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ABSTRACT

Sillago sihama is one of the most common recreatiand commercial species in the local fisheryhia Persian
Gulf and Oman Sea. Various aspects of the reprodudtiology of the S. sihama are studied to descgbnad
development, spawning season, sex ratio, ovaristoloigy and fecundity. A total of 676 fish withotat length of
10.44-25.4 cm (Males), 11.17-24.8 cm (Females)thadotal body weight ranged between 11.86-124.58ales)
and 13.96-114.05 g (females) were used for thidystBex ratio defined as the proportion of fematemales was
1.2:1; microscopic and macroscopic gonad analysid anonthly variation of GSI in female componenthef S.
sihama shows a reproductive season from April aray lnd continued until June. The ova diameter feaqy
distributions in mature component indicated thag 8pecies exhibits a synchronous-group and moroayehry
characterized by deposition in a single batch offeger year (total spawner). The size at which 58Rthe
population attain sexual maturity (Lm50) is 138 nfion females and 132mm for males. Maximum absolute
fecundity is estimated to lie between 21345-73¢ffs dor specimens between 13-24 cm in total leagth14.01-
110 g body weight. Relative fecundity was 384.22&3eggs per g body weight. There was a lineatieiship
between absolute fecundity and fish size for adici&s tested.
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INTRODUCTION

Sillago sihamaladyfish and sand whiting, belonging to the fan8illaginidae is a valuable brackish water species
for domestication and aquaculture. T8e sihamahas a wide global distribution of the Sillaginidadthough
considered limited to the Indian water and PadifieansS. sihamds an extremely valued recreational and one of
the leading species for aquaculture productiontduts rapid growth rate and high level of flestalify.

Despite its recreational values and commercialigegl, there were limited studies done in the aspettthe
reproductive cycle of th8. sihamao provide valuable knowledge concerning stoclesssent and management in
the Persian Gulf except two by [13] and [4] whicivé studied the food habits and some aspects oidegtive
biology in Persian Gulf. Related studies from Karwa the Indian western coastline carried out 3] [LMore
recently, some attempt to gather data on spawmagon ofS. sihamaarried out by [19] in Zuari estuary- India. In
addition, maturity stages development of this apeci from Gulf of Mannar have been revealed by [7].

In regards to its importance in the fishery anddbsence of any published informative data on igteefy of this
species from the Persian Gulf and Oman Sea, threrdustudy based on the reproductive outcome aadrspg
patterns of theS. sihamaln particular, examine the sex ratios and lergjttirst maturity, maturity stages and
gonadosomatic indices (GSI) for fish from the enfersian Gulf and Oman seacoast.
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MATERIALS AND METHODS

2.1. Study site and sampling:

Random monthly samples were obtained from commiegdiaet vessels and fishery-independent collewtioising
hook and line from September 2009 to August 201vinlocations: Bandar-e- Jask (25° Bband 57° 48E) and
Bandar-e-Abbas (27° 1N and 56° 16E) in the north coast of the Persian Gulf and Osem(Figure 1).
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Figure 1: Location of the sampling sites«) in the Persian Gulf and Oman Sea.

2.2.Biological Data Collection:
All specimens were measured to the nearest 0.1 fiirh and weighed to the nearest 0.01 g.

Monthly sex ratio departure from the expected Htiorwas testified. The total length-weight relaship was
calculated by regression between these variabtezafth sex using [11] method:

W = al®, Where: W = Weight of fish (g), L = Length of fishn), a = y-intercept or the initial growth coeféai, b
= Slope or the growth coefficient.

2.3. Morphological and histological Analysis:

Maturity stages were assessed according to crif8fiaMacroscopic classification was established gonadal
inspection following the five-step method descopti(Table 1). Histological Analysis for female simeens was
examined with fixed Gonad tissues in Bouin solutitilen the samples were dehydrated in ethanol sifigi
concentrations ( from 70 to 95% ), exposed in xgland embedded in paraffin blocks. The samples si=ed into
5-um thickness using a rotary microtome then dyedgigie hematoxyline-Eosin (Table 2).

