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Benso^ies lacquenohti/a @dlun sized reilestlial
Pulronate str.iI uhich 1. cffioDly avallable ar rrre canpuB

of Unlvelsity of Pesh.ra!, N.$.?.p.. pakistan.

A detailed study of rhe reploducrive lcLivity,
anatomy,hj.stology and fuction ot the diffelen! palrs ot
Lhe !€p!od@t!ve tlact 16 wolk€d out. Th.re a!€ teo ble€ding
s€aEona alat theeale leflted to 6ea3onal lai.talI, tenpelatule
and h6idity. the genitat olgan. retain lhe basic pa*ern of
styloMatopbores. Diff€ot polrions of !.p:oaucrive tlact
agsist in different plocesses of leploduction e.9. nale rlacr
helps in spefr @v€rent jn t o ray3, one, uprald novs@lr of
nhe sperns to leach penlal cohptex and secoDd, dorhrard
novenert of fofelgn .peh6 flon bsga ro leach fe.tili2allon
pocket. Fdial conplex foms the spena€opbore. The t4ale

diffelent nutlltIve and proiective coveling.
fo! the e99- The dalr stihulate3 the excirerent to! rhe

Folnation of spehatophole, role of bulsa copularlix,
.nal nating b.havio! a!€ obse*ed. pr@rilg behavi6! is v€ly
intrtcat€ and fofl4s a cdplex cout6hip. Eggs ale laid in
ess chdbe! ilug in.j,de tie 60 .

Developne^ta] @blyology flon oviposition ro hatchinq i

takes place 15-21 days, dependtng upon the r€mpdltue. rn



colil |4the! th. lDclb.tloo D.rioil L6 18-21 yllr€ ln 3!4r
It 1! ra-15 d.ta. Eo.t.abyorl. ttortb ttll utulcy h.v.
b4n h!)r.it out.

th6 €f!4E o! sgEoFretoly hotDoD.r on r.p.oduc-
tI6 1a. at 6.tratdi tr .hd' !d.do! rith @r.l dif!.r4-
lirlton. oprl. tetrrrculs botaor. r.sl.t. el. ..x o.I1.
e1dt6 abl.lton ol oDtlc tlotdrls DEoE{ oos€s!n!.

DUIDI s!.vou.!I6 cddl'tis
th. Droc... o! lrdc gpLls doruot'
dol'ucy ba6 b€o ob.€svaal to t th.
qt tnal l!ctc!.

t!.y siLtgo iloleancy,

.rd !€{6t1v.t1o lta
ilir.ct .!!acc ot !!.
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Molluscs includeE nun€lous 6pecies only a Brep behin.t
in this respect to rhe Arthlopoita. of rhe estifrated loo,ooo
sp€ciee. gasrropods alone inctldes ove! 30.000 different
spccles. Recenely qiscdercd species fron some obscure
habitat. is a challenge !o! scientlst fo! findinq others.
Pulmonates forh hatf of the species of gastlopoda because

of its lich adaprabitj,ty. They hav€ invaded diverse habiiars
1lke. maltne, flesh wa!e! and rerrestliat.

Man ha3 aluays been aftlacted by gastlopods
a. tb€y lrg easlly coll.cted and fom an ea3y supply of aood
and decolarlve marerial. Because of trei! abundance, nunber,
thei! easy ellecrlon, avatlability and succeesful captivity
in laboratory, they a!€ used extensivoly for €xpelirenral
pulposes. ruhonares ale easity reared in the laboratoly. some

aquatic snaits have short life cycler therefole lt is easy
to keep these fona fo! halt succeesive qenelariol6 ude!
observation as labolatoly le€ealch ani&r.

rn pa[isLan riLEte atrenLron has b€en givervt?-LnrsEic
studies and pallicularfy to the snails, zooroqy Depaltnont,
unlvelsity of Peshara! initlated a stldy on Molpbology and
Ecoroqy of Bensonies jacquaonti a te.lesrriat snail. This
worx is a continuation of the previous lesealch in rhe foln
of reproituctive bioroqy, leproarucljon, cffect of endocrine
systen on leproduclion and rhe phenomenon of dormancy.
observations have been lecorded flom tabolarory realed snails



