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for the culture of the finfishes, shellfishes, sea weeds and
mags eulture of livesfood cgganisne. The oourse work also
invclved practical training and study tours to differant
laboratoriss and mericulture field gentyes of CHFRI. During the
seconsl semwater, the candidate made an inwdepth study of the

¢ tionsl sebject ‘Hepsoduction in Molluses' snd pacoed the ih.oe
wualifying examinetion of the Univeristy of Coehin.

ihe candidate started hisz preliasinary work on the
repsarch prograsme of 'heproduetive hysiclogy of indian
Species of the Uepus faspe (Fandly Nytilidce)® by the end of
the second semester. iubcegusntly fulletime attention was
given t¢ the proble:. The subject wop chosen in view of the
grest importades given to massel culture 48 o potentiasl area
tor inoressing esafved producticn in the country. The
techniques of oulture of green agd brown mussel hove been
successfully developed at the CHIRI but seed produc
remained one ¢f the najor qonstraints in expanding mussel
culture. It was considered essemtiazl to seomire the basic
knowledye on the physiclogy of mwm ¢4 muagel tc
understand the problems of gametogenesis, matugetion, spawning
«nd seed produsticn in the natursel popmlations as well as
under osntrolled conditions. The pesults would have practicel
ayplicstions both in cellootion of mmssel seed in the sea by

laying spet collevtors and in mansgement of reprodution in

Llen has

natihexy.

ihe maturel mussel beds Of fopng ipddgs end i. wiridis
aze widely distriduted snd, therefore, ihe ;lanne@ prograsse
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ihe sarine susgels (Faodly dytililae: enjoy & wide
global digtributicn and ccour from the high apetie waters of
Spiteberget: (lat. TE.00%°H; long. 18.00°8) in the morth o
Esrguolen Izlands (late €6.3%5) long. .4%0) of the indian
Leean in the scuth (seed, w%é; spreeding overp the olag,
tesgerate, sdAropical and tropical clisstic regimes. :hile
the littoral and shallow subelittorsl woters ere thelr nutural
habitat, cocasicnally they are found in dee,.or wotors. yugeels
have sdapted ¢ estuarine cunditions as well. +«ith szuch an
ublicuitous ddstribution, conbine’ with thelr econonic

significange ap an fzportont wopld foud peguurec, mussels have
been studied for their biclogy. physiclegy., ecclogy, farming
ang . reducticn (dayne, 1976 @ Foxgings, 19767 Lubst, 1976y
Emed, 1976.. |

&4 geners hove been proogpised (oot fyen, 1955)
ubder Family owtilidet of (lass . eleeyieda, hylus wliuscs,
with several ccemoreially imottant suocles, <f which the
1 ¢r the blue massel. Pytilie gdulis hoe been
mmm in great detail (Bayme, 1376 gi. The Vediterranca

| ough trested as an inde endent
e fme 9 ehma smantiar 1iterabiien fiv.cdeisgsn, L. 4w




ccnsiderel as a variety cf the larger . glulis (Lubet, 1973,
The gemis Jugvtilug (Lamy, 1936, is distgibuted in Burope and
orth ‘eerics. Julgeonye ond ghicrpeys cre known faum
restricted aress in /mstralis, dew Zealand, Jhile and rFesu
{Soot-igen, 1958; seed, 1976).

ihe genus LgEna ietsiums, 1708 is distimpuished fxum
by the aatericr position of the jedal petractor muscle
and aleo the absence of antericr adductcr musele (Lubet, 1973)
besides differences in a fev other charecters iruriakcee, 1960/,
it has 2 sore restricted distpitation in iremil, Venesuela
(Velez and &.4fandc, 1901, tiew iealand (sike, 1971) und indis
(ﬁnria&@su w0l Hule, 1976/. The ses supsels of India were knuwn
unGer the genus fiytilug for a long timo an) e apeciea, the
green maspel [ysilus yixkils (Linneeuws. 1750 snd brown museel
fxkilua sc. were recoynised by Hornell (1022, suriskose and
Bale (1976) placed the lniisn suesels under the genus SQIDR
Fetelus, 1785 and Created & new species Lefna ibdica for the
baown suesel., wnile referring the green russe: to igrma wiridis
{Lidnseus, 1758,

: “he green mussel prns yvigidig enjoys a wider
distriduticr along the Indlan coasts including -ndasahs (vones
énd Jagarewasi, 1973 sppolmctan, 1977/, ihe specics mugporte
2 subsistence fishery alon; the west ocast of india, pasticularly
the Halaber @osst of Xerela, and the anmusl producticn is in
the order of 2600 ¢ (Sdlas g% gle. 39682/. The brown muasel
- ESzna Andiss hes s restrictad distributicn, ccew;ying the
SRthnrn-ecet sone Cf tho wont vcapt Cwem Yarkala in Farasla &




Mottom in Tanil Hade and contributes to & subalstence fishexy
with & preduction of 417 ¢ snually (Sidlas gt Gl.. 1982, The
mugsel fishery has been deseribed Dy iHcrnell (1222) and Jones
11980;.

rupsel culture is an efficlient method of corverting
marine phytoplankton inte mutriticus and jalatatle buman food
. culture in the oolwa waters of the
ccastal and bay areas ensbles aohieving very high roduction
gatea, Amng the molluscs, museels wit: o world producticn of
328,517 ¢ cooupy the secornd place in culture next only to the
oystars vhich yleld 591,366 ¢ (idlley. 1979). sSysin end the
Betherlands 1ead in mussel proMaeticn an' Frange, itely,

nd the ‘hiliprines have ecmocreisl massel farming

operations, FRogringa (1976) hes ¢iven an extensive review of
world sugse. farming systess. Technicues of wzuspel culture
have heon recemtly developed im Imdie. ond it has been cn an
axperinental scale {(Lasime g ale, 1977 Ruriakose, 1580
Appukattan gt &l.. 1980,

Since re;rodection iz the basis of roduction thie )
aspect hae been extensively mm in nany parte of the world.
Frimarily, the anmual reproductive oydle of mussels and the
aspocisted envircneental factors exercising encgencus ountrol
on reproduetion have regeived considerable attentlion and the
works ionclude - on lybilus aduiias “hite (1937, Chipperfield
{1953), Bayne (1964, and kilsgon and & {1975} fpror England;
iubet and Le Gall (1967, from Franee; ‘core and Pedsh (1969)
fzom Califucrniar ‘wglura (31959 and Hirad (19637 from Japany




pddpr Seod (1971) frum L.0. ingland;
Hrsebrenko (1371) frem adrfatic Seay ice (1932) and Youny
{1946) from ﬁaliﬁ&m&m on Fesne wisddie (o 2. yiridia) raul
(1942;, Hagabhushsnum and name (19750) fac g% gid. (1975),
Barasishar (1980) and Farulekar ard Dalal (1380) from Indiay
and on L. Andigp ‘urlekece (1973) and . poukuttan and balr
(1960) . Repyroductive sspects of LUXRe LGEpa have buen studied
by Lunetts (1969) frow Brasil and by Curvajal (1969) fpom
Venesuela.

Johnstone (1698 developed & schese of classification
ve stages of
(1953, Smprowet u.on it. hegently, Kelly gt al. (1982 coabined
histology with autoradicgrashy in describing the male
reprcductive cyele,

s kater, (n:ﬁi;sg}ﬁr field

ine peculiar nature of gamete proliferction in the

mentle lobes of the sussel in the reproductive seasch and the
function of the mantle as the storage orgen dusring the non-
roproductive ssason (Gabixte, 1975 were rmuscnes for the

weadcal studier on the animal in detail. ‘ewsonal ehanges
on the bicghemical compusition of the mlliuscs, &wf@iﬂly
bivsives, have been stuadied extensively and these works huve
been roviewed by Glese (196D}, Gabbott (1976, and Lastey (1972).
in . gdulip seasscnal eycle ©f storage an’ utiilsation of
glyecogon sweerves is closely linked with annusl reproductive
cycle (Do wwean anl candee. 1972 Dasxe, 1973 jeed, 197%;
Gabott, 19762 Bayne, 1976 g candee et al., 15800, simflar
studies have been nole op L. L8lleuivinclislis (Costane:, 1966
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and :oEDd DRrna (Lunetta, 1969}, The participetion ¢f the
sdduesor musele (Gaboote, 1978) and hepatopaneroas (Thompeon,

1972 Trompeon g8 al.. 1974) in hergy stoguege snd ganetcgenesis
in 5. adulic hss been reyorted.

in ccrtain specles of bivalves., ¢ direct ﬂﬁwﬂ@t&m
has been found between hytoplankton amﬁme in the sea and
$he processes of reproductics. uw;ﬁmigg maturation and
Spawning take ploce st certain levels of phytoplankton
Productivity (.ieterz g% gl.. 19807 'andec gt al., 1967).
Bxporimental work on this csvect hae: been lindted (Veles and
Bpifenic, 1981},

ar knoviedge on newrcaseereticsn .od it: xcla in
mmsw i bdvalves Lo lisdted in sodve of several guod
wm carried cut since 1955, including or . edulis and
Jachaghanas, 1962 g, b, 1968; Jibe,
1068, 1966; Lubet. 1566; Hartcja, 1972). A sodern asprcech of
graft and ticeue culture has recently been adopted (Lubet and
Fathieu, 1982;,

Studies on newrcenduorine ecuntrul of ro. roduction
have been sup orted by experimentsal work crn the ablation of
ferebral ganglis, visgeraul geBglie ard sedal ganglia ot
Bifferent gtages of reppoduction (Lubet, 1955, 1950, 1065
Antheunisse. 1963; bagathushanas, 1964 &+ <enerally, the
Berebral ganglia have been Lmpliceted in ccntrclling reproduce
bion and vieceral gengila in metabclie activities. it wwuld

# peen that soet of the investigationg ited above pelate L

e terperate rurcpesn musgol oyt Wl guine have been




#tudies on

trepicel srecies of mussels have bee: very few, guch ag Cazrvajal
(1969}, Lunctea (1969) and Veles (1977). :icme bage-line

| SOFOMICLive aspects (caul, 1942 Jones,
1930 Ruriakcoe, 19735 fao & 2k, 1978). negablushanes gg Ales -
(2978) and Hame ang Nagebhushanes (19801, Sor the first time pald
tenticn & the neurcseeretion aspect in ioxps (= byvidlus)
viridis. it 1s evident that a deteiled and comprehsnsive study

on mproduetics of the Indian mussels has been lagking.

The present investigation on the *regroductive
physiolegy of Inilen speeles of the oenus ferpa (Famdly
Fytilidee:® waps taken up W acquire such compehensive knowledoe
ummmalafﬁumm%‘WMQMﬁumx
& xixidia.

Since physiology of roprodpction hae o be unlerstocd
along with ecclogy ant biolegy of feproduetion, these sasects to
the extant fedessury were investicated. The Enowledge and

Miing gained on the reproductive physiology of the twe
spetiss throuch this iovestigation will mot only forw a
significent advancement over that of the pagt, but would alsc
form the baseeline informeticn for monscement '
the soenies in controlled seed poduetior




age along the weest ecast of ipdia snd intencive fishing at the
 {bimnsems) (1. 1. A}wmmu&mmmmm
from Varkals o iuttom for the brown massel ierma Andice
- Burlakcse and Hadr, (¥l 1, Bl, Both the species live attached
© %0 the focky substratum in the intertidal region and aleo on

 k8ns 3AEigis from Elather

- Flathur, a fishing village sbout 12 km north of

| Roshikode (1at. 11°15'N; long. 75°39°E) (Fig. 1), is one of the
mzum contres for mussel fishery and wep chosen for
Wl% ampling for the study of reproductive physiology of
MM from Cotober 1981 o Dececber 1962. The sampling
| 81%e selected for the regular study wes lccited in the subtidal
mu Posks about 200 m away from the shore with a good
mm of sussel. All sime groups were represented ia the
_population. Reguler eampling wes done fortnightly from the
ﬁmﬂ site. Five ramdonm ssoples were drawn on sach cevasion




FIG ¢ MAP SHOWING THE DISTRidUTION OF BROWN MUSSEL PERNA INDICA

AND GREEN MUSSEL PERNA VIRIDIS ALONG THE INDIAN COAST
AND THE SAMPLING CENTRES FOR THIS STUDY
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FlARE 3

A, The green nusesl, Pexig Yizidis (iisnaseus)

By The brown mussel. Lerps jndigs Furiakose and Haix

#
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and pocled. The pocled pample was ensidered % represent the
nataral populaticn in the russel bhed.

iuring the initial susvey of the sussel beds at
Elathur, it was cbeerved thet 8 site about 1.5 kin south of the
villuage was regularly used for Tatting o’ cceomut husks., Fits
Of about 1-1.5 m de.th were dug among the intertidal roeks snd
filled with hueks. The sea water in the vieinity of such ;ite
was disocloured due o pollution fyom thiz scurce. in crder
5 study the effect of colluticn on the e rcduetion of maseels
found on the rocks of this area, regular fortnightly sam:les
¢f ses water and oussel were collected threughcut the period of
study.

The biclogical samples and water san. les ccllected
from both the monepolluted and pelluted aress ot blsthur wepe
trested first at the collection site and pPoserved agpropriately
tor thelr intended pugrpose at the laborastory of the Calicut
hessorch Centre of Cemtrel Harine isheries Hesecreh Institute
mmﬁiwt&Wﬁwmﬁémx@mmei
12 ks  The vethods of troutment and preservation «f sam.les
&re given in the relevant chapters.

iamne Andigy frem vishingas

' For the studies cn the brown muescl ;. indica.
Vishinjen, a fishing village 15 km south of Tpivendrum
(lat. 8°32'30% long. S6°S58°'E) (Fige 1}, was chosen fop
®llection of samples from Letobeg 1961 ¢ Decerber 1983. The
sanpling site was located in the imtertiial ares and the bed




ras @cosed during low tidee. Fortnightly seryles were
pliected randcaly Syem § points and potled. <8 in the cose
pf green mmssel, the biclogical and water sasples were treated
at the collecticn site and alisopriatsly preserved at the
Vithinjer Ressarch Centre of Central Yarine iigherlies Reseapth
Institute whioh is about 1.5 km fygom the ccllecticn aite.

analysis of samples (biclogical and envircamental.
sercied cut at the Cenmtral “urime righeries iesesrch .nstitute,
Cochin after further transpc:t of the preserved materials frue
Calicut and Vizhinjas & Coghin by traln,

The effect vf ganglion ablation on epeuning was
 studled experimentally in both the species. She beown tsussel
ic dpdiga was ccllected from the regular suspling site at
vighinjan and the ganglion eblaticn studies were carried cut 2t
| She Vishinjam iesearch ventse of Cemtral -urine iisheries
iﬁﬁuﬂd& institute from 15«30 %3? 1962, similarxr studles un the
ghosn ruseel o. yiridis were carried cut ot the Kovalam ¥ield
Saboratory of “edras Research Cent¥e of Central Harine ‘isheries

Bescarch institute during 32-31 Hay 19683. sSaxnles for this
staldy vere gollected frum ioncor, 30 ku north of Hadres and
wpensyorted to Kovalss,

@)
ihe experisental work on induce: maturation with mm

it the brown massel g« fndded
y Contye of Cemtral rarine Fisheries tesesrch lastitute.

was carried -ut st the Tuticorin

were ccllected from Vishinjam and tranm.orted by roal
futieorin cver s distanoe of wbbut 230 K.



