Fecundity and Gonado-Somatic Index of Sardinellagibbosa (Bleeker,1847)of Kanyakumari, South-East Coast of India

Abstract
[image: ]Fecundity and gonado-somatic index of Sardinella gibbosa was estimated during January to December, 2019. Fecundity ranged from 4941 to 23465 with an average of 10343 eggs per fish. ThecorrelationcoefficientoffecundityandbodyparameterswerefoundtobemoderatewithTL(r
= 0.755), positively correlated with BW and GW (r = 0.900 and r = 0.966). In the case of male maturity size ranged between 12.8 cm and 16.3cm, with an average of 14.5 cm,but in the case of female it was between 12.7cm and 16.5 cm with an average of 14.6cm. Females dominated the commercial catches of the study area, with an annual male-female ratio 1:1.4 and it was significantly different. The spawning season was between April and August with peak during July.
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Introduction
[image: ]Understanding fish reproduction is crucial for clarifying the fundamental biology of fishes, but it is also useful for managing and conserving fish populations (Holden and Raitt, 1974).Each programmeoffisherystudyandmanagementpoliciesmuststartwithagoodunderstandingofthe fecundity, sex composition, and reproduction of fishes as a fundamental precondition (Balan, 1969).Fishreproductivebiologyresearchisimportantbecauseitaidsinpredictingspawningsites, spawning seasons, and the utilization of fishable populations (Kudale and Rathod, 2016).Lesser sardinesincludeSardinellagibbosa,S.sirm,S.jonesi,S.fimbriataandS.albella.AmongtheseS. gibbosa is commercially important species and it forms a major fishery resource in this study area.Lazarus(1984)studiedthelessersardinesincludeS.gibbosafromVizhinjamsouthwestcoast of India. A study of reproductive characteristics of S. gibbosa from Kanyakumari is scanty.Considerable information is available on there productive aspects of oilsardine, but in the case of S. gibbosa it is less when compared to oil sardine. Hence, it was decided to study the fecundity and gonado-somatic index of Sardinella gibbosa from Kanyakumari coast.
Material and Methods
Samples were collected from Vavathurai (8°04’-53.1’N, 77°33’-06.2’E) located near Vivekananda rock memorial,Kanyakumari.Random samples were collected from gillnet catches during the period January to December in 2019. Samples were brought to laboratory and thoroughly cleaned with blotting paper for studying biological details.A total number of420 specimensincluding238females,176malesand6intermediatewereusedforthedeterminationof reproductive characters and other parameters. Maturedovaries were carefully excised from the body cavity by opening up the specimen and weight was taken to the nearest grams using a top loading balance. The matured ovaries were preserved in 2% formalin in separately labeled glass bottles, itwas ideal both for proper preservation with minimum distortion and also for easier removal of ova (Lazarus, 1984).
Fecundity estimation
Thenumberofeggsafishcanlayiscalledasfecundity.65fishovaries,measuring12.7to
16.5 cm in fish length, were measured for fecundity between the maximum spawning months of AprilandJuly2019.ThematureeggsinovariesinstagesVandVIwerechosenforthis

investigation because they were clearly distinguished based on size frequency and distribution. The ovaries were preservedin2%formalinforoneweek.Theentireovarywastransferredonablotting paperandair-dried for 5minutes with frequent change of blotting paper, weighed and sub sample was collected from the middle of right and left ovaries.Ova distribution was similar among three positions in this study, because of that the sample was taken only from middle region.
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Fig.1.AandBPetridishwithspreadova
The numbers of eggs were counted by volumetric method using a petridish. The ovary samples weighed nearest to 0.01gwere placed on the outer lid of Petridish kept open with few drops of water.Ovaare liberated from the ovigerous lamellae with the help of forceps and needle and the ovigerous lamellae were removed from the petridish. Then the inner petridish already marked with alphabetical column and rows was placed inside the petridish lid. Ova were well spread between the lid and inner petridish (Fig. 1 A and B).These structures give the place for spreading of ova in the petridish without leaking of ova, which will happen if placed in between twoglassslides.Fullyyolkedovawerecountedinzigzagmannerbynakedeyetoavoidduplicate counting. The advantage of this method was that large number of ova could be counted simultaneously in petridish.
Fecundity was calculated as,
F=nV/v,where
F= fecundity
n=number of eggs in subsample
V=volume which contain all the totaleggsand v = volume of the subsample