Table 1: Visual (macroscopic) maturity stages andescriptions for S. shama ovaries from Persian Gulf and Oman Sea

Stage Described stage

Ovary and testis occupy nearly a third entire atidahcavity. Tiny and close to the spinal columesiis and ovaries inenarrable with
the naked eye, thin, pinkish, ribbon like

Ovary and testis occupy most of the abdominal ga@tary greyish, semi-transparent; eggs apparéhtmagnification device .Testis
translucent and white-coloured.

Ovary and testis occupy nearly two-thirds entirdabinal cavity. Ovary pinkish- yellow together witimanular appearance. Testis
darker than before appearing pale reddish coloured.

Ovary and testis occupy the entire length of thdoatinal cavity. Ovaries expanded and includingdargnsparent eggs. Testis milky
in colour and fewer transparent with the convolutiouch less firm

Ovaries shrank getting loose walls. The ovary masspss very few ripe darkened or translucent &ggstis brighter, pale white and
shrunken in size
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Table 2: Sexual microscopic stages and descriptiofr S. shama ovaries from Persian Gulf and Oman Sea.

Stage Description

| Basically oogonia (0g) and primary growth oocyies) (that has significant pinkish nuclei are mixegdther. Ovary walls are narrow.

Primary growth oocytes and oogonia can be foundrpwalls are thin in new spawners. Cytoplasm aB@8 occupied with yolk
Il granules. primary growth oocytes and oogonia aeseut. Finally, oocytes are totally filled up witblk, cortical alveoli are pusheg
towards the cell membrane (cm) and nucleus gettedteigration in direction of the micropyle.

The symptoms of this stage can be pointed to fimaWth oocytes and hydrolyzed yolk granules (hygdmary growth oocytes an
oogonia. The nucleus at the end of this stagetisimservable.

[

Post ovulatory follicles (pof), remaining growthaytes that has hydrolyzed yolk granules, primamgwgh oocytes (po) as well a
oogonia existing in spawning stage. Post ovulaflficles have taken place in the circumferentisétie

Primary growth oocytes and oogonia are existingnBphase includes several Post ovulatory follialéh growth oocytes. The ovary
wall turn to thick from the shrinkage of the ovarfyer spawning

2.4. Length at first sexual maturity
Based on [9], the length at which 50% of fish indials are at sexual maturity (L50) is known aslémgth of the
first maturity. Frequency of mature specimens watqd against different size group (10 mm) in nete females.

2.5. Gonadosomatic index:
Gonadosomatic index was calculated for individigt thus:

GSI = w x 100 [2, 17]
Fish weight (g)

2.6. Fecundity:

To estimate the number of eggs in the ovaries, iBravic method was used for determination of alisolu
fecundity; therefore, ovaries were rinsed with wated placed in Gilson's fluid to dissolve the cective tissues.
Three subsamples taken from the anterior, middtk @osterior parts of the ovary. Samples were weiged
average number of eggs in each subsample wereldimrnted, the mean value was considered withatoj
given below [14]:

F=nx-—
g

Where: F= absolute fecundity, n= Average numbeegds in each subsample, g = subsample weight (), G
Ovarian dry weight (g).

Relative fecundity was calculated by the followeguation [5]:

F

R=——
T™W

Where: R= Relative fecundity, F= absolute fecundity= Total body weight (g)

2.7. Ova diameter:

Ova Diameter (ED) was deliberated to the nearestamniusing a visual micrometer set within the egegpiof a
light microscope. Length at first maturity was detmed by plotting the rates of matured fish spexgimagainst
their length whenever half of female specimens vwesiéure [15].

2.8. Statistical analysis

Regression analysis was used to determine theoredaips between Fecundity (F) with total length.&nd total
weight (TW). In order to determine the differenoéshe gonad weight and GSI value of different mifjistages of
the male and female fish, one-way ANOVA and grodests for independent samples were used. Thestgtati
analyses were carried out with SPSS software pac&ad a significance level of 0.05 was applied.