Raproduetion of the marine mussels haos been correlated
factors such &8 food, water tempesrature, saslinity and tides
Many vorkers (Bayne, 1976 g7 Sastry, 1979). Cur knowledge
he esology of oussel beds in India is based on the studies
Appuiattan gt g). (1960) at Vighinjam, kuriakose (1980) at
., Barssimham (1980) at Kakinada, Bagabhushanem snd Mane
&) 8% Ratnagiri and Forulekar and Dalal (198C) st Goa.

} Anformstion on the hydfography of the arubian Ses along the
ovast of india has besn well documented in the reports of
sirthom and Jayaramsn (1960), Darbyshire (1967), Reddy and
rayenan (1968), sharma (1968), Easterson and Hahadevan
D) and others. 7The phytoplankton distribution and primary
d of the Fegion has been studied by Subrahmanysn

e B, .&rt:hm:m.‘iw and Viswanathen (1968), Nair (1974)

Dyring the present study on the reproductive
tology of mussels (Fesna ndlge and ». yhixddisi. it was
dered important to collect Bata on the envirommental
of the sussel beds to understand the influence of



PSRN factors on the diffesent yrucesmes of reproduetic

% walleknown perenoters which have boon established o play
wle in sorine bivalve poproducticon such as temperature,

ty, turbidity, rsimfall and phytoplunkton producticn were
for iovestigaticn.

Al BRI BE S BETNDS

Fortaightly surfsce water somjles wore collected from
p study arss at Elathur and Vishinjas during .ctober 1981 =
n 900 -« 000

r 1262, sll sanples were eollectsd Detwee
on choervaticn days. tacsphoric tesperoture and rainfall
ned from the Hetecrological Jepartoent. Salialty

and and Farsone, 1968}, Surbidley ¢f the sez watex in
mssel bed area was eptimated by ihe visval method using
fle veokson tursidometer and expressed se Jackein Turbiaity
e (JTU) (e, 19805,

ihgtoplonkton produd
11l g« o litre of the water sanp:les was filtered
47 o “hotman GI/C filter paper. drior o filSration

Livity wus estinmated in tepms of

fow drops of 1 % maghealum Garbohate suzpelsicn was added to
sarple, «fter filtration the | igrents vese extracted with
’ poetone at low tesperotusre in derknese for about 2C houre.
k p autroct wac centrifeged and the cclour intensity %«f the
axtract mecoured in € Spectrophotiometer (Lo &&5@? at 7%C
665 an wavelangth. Tho extract wes ccidified and the




abgozbanos was messured again. Joetone (90 %) was used as
bMlank 12 all meocsurements. The anount of chlorophyll 3 ves
sslenlated, after correcting for pheopigments, in my
ehiorophyll g/n® using the ecuotion of iorenven (1967) as
given in strickland and FParsons (1968). 7The mean monthly
slues {average of the twoe fortaightly values) were found o
indieste the fluctustions betler and, hence, these values age
prosanted and dAlscussed. “here forsnightly velues gave
grisical information (gegs Chlosophyll 3/, they are dealt with
88 such in the text.

RESULE &

| The hydrographic festusvs and raytoplanktcon vslues
of iokpa ARCAGR bed et Vizhinjam, along with oestecroiogicel
data, are presemted in Table I} amd Fig. 2.

Ihe surfsce tempexsturs of the asa water at Vighinjam
wap 27.8°C iz Cetobar 1981. 4t grefually incrsased with sdace
flustustions ond reoched o maxinwm of 29,3°C in Hayeh 1902,

‘jh April 1961 the sec wator tempercture was 29,1°C when the

) FiC tespesature was also high (33.,1°C), afeer april
MWM lowering of tempercture reaching ¢ minisum of
m*e in July 1981. fubsecuently there was an upward trend,

y geaching 2941°C in October 19862. The surfave




tempexatare was always above the adniras and belov the maxiowm

zie ten erxature (Table 1, idg. 2is The lowast value
&f 24.3%°C was recorded in July 1963 (stuthewest MURSOONR SGLEON
and the highaost volue of 19.3°C in fapch 1982 (Summer).

%he salinity of the pea woter was 33.12 ppt in
Cetober 19281, It grefually increased o 33,63 L.t by ¢ril.
After pril there was a gradual peducticn W 3:4.55 spt o vuly.
Subsesently an increasing tyend was noticed upto deptember
whan the salinity was 35,85 ppt. wieh slight fluctuations the
salinity agoin increased to 36410 ppt in December 1962. Ihe
Baximus palinity level ©f 38,68 ppt wes obseurved during
r 1962. The lowering ¢f salinity coingidod with the
sogurrence of hesvy rFainfell: che sdndoun 32.55 ppt was cbtalped
in July 1962 (southwwest monescon) and 32.62 .t in Hovember 1981
{nerthegast nongocni. The pelatively nigher values during

Setobep-Deounbey 1982 were perhaps due tc the delayed and

: “he vishisnjen ecust seceives rainfell during the scuthe
m MeRROOn as well oz northweeast MOBOCK The northepast
m was sctive during sctober-lecember 1961 with the maxloum

musber of reiny days (12) in Gotober, the rainfall for the sonth
Being 391.56 mm. he southewest monscon was active durisg cayeduly
m ering this pericd the highest ruinfall cecurred in June
:iﬁg.! mnl with 23 roiny daye. The scuthewost DONsCon reecded

& the end of .uguet. in Cetober and liovembesr 1982, rein was
S8t egain, ot a lower intensity, due to northeecot wonscon (Tacle




. Seasonal variations in the emvircimentsl paremeters of the
mssel beds st Vishinjam.

' nity oxygen aisy plankton

&Pt  sisliwre JTU pg Chloe
wh?ll
& e o i —

33,12 4.6 Ba felB 291.8 23,7 303
32,62 4,74  SA 2.19 156,60 23.5 3041
33.54 4,10 Ka 4413 27.4 218 31.C
34.53 4,60  BHA 11,62 0 31e1 3049
34,70 4.70  Ea 5.53 3 235 3146
35.24 432 u 7436 05 24,7 32.6
35.69 3.64 245 6.46 49,6 25.6 33.1
34,32 4,33 470 28.87 294,5 35.2 3.3
33.75 497 438 10,82 80,9 26.0 29.9
33.55 S.19 840  5.92 147.8 23.6 29.5
33.88 4,78 365 5.54 117.7 33,7 2947
35.85 4.6 180 6437 1742 26.0 30,5
35,32 4,56  20C 3,94 126,3 23.9 31.2
36,68 4.85 263  3.:i 176.6 24,0 31,1
36.10  4.48 200 .03 23.8 2.1 3i.1

 Ba » Data not avallable



emperature

[YR N U S DA, B VNN NN T NN B |

MONTHS 1982

Selinity

P CHO IS WA WU NN W
A-M Jd 4 A S O ND

MONTHS 1982

mg chiorophyll g /m3

mi/1i

Oxygen

N
o 0 o O a0
ve—rr 1 ¥ i
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The dissclved cxygen content o¢f the eea water shoved
- bat no definite trend oould be noticed. IThe
value obtained was 3.64 al/1 Quring pril 1962 and the
5.39 ml/1 in July 1982 (Zable 1, Fige 2/,

The sea water in the sussel bed area had low

I{sy velues during yrile-lgoexber 19€2. lelatively higher
pEbidity valuse were ocoincident with the monsitons. However,
@ range was still low between 343 JIU in .wril and 540 VIV n
y (Table 3).

p (Chlogophyll ) =
: son bicoope wes estimsted as sy cehlorophyll g
¢ 0%, In Cctober 1981, the ehlozophyll g content wad 2.15 mg.
 was Peduced o 1.04 mg in the first half of November following
Moh thers was gradual incresse reashing a value of 14.63 mg

) the first forsnight of Jamuery. Foliowing a reduction to

83 mp in Jebsuary, the enlorophyll eontent startsd increasing

§ sesched its maximum of 38,60 mg/m® in the first fortnight
iing o @ physoplankton bloos. The bloom was

8 spresd over the entize mussel bod ares lmporting a
beows oclour t¢ the water, which was dominated by

‘ mm:. chlczophyll & values gradually decressed

} 3:13 mg in Bovember, The minimum ¢hlogophyll g value
wag 1.84 mg in the first fortniyht of Rovembe

and the




“ sanizun was 38.49 m@'@g in ray 1962. The pesk produetdc
' y tagedune with & secondapy pesk in January (Table 1, idye 24

The hydrogeashic festures ©f the water of the cussol
pols GF Elathur aye presented in Table I and Fige Js

| ihe ses water Sepetatire of the reglion fluctuated
fyom 26,0°C (imgust 19627 o 29.9°C (June 1962 . in Lotober
T'mh the terperainse wes 28.3% end ip Sovesber it incedsed o
iﬁn’!’%ﬁ. sfter lovesber, with slight ‘luctuaticss 1t rewched
29,9°C in June 1987, Subseuently the teypersture Jdecreased to
m windman of 26°C in - wgust apd yoese ogeln o 28.2°C in
Decueber (Table 2, iiys 3.

ihe salinity varisticn during the pegicd wes fzom
35;49 ot in Lotober 1961 to 40,50 pt in day 1983. iywm
Petcber to o r 1981, the salinity remuined low <nd stecdy
95,4035,98 oot/ and ingrased abpuytly o 39.85 ppt in January
1982, It reached the highest vaiue ©f 4U.50 ppt in ey 1961.
Later it decreased to 36,23 ppt in Coteber 1982. uxing July
%0 Cotober 1962 salinity was low ecdociiing with heavy ruinfall
(Fadle 2, iige 3.

The southewest Dongoeh wis very <ctive during Jube-
1982, with the monthly rainfall runging 637.8 = 759,5 om.



';k; Sessonal variaticns in the environcental porameters of the
o massel beds at Elathur.

water Salle Oissclved Turbis Fhyto- Eaine
> nity Ooxygen digy planktcn  fall
¢ ppe @wl/ldtze VIV mg Chicruy oW
| phyll g/

stmogpheric

A

L it - — e

38,2
e
- ns
K
1.
R
| 3942
= X
1.9
26.0
- 2%.0
20.6
7.9
.2

35.40
35.94
3s.61
33.65
3e.04
3e.681
36,60
40450
39,92
37.43
37,08
37.20
36.33
37.72
.86

5.17
%417
4.9C
Sebd
.54
4.16
4.860
4633
4,99
4.24
555
S.27
4457
5.38
54386

#a » Data not available
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%10
a0
100
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3.5
4.08
4026
.82
475
4426
3.50
4.08

5.3«"3

9.99
17.91
22.00

7.9%

Ge17

€68

363.3
121.3
2442

3.5
3.3
167.3
7375
637.€
757.%
113.6
229 .4
1:6.3%




Fig. 3 SEASONAL VARIATIONS IN THE ENVIRONMENTAL
PARAMETERS OF THE MUSSEL BEDS AT ELATHUR
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e gains continued st reduged intemsity from cotober o
¥ 1962 bringing in the poat During
- 1981 alsc there was low precipitation (Table 2).

, The dissclved oxygen of sea wotex ranged from
o186 ml/1 (Sareh 1962) toc 5.94 ml/1 (Februagy 1962). The
he pericd of cbservation (Table 2, fig. 3.

ihe turbidity of the water at Elethur wag high

, ®w thit of the mussel beds at Vishinjan. from lebrusry
2 the turbidity began t<¢ increcse and from Hay to Fovesbers
has high (833 = 940 JTU} (Table 2.,

ien (Chlosophyll gi

The chlexu byll 5 values ehowed a sarked seascpal

et dering the pericd of study. In Lotcber 1981 the ascunt
ehlepophyll g was 3,31 Ww’. it showed a gradsl increase

) 11,83 ma/n® in the first week of Jumuary 1962 (mounthly
Mereos 8.62 mg). subsequently chlorcihyll g contont deercased
9 3.50 mg in coril 1962. Later the mmw;mn level Wﬂﬁ
) yﬂﬁi&%amﬁmaﬁﬁﬁﬁm{m during first
ﬂﬁ%%%x%@d&%%%mmaﬁaﬁm

4 0f & colonial blucegEwen alga. iThus, there wers twe
m of phytcplaniton produgtion, a primary pesk in the first
Week of September 1982 and a secondazy peak in the first week




pagy 1982 (Table 2, rig. 3). The phyteplankton bloom

) Jedged by nsked eye oven fyom a distanoce Suring
¢ 1982 as the colour of the water was greenish and the
as “hara’.