Thedatawaspooledtogetherandscatterdiagramswereplotted;(Fig.2A,BandC).Relationship betweenfecundityandbodyparameters(totallength-TL,totalweight-TWandgonadweight-GW) were expressed by least square method:
F=alogx+b
Fis fecundity
aandbareconstant. x is variable
Gonado-Somatic Index: The determination of the gonad mass as a percentage of the total body mass is known as the gonado-somatic index (GSI). To identify the spawning period in both male and female animals, the gonado-somatic index was investigated. The gonado-somatic index was determined for each fish individually, sex- and month-wise using the following formula:
GSI=GW/TW×100
GW = gonad weight TW=totalbodyweight GSI = the index
Results and Discussion
FecundityestimationresultsaregiveninTable-1.Figures2A,B,andCshowtherelationships between fecundity and total length, fecundity and total body weight, and fecundity and ovary weight.
Table1.FecundityestimationofSardinellagibbosa

	SizeGroup (T.Lincm)
	Numberof fish
	Average Fecundity

	12.8±0.12
	3
	6252±1687

	13.3±0.14
	6
	9780±1716

	13.8±0.15
	12
	10354±3267

	14.3±0.12
	12
	9921±3661

	14.8±0.15
	15
	8656±2363

	15.3±0.11
	10
	13031±5078

	15.8±0.11
	4
	11855±1488

	16.3±0.05
	3
	11463±2798
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)The number of ova per unit of ovary appeared uniform throughout the ovary and ovum size distribution was also similar (Clay and Clay, 1981).According to Guido Plaza et al. (2007) there were no significant differences inoocyte size across the three ovarian locations(anterior,middle, and posterior) or between the ovarian lobes.

[image: ]Themeanfecundityratewasestimatedtobe10343eggsperfish.Fecundityrangedfrom4944 to 23465 and this fecundity clearly showed greater deviation from the fecundity estimated by Ghosh et al. (2013) in Bay of Bengal andAppa Rao (1981) in Waltair, but similar to earlier study byAbdussamadetal.(2010)inTuticorin.Theresultsofthecurrentstudyshowthatfishfecundity can vary based on a wide range of variables, including population, species, size, age, and environmental circumstances. The maximum number ofova was estimated from a fish measuring
15.4cm total length, 33.8gm of total body weightand2.17gmofovaryweight.Minimumnumber ofovawasestimatedfor afishwith12.9 cm total length,16.31gm oftotal bodyweightand 0.45 gm of ovary weight. The first maturity was found in a fish with 12.7 cm total length.The linear scatter plot of S. gibbosa according to different body parameters(total weight, total length, and ovary weight)are presented in the Fig. 1, A-C. The figures clearly state that the fecundity of S.gibbosa was found to vary according to the body parameters.
The linear regression equations obtained for the relationship of fecundity with total length, total body weight and ovary weight were:
y = 1271.TL-8249 (r = 0.755) y=335.5TW+1348(r=0.900) y = 9693.OW+646 (r = 0.966)
Wherey=fecundity,TL=totallength,TW=totalbodyweight,OW=ovaryweightand“r”=
correlationcoefficient
The value of “r” is 0.9 and above 0.9, thus there is positive relationship with two variables. Thervalueoffecundityandtotallengthshowed(Fig.2A)themoderaterelationship(r=0.755).A positive correlation (Fig. 2B)were found between fecundity and total body weight(r = 0.900) andstrong positive correlation (Fig. 2C) of fecundity with ovary weight(r = 0.966).
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Fig.3.MonthlyvariationinGonado-SomaticIndex
Themonthlygonado-somaticindexpooled together for2019arepresented asbardiagramin Fig. 2. This study showed that, the females noted higher values than the males in most of the months.For thesexes, the monthly GSI progressivelyaugmented from ApriltoAugust. It showed a peakinMay (2.6)andJune (3.7)in malesandJune(3.5)andJuly(3.6) infemales. Thisindicates that male matures well in advance than females. Thereafter, the GSI progressively decreased, it shows lowest GSI in October, this may be due to spawning.From this study the peak spawning seasonwas foundtobeduringJune–Julymonths.Abdussamadetal.(2010)statesthatS.gibbosa spawnroundtheyearwith maximumduringDecember-MarchandJune-Julyin Tuticorin.Samples were not available for the study during January-Marchfrom the study area.This may be due to depletion of the stock caused by overfishing using purse seine and other disruptive gears. AccordingtoGhoshetal.(2013)thepeakspawningperiodwasbetweenFebruaryandAprilfor
S. gibbosa in Bay of Bengal. This may be due to the shift of peak spawning season based on environmental calamities. In the case of oil sardines, spawning maxima may vary from one place toanotherandfromoneyeartothenext(Al-JufaliSaudMusallametal.,2006).Thesimilarchange wasfoundinthecaseofS.gibbosainthestudyarea.LowestGSIvaluesinmaleandfemalewere observed when there was occurrence of immature ones. During this period gonad stages I and II dominated the catches. September and October months were post-spawning period and the fish were in spent stage during this period.

Conclusion
Thus this study provides a good knowledge on the spawning season of S. gibbosa in the Kanyakumari coast. This will enable the policy makers to implement suitable restriction on the fishing of sardine from this area during its spawning season.
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