RESULTS

During investigation period, 676. Sihamaindividuals were examined. The total length of #pecimens ranged
from 10.44-25.4 cm (males), 11.17-24.8 cm (fematdsile the total body weight ranged between 11.86:83 g
(males) and 13.96-114.05 g (females). Out of thel & sihamapecimens assessed throughout the study (N=676),
304 (44.9%) specimens were males, 372 (55.1%) vemales (Figure 2). The overall sex ratio during th
investigation period was in prefer of females (Fleidale=1.2:1); it significantly different from thieypothetical
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distribution of 1:1 (p<0.05). In general, the numbé&males was significantly lower than femalescé&pt for June
and July, females were the highest freque

Numabor of fish

Lon

Hgle

W Ferriale

dep Oct Mov Dec Jan  Feb Mar Apr Mey Jun  Jul  Aag
Months 2009-2010

Figure 2: Monthly Variation of Sex Ratio for S. sihama (Female: Male) from Persian Gulf and Oman Se.

Length-weight relationships were analysed for both seepsusately. Due to the significant difference betvéde
male and female slopes of Weidlgngthregressions, these equations are shown below:

Females: W= 0085TE%®R?*= 0.970 P< 0.05 (Figure
Males: W = 0.0075TE® R? = 0.966 P< 0.05 (Figure
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Figure 3: Length-weight relationships ofS. shama (Male) sampled from Persian Gulf and Oman Se
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Figure 4: Length-weight relationships ofS. shama (Female) sampled from Persian Gulf and Oman Se

The maturity stages in the both serevealed that the morphological structure of tha&igeand ovary durin
immature and maturing condition (I, 1) were duriBgptember to February (Figure- 6). The results showed
significant increase during December to March fpe ovaries (Ill). Sawning specimens began to appear in Mi
and reaching to higher percent in late April andyeduly (1V). By July and August most of the indiuals were
completely spent (IV). While the highest percentagehe ripe testis (Stage IV) were observed iarch and
gradually decreased until July. Spent phase (V)esfis maturity formed during May and reach to thighest

percentage in August.
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Figure 5: Monthly variations of ovarian maturity stages of S. sshama from Persian Gulf and Oman Se¢
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Figure 6: Monthly variations of testis maturity stages ofS. sihama from Persian Gulf and Oman Se¢

The results of the histological study indicated th& ovary oiS. sihamaonsists of an ovarian wall and numer
developing oocytes within follicles, which were esdided in a mass of connective tissue. The histdb
observation of female’s specimestsown in Figure 7. Vesicle (cortical alveoli) andI¥ Granules or Vitellogenes
Stages were present during the study period exeptind July while Maturation, hydration, and otiola stage:
were found from March to August. These results wamilar to the monthly macroscopic changes in matt
stages folS. Sihama

Figure 7: Histological section of ovary in S. sihama . (A)immature (B) Maturing stage; (C) End of maturing stage;
(D) Ripe stage;(E) Spawning stage; (F) Spent stage; Descriptionn: nucleus; ne: Nucleolus; og: oogonia; pc
primary growth oocytes; ca: cortica Alveoli; yg: Ydk globule; od: Oil droplet; cm: cell membrane; hyg hydrolysed
yolk granules; pof: post ovulatory follicles.

Immature ova diameter ranged from (-0.1 mm, while the ova from the maturing phase rdngem 0.0-0.21
mm at the beginning and to 0.2131 mm at the end. In ripe stage ova diameteeddretween 0.:-0.43 mm, up to
a whopping 0.53 mm in few inste@s. Fully mature ova in spawning phase variedamdter from 0.4-0.55 mm,
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only a few specimens were observed up to 0.65 mguk€ 8). The frequencies of occurrence of ovaaxtous
diameters plotted against different months, cordiinwhich immatureova was presented throughout aug-
December and mature ova in the month of Feb-May. Since Jun, the development of mature ova red
quantitatively (Figure 9). Furthermore, find oué tpawning period depending on ova diam
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Figure 8: Sizefrequency distribution of ova diameter for S. shama from Persian Gulf and Oman Se.
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Figure 9: Monthly variation of ova diameter for S. sihama from Persian Gulf and Oman See

Monthly gonadosomatic index variations shown baRkes followed nearly the same pattern. GSI predetite
minimum values over the October and November petavdest GSI was observed in October: 0.7 (Fensabe) 0.3
(Male).