DIBUBHILE

changes 4in the anwircnoantsal fectors of

bed ares et vichiajes and Elathur wele found to be
with the prevailing menscon regime of the sea, The
sopsson was sctive at Vishinjon during Hayeduly with /
fall and o moderate precipitation occurred due o
mher. The peried of
od when salinity and W:M
apd phytcplankton bloomed. Ihece avents cccurred
fime dag Of about cne month at ilathur where the south-
was ogtive during June-iugust. ihe sele of

rbicn in the ooastal waters ¢f Indic hes been

Beought cut by many anG Lecrge. 19993
1959 ¥ 5 b wasin et ales 1269 and Halr, 1974 .

soth at Vighinjan and ilathur the eec water tesperatars
atively high in the BUDeODASUCR S6ASCR { fabraary.
spril 19€2 at Vishinjem and spril to vune 1962 at

The lowering of temperature in the monscon paricd

» been caused by the presijitation. Lamemirthes and
(i960) related the temperature flugtustiocns to elimagi
The tempercture fluctuations oheerved during the



present investigation at Vizhinjas agfee with the findings of
Wﬁm £ al. (1980; for the pexiad 1977-78, The sallnity
m fpund tc decresse followiny the monsvon. The salinity
‘tpends ot Vizninjar elosely agree with observations of
wm % ad. (1900,

$he dissclved omygen cuntent o7 U peu water at
Vishinja and Elothuy 448 not ghov any regular pattern of
wariaticn ercest chat the voiues were slightiy kigh during the
BCREUGD BossOn. Dol and %@ﬂm& (1959, uleoe mudle sioilar
%ﬂaﬁi&m a3 rejorted thet, in the west coust, dlssclved
oxygen fluctuates frum J3.54 to 5413 wi/l with the maxinunm
values in the ralny seascn, Halr (1374 alec 414 ot cbserve
any seesuncl trends in the dlseclved exygen cuntent along the
west coast ©f indla.

Yhe phytoplankton productivity of the sussel bed area
ot Blathur and vizhinjes wss influence! by o combination of
foctors such as painfall, salinity and tempesutuze. The
phytoplankton bloem coeurred in reduced zaiinity and ten erature
sfter the coset of rongcon. In Celicut. subralvnenyaen (1959 5, L
mm pesk production £ phytoplankitun in JupeeJduly when
the monaton was very asgctive with low sclinity, sempersture and

high matzients. [uring the southwwe:st mosoon, the boticm s
laden with nutrients is relesased intt gwe wuters and brought
to the surfuce laysrs by upwellin ond turbulenc: Duused by
winds, Halr (1974. stated thut in the coaptal waﬁ:ﬁ of india
it iz the sutzient reylemsishrent that influenge phytoglagkton
producticn digectly and teopersture alsc may play an indirect



fones 4o the regensration of mutrient salts. Blooming
Jatons Bos been cheexved in the ses off Trivandrum Guring
tay (Momcm, 1943}, The ccourrence of phyteplankton




INTRLDARCT ILE

The process ¢f reyscduction in aulliuses invclves

esll differenticticn, gonad Jdeveloprant, soturetion,

ns, fertilization, lagvasl develojuent and seed
wion, o roducticon swy ogour in & tﬁmmf pattern
i1ting in anpual or sendeannuad evele, thougs centimus
no can clee cocur  These cgpedtts have Leen studied
} respect to marine invertebrates of < lar, terperste andd
gegions (Udese, 1953, . Eowircmment ;loys on i ostant

in the opset and progression of reuroiuctive activivy
spdhery, 176G1p -astry, 12€3; wilgon and lodgrin, 1567

n 1962; Dayne, 1775 and teed, 1576/,

Feproducticon in pelecyiods hes been revicwed by
y {1960}, calstosf (12611, petter and Cruham {1964/,
(1976 3 and castry (13T . she yusetogenic prvcessea
many marine bivalves have been studiel. some ¢f which are
w, 1963, 1266, 1966) und _lpeuieCtel

Lo S panter

reenarda {(lovsanoff, 1937,




«Eiyeete have been investigeted un peveral spccles ond the list
-sclules pobeiyela Gpdlme by Mene (1974, 1961/ and Negabhughanam
atd wene (1975 B, wm by M-:zg‘w&%ii {1966, sopgx

b Lopka by Durve -
£1391, i853. 319%6) and

ine recroductive activity of the anirale in a
opulatior ir decoribed in terrs of the . oni’ index whieh is &
messure 6f the gonad Jdevelopment. ihe cunod index of Eytilug

pctdg has Devs ptudied by teed (31975, und .esd and rown

31375 she chenjes in the ¢oad nder .nd digestive sdund

! Azgaidapg by
~antry (1974, distwlogical technicve Lop boen uzel Lo

if’— B o oty iﬁfﬁ in

ercertadn the reproductive sctivity cf the ~ususele and several
reppoduetive stuger have been identiffed, Johnstone | 1895
cubliined o method ¢ gtaging which was loter duveleped by
svhizporfleld (1853 raoy asuthors have subseuently revised
thi suhese .ubed, 1957, 1953 teed, 1969 4, 1975; Lunetta,
960 wayme 1576 gi. ihese schemes proviie 3 sin le, yet
SEGCAsey methoed £0r examining the onset, g0 ress .no duration
“i o thw peopruductive cyele.  ore gecently, usino histology and

cuberaddogrs hye ‘elly g8 gle { 98 detiiled o scheme for the

-

Ciuzsiliestion ©f Lhe mals oonod.

A ihe:e earlier ublicstions on the repruductics
G5 Missels, the est evmprehensive one is thot of leld (1932
(5 @&&%g& $dudis from the stlantie eoust., ot on the
raproametion of Lo gduiis of the iwropew: coast were publizhel



by several suthcrs (Chipperfield, 1953; ieed and Drown, 1975
and Lsyne., 1976 g&'. For F. galdfornienus
reproductive seapcn was greported by vhedon (1936) and Young
(1942}, Reyroduction of the rediterranesn sussel

| gialisg wes investigated by iubet (19%9), Cogtanso
(1966), Bourcart and Lubet (1965., Rensoni and Giuetd (1972,
and Lubet gt ). (i1981)s The reproductive cycle of
g from Lorthern dplatic sea and L. gdulis
from Long lsland Sound wes studled by Hre-Srenke (19715,

The early work on peproduction ¢f the indlan russel
is that of Faul (1942), The reproducttive ;rocosses of PgfDa
viridla st Ratmagiri were investigoted by tagabhughanam snd
tans (1975 3/ and at Kaekinads by Harasichar (1980;. Yhe ammual
rejproductive oyele of L. Andiga wae studled by Kuriekose (1973;
and sppukuttan gt al. (1980). The reproiuctive activity cf
the cultured mussel (. yiridlg’ in Gos has been studied by
varulekar and Dalal (1980),

4 sound koowledge of the bioloyy ¢f reproduction
hag bean considered essential for the study ¢f re;roluctive
shysiclogy. Therefore, duriny the jresent imvestijaticn,
cbservaticng were made on the diiferent rejroductive pheses
and thelsr seaponality in the mussels .. fpiicg and L. yirdid




FATERLALL ARG METHOD!

semples of iesnd ABdAGa ond i. Yiridis were
ecllected respeoctively from vishinjar ond Llathur st the
cites referred to in Chapter iX. 7These sites case undex
axploitation by the fishermen and, therefcre, ,_g}a order o get
o pepresentative camgling of the population, mussele were
ccllocted from five syots randomly selected on the forte
nightly sangpling days. The eellsctions were pocled. fussels
were divided inte five sise-grouss. navely those balovw lenagth
©f 15 mn, 15«30 mo. 3048 me, 4560 .o and those above 60 mo,
EFpom the sazple, 20 animals were drawn from each ¢f the above
fuve sige~groups for detalled stailes., :ousonul Clifferences
whre chbeerved in the evalladblliity of sizewgrou. g due to
recrultmant and exploitation and there were ocossicns whem
ounly cbe sivewgrou. (45«60 mm) was present at the sites, Thus
the cuiple size ranged frow 20 v 100 animals Gepending on
seasonal variations in the exploited populaticn. Jdor
histological examination. the sisoegrou; 43«60 mm, which was
present throughocut the yeqr, was selects:,

“he musscls wore fined 1o S » 7 - buffered neutral
formsalin at the site. in the laboratery the cclour, Sexture
s0d fullness of gonad
tion woe dune ¢n &ll the animals in the pelected sample. ien
animals were treated further for histological studies. Sased
on the gesulis of smwar test and higtological study, the
reproductive stage was assigned to each animal and the data

were notéd visually and @ smesr examing-
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seX ratic, The fortnightly deta did not tenerally indicate
mueh vaglaticns withip any eslender month and, therefore, the
data were pooled iCr sach monmth and pregented hezre. herevesr
differences were noticed,  these are diseussed in the text,

Histelogiaal studies wore Sarrieq ot on mantle
tissues fixed in . cnker's fiuld. he fized tiscucs were
waghod in ranning tap water Cvernight an: with iodine in 70 -
slochol (lugoli's scluticn) o ensuge o lete recoval of
hertury. Dehydpation f.:s%‘ the tissues wan ai feetad in aloohol
grades fgom 10 %X eo abwmw alechol, ine tissues vere then
treated with rethyl sslicyiote and cleare: progyressively in
qxwwl*zylm slxture and finally in zyle sLftar paraffin

nifleration at Gos. in hot afp ever; the tissues are

tections were cut in 6 -~ & /o8 thickness on = S rotary microtume
“ii fixed on glasa slides, The secticne were éeyarafﬁn&m
in xylene, hydrates through the deseend ding pepies of aleohcl
sni distilled water and stained ¥ith Jelifleld’'s haestoxyline
W counter stained with ecsin (Hum.e: e 1962},  talpes
seQticns were dehydrated, Cleaged in xyloce. mounted on o 2
and stored brieily for histclogioal Gxaninaticn,

The smapn Wonsd Index ;3@;4} ¢f the Srulation wag
Caleulated by the methcd of reel ant Brown (1978%) used on
Lo 8dulis. Ghe pumber ¢f animals in each stage or goned
develoiment wap mled;lied by the Bumeric.l ranking or the
Stage and the sur total of these products was d1vided by the



numbox ©f aniwals in the sample to obtoin the index. However,
the numerieal ranking for the Aifferent reproductive stages
azsigned by ieod und Zrown (1975) could mot be followed in
the present gsudy on ;. Aniiga amd L. yiridls. hese suthors
treated the developing stages of the kuropear missel as I to
iV in the oxder ©f progression and the spawning stages in the
reverse order of 1V to I, demoting spent and undi “ferentiated
gonads a8 stage 0 and fully ripe gonad as stage v, iIn the
indian species the progress of revroductive setivity takes
~lace in uick succeesion and, therefore, o spresdecut
classification ap cared unreslistie. 7The elaspification
adcpted by Veler and Epifenic (1581) for the tropical
Venesuelen mussel igrpa SR503 was found suitasle to describe
the reproductive stages of the tropdeal indlsn suesels. The
sumerical ranking given for the dAifferent stages in the
Prosent study ls ss follows

Etage CGonad conditicn Fumerieal ranking
e ———— R T SRR W

L+ indetezninate €
i inciilent 1
2 advanced 2
3 ripe 3
4 spawaing, spent G



The gonad In ;orhs

diifuse orgen and sprexis into the mantle and labial yelps.
The gonud proper. which is yresent behind the 00t and belcw
the by-sal retruetor sustle, remalns dormaht as & small, thin
sidghtly elongated tissue during the resting ghase, It grows
irn size with the conset ¢f gumetoyenesis and attains icsn

warimur bulk in fully moture enimale. 7The rantle, exce t

the  ostericr saggin, is ¢

usled by resxcductive tissue
during the setive phase of repreduction. ihe pe.roductive
fvlidcles ip the mantle are acked tightly in meture eonlition
and are gomnected by anastombsing mincr een.ls which join and
lead to majfor genital canale in di7fsrent rogicns. Ihese
majoer coanale eoaine on elther side of the ooy apd lesd to

s palred gonoduet which discharges the gumwtes ot spawning.
The yrowkh and develepment of roproductive tissue is
concusren: and walifors in all the organs stated axowe.
iherefore, in the present investigation, the muntle tissue
was taken to represent the reyzoductive ztote i the snimal,
a9 has been done in many earlier studiaes, mé a portion of

the central regicn of the left mantle wag ckamlned.

phase the mantle is generally thin and trungoapent (1. 2, #).
with secummlation of glyco,en. the rantle tissue becomes



PLATE 2

A. Frogressive stages (from left to richt) in glyecgen
socurulation in the mantle tissve of Epgpe Jndiea.
during the nonegeproductive phase.  SEOw polnta to
the whitish mantlie with high glycogen content,

8., Frogressive chapges in the colcouy and sise of the
digestive gland of ierng indicas assccisted with
reproductive cycle. Arrow indicates @igestive gland.
Clockewise from bottom right: mussels in reproductive
stages O, ¢ 1¢ 2. 2, 3, 3, 4 and &



PLATE 2

LIBRARY, w Teat wam& FISHER It
RESEAR L ERNAK ] M
COF,H S Va1 L) INDY 4



e

gl

<

thicker and tumms milky white in eclour. ihers iz no trege Gf
re roductive activity in the goned, but elaboration of

connective tissue tekes place, ihe connective tissue is toth
sdipogranular (6] and vesicular (VT in nature during loter

stayes, e o .lyeoyen acchrulation. The rusber of 4 cells

ig higher than WIT (¢1, 3, < Bi. 7The “dyestive gland is
large, suft and dark green ir culour (¢l. 2. 3i, ine
siductor susele is thick erd pmecular in paturs with pedifsh:

prown eclour.

ax differentiation cecur: with the
fopration and differentiation of the gxonisl collp in the
conpective tigsue (Fl. 3, B, Ci. wHith the furoation of
felideles the gumeto. entic procercs is dnttiuted and the
follicles begin (¢ proliferate cecupying rore of the space of
wonnective tisoue (1. 3, Fi, ihe mantie ir thick and milky
vhite due tw glycoyen accummlation. 7The nire and the eclour
¢f the ligestive gland and adductor muscle 1z reduced by the
cnset Of gametogenesis. #ith the progress of cogenesis the

. @igestive gland slightly shrinks in sime and the derk groen
 eclour undergoes a faint chanie to a paler shade (il, 2, 8/,
| The reddish brvun colour of adductor miscle alsc gets slightly

stage-2: In the stage-2 animals the colour change
¢f the goned is quite evident. The pantle ip Grape-red in

solour with a few petohy wnite areass due %o the PrEsence o7
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PLATE 3

Histological secticns of mantle tissue of Ferna
ibdics showing the presente of both sdijograsmlar (4G)
and vesiculsr connective tisaue (YCT) cells.

Histclogical gecticns ©f mantle tissue of . indigs
showing the dlifferentistion of gonisl eells in the
comnoctive tissue.

Froliteration of mele reproductive follicles in the
oonpective tissue of i. Andigs.

vroliferation ¢f female peproductive follielesz in the
connective tissue cf . indisa.

