
were placed uniformly on a counting slide with a few 
drops of water. The number of mature ova was counted, 
and the average number of three sections was used to 
calculate fecundity using the formula below. 
 Absolute fecundity= No. of ova in the subsampleWeight of subsample  X Total ovary weight  
 

The relative fecundity represents the number of 
eggs per unit body weight. The relation of fecundity  
F with total length (TL), total weight (TW) and ovary 
weight (OW) was established by formula21:  
 

Fecundity = aTLb, Fecundity = aTWb, and Fecundity = 
aOWb 
 
Where, TL denotes total length in millimeters, TW 
denotes total body weight in grams, and OW denotes 
ovarian weight in grams (g). The correlation coefficient 
between fecundity, total length, and body weight was 
calculated using the least square method. Sex ratio of the 
samples was determined using Chi-square test22: 
 
χ2 = ( )  
 
Where, "O" stands for observed frequencies, whereas 
"E" stands for expected frequencies.  

For the study of length at first maturity, cumulative 
percentage was drawn against length and the length at 
which half (50 %) of the population became matured 
was considered as the length at first maturity23. 
 
Results 

In this study, observed high Gonado-somatic index 
for both the sexes in September and October suggests 
the possible spawning period of Indian oil sardine, 
which coincided with the monsoon condition/season. 
After that, there is no mature fish from November to 
May, which means fish spawn once a year (Table 1). 
For sex ratio analysis, random specimens were taken 
for each month, and the observed ratio was performed 
against the Chi-square (X2) test for n-2 degrees of 
freedom at a 5 % level of significance. Any 
significant variation was not found in the distribution 
of sexes in different months. However, fluctuation in 
sex ratio occurred from September to January with 
female dominance; after that, the male was more 
dominant than the females. Moreover, the overall sex 
ratio for the entire study period was 1:1.09, indicating 
a marginal dominance of females over males  
(Table 2). A total of 212 females of S. longiceps were 
examined for the estimation of minimum length at 
first maturity. Ovaries in III stage and onwards were 
considered mature in the present study. The 

 

Fig. 1 — Map showing the sampling places at Mumbai coast 

Table 1 — Month-wise sex ratio of Sardinella longiceps 

Months Sep Oct Nov Dec Jan Feb Mar Apr May 
Sex-ratio  1:1.21 1:1.62 1:0.78 1:1.24 1:1.16 1:0.56 1:0.68 1:0.87 1:0.91 
X2 value 0.15 1.54 0.61 0.54 0.12 0.98 0.17 0.14 0.13 
 

Table 2 — Month-wise Gonado-somatic index of Sardinella longiceps 

Months Sep Oct Nov Dec Jan Feb Mar Apr May 
Male 8.3613 1.9822 0.3502 0.5891 0.4143 0.2879 0.3462 0.3162 0.4211 
Female 8.2033 1.7362 0.5346 0.5907 0.3816 0.4019 0.4122 0.4353 0.5212 
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cumulative percentage of mature females was plotted 
against their length groups at 10 mm class intervals to 
create a maturity curve. It is found that the minimum 
size at which fish attains the first maturity was  
166.5 mm (Fig. 2). Maturity stages I, II, and  
III appeared throughout the year, with the highest 
percentage distribution in January (61.90 percent), 
December (49.02 percent), and February (44.45 percent), 
respectively. However, stage IV and V has highest 
distribution in the month of April (23.08, 19.023 %), 
whereas mature specimens in stage VI (ripe) were 
observed in September (Fig. 3). Length-wise analysis 
revealed that maximum percentage distribution of 
maturity stages from I to III occurred in 100 – 109, 
150 – 159 and 160 – 169 mm length groups, 
respectively. However, stage IV, V and VI has highest 
distribution in 170 – 179, 140 – 149 and 160 – 169 mm 
length groups, respectively. Moreover, stage VII has 
maximum dominancy in 200 – 209 mm and was least 
in 180 – 189 mm length group (Fig. 4). Fecundity was 
calculated for mature individuals whose lengths 
ranged from 167 to 207 mm and their weights ranged 
from 63.6 to 82.34 g. Fecundity ranged between 
28,860 and 52,646 for an ovary weight of 5.26g and 
7.92 g. The relative fecundity varied from 454 to 672 
eggs per gram of body weight of fish. The linear 
relationship between fecundity of fish (F) with their 
total length (TL), body weight (TW), and ovary 
weight (OW) was established as given below: 

 
Log F = 8.0214 + 5.5626 Log TL (R, 0.8307)  
Log F = 0.7369 + 2.8280 Log TW (R, 0.8375) 
Log F = 3.3893 + 1.5277 LogOW (R, 0.8772) 

Based on the aforementioned linear relationship, a 
better relationship between fecundity and the ovary 
weight of fish was found. 
 