Maximum values of GSI werfound out during the Mar-May with highest GSI value in April (4.1) for fenesl
and it was 1.7 for males. Peaking was more notleei females (Figure 10). Based on the resultthefcurren
investigation, spawning occurred in April and Maydacontirued until June, once the inactive phase of the nitw
stages formed. There was no significant differénd@SI of male and female (p>0.C

275
Scholars Research Library



Mohammad Reza Mirzaeiet al Annals of Biological Research, 2013, 4 (5):269-278

TS = m e\ = S

O T T T T T T T T T T T 1
Zep Ozt Moy Dec Jen Feb Mlar Apr ay Jun Jul  Aug

Month 2009 -2010

Figure 10: Monthly variations in gonadosomatic index (GSI) & S. shama from Persian Gulf and Oman Set

It presented males and females become matureeatl82 mm and 138 mm total length respectively. Altradl
males approximately over 165 mm total length \ mature, while, for females, it was 176 mm. Gengratiales
reach sexual maturity at a smaller size than fesdeimens (Figure 1.
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Figure 11: Length at first maturity (Lm50) of S. sihama from Persian Gulf and Oman Se

The absolute fecundity was determined from 54 Gakthered from the spawning period. For absoluterfdity
analysis, only ripe stages ovaries were considekbdolute fecundity ranged from 21273781 ova per ovary (
fishes of length and weight range-28 cm and 14.01410 g respectively with mean value 45143 + 3812
addition, observed linear relationship betweeniielity and total length and total weic

Relative Fecundity (RF) was obtained as the nurbegg: per unit weight (g) of fish. Lowest relative feciityc
was 384.29 eggs in per gram related to speciesdanrotal length 16.8 cm, mean total weight of 142) while
highest relative fecundity was 832.65 eggs/g rdldte species by mean total lengtt 21.3 cm and mean tot
weight 118.44 g.

Fecundity was positively correlated with length ddly weight. The fecundit-Total length relationship is shov
in Figure 12. The regression equation was F=58-83510 (r = 0.517). The fecunditybedy weight elationship is
presented in Figure 13. The regression equationFawest2.6\-10610 (r = 0.502).
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Figure 12: Fecundity -Total length relationship in S. sthama from Persian Gulf and Oman See
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Figure 13: Fecundity -Total body weight relationship in S. shama from Persian Gulf and Oman See
DISCUSSION

In population structure, the lengtteight relationship and b values attained for Isgtkes, Shows that tIS. sihama
species have isometric growth. To all specimens,ekponent b lies in between the expected rang25-3.5
described in the majority of fish and shrimp ofdital and coastal [1, 11] and is nearby to 3 irhis®xes showin
which growth is isomic. Even though, the ratio of females to malesS. sihamarevealed the prominence
females over males generally in most of the motitreughout the yeaSeptember 2009 to August 2() matching
results have been described previously [16,

In the present research, the highest GSI recomlefémales, was greater (4.1) compared to mal&3. (Owing to
an increasing number of ova within the ovarieS. sihaman April and May, along with the temporal developth
of gonadosomatic index, ent spawning time occurred during April to eatpd, including maturation, spawni
and spent period. The findings about the reprodeatycle ofS. sihaman this study are in line with observatio
of [4] who have examine8l. sihamapawning periodn the Oman Sea and [18] which it expanded aroumo3ths
with the highest values of GSI from March to May e synchronization of spawning and ovary maimomatn
the Southwest coast of India, indicated Spawnirak tplace frequently, reach a high nt between August ar
November. These differences may be related to @smgwater temperature, salinity, and food suppiyperhap:
to changes in maturity stage.

The findings of the histological experiments of gvahowed, the existence of oocyte most of maturity stage
almost all oocytes of a matured group were geneigtlawned concurrently, but a few might be retaifet
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repetitive spawning. The results in this study ewmagruent with [8] and [10] arguments that montfigguency
distribution of oocytes in th8. sihamavaries confirmed continuous spawning period.