Mipogranular cells: €T « Connective tissue;
Epithelial layery

Fenale folligle; OC - Gonial eells) HF - Male folliclel
Veasicular conpective tizsgue.
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glycogen, 4he mantle lg ;ached with the develcying follicles
containing coyonia 4s aloe Cocytes. She oogonic lie close to
the “clliculay wall and, by nmitotic divieions, give rise to
crimary ougytes. Lhe o .egytes are attached o the fcllicular
«u11 with & stalk (1. 4, B, U, © and 1. 5, ). she etalked
cogytes chter inke the vi ellogenie phase and yolik wmeterisl
gets accurmalated in the ouplagn. The muntle increases in
thichness Jue o the active ganetogenic prmcess and mws&m
flabby. iGhe digestive glend i pale green in colour and gots
further reduced ir sise, Ihe adductor ruscle turng broun with
reduetion In sice wrd weatuge.

Stoge-3: ihe mentle ig thie., Zlacby, climy snd
potiked with reparoductive follicles. The colour ¢f the santle
ie Jdeep ed or vrane-geld. The srfsce ¢f the rige mamtle
shows . grarmalar taxture. Histologleal exwernination shows that
the Ifvilieles vcgu,y the entire mantle tiocsue except the
pestericr mergin with appagently o conhect!ive tCissue and
contaln staiked cocytes ae well as free s herical ov:

{els 5, B, 2} The garnuinzl vesicle i distinctly seen in
the free ¢wa. Lhe coplase surgouniing the germinsl vesicle

iz rich in yolk neterlals. “he digestive gland turns yellowish

green in eclour and is further reduced in wolume. 7The adductor

muscle bectwmes £labby and pale brown in oolour.

piG8-4: he mimalﬁm in the mpawning Jhas:
{21 % Ele “The breakdo

o £ the gersinal veslele «f the ova
ig ckservel only after gpawning and vuon the ove toming in
contagt with seawater. #Afteor the dischurge ¢f eggs, the
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A, C & B ftages ©f deovelcument of mule follicle in
Lekne inddcs os revesled in histclogleal
pecticnsg;

“e i enlerged mule follicle on the left side

the secticny
€. Growth ¢f male fullicles during agtive ganee
togends hopey
E, Fally msature cale follicles.

|
g
|

8, D& ¥ ttages of develogment of female follieles in
LeFua Audigar

3. o tevale peproductive follicle in the sorly |

enic phase; *

T

£e ferale follicies in sgtive phace;

an

I. Enlurged view of cocytes in active sametoge _‘

yvhase chowin: stalked and free cogytes in
folliele. :

oG e dipogramilsr celler CT - Connective tissue;
PV - fecale ollicley
i o= fale follicler U - Stalked cocytes.
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A, an enlarged seetion of fully catapre male feollieles
i ADgica showing the srrangecent of sporm bundles
loge foliicular Ldentity before spawning.

B, Fesale follicles in atoge 3 animals.

€. ihe peripheral arce irn the =ecticp ¢f 2 mature pole
folliele showing the presence ¢f syermatogonis and
spegnatidds indicating simultancoue gametogenic proe
aleng with maturaticn,

Ds o enlarged section ¢f a mature femule folliele
showing the dlarwpting follicular wall and ot
cva with ;reminent germinal vesicls.

E. Section through the mantle Of & ppowning mascel
indleating the sbeenge of free owa (which have
been s:owned) and presence of atalked oucyte:z.

¥. 4n enlarged view of a section thiough santle of
soent aniral showine the sreesence of residual

U - Froe cocytes; ¥ « jcllicular
GV » veorvinal vesicle; #E -~ Residual eggs: £ - £ ematd
&6 ~ Sperrs in bundlesy £6 - Spersctogonia: (0 - stoled ool
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oclour ©of the mantle gets progressively reduged and finally
beoomes membranous and CLonspasent. repence of amcebooytes
is cheerved in the spent animels for the rescrption of the
residusl egge by autolyale (#l. 5, F}. icon aiter spawning
the digestive gland end sdductor muscle begin to regain their
sige cnd ovlour. After the pesorption of the residual eggs
the wnad enters the resting phage by elaboration of

| Rive tissue and the sex detomes indetersinate.

g.ﬁm
Stagcel: in the stegeesi anivals, gen difierentiation
is just initisted with cuzly gametogenesis (il. 3, EJ. *onial

cells begin to make appearance anidst the conpective tissue
by the &sgéiMamﬁ of the laetter (-1, 4. . %he
spermatogs -8l ¢ells gppesr in the jerihery of the Iulligle
apd the spermatocyctes are formed inalde the follicular ared.
ihe coougzence ¢f _rimary obd gsedcadury spermatcoytes is wleo
evidenced during the initial stages cf Jeveicpment (:l. 5, Ci,
ihe initiction ¢! che gusetegsnic activity rosults in
reduction of the sise of Jdgestive gland (vle 2, B} and
adductor miscle.

S0 She mantie is pale yelliotw or éirty white
in eulour, 3:3@ arui flabby. The pe . roductive cllicles are
found to spread in t&w mantle cotupying »ore si-oce in the
connegtive tigsue (k1. ¢, ). The fulliiclescuntaln seecndury
spernstocytes and gpermatids. The intericliicuiar connective
ﬁsm disintegrates with the progress of gpermatogeneelis.
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The digestive gland is further reduced in size and is pale
gkean in oulour. The adductor musgle turns bLgown with
reduckion in size and Sextugre.

itace=3: in this stage the gonad iz fully ripe.
it is loose, flabby spd pale yellow in colour. Histologleal
exaninsticn of the mantle chows that the follicles are dansely
pactked and contain spermstomcae (V1. 4, B), The follieular
boundaries oven disappear or porge with each other and the
SpeImatozoa re seen ag bands in the mantle (#1. 5, A), 1he
sperms are found to ogse cut of the smontle on elight pressure.
The digestive gland L{s wery thin and yellowieh in oolour.
Cimdlarly the adducteor rusole is thin and flabby ond pale
brown in colour,

itgus=41 <his 12 the asctive gowning estoge of the
apimale. after the empulsion ¢f spermes the wantle bDecones
Benbrancls and trensporent. Hesldual soexe ond EroebuCy

are chasesved. oy the rescrytion of residuval sperms and
elaboration s:}é connective tissue, the animel enters the
digestive gland and adductor musele rooain thels eclour. sise
and texture.

“he distributicn of dliferent peproductive stages in
£arna Andies and :oxna Yiriclie during the pericd from Gotober
i9681 to lecsnber 1982 le presente! in Sables 3 and 4
respectively.
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The fezps Apdigs population at Viehinjam wos
chserved ¢t have cnly & single re;roductive sesson in 8 year.
the reproductive sctivity extonded over 3 pericd of eight
monthe, from Jebruary to Jeptesber 1982. The aninsls were in
the indeterainate stoge (Ronereproduetive ;hase’ from Lotober
1 1981 to revruary 1982 and alsc during Lciober-legecber 1962
{Table 3., c<omial cell ditferentiastion cormenced in Yebruary

ol snd garly stages of gonetogenesis were cbserved till the
middle of Axril 1962, vhen 20 % of the animale were still In
Athe germinal cell cifferentiation stage. 1Ir -prddl, 79 % of
m animals were in the sctive gametogenic :hose (stage-2) and

small percentage hap advanced to the ripe hape. The
€ zipe animals (atage=3)
£ % in .pril o 55 % in Hey and 85 % in June ond a matious

shewed a rapli incrsase

% of this stage was cbsezved in July. russcls in the
ming/scent stoge appeered from the sedond half of say tlll
) fixnt week of Septomber, but the spewning octivity in the
posulation was the higheet in ‘ugust, with 80 % of the
8 in stagewd. cspowning was midld in the previcus months
13 B of the pupulsticn in stage=4 during Fay and June and
& July, By the end cof september all the animals enteped

legminate stage. slaborpatior -{ the cimnegtive tlssue
geed in the apnimals collscted durxing Jctcberelecenbes

The data in Tasle 3 show thaet in 1. ipdigg there ils
and welledefined reproductive cycle which ip annual
od and gemetogencsis ooixmen




Table 3 lletributicn of u;;mﬁucﬂn stages and sex ratic in the
popaiaticn of FeLne Mg_ﬁ at vighinjan

Fopth  Hope agwmu sem xgm gemnt;;w &mﬁm&iﬁn ef
gepru- Suctive g F swgzﬂﬂuetive ﬁ%aﬁﬁ& {rale
% ,

- o S - - ol

et 1981 10 - - " -
Hov 1961 100 - - - - - e
e 1981 ) SE - - - - - -
san 12862 300 - - - - -
tgn 1982 61 3 50420 G - - -
pag 1982 13 €7 65:235 67 33 - -
spr 1983 - 15C S6:42 20 TS & -
Hay 1982 - 108 57:43 - 3¢ 55 18
Jun 1982 - 00 52:48 - - 8% 16
vul 198z - 00 49:81 - - 93 8
g 1982 - 16c 50:50 - - € &0
sa 1983 gt 12 52: 456 - - - 100
vet 1981 160 - - - - -
Bov 1982 1060 - - - - - -
bec 31982 105 - - - - : -

R N B S S SRR S R SRR S B R R - B O B S R R O B R A B B L B 9 e B G B SR R IR AN
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Febguaryy maxinmum gesets prxcliferaticn takes place in apsils
maturation and vitellogenic agtivity iz the hichest in cune
vuly:; end the highest synchronised spawning activity takes
vlage in ‘mqust. The enimals remain in the vegetative or
nonergppoduetive phase during Cotobededanvary.

iksxma vixidiia

n the cther hand, the green russel jging viridis
at klathur was cbserved to have tuwe gerroductive seasons. one
major and epother wincr. ihe data are ;resented in Table 4.
ihe major reproduct

ve seancn extended fur rive mimths fpow
July to Hovember 19682. ihe reproiuctive ;hase commenced by
the beginning of July with germ cell differentiation and early
ganetogenesis in 40 % of the total populstion. iuring the
second fortnight of July and early ugust 1982 active
ganetogenesios was cbsarved and 50 4 of the animals became rice
by t.e second half of mgust., Spawning comrenced in early

ed in ioptomber (60 %)
and vetober (80 ). spewning eontinued in Soverbor with 93 %
¢f the aplmals in spavning/ spent-recovery stage. aximam
Gp-sunling was ocamplety by end of vetober when sost of the
animals wepe in the spent condition and o emall percentage had
entered the roscroticn gtace. The anicals entered the nons
soopcductive phase by loverber-ecember 13632.

Septezher and agtive spawning was notic

ihe seccndary reproductive seascn was ubserved from
Jamuary ¢ Hareh 1982. o interesting cbservation was that
only snimeals ©f sise above 60 mm particizated in the



Table 4 uistyibuticn of geproductive stages «nd sex ratic in the
W?ﬂz atdon of 5 L ¥ &E&é&iﬁ &t slathury

0500 0 50 55 0 R R s R M OGS € 5 A S U R EI _ PRI G5 SRR 213 S BUNES B L

sonth Hene ganroc- Les xmﬂ&& w&ﬁﬂéﬁt%@é digtributicn of
reproe ductive M ¢ F reprcductive stages (male
ductive jhase and fecale combined)

i ghoee . 2 3 4 )
Vet 1381 - 100 46:82 - - 214 a7
Low 1301 76 24 52:48 - - 6: ¥
tee 181 32 68 S2:48 - - -  REE
Jan 1842 i S04 - - - - -
e 1} 6 47:53 32 g 52 18
Yew 19832 =30 - - - - -
L 15 52568 & he 58 24
Fay (982 2300 - - - - -
“*84 it 30:5C - & it 76
T S R < 184 - -~ - - - -
tay 1962 163 - - - - - -
van 1982 G - - - “ - -
vl 1963 (9] 4 54146 8 12 - -
aag 1983 - 100 46452 - 50 &G -
day 19832 - 00 E3s87 - - 40 6o
wot (582 - 100 4951 - - &L Bl
Bow 19632 0 10 20 5G:50 . - 7 93
& 1964 PR - - - - - -
i 5 5 5 MR 5 A5 S O 080 0 S e B G D D SR B e S SRR

4 ‘Sgumioes dn this Fpow ape for museels &0 mn ond below in size
{t&ﬁ@ﬁ 28 - 60 mw

*+ igures iu this Fow ape for sussels socve 60 nm sive
(pange 61 « 81 mn)
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reoproductive agtivity (Table ¢/. 7Thoge 60 pm ond below
eontinued to be in the Sesting phase  iuring the seccad
fortndght of January 1762, while 84 % of the populaticn was

in the resting stage, 16 & shoved pex differentisticn, of
these, 12 » were io the initial gametogenic phaese, 18 % in the
sotive gametogenie phase, 53 % in the fully ripe conditicn and
i8 % ghcwad spent conditicn. In redruagy 1962, the majority
of the spimals (58 ) was in the ri,e stage ard 34 % in the
gpent conditicn. During Hareh, while 18 % of the anissls
vere in the fully ripe conditicn, 76 % were in the gient
cunditica, From april t¢ the siddle of July 1962 the animals
again enteresd the none-peproductive phase.

ixamining the dats for the pericd otuber~Decsrder
1981 in Table 4, it is inferwed that the sajor reproductive
seascn of 1981 would have bean slightly delayed by a time
favtor of about one month. vhile sajority of the population
was in stege=4 in september-ictober 1962, »oet of the animals
were still in stage«3 during the sume monthe in 1981,
Elwilarly, whercss 93 & ¢f the animala were in otage=4 in
1982, such a ecndition was cheerved during 1981 coly
in Ueverbers.