Discussion 

In the present investigation, it has been found that 
the species attains the first maturity at 166.5 mm total 
length. From the Malabar Coast and Gulf of Mannar, 
Hornell & Nayudu24, Devanesan25, and Abdussamad 
et al.26 recorded the length of the first maturity as  
150 mm, whereas Dhulkhed27 and Al-Jufaili28 
reported it as 164 – 165 mm and 164.6 – 169 mm, 
respectively from the Karwar and Al-Seeb area in 
Oman. The variations between present findings and 
prior investigations, except for Dhulkhed27 and  

 
 

Fig. 2 — Length at first maturity of Sardinella longiceps (Females) 

 
 

Fig. 3 — Month-wise percentage distribution of maturity stages in
Sardinella longiceps (Female) 
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Al-Jufaili28, could be attributed to variances in 
sampling methodology, deployment of different gears, 
and environmental conditions. Analysis of the month-
wise sex ratio indicates slight dominance of females 
in all the months. The overall sex ratio also revealed a 
marginal dominance of females over males. A similar 
observation was reported on the same species from 
Ratnagiri waters, where females marginally 
dominated male population29. Based on length-wise 
sex ratio analysis, significant dominance of  
males occurred in the smaller length groups  
(110 – 169 mm), whereas female dominance occurred 
in the 170 mm and above length groups. The equal 
distribution of sexes in lower length (130 – 160 mm) 
and preponderance of females in 170 mm and above 
groups have been recorded from Calicut water30. The 
findings are consistent with previous findings on the 
same species from Muscat waters, where males 
dominated the smaller groups (135 – 140 mm) and 
females in the larger groups32. In present study the 
absolute fecundity ranged from 28,862 to 52,646, 
whereas relative fecundity from 454 to 672 eggs per 
gram. The results has close agreements with the 
previous finding on the same species from the Calicut 
and Muscat, Oman were researchers reported the 
fecundity of 30,000 to 38, 000 and 55,000 to 60,000, 
respectively31,32. On the other hand, from Gulf of 
Mannar26 the observed fecundity was 58,000 whereas 
from Ratnagiri waters29 ranged between 45,000 to 
75,000 in the same species. The variation in the 
fecundity with the previous finding may be because 

only females at stage VI of maturity were used in 
present study. However, fish condition, body weight, 
age, size, and season of collection all influence the 
fecundity33–37. Seven maturity stages were found in 
Indian oil sardines, with the mature ovaries (VI) being 
acquired from September to October, with the highest 
percentage in September. However, the spawning 
season for Indian oil sardines along the Mumbai 
waters found to be from September to October. 
However, earlier authors described the spawning 
season of the species as May to August24, July to 
September29, June to August38, June to October39, 
June to September40, and June to December41. 
Moreover, spawning seasonality is controlled by 
water temperature, rainfall, food availability and 
climate change42–45.   
 
Conclusion 

Indian oil sardines are a major pelagic resource 
of the country, and many fishermen rely on this 
fishery for their livelihood. The present study 
revealed that both sexes had a higher Gonado-
somatic index in September and October. Overall, 
sex ratio analysis showed a marginal dominance of 
females over the male population. Fecundity studies 
showed a better association with the ovary weight 
than total length and fish's total weight. This study 
provides baseline information on the species 
reproductive biology from the Mumbai waters. 
These are important parameters from a stock 
assessment point of view and are also useful to 
determine the sustainable yields and prepare fishery 
management plans for the future. 
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Fig. 4 — Length-wise percentage distribution of maturity stages
in Sardinella longiceps (Female) 
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