In the current investigation, it may be ideally eegsed that 130-140 mm size group is the size atwioth the
sexes reach sexual maturity. The size at first ritgtin S. sihamastated by other researchers is 110-120 mm [4]
155 - 165 mm [19] 170-210 mm [20]. These differenggght be the influence of geographical variations

The results of the ova diameter experiments retfedlthere was a moderate difference in ova sipedsn female
specimens. [12] determined the factors influen@ngova characteristics in. Sihamaand expressed that the ova
diameter changed with the stage development, teatyer, salinity and timing of the spawning periotl age of
spawners.

The assessments 8f sihamdecundity in this study, since the amount of ovadoaiced by fish specimens (21345 -
73781), were close to those expressed by [20]. ilesless, they are slightly below the number egtichaThere is
a significant difference in the determined valuefedundity recorded by different workers $i sihama [6]
examined on the reproductive biology®fsihamégrom the Mangalore waters and observed that tlagies of ripe
specimens included 11304-100593 ova per fish. ¢kpPlained the maturity and spawningSfsihamanhabiting in
the Pulicat Lake. The fecundity of this speciesanded from 31,678 to 2, 88,000. Many reasons Hawveffect of
such considerable variations in fecundity recofdeese are fertility, the occurrence of spawningeptal care, ova
diameter, population density, and even more sicguifily environment factors which include temperatwalinity
and food supply [19].

CONCLUSION

Results of the current research clearly show $hasihamahas a long-term reproduction season as pointedyut
GSl and large amounts of individuals in Mature apdnt stages of maturity in the April-July. The adoonclusion
provides considerable issues for the managemethte®. sihaman the Persian Gulf and Oman Sea. Recruitment
fishing in earlier than the completed of spawniegson and within two months after spawning peakrednce
spawning biomass.

REFERENCES

[1]Amin S M N; Zafar M'Journal of Biological Science20044. 342-344.

[2] Bolger T; Connolly P'Journal of Fish Biology198934. 171-182.

[3] Hatikakoty G; Biswas SEnvironmental Biology of Fishe®00232. 112-126.

[4] Hosseinzadeh S H; Soltani M; DadvarlFanian Journal of Fisheries Scienge&001, 10. 37-55.

[5] Hunter J; Macewicz B J; Kimbrell C ACalifornia Cooperative Oceanic Fisheries Investigat reports
198930. 61-72.

[6] James P; Varghese T; Devarajjdurnal inland fisheries society indid9768. 212-220.

[7] Jayasankar Pinhdian Journal of Fisherie2011,38. 13-25.

[8] Jayasankar P; Alagarswami Kidian national science academy Part®9460. 173-173.

[9]1 King M, Fisheries biology, assessment and manant, Fishing News Books, Blackwell Scientific, @,
19951, 340-341.

[10] Krishnamurthy K; Kaliyamurthy Mindian journal fisheries2011,25. 84-97.

[11]Le Cren E'Journal of Animal Ecologyl951 201-219.

[12] Lee C-S'Marine ecology progress seriek9814. 63.

[13]Motlagh A; Hakimelahi M; Shojaei M; VahabnezhA; Mirghaed A',JJournal of Biological Science201211.
892-901.

[14] Nitschke P; Mather M; Juanes Rorth American Journal of Fisheries Manageme®0121. 86-95.

[15] Obeten Offem B; Akegbejo-Samsons Y; Tunde Oiyidh Revista de biologia tropica200856. 1785-1799.

[16] Palekar V; Bal D'Proceedings of the Indian Academy of SciencesioBe8t1961,54. 76-93.

[17] Patterson K'Journal of Fish Biology199240. 821-831.

[18] Radhakrishnan NIndian Journal of Fisheriesl957,4. 254-283.

[19] Shamsan E F; Ansari Z Ahdian Journal of Marine Science01039. 280-284.

[20]Vinod B; Basavaraja Nindian Journal of Fisherie2011,57. 21-30.

278
Scholars Research Library