Copsidering the scoundary mdnor rejacductive setivity
during Jamgagry-Harch 1982 4n the above light, it is seen thet
the .. yizidia ropulation, upon remaining in the resting phage
at the =nd of the major spuwning for & very short spell, agadn
snters the reproductive phase in Jamusry 13862. 1t is t¢ be
inforred that animels of sise below 6¢ mr coulld not agtivate



thasselves for the seccndary reproductive phase so quickly
perghaps due to depletion ¢f energy reserves at the previcus
spauning those azove 60 mm are likel, to have had & higher

anergy Peserve oven at the end of spawning and were able tw
anter the secuniary reproductive phese during Jonuary-toerch
1782,

Ses ratic in the jopulation ©f p. Andicg showed a
male Jominance in the indtial phase cf regrocductive activiey
viable 3. stogting with o moleefecale satlo of 80:270 4n
sebrusry 1502 ot the onoet ¢F gumetogonle setivity, the retic
shifved in “avear of females vith & progressive incrooze in
the sensle ;opulatiocn., resghing newr ¢ uwality in ratic
{49:51; &n July vhen 92 % «f the jopulition was In fully mature
copdition and eguality {50:01 fv Jugust, the month of peak
spewning sctivity. It woul? a.pear that sex dliferentiastion W
ferale is & olow process snd goteches u. ghcrtly before peak

B 0WERANG.

ir the cose of L. YiZAdig oruiation the male-fomole
rstio was about equal (lanle 4. during both the majer and

seccndary roproductive sessons. ranglng from 47153 o 34146

Dats on mean gona! indes of the russels are presented

the ol wag § fxos . Chobey i5El W

s K

wumsary 1962 and from Ceptauber o Leceiser 1962. Yhe s was




Table % mmmlvMummm%m
index of (expa Jndica and ;. Yizidis

Honth

W o b
Get 1901 0 2.40
Hov 1881 o
bec 1981 e e
Jan 1962 o
. Z2+16%*
reb 1982 1.0 o+
2,06%
Bay 1962 1.33 @
| Debh*
. agr 1962 1485 o
ay 1962 2.2 o
1.43 o
2.77 1.72
G.60 2440
Y 1.30
0 0.59
8 Ge22
o o

Apimals below 60 am sime group
Apimals sbove 6C mm sime grow;




Fig. 4 SEASONAL VARIATION IN THE MEAN GONAD

MEAN GONAD INDEX

INDEX OF PERNA INDICA AND PERNA VIRIDIS

"Perna indica
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D 00 An rebraary wod 1.33 in Megeh. ipom April 1982 the W1
ipcpsased gremally end attsined 2,28 in ray and in July 4%
wag cei7. Iin suyust the Mua gharply yoduoed to U.60 |
etinciding with spaming.

PNy

in ¢e Yhridis the mean gnoi iniex wf the animal wos
O fgo January to June 19€2 in the animals below 6C pm in slse.
“w ovuly the ful wee 1472 and by sugust it increaped tu 2.40.
Ly captesbar. the *wl began o £all ard reachel Ul2d2 Ln
voverher.  In Deceber the animals were in the ronmrespodective
Mage. oaring the sipnor s.auming soascn, coly the onfmale
ove B0 o slee puastieiated in the re ruductive cetivity. In
Janupspy the (0I wos 2016 and it got reduce: Lo te0€ in lebguagy

and 7.64 in tageh.

ihe reproductive system of iorp® Andige ond c. viridis
clusely rese:bles that i 3 hlis sc Gescribed by White
(1337 and Lubst (193%;. Ihe extensicn of rep roductive

follicles into the rantle dusing the reuroductive phase, whieh
stherwise functions sa the storage crgan in the nonere;roduetive
goas.n, was weli elucidated by sayme (1976 4. B/ and Bayne g% &k
{1982). ihe changes in colour and size of digestive gland are
clearly assuclisted with the progress «f peprormctive «ctivity
and ope indleaticss of encrgy transfer Irom digestive glend %O
re;roductive tisgues. ihe changes is adiuctor suacle would

alse suggest a sixiler gole.
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The oecurrenge «f adipogramlar (A8 and vesicular
¢ells (VCIJ) in the zontle combective tisaue hus bean reported
by Bayne g% al. (1982, iowe gt gl. (1982, and Relly g% al.
{1082 . Lungtta (1969 hoed obssyved culy vesicular cells in
the connective tirsue of LgEnd pefBa. 0 k. indies end
e Rdzlids of the resetit stady. adijcyramulsr celis were more
nuserous ip the conpective tissue than the vesleular wells.
ihere is reduction i{n the sbundence ©f MG with gers cell
proliferstion which has bean eteributed w lysosoial oetivity
iicuttewille, 193747 Lathieu, 197%:, the onerey beln, utiiiped
ig suetogenesis.

ihe mean gonaed index was high Jduring the pericd of
awetive guswtogenesis and mutursticn, and degroased with
coownings Seed and SHrown (1978) and Bayne (1076 ) obsurved
eimilary varistionsg ie the gona

The cpulations of 4.
were chserved tc huve a single major syownin, seascn, though
in . yizddig ¢ minor spawning sveaon also oecurred, io the

yopmlation ¢f Le g, the pericd of reopruductive agtivity

axten .ed from februsegy o -ugust with ook giowning in vulye
cagast. vones (1950) reccited ab exterdied breeding seascon
£LF the brown csussel at vighinjas with eck sceeling activity
during Jgne-swgust. Alakuttan and Hadr (i950) rpeposted
symiaﬁ in this species by the end of Hay lasting till

ing in Julywsuguet. in L. YARddde
from clothue, spewning ssazen was froc vuly %o ovenmber with

Eeptenber with peak apew
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intensive spewning in Wt and Cotuher. Fagabhushanam
and Fane (1975 3) reported thot . wipliis at fatnagirl spowns
from June to early September. These authors alse regorted a
minor spewning during rebraaryeasch as has been observed
during the ;resent study.

The minor spawning of L. yiriads ot ‘lathut during
vanuary to Fayeh in which only the higher sisc gmsz { above
60 s/ partiolisted was partial and ineumilete. aring these
monthe the primary productivity of the asrea woo sled found to
be low (Chagter I11). fuch partial spawning by the lasger sine
groups durdng the low productivity pericds hes been reposted
e cecur 4in the Denish waters (Jemsen and Spark, 1934:. The
gecond spawning in . wizidis mey be relsted to the enercy
recerve snd requirements of the animal,

Apoording to Or. i.b. BSayne (perscnal dscuseicm)®
the reproductive effdrt o0f bivslves cen e exsreseed by the
terms ix/i, where ix » emergy availleble for gamote producticn
and i ls the sum of epergy for pomatic growth tigl and for
gaate rcducticn (Fr.. e conalders e roductive effort as
& funetion of sise besides oiher factors. The larjor andmals,
having attained & higher suvm tie growth, may bHe asle o oconvert
the focd energ; derived fxue the minur yeak of phiytoplankton
bloow dquring lecember~rebruary to re.guductive effort. oo the
other bani, the smaller animols (below 60 mn), may utilise this
T e e m e W ® e e e o

* ‘he valuable sugyestions given by Lw. i, sayne, «irector,
RELE institute for ~arime imwircormental Fesaarch, #lymeuth,
U,EKe, during Ris visit tc Lochin in Deceber 1963 are
sincersly acknowledged.



eBeryy scuree for somatic growth ond may not be able to convert
this energy % gamete prxoduetion. Thiz a..esrs % be a
ylausible sx.lanaticn of the situation observed during the
secondary alncr repreductive phase of . yigldlsg at £lathus.

The observation on the deinsnce ¢f males in
i ADGLIEH in the eaxly stages of reproduction and the gradual
shift to an almost egual distribution of the soxcs agrees with
thot cf Lagabhughanam and Sene (19753 &) on . viridis.
~oeupilng ¢ Velez ond Epifemic (1981), the availability of
feaxd pleys ¢ zele in sex detegminaticn of expericental m;
{ie CREDRl. They found that low mutrition and high tempesature
lead to W ¢l males, #hile thiz aspect is dealt with in
Chapter ix of this gtudy, it ie indieated hers thet if ehis

chservaticn holds true for the maturzl sopulaticas also, the
dominant male retic observed in .. ipdics during Tebrusry=
moreh might be due to low levels of ehlorophyll g (5.53 =

Te3E m/u’) and hicher tesperaturcs (20.6° - 29.3°C) prevailing
in the ares during the periocd.



AT RLDUCT Tt

& mamber of lowestications on re rowction of sarine
_ sbrates have bees directed to elloidate the exugencus
Bere which contscl reproduction and theso have been revicwed
p (1959), Glese and rFearse (1974) and fastey (1979).
{198) eoted that the progise pattern ¢f a Feso~
eycle deponds uon the extenal fectors which entgsin
se the edoyenus drive. Fearso sméi sarkodale (19840
on lrowestigotions on the terporal pattesns of
motion by shallow woter napine ifovertebrstes in the
) Goean obd on "the envircnmental fuctors used by animals
to datermine when they ‘should' guawn, ond the selective
witinately detemdning optimal spawning times®.

Urton (1020) proposed that terpersture wae the most
sogencus fector reculsting reproduction of mar
) CE temporote waters. This was ocnfizned by

b (1926), wileon and Hodgkin (1967), :carse (1968 ond

' {1970}, Thorson (1946) stadied the reprodueticn
develcpment of Danleh marine bottor invertebrates

seratare with thelr reproductive agtivity.,
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looganotl and Lavia (1930, 1963) mode use of tesperature 4in
¢ontiolling gepsocduction of sany oarine bivalves. Lffect of
tanpersture b the reproductive agtivity ¢f suspels has been
worked out by Young (1945., ~dllen (1955, and rcore and Reish
{1969}, Buyne (19¢5) used s cosbi

nativn of tompersture and
chemical stimulaticn v liduco epawning in russels «nd desoribed
phiy betusen g

a relation etogrnesis and rate of ghange of

te eratule. fome data on the Siopicsl species have alsc been
Cbtalned (Carvajsal, 1969 Lunetta, 1069;,

CAons the indian cosets, sea wster tergerature s
relatively nigh throughout the yeor without dpestic fluetuaticns
and generally does mot fail below the outinm: peculrenents of
many solluscs (Keo, 1931, wugve (1265, suggested that
teperature smight not influsnce

the spowhing ¢ maring bivalves

It cona

idered galinity as un dmortant factor in indtiction of
goawnings it was cunficmed by the stuiles of ~legarsweni (1966)

, £2k@, Beyebhushanes and ane 11975 @) on pxeilns virkids
i= sREDY Yisddig asnd bagabbma
Eabelvald guiba. 1he lowering ef palinity wos coneidered the
stbmulug W induce spawning in sorine irvoertedrctee (s anikksr

am «fd one (1375 by on

and ciyer, 193% . sul, 1942). - apulekar on? Galal (1982) found

the annual c¢yele ©f reproduction in .. yiridils closely esscoisted

with the tesoral variation in te jersture and galinity.

ihe role of foed (phyteplankton in pogulating
ganatigonesis has recently been stressed (lese und .ea:se,
PTG »

& 1975/, candes gt gl. {00 omd - leters gt al.
{8960 ireloted focd avellability with peodection o f ripe gamete




and gawning in Hytilug edulis. in the temperate zones bivalves
alaborate large anmcunts of gasetes during epring ooinciding
with the s;ring blooe of ;hytcplankton snd spawning starts by

a8 rise in teoperature in sumeer (Gyoom and Yescn, 1978).
pcrding 0 Lubet 11973 gonad development in 2 T
contrvliled by neurcendoorine foctors but terpercture and food
act to synchronise or induce the different stages of gametow
genesis, iJaruleRar and Oslal (1980) corgelated gomad growkh

in igrneg viridipg with phytorlankton abundanoe.

Slace the reproductive physiclogy ¢f marine
invertebrates 1s closely linked with the bictic and ablotie
parsmetere of the savirzomeent, the present study on Lefns judics
and L« ¥izidia inciuded investigations on the ecuphysiclogieal
aspects. The anpual reyrciuctive gycle <f the zyeclies presented
in Chapter IV is discussed heres in conjunction with the cyelical
chapges in the epvircorental parameters, datoe on which have Deen
presented in Chagter Lil, In addition, dets un pea-creb
infestation and pelliution due W cocomut husk retting have been
presented and discussed. in ag_ruch s they interfere with the
e roductive agtivity of the smzsel.

RESUIT s A PIBUSILH

and _« Yheidis froe ilathur have been presented in Tubles 1 and
2 {Chapter il and reproductive stages in difierent months in

Tebles 3 and 4 {Lhaster 1V,
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in the case of .
oadly be divided into three phases, nawmely

eyzle ean b

@l Bopere rodmetive Jhase (Cotober to Januwary!)
bi Gangtogenic phase (February to wril) and
cl raturastion and goowning phase (fay O Septemberi.

during the nonereproductive shase (Uctoberedamaery) the
tosperatiure range 1z 27.9° = 29.1%C, with & seasctael meun of
2648%. in the gewstogenic phase (ielivarye= srili, the panje
is 20.6% =« 20.3%C and the seascnul seun i 27,0°0. in the

maturation and spawning phase., the range ip 24.3% & 28,1%C,

the souwsonal Bean being 26.,3%, It i sinificunt o rote
thet withie the purrow snnual Fange ©7 24.3% = 29.37¢, the raan
tes.erature is moderctely ndgh (dEl5%0) durin the N DwIgHPOw
ductive phase, marginally elevated (29,070, during the
gamctugenic thase and is e lowest (26,2°C) Jduring the
saturation and gpewning ghoge. It €oul” e inferrsd that
gametCgermels QUmonges with s slidght elevation of terperatupe
{fxom 28.5% 0 29.0%C), maturstion of gursetes is socelerated
whtihn « fall in teserstupe (to the mean d8.50%¢ durdng rayeJduly)
afkd moowning feocher i%te (eak in the lovest tesperature moan of

28050 LN ustebe LamBog .

“n the owve pattern, the feuruvductive oycle of

narely

&i Honepoaurciuctive ghose (vrlleduns:

= H wsamatogenic phage (July= ugust:
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“ha range anl peacnal mean tenperatures for the sbove phuases
are sz follows: (&) 29,0 < 29,99, 29.37%0 (b) 26.,0% « 27.7°C,
26.85°C) (ci 27.0% « 30.,6%0, 27.83%C) (41 27.7° « 20,7°C,

il e12%s The eorrelation that eserges in this spocice ie

diiferent froom thaet €0 L« Smidde Bis COMLMNEs OO

vie LocPecse Uf sesscmal wean tenperature frun I9,37°C

26,857 and the spawning season is arked by a siioht rise W
27.83°C. The nobereproductive/secondary s;swning pericd
ioussels above 6U ma alone artieipates ion the partial and
subued spaening eotivity, iz morked by « further elevation ie
tepersture ti 28,:12°%C, 4t iz seen that in both syevies s
nigher teppersture igelative ¢ the parrow anpual runge!
shevsils dULing nohergppoductive phage than during the sotive

re ro wctive (hase.

Treating the calinity deta at Vishinje: from
facle 1 (Chapter (:1) for . ipddes in the suve se uence of
reprocductive eytle as for temperature, it is geen that the
seasaonal pean for the nobereproductive  huse is the highest at
maturaticn and

35463 ppt. guetogenio shagse i at 35.21 it und
Poavning (Dhose de 5% 4408 ke within the parpee annual
variutione (32.55 1ot in July %o 36,68 .t in lovemberi, the
nonereproductive phase has higher values 2 salinity as
compared tw the active repsodugtive phase. - slight reduction
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from 35,83 prt o 35,21 ppt appears to sctivate the ganstogenic
phase «nd further reduetion to 34.08 pot lesds the animale to
at the lowest seasonal mean salindty of 33.54 Pt during
Hayeduly ani apawning reachwes 1ts poak st a slighely nicher
Bean Sf 34.9C ppt Wring Auciat-Ge,tenber

in the case of ;. viridis at iluthur (Table 2,
Chapter 111), the nonereproductive phase hes the highest
seapinal wean salinity velue of 39.67 pot, the gametogen
37425 %, spaaming phase 37.05 ppt and e tenroductives
secondary spouning phaee 36,89 .pt. agaln 4t ip seen that the
noberoprodective phase is sarked by higher sal inity valoen and
the active reroductive ;hase by lower velues. Gimetogeneals
S.pears to be triggerel by ¢ decresse in salinity frum the
seastnal mean ©f 39.67 ppt to 37,28 ppt and spouning oocours
sround this scelinity (37,08 pot), Purther elevstion of salinivy
to J6.89 5t results unly in puartisl and ineorslete spawning
anony the clder groups OfF suseels.

on gegise, almost all the esnvizcomentel
rarumetars C! the sea avre influenced by ites duration and fozec.
in this study, rainfall iz tohen as the indicotor of the
duration and foree of scnscon (Tables 1 anéd 2, Chapter iili,
~t Vishinjan 74,1 % of the annuel reintall of 1431.9 sw $s
during the maturetion and spawning phase of L. AB3i@a. 22.4 &
during the monereproductive Jhase und 3.5 - Suring the
gasetogenic thase. metogrnesls starts in rebruary with O
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kainfall but proceeds with precipitaticon, Yaturaticn becones
sgcelerated und spawning coamences with heasvy rainfsll in Hay
(294,53 mmi, The hoaviest raimfall of 400.9 =2 in vune takes
the srocess of moturetios to o peak (5 = in stage=3/ and
accelerates spewning. fpaenlng contirues vigorcusly during the
subse.uent sonths (Julyesepteuber) under decrecsing gainfall.

-4 Elathur, gsmetogenic yrocess in i+ Ydrddip
comrences with heavy rainfsll (637.8 m: in July an® sceelerates
in ugust under a similar soell of heavy rainfall (757.8 ma).
Fiity ergent of the anpusl rainfall of 2753.8 o during the
seve two months colncides with guemetegenic phuse. spavning
Cormences early September with reuced rainfall and ie completed
during Ceptenhe relicvenber, the PRl accuunting unly for 16.4 %
Gf rainiall. Jhere o no rain lextayt 3.6 ms in tageh) during
veCeriere apet whet the apimals sre in the nonepeproductives
seeCn iy spowning phase., | he Bonmpepro-mctive Jhoge coincides
wdth 33.6 & of anmual gainfall daring orilelune. cune alope
hiving = high seinfsll of 737.5 o,

in the present study, o sajor chicrophyll g pesk wes
chgerve! st Vishindar in say with s value of 25457 %3 ard
¢ SN0 secuti oy peak in January with @ value of 1102 w/ﬁ?
{iable 1, thapter ilii. The sincr veak in Januagy lesds to

gametogenic activity in L. jing g8 fxem ievruary and the sajor

Leak in tay losds @ ccomlerstion of meturaticn and spawming.



in the case of .. yizidia ot lethur, gametooencels
cumnantss in Jaly with & subtle inereass in chlosophyll 3
content o 5.99 mg/EY froc 5.20 mg/8® in June (Table 2,
Chater 11l/e Motugastion agcelerastes -ith increase in
ehloxcphyll g velues and spawning eomances in September when
phytoplankton production is st Ats peak (22,00 mg/m®). o mimor
seccniury peak of 85,82 m’ in Jangery apears W sy ort the
secondury, portial and inoccmplete spawning cbscived dur iﬂ@

GIDRSEPIEROn .

“he jollution cauped by coconut husk retting sctivity
&t Flothur, about one ko away from the pregul.r sampling site,
was “rand to hove an effect on the reprouctive sotivity of the
green musgel popalation of thet area. The covigonoental
pararetare which shiwed diffepenves betweern the regular sam.ling
site an: eoovmet husk retting site are given in Table 6, She
range of tempersture at the retting site was from 27.3°%C w
33.0°C and the saxismur tewperstuse was obsegved Juring .wril
1382, The salinity ranged froe 24.9 Lot to 40,72 Lpt and the
mundowr salinity was cboerved during 1982. “he dlzsclved

cRycen was oomparstively lens in the getting ares. The lowast

caygyen ocbtent of 3,09 wl/l wog observe’ ipn farch 1362 «nd the
hichest 4.76 nl/l i otober 1981, in ths none-polluted area
the cxypen level was 4.16 23/ and 4457 5371 Rring lapgh and
LEtuuer respectively. ihe wuter in the olluted ares was highly
turblid, The ehloguphyll g velues were consistently low in all
zonths. “he water that staghated in the ity where Ooooput husk



Table § sore of the emvircomental porameters at the gooonut

husk retting (polluted) ares compazed with those of

the segulasr sempling sits (no

* ml/litre

 Diseolved oxyyen  Turbidity cTU

bicmass

peccliluted) ot Elsthuar

Folluted Folluted Tiolles

axpes tad apes are pollu~ ted polluted
ted area area

O—— PR SOSORSTS—— - . .. - - -
vot 81 4.78 Se17 200 Bss 2481 3. N
Hov 81 4.40 $17 200 B 2.89 4.0
—ee 81 4456 4,90 735 R .82 4426
Jan 82 4,08 Sed4 650 s 5443 .02
Fab 62  4.54 5.94 Y 160 2.72  4.78
Har 82 .09 .18 200 263 2034 4,26
pr 82 3eld 480 1006 615 2412 3,50
Hay 83 3.11 4e23 1000 843 2.93 4.08
Jun 82 4,17 4499 1000 P44 3.74 5,30
wui B3 4.315% 4424 1000 Ga3 .98  3.99
g BF 4436 5,85 260 84 7450 17.91
Sey B2 4467 $.37 i . K18 T.36 22,00
et 82 4437 4457 i000 3 EC 708  7.95
Bov 62 4.5 5.38 1000 2a- de48 6,17
Lec 82 4.16 Se3C 1000 196 2.66 6.068
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waz dusped for retting wus darker, smitting fcul smell of

hydrogen sulphide and phemclio compounds.

‘he reyruductive pruoemsses of the mussel ecllocted
from the poliveed axea were found o be similar tc those ¢f the
animale ccllected from the nonepcliuted ares. - striking
differcnoe was that the emtire ;. Yiridis :ciulsticn in the
poliuted area wis constitutod by males end not eingle female
wus reccried throug
wetivity of the uales showed an inGuoglete exulsion of the

At the ericd of cheervaticon, 'The spauning

gemetes. -he animals in the population 814 net exces
sise whersds in the cther ,arts ¢f the bed, «mimals of 60 tw

Ll me sisce were gomeon.

i the reguler sewling of Lo Agdica ot Vishinjas,
instences of peseorob infestaticn were moticed inm eertain times
Cf the year. Ihe pescontege incidence is oresemted in Table 7.
Both semas Of sussels were affected and the Lercentage of
infestation was higher in males than irn females, in all cseas

massel, The pea-@rabe wers found to ceeu.y the mentle cavity of

migsels avve 30 oo in sise., he afabs seutnod

tc the gills anc scft timsues (1. 6 A and B). The digestive
#land of the infested suspels s earsd pole sml thin indicating
mitritional stress. ihe whole body wes trenspszont sond the
tizgues wore fibrous. In @ases vhere the peaecpubs had infested
fully mature mussels, the mantle at the site vag trana;arent
withiut gepgoductive tissuess ‘hen inestaticn ogeurs in the



Table 7 mmt@w inclience of peegyrsbh
Libnosheras sye) in i+ indigs

ammm%wm&mmwmm&wwwﬁwumm MR S SR

Fonth Total no. of e, of infested - ingidence of
aninals HAROGoR infestation

s o——
vot 83 20 - -

Hev 81 26 ¢ 746

vee B ie - - 4
van ©2 16 2 3.3

g B2 2¢ - -

Cuer 4@ a. - -

wep B2 42
vay 82 3

4.5

Do &7

50U
23,53

dCeniG

F

cun 53 20

vul 832 1%

B ods we W

ayg 82 2.
ey OF 7 : -
ot 862 &L - -
row B2 16 2 1l.11
e B2 2% - -

ARSI s S L SR SR S g wﬁwwmmxsﬂﬂﬁwmwmmmﬁﬁmmw o GO RS AR



FLAZE 6

Eerns ipdigs in Miy inGetemminate stage infested
with the pes~erad (Finnoth 8p.) showing the fibrous
nature cof the mantle and emacisted Mody a5 & whole.

dhowing damage caused by the seawcrab m‘ the santle of
& mature male ;. indigs ot the site of 'ledging'. The
pest of the mantle shows normel santle tisgue.
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early stages of reprodugtive activity, ‘urther development was
totally inhibited, resulting in & trensparent tissue mage with
fibrous texture. :robably the deameassd focd avallebility to
the mussel due ¢ the gonowsstiun of the fo.d strings by the
peamCrad aifooted the mussels and the stored spergy in the
digestive gland and the adiuctor muscle cuuld hove been mobilised
for the survival of the animals.

DABUBE Iuh

"ven hysiclogical studies on the effeet of external
iactors vt the reproduction of Lamellibranchs have esphasiged
the action ¢f tempersture, the somewhat [ragrenitsry eccleglcal
duta eollectad in the field serving as ifracewcsk for research
in the labgotory” Uabet, 1760e8li. -oped oo tergerature
recuirsments for repsoduction, wosshoff and romeike (1981
identified .hysiclogieslly different races of LLumsceting

ndga 2leng the tluntie ccast ©f J.l.oe Whe L. ghulis
soaletions in the sgitish waters age (bsegved to hove different
seascnal pepicductive cycles in different lucsliities (uoyne,
1976 a) apd ewen inm the za

- locality the peurcductive uctivity
varied with the hanitet, It has beern cptubilished in the case

 efulip (Sayme. 1976 a/ and .} fugaka
1976 thet gametogenscis nd matursticn is ¢ function of

o F g

tenperature and time which ls expressed os Jdegree~dsys.

=~ poview cf the indian literature on the anpual
repyoductive gycleo of M sardne blvalves In pemlotion W
envircnsental eonditiong ghows the troly subwmcintinental naturo
ef the prebler, snd the secohysiclogical sg ette involved in
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vametogenesls and spawning ppear spewliic for eeoh spocies anad
sath lecstion. “legarswami :1966) stated thot the rarine and
estuarine mclluses fall into Aifferent cutecuries ranging from
the cnes having o restricted epawning meason (Lukedyeln oudmai
o those soawming rore or less continucusly throughcut the
Yeor (Cramenst pes
salinity 2sta (laggely these two parematers have been enphssiged;
weuld sixaw the dooinent role of salinity on repzomcticon than
tecposoture thouth the ssscol sted pottesrn oi fluctuaticus of the

gnsdg’« The relited to SErStAre and

two i cleer {(sa, 1951 bDager, 19855 durve. 12635;.

ihe present data on . gA0g lpdicy and ., P B

hat o relatively hi her tewscrsture pravailes Jurin. the nope
Fe.rciuative seuscn than during the -ctive repreductive sesson,
FUp orting dats for this ohservation come ‘rom the worke of
a0 11951) on Srassoatres s V
Rayar {19%%) on onag gunes
V1906 on Lo faba from (ulf of fapnor, From the Venesuelen and
Erazilic, ecusts, ARADS uERLe hos been found to spawn whan the
tom orature hue deelined o 227C after a maxdmue of 28%C

from dyar backwategs by

B from falk soy ona ‘Yagarewand

{Carvajal, 1969, Lunetta. 196%), in tuis particuler respect,
the tro)ical sgecies BT O e opoeel 1o thelr teoparate
counteruorts which ppawn in Bi her teszersture:. iRDwaver, there
are sl emas . les vhere g -awning takes slace in rising or nich
¥dxddig from caminaas during Jemaryesay
{baresishes, 196C), the Becondary epawning of L. godragenats

e jeratures as in ig £hi

fuzring Sercheosril {(cac, 1951}, the pecund ,oak gL-awning of
e Lald during Vayedune (Alagars.smi, 1366/, s .loe the
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seconlory spawning of L. yizddla of the jresent study during
Januaryeitagch. «ith the emcection of .. yipidds from rukinada,
all whe other esses inwolve unly o pecondary spawning and, in
many €ascs, those are partiale. Thus the primary or major
spauning of these s.ecles a..cer generally related with lowering

T f Lten erature.

Evidence to relste mopine bivalve spowning with low

salinities iz indeed overwhelrin: 1o the .ndicn literature

ac, 13517 cbrehan, 1953; Nayur, 19358 jurve, 1565 :lacarswand,
1964 ond othersl. Begabhughanam ond lane (197% &i chserved in
Xizidia (= L. yipidla) from dhatic creek in tatnagind
& mejor spawning during July-msuvet ecincijent with salinity
decrease wnl soderste teperituge. The 5.l inlcy Secrvcee wae
very marked, from 25.0 a4t dn June @ 3 - 9 ot i uly as the

G les came from the creex which 1o subject to heavy £rech-
water dralnoge during monsoon.
spavaing durdng Februarye-rspeh which euinclde? with a rise in
salinity (&0 32.%5 ;. t 4n Jebrusry) und low tes ercture.

Payamhushonsn ond tane (1975 8) considered ralinity us @
Seternining foctor in contzolling the reuru uctive cyele of

fusther scuth, frus uca, keo gh a3. (1973) cbserved
that the cller . yizidls (length 67 mm umi sbove: have o
prolonged gpawning pericd from abuut July % Dececber with peak
spauning in ie;tecber-lioverber ond the younger sroups (below
60 wn lenyth) hae

eding froo Cammary €0 pril, with o adnor peak
during leobruaryw sreh,
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The present mesults on £. yixidis st Elsthur, which
18 further south from Goa, have shows & MajOr SPeVDARg Season
for the whole adelt population during Septembepeovenber and &
secondary spewaing sesson only for the clder sussels during
vamuagry-tageh. There agpesss to be 2 difference in timing of
spawning of the ;. yixidia yopulesions along the west coast
which may be dependent on the location of the beds. 7hose which
ape located in the creeks as in the ¢ase of Bhatia eresk
population (Hsgabbmshanam and Mene, 1975 g) spawns in Julye
Aagust under the influence of sudden lowering of salinity
(3 « 9 ppt in July) due to freshwoter influx, and those in the
intertidsl coustal waters (present study) spawn later during
Septenber=Novenber at & mapginally lower normal salinity
(37,05 ppt in Septesber-Novenber). The rate of decrease in
salinity 15 8 vast in the two esosystems, being 88.3 % in the
Bhatis cresk ond 6.2 % at Elathux, between June and July, and
yot the desswase leads o spawning of the populetion in Bhatia
ereek and ganetogenasis and epawning at Llathwr.

feucndary spawing of the nusssl at all the three
centres his been observed and in all cases, the spawning is
partial and ineomplete, ot leading to any notable spatfall,
vhile Rao g% al. (1975) moticed that only the youmger ones below
6C ma in gise, arising from previcus monscon spawning, partie
cipats in the seproduative activity during Jamary-ipril, the
present study shows ob opposite situation whers only the clder
cnes (above 60 am) go through the seecndary spawning activity
during Jumarye-iagen. The environmentel factors resgonsible
foxr the seccrdery spawning are nct well defined.




# along the east £OGst Las Bhwn Yearmtoe
year varliaticons L{n the seascoal eyele of reproduct!

a8 Chaerved during 1974-1976 at Xakinade by Karasimham (1960,
in gencral, the spewning is prolonged extend

to Juiy, with & peak during Jamuary=iay. wopntrary @ the west
coset situation, the peak s.awming fo the :aninads mussel

Population coincides with rising tenperature ams high salinity
and the animels ere sostly in resting comdivicn Smring the
Jeriod vhen the tespersctuse shows a decreassing trend and the

salinity 4s low,

Under raft gulture, the tranelanted rassel shows o
diiferent type ¢f pessoductive cyele, az investigated by

LOcenesis wag cheerved in
young sussels of 7e8 e sive under raft eulture (i arvliekar and
valal, 1980) as againet 15,85 tm in the natupsl hede (has gt al..
195 .  dpawndng consences ip February and loste till oy, with
A peak in Raye lurin; June-vuly, with the wonscon active, they
afe in the resting phose. pom Aagust ganetogenesis yecorvencos
and the magssels have o gecopd spawning sedson fros deutembey o
Hovenber. “his ghase of the spawmning agrecs welil with the
Chservativns wale in the presant stady at lothur. eoording
to carclekar and Ualal (19860, the MOak g awning coincides with
favourable eoniitions of terperature, salinity and abundance

©f to0d materisl and the restlng ;hase coincides with the
lowaring of tespersture, salinity and scarcity of fuod.

ihe green sussel (¥. yipidigihee a wide distribution
$:0Dg the indlan ecasts. The dats on o rcductive eyels
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discussed ebove wouls ghou that the diffexent jopulaticns in
didferent speag i(the differsnces being cosstel, lotitedinal
G locaticonal: have gpeelfically adopted to the snviionmental
comditicns prevalling iu thelr situsticns. -ne influence of
salipity o gasetoyenesis and soewnling slsc oy ez te dlffer

toy

;rally io these ,oypulaticns.

Eugiekose (1973) cbhsegwvel ppovmning in L. indlgs st
Vighinjao from vuly W secmsber with pear juring  uyuste
Suweniek. bedevelopment of goned after the asLove gpewning is
Fuse ol therefore there is no gecondualy spowning in the species.
c@urding 0 surdekose (1973 the spavning pericd coinclies
with Jdoogveee o sallpity Uarche une san e 34.14 = 35,68 prty
wUL Y B0e DOE Fange Jie33 » 34430 ot apd Lhe spawning oeak
ghes with an lpcrecse in terperature. She gone pooecies, under
Falt cudture, gpawhe e end ©f gy till Leptonbe: with peak
spawning during culPe uagaet (g

iﬁ% ﬁ, &‘; i?%%; ® lﬁx %i‘m
wulinie clsec observed yooaP-tiwyeur variationg in the secsonal

cycles.

falnfall would sppear to act thpoush the chances
Proucht about in tenperature ond salindty and slec thecugh ite
influ-nee on mutriemt enrichaent leading to (hytoplankton
Bloceg. cuarlier workers on murine bivalve rejroducticn in
iodie had not padd any attention to the pole of mutrition in
ganeteeneeds and spawndng. arulekar and Colel (1980
sapocisted this factor with goowth and reprocuction of
e YARAGAGe 4n the present atudy on L. Yipicds from Elathur
and L. dbadgs from Vizhinjas, influence ¢! Jhytplankton



blooms oh gamotogencais and spawning has been clearly shown.
This correlation is moye striking in the cold watexr and
tomparate spocies where phytoplanktos produgtion and blooms
are linited t¢ & few monthe in 3 year as has been soen in
9p Axkadiasng (sestry, 1068) snd jlucovecten

Big (Thompaun, 1977).

The retting of cocomut husk is breught about by the
pottinclytde activity of sdcroeorganisss, espocially bocteria
and fungl. uring the peocess of petting large uwantities of
Srganiec sabstances like pectin, peatopens, fot and tannina ape
libersted into the medius: (Jeyasankar. 1766/, The noticesble
features asscoiated with retting are the vifenasive odour
rescnbling that of hydrogen sulphide during deccoposition of
rectin, 4 gise in turbidity and temperature, gas formatdon,
derdeotion of cxygen, reductiocn in pscductivity and colour
change of the mediws (sgis and Haix, 1976). The 'sllensale’
population cbserved in the coconut husk retting ares may be
due directly to the sbove pollution effects or indiruetly to
nutritional deficlency or & coobinaticn of both,

it has been seen that pea-grsb infestation affects
the nozmal mutriticnal balance ©f i. fpiigs «nd olec intexferes
with re.godugticn. Similar obsegvaticne hove besn made eariler
on B pfulin by Bernmer (1982) and Youny (1964). 7The formes
cbserved partial or complete Cessaticn of production of ganetes
due to lazger peaw-erab infestaticn. mlas amd ~lagarowand
11967, noticed conspicucus depressions coused Ly peascrab on
the gunad of HeEatEls SoMka.




The morphology ©f spermatids and aperus of
ilia vas descrided by rrensen {1985) using 1ight
niCrCE0OpY. Studles ca the ultrastructure of soern made
progress with the work of N44jime sn? Can (1963) on L. sdulis
and Dourcart gt gl. (1965) on LEERS LeIDa Idelmsn (1967
Foviewad the work cn the ultrastrueture ©f the ssemm of
Bussels secording to Boureart 4% &d. (1965 the spermatost
of L¥silng perns eonsists of an awET BTG, 2 aa#:?am@ #lece and
a flagellws. The prole of agrceone in fesvilization of
& sdulia ova vas disgussed by Hausehke (1963, biijima (1963}
and Lan gt al. (1972).

ihe structure of the egg of iy ¥us described
by tusphfeys (1962) und van (1962) and has been reviewed by
Heverberi (1971). Lunge anc sndereon (1562 and Dugfoot
(1973 studied the hetercgencus aggregati

Gametes of L. ADAIGE end L. AZidig wes stucdied. sreliminary
tbservstions were mode on the witrastructure of the syepa of




vanmete viability i a vital uspect in the mapagament

cf peppoduetion of the candidate spevies in auesgultare. ihe
recent trend in conoercial mollusean ajuzeulture is the
ion of peed where peed avallabilicy ie the

major eonetraint (Gavis, 1969; lagarswasl, 19802 sSilas, 1983,

hatohery ;roduc

“ae of the major problems in seed xoduction is

SEE axd awles 1963;
dagorewand g% al.. 1961/. Induged moturaticn, spawning and
fertilisaticn efficlency have been declt with by ceny workers

induced moturaticr and giawning (Lousar

loceanoff and Lovie, 1963: inc, 19727 ‘Sree QL Sh.r 10762

“dasgorgwani, 1980,

Literature on bivalve gpers ol eyy viabllivy is
iimited. .ove Enowledge hag been obtaimed throunh the works
=ilaorm 151969 on

oy (19710 on gula

g+ However, there hove been sevogal works on the

¢f comge ond oderson (1967 on L.

elfect ©f salinity «nl Sevpersture on the retans:hoesls amd
develojment of mussel lerves (Bayme, 1776 g1 lirewirenko, 19711,

ir pelaticr ¢ the hatchery .roduction <f seed, the
imortonge of oryopreservaticn o teleust sperms and eyys has
been realised in revent times iBillagd, 1783 stoues and
~onsidgon, 1982). Literstuke on the erycpreservation of
yamotes of bivalves are very linited (lonpwell and stiles, 1%88g

Lannen, 1371 and taghes, 1973} . fealisin. the imortsnce of

| sach etudles in squestulture, experimental work was carried cut
during the Lresent imvesticgeticn. on cavete survivel in different
- salinities and ghorteters preservatlior ¢F goerte ©f the sussel

g eclias.
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fully rije =ussels Legmg ADdica 00 L. Yisidia were
Ftod frow the nastural habltat and maintoined in tonks

euntaining surmal ses water et acdisnt temgeratucre. “he egus
“nd speEss were ccllected in the natural mownings in the
lascrstory and exanined under (hase controst ond dari fialdd
micreses, @, Fop S (eanning flectrun Adercecipy) exasination,
the soeres of L. indigs were fized in mfiered furmal ehyde

“hld  usteflmed in 2« ceslw tetroside, inatien was dane at

low e oaratuge (5% in darknese and e @suecs opium
tatrixide wes resved by re.ested washings in Jdeodonised water.
S HEC Of this goert ous onelon wes trunsferred tu s gluss
suLstiatur, ovsted with ®wid and sranped in Lo Lganning

cdvetron  loroseere (i BU1.,

‘U the ewyegiments on guovete vianil iey. clesy ant

un, Goluied see Water (2ale 3007 ot eocliected fron the open
Boo Wus Iiltesed and used in prepering the axperimental
salinity levels. iower palinities (20.6 and 741 jnt were
Baae up oy diluting sea weter with distiiled waters. Higher
salinidtioes (35.2, 38.7, 43.8 ani 48,1 vt/ were preyazed by
concentr.tiag the ses wuter in & Jdeep-freeze ‘or .reeaing cut
the ‘red: weter. . lthough the amierimonts were corgied gut in
arbient terpersture  the sabge wes Gunigslled within 26m27°C
by keepin. the beakers ir a2 woter boeth and ‘recuently changing
thie wuter with stored top water. “otility of the spefy woag
taren ac tie eriterion in determining spore viebility. sules,

during the ecpericent. noturally spawned in the leboretery and
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96
e milt dnitially settled down. Using o . lpette, el ml Gf

the rilt was Jrewn anl intreduced inte essh ©f the oskers

€ ptaining 100 ml of experimontel cediuwc (different salinities),

e whie disgersed uniformly Dy stirging. ¢ 15 minutes

invervale, .of mi € srerm Silution was Crews from cath of Ve
Deckers, (leeed on & glase slide end gently tor.ed by o
Aavage Loss.  dnder e nagnificaticn i LG, the & oermy which
Shuwel wolility were counted ubdes 10 flells o view of the
Fhese ountrest miercectpe Gid the numer 7 s en e per field
GF viow wag averaged. he spers on slide wero then fiwed o
watiny foamalin throug: o peelle tiy ot the mae fgin Gf COvEDe
Utesl. wounting of the toetal sperns was wne agedn undey 10
fielde ani aversyed. ihe poresmtaye sotil ity at iiffepent
intervals wes Colculated ws follows @

oo B s

&

The egus ecllected aftor s.owning were sus, onded
in sov vater ¢ different salinities in 100 o) beusk ers.
cenndes OF vgus were withdgawn ot 15 « 30 ninute intervals
from the sugspensicn and allowed to f-etilize wits - reshly
spowned speres.  The viaebility of the egys wss culculated in
kerme o the perventage of eggs fortdlised as indicaied by the

Cledvagy wad furtioer developmsnt at each selinity level.

chort=ters pregervation of gperms was expo:inmented
9t Ve in o yefrdgeratey and GVC in a dee w-ipeess.,  pegs
soliccted ipom fresh spewnings of wusswl were transferred to
storilised testetubes contuining steriiised sos water
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{sal, 32.7 ppt) and vepe imsediately etored at the above
Souperatures. Hautle tissuc in fully moture ecnditicn wag
Ut and stored similuzlys. “he preserved saterial was tahen
Cut ot intervals (6 hours to 10 daye), thawed under room
temperature and exasined for sperm motdl ity under micrcsco;e,

RESULIS

Undar light micros@ope, the spems of both LEXDa
Wa&éa-mgagmmmwmﬂmt%ﬂwmﬂ
narrow pointesd entericr end {#1. 7, B}, ostericorly. 8
delicate flegellumelike tail gives mokility v the sperxer. The
ned under the clectron nigrveccpe,
revealed four distinet arts pamely, sCropcome., micleus, middle
plece and tail (Fle 7, ¢, &, &, F). Yhe vescecme, which 1o
antericr in ycsition is funnel shaped with the ‘cuy’ portion
turned towards the nucleus ond the ‘sten’ portion free
antericeiy. 1he acroscne measupes J ;mm length., ihe
muclear nase 4is eylinirical with o siight bulye in the nmiddle
portion vhere it is the Lroedest. he muclous ia #ollowed
Fostericrly by the wid-yieoe, st the bese of which ererges the
flogellumwlike tail. “he tall of the SpermatoRoa oeasures
suout 56 P o in length ang .6 /ﬁai& dlamcter whieh ie unifors
throughuut it length except ot the base neur the mideyiove
wheke it 1s slichtly brosder (¥1. 7, £, /. 4he total lengts
¢l spere dncluding the tedl sortion fe ahout 70 Pl
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= (X 635 .

A.  Spewned eggs Of QMR

8., Spermotoscd of L. Andisa viewed unler 1ight

plerceccpe AX 1500} .

Cef Scapning slectron micrographs of jens Angies
spermatogos. (€ x 2500; D x 3780; E x 37807 F x 5000},

- cgroscmes b = Hiddle sleces B o« Buclousy UF - Coplasey

T « Tail.






The fully muture follicular egy of Loth gpecies is
irregular in shepe with & pruminent gegulnel vesiele that
ceeuyies 1/3 of the egg mase (il. 8, Dj. ieripherally. the
egg hap o @0at of vitelline mesbrans which is separsted from

the rest of the ogy by a perivitelline sysce. “he suawned

euus Doutare 50 - 60 }a in diametexr. They are spherigual in
gnase with the granslated coplass distrituted thivughout the
oo meas excert ror o swall tunsparent ores in the xiddle i
the egg (1. 7. &, fShe vitelline evat and perivitelline syage
are consodeucus ond the oggs appesy orshge red in cclour. The
cuplege eontaine 14544 dguplets, yolk gransles sl other

eytoplasde vrgonoliess :nmell vesiecles huve clso been CoLeerved

to ccour in the perighexy of the ooplasi.

The ex erisental results on sporm motility in
¢, indicc are prosented in Jasle 8, Jig. 3. b the ptart of
experivent majority of the spepms (62 « 53 o/ were uctive in the
palinity Fange 20.6 - 38,7 pit: but later the percentage of motile
aoorms in all treatments decrecsed. The salinity of 32.7 and
35.2 ot seemed tu be the most sultable for the survival of
goerme. % 2.8 ppt «ll the sperms becase nonenutile within
2 heurs (M) ond at 27,1 and 36.7 Pt total surtality wee chserved
by the third hour. in the solinity of €3.6 ppt 26 0 of the
s erme were viable at 15 sdputes imin) wherees ot 40.1 ppt

viabiiity wae nil. She 50 2 sperm viabllity level wus



iable & ipezm cotility percentage in ierpy jpddcs st
different sulinities

27,1 32.7 5.2 36.7  43.6

calinities  20.6
Lurpstion of rpess sotility -
g&gﬂﬁwt

i85 nmin 62 85 93 &4 - 1K 26
30 min 56 80 22 8O 77 16
45 win 51 76 66 Bu 76 12
60 min S50 63 84 &80 7% ]
h 15 ain 45 &G 76 % 73
L 30 min a3 55 73 70 &3 -
45 =in A1 45

73
&6 62 47 -
15 =dn - kT 59 51 k 11 -
30 odn - is 55 43 2% -
45 min - i 4: 33 1% -
w - a5 b - -
1% ain - - 20 20 - -
3¢ min - - i 10 - -
h 45 min - - 2 - -

A A - §
§
w
~3

W W W W M N RO s e s
W
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obtained approximately ot 60 min o 2.6 pot. 1 h 45 min ip
27.1 Pt 2 h 3 min in 32.7 e 2 h (5 min in 35.2 pot and
I h 45 midn in 38,7 8.

ihe results for ;. yipidis srve prosented in Table 3,
Fdye Be st 15 min after collection the nojurity of the spepms
162 = 87 %) wore motile in the salinity ron o 20.6 = 36.7 Pt
“he percentage metility ot reduced with lapee of time, Uw
rate of decresse being dependent (n tho salindty of the modium
{71g. Bls 4% 2046 ppt the yereentage rotility reduced to €3
by 45th adnute and fuither reduced ¢ sorc in I n 3¢ min. She
raduction was cumparatively gratual in the sslinity level
27.1 ppt, though 2ll the §,0I9: begewme nonedctile in 2 h 30 min.
Compared to the above salinlty levels., those at 32.7 nd
3542 ppt showed hiher sugvivel rate. -iout 5 - ¢f the speree
were motile even after 4 h 4f exyosute. & 36.7 ppt the
sper: motility decressed repidlys the musbor of motile sperms
was nll 3t 2 h 30 min, <t $3.8 ppt 34 % ©f the spervs were
viable and total wortality coourred within cne hour aed no

speima suIvived 4t 4641 t. The 50 % spem viability level
was obtained approximately 2t 30 wdn 4~ 2.6 gp¢, : b 15 min
in 2743 .pt, 2 b 15 min in 32.7 ppt, 2 B in 35,2 ppt and 60 nin
in 38.7 ppt.

fertilisation of eggs cocursed ot salinities from
29,6 to 43.6 prt. But the rete of ‘erciligetios differed



Table 9 operm motility percentage in iernc fixldls ot
different salinities

;gim*‘“ 30,6 37.1 32,7 35.2 38,7 43.8
B e e e o D e S e B - B
mmf spesm sotility %
Smin 62 82 81 M4 MW 3
36 mdn 90 ¢ 85 7% 16 31
Smin 43 64 1 T 6l 16
6 win 18 6 13 70 54 &
JhiSodn 12 56 66 70 4
3 B 30 min &7 57 64 33 -
P h 45 min - 2 88 82 18 -
2n - 0 88 48 7 -
2h i5min - 6 e & 4« -
2h 30 min - - 3 9 - -
2h 48 min = . 31 3 - -
3n - - 2¢ 21 - -
3 h 15 min - - 2C 5 -
35 3Cein - - 18 7 - -
3hesmin - = M 6 - -
§ - - 8 - - -

!




(Zable 10, ¥igs 6). At 20.6 ppe., the ogue wete fortilimsed
but further development was affected. -t 27.1 ;pt. 78 % of the
eggs were fextilised when examined after 15 mimutes of
axpcauge. The pereentaye of wvishle ogge dearsased greduslly.,
in the salinity levels of 332.7, 38.2, 36.7 and 43.8 ppt the
egy visbility was 82 %, 87 %, 76 % and €49 » respegtively,
Feduction in the rate of fertilization wes noticed in all
wmm&mawmlmﬁséymmmwﬂth
thiee treattents. in 43,8 ppt the perventage viabllity of the
eugs was 49 % to gtart withy m;mmawm:&zwma
becexe nonevisble. In 48,1 WPt fertilisation wae nil, In
none Of the treatments, the eggs were viable after 7 hrs.

ihe 50 % egy viability level was cbtained approximately at

15 min 4 20.6 ppt., 2 h 30 min in 27.1 ppt, I h IC min in

32.7 ppt and 35,2 ppt and 1 h 30 min i 3,7 pyt.

in the salinity 27.1, 32,7 and 38.32 Bt the egge
wore vishle uwwtc 7 h mmwmmumuyacm%
wag high in 32.7 g5% (15 %) (Table 11, tdge 6). In 36.7 pit
and 43.8 ppt salinity lewel, o°ges vere viuble upic 6 h and
5 h respectively., In the lower (20.6 9t and higher (48,31 put)

salinicy, fertilisation and further develc,ment of the egys
were pooks ihe pereentage egy survival and fertilimation

vare high ir the initial stages ©f cbservaticn (15 miniond

then gradually reduced. %he geduction wae gradual at

3G - 38 ppt. The 50 % egy viabllity level was chbtained
api-roximately at 15 min in 20.6 ppt, 4 h in 27.1 Ppte 4 0 3C min
in 3247 ppt, B h in 35.2 ppt and 2 h I0 min in 36.7 ppte



Table 10 &gy viabilivy Farcentage in L2KDa Judles st
diferent #alinitiee

46 19
2hmin o 50 58 6 3¢ 14
3hn - “ 84 g0 g ?
3b3min . 41 50 50 2¢
¢n - t TR as 18 a
¢h30min . 3z ¥ 3 10 .
s - ¥ 3 28 4 .
5h 3 mdn U 15 3 .
6 h - 9 2 2 . -




Yable 11 Egg viability perventige in io
different paslinities

ilnitiee 06 3 3209 352 36.7  eses
Pl 8yg viability %
Rt L L T S — " > ; - p—

1% min 4 o8 86 92 35 47
¥ omin 3¢ &4 €2 Be 7% 42
ic 76 8o 7o 7% a0

38

13
1h30min 12 71 7 76 67

2n o 64 74 74 62 3
2h 3 s . 6 67 72 %6 2
3h - se 65 66 42 i&
In3min - 54 53 64 37 i2
4 h - 47 54 62 29 9
¢h 3tmin - 42 83 se 23 3
§ h - a7 46 7 i 2
5h3mn 2 4: 3 8 -
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PERCENTAGE VIABILITY

Fig 6 FEFECT OF SALINITY ON EGG VIABILITY OF

PERNA INDICA AND PERNA VIRIDIS
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Bpepes presexved st CUC and 70 44d not show any
dAifferenve due to temerature. Uptc 72 h, the preserve’ sperme
showed pormal motility on thewing. un day $, the sotility was

vary cuch 1 and, on day 10, none of the sper:s wes
motile, These gesults are cnly indicative of speorm viability
oft pregervation as they eould not be oonfirmed by fertilizaeticon,

“hile sperme jresurved in tre for of =it gove the

o
reguite, the mantle tissue preserved os Such gave comgletely

pegative peauls.

fpavned euge of both apedies of russel wore preserved
in the sene -ay as for the sperns. whon psavved alftsr 6 L and
thaowad, mg wore not fertiliged with oiditicn of ‘presh sporws.

Kuriakose {1973 cbeerved that ithe spexss of L. indice
iz usell, pin ehsped with an oval hesxd reaguring § - 7 ,\m and
s vibretlle t2il 18 - 30 P in length, ihe (& euzasinaticn
ghows o lupger oval sheped spers the pesults of the present
ipvestigetion agree with the cbaervsticas nale by iourcart
&% ai- (1965 on ytilys ierpg vith regard to structural detalls
¢f nueleus, milddle dete and tall. The Liht sicprcscopie
Cheervations on the e99 ©f L. Apddcs s0d . yicidig, which are
sivdlar, agree with the findings ¢f “uriskose (973, In the

1iht alcxcsoope ftself, e struscre an oid lege were cuite

visiblor the long tail oould be made cut on olose exandnaticn.
i the dark {iel! ricroseu;y the detalls ouuld be obeerved



oven sore clesrly. ihe detailed BOr.hology wes pevealed in
the =8 examination.

The gaoets viabiliity at 50 3 level gives ziedlax
results st salinivies 2.7 end 35,2 ;pt but the viability gets
reduced on elther side of this renge. ihe 57 - vianiliey
level ejpesrs Detter at 271 ppt Shen st 38,9 #rt. HBayne (1565}
Obseived on I. gdulis that fertilimaticn cecure sucoesslully
in the gsalinity remge 15 - 4o #ets  In the lowest experimental
salindty of 37.6 PPt mpers viabilivy sppesrs gelatively better
than egg vxmguw and ir the hign salinicy of 43.8 put o«<g
viability ajpears greater, Hovever, thess extrenes are not met
with in the evastal afudg. ihe somual salinity range is
32.55 ~ 36.88 Lyt o% Vizhindar and 35.40 = 4U.5. at alathur.
Jurdng spewning seagon of i 3Bddca the salinity range in the
Ratural beds 15 32.95 = 35,85 pot and fof o YAxiiie the range
is 30edd » 37.72 pot. ke experimental dats hove shown the
C high viabi: ity ©f gemetes in the BRCVe rofgen.

kD¢ ¥ipidis alsc oceurs in estucrine conditdors as
in Shutia creek i catnayirl and. s re ortel Iy tagashug
SR came (1975 a), the populetion Srawms mrdng vuly « sagust
%ea e salinity 18 3.0 w 9.4 Pt An July and 10,0 pote 4n

wpusts It wuld sppesr that this Populetdcs hee ite own
adaplation to have high gasete viability at these lower
salinicles. “he salinity in ‘urust Llo.0 voti, wien noat of
the ;smi&w is oo leted by this jopulaticon, s sidghtly astove
the windemws (15 pt) of the fertilisaticr ou) inity range given
oy cayne {1376 ai.



in the yresent study the sje:ns were cbeerved to
5&“1“ w 3 L

= of 4 h and eggs uptc 7 h.  longo and
snsegson (1969 rejortel that in [.

b i GDua the egge
remained vicble fur & « 6 h after spowning. wiile the sperms
were found W lose motility in § - 2 hes at 18°C,

Longwell and stiles (19685., Laannan (1971) and Hughes
{1973 worked with cryopreserved aperns of cyster syecies
ticn. tmghes (1973, used dimethylsul foride (0.4) ©f § 4 and

G dn wsiserinental fegtilises

1L concentratic: as erycprotegtant snd fiose and stored the
amoules containing syezm sus ension in liouwld nitrogen, ihe

ahcit-tere Drescrvation & er!

monts esrried cue guring the
pregent study are of o prelicinary neture and need o be
Jarsued further,



CHMPTER VI

in marine mussels, 28 alst in cther bivaives, a
discrete blochenical storage site as the sdipcee tissue ia
lacking, and the symthesised musriemts are stored in the
scmatie or reproductive crgans (Ciese, 1959). The progess of
demands high energy. ihe reluticnshipy between
ood avallability (enopgy scuree) and Junsd development hag
beei. studlied in detail (rastzy, 1968; Bayne, 1973; Gabbott,
1975, 197€), vhen food is in abunlance, the nutrients are
assinilated and stored in different cigans. JThis may hasper
during the nunereprodustive pericd, Wiile protein and 1444
FestIves are tepcrted o ccomwmlate in the mnenentle tissues
of 2o sdudda, clycogen is cbeerved tc be stored in the mantle

Dundsnt ood e evailable (Gabbott and Sayne, 1973;
hdes 8% @is. 1960). Ghwicusly this lesds to a 'mutrient
storage oycle’ related <o the peproductive sctivity of the
Cryanipas (Sebbott, 1975, 1976; sayne, 1976 ar ‘andoe g% al..
1780 and Fleters gt al.. 1900).

“he litercture on seascnsl blochesdeal varioticns in
; M and & gadlos ERYALRAELls has been reviewed by
Glese (1969), beyne (1976 a) and (astry (1979). The role of




sy ¢f the marine invertebrates was
Peviowed by Slese (1966). <oddard and rartin (1966) reviswed
e metabolism and Florkin (1966) the nisrogen
netabolisn cf molluses. The general observations have been
that the amcunts of carbohydrates, protelns and iipids
increase sr gonad development progeeds and then declines
following spawning {(Cabbote, 1975, 1996 Haotyye. 19713
Zondes gk gl.. 1980,

teasonal changes in the body weight in pelation to
reLrcdaetive activity have been peported in 28iling senuis
(-nzell end Trevalifon, 1967)s p. pdulis (Bandee g% al..
1960) ad jepten Mis (Comely, 1974). Iry weight
varistions ar