.5 r.l1 .. rron flo),il ln th€t! n.t!El, evlfordr€Dr. rt6uo-
!6cr.toty elt. ollglullt tl@.rrat il 1! tra6cr. hav.
beq ilM.trrt.d lr lut glr.ut ! o! it|v€46bcat . iraludlry
ho!tu.c! ln n.ny !E!!6 o! rh. Fltil. aut, tr p.ht.!ar, !o!
th. ltlst tis th. t!..6c. of r.ulo..cBrort 6.Il. it
tetr..r!i.l .Dir B.nsori.! jEgg!g9!!! ts obo46d, rh.
Drobrbl. !o1. o! r.uF..or6!o!y c.11, on th. r€p!6ducttd| of
.!rLl i. rrkd out.

,Dofficr b.1nt &
6r.tru cordttld. of
..tablr.nlng doM.y

out .trndilg ph.Daldm to ovorcoD
rut!.r, tlre t ato!! re.rMatbti
.i6 .l.o .ruill.il.
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REVIEI{ O! IIfERA?URE

A clitical revtes of litelarure shows that
rlteratule o. holluscs and particula!1y on gastlopod. i3
extenstve. onfy the lelevants lirelasule on leploriuctionr
leproductive blologyr neulo-secletlon and domancy relareo
srth plesent uolk ts sumallged he!e.

the high degleo of olganization of pulfronare

hotfuscs iE leflected in thei! cdprex leploducrive sysier!.

uhe leproductive syErem ol the pulnronare has

attlacte<l hany workels ,ho 6tu.iied the systeN ilori
.l'ricrent aspecLs rnd difroranL facrors etfecting thc
uorking of the systen.

fiuch wolk is done on the reploductio! of t'he

flesh eate! s.air Lvnpaca :Eg!gL!E (a basoMEropholan

plrnolate) because oi its 6ho!t }ife cycte, and

tcrrcsrirlal slus 
^fion 

(d styroimapholan puliLoturc)Lecruse

of it3 easy availability.
clabt' (1927) shored thlt rbc loprodlctivc systc,lr

of !rs!39s staqnaliB and lMge eEg!-ef!-q applalsa eay haq

sinilar anatony. In both nolnal iode of reploducriob uas

6elf fertilizalion and Dor closs felriIizatrDn. ]le sugqesre!

that in rhe process of feltilizarion foletgn sper\s had

ress oi no chance to compete succes3fulry wirh the speli\s
that had developed ard nLatuled alongvlth ovui j,n rhe saie
acinus or owotesrts.

HoIf l9l9) stucied Lhe anatorry o! lep.Joucrrve
sysrem or Ferrissra liJoc (.ncyIio 6norI)- ho.onctLreo



that like othe! aqualic pulnolate snai1, the leproijuctive
3y5ts ras herfraphroditet with a Eingle glana, ovotesiiB/
leading itto hernaphloaile duct. ,le $a.ie

in the descliption ol various sex organs t.e. a singte sen,inal

veFicle ald rhe nunber of folticles in
Iess than forNelly desclibea, *le no6t' troporranE colrectjon
was. that the flagellutr duct ente! the tree eno oi the
p!-eputidi an.i nor rhe penis 3heath.

!Io1n (19451 gawe rhe hlsrologic.t picture ot rhe

leproduclive syste'n oi the pono .nar1 !f!!3sg sEaqnarrs

tlact and leported thac his flnding agrees pith rhat ourlin€d
by aaudelot {1363) abd clabb (192'l).

(1949) publisheo his notes on icharinr
fulica that had tro oistincr bleedirg pelioos and seti lelri-
lization ,as ob6elved lepeatedfy. Incubation pelioo sas 1-10

days. very sholt incubarion p€ltod, perhaDe indicat€d a

tendenct torarda ovovivtpallty, Fertility ot €99s v€!6 nDle

hatching rate.
abdel-]brek (19s4 a,b) in rso sepalale srudies

.lescribed the gloss molphotogy of the genita! olqans oi
HeIisd€ tiivolvis (sub-f andly rielisor€tlDae) ano lionphalalra
boissvi ( 8lb-fanily Pranorrrtnae). Ae stated rha! rrclphologfcal
studies shoreo that the !€produc!rve olgans were sinlla! bu!

sr9nificanr histologicat drfierelces in rr.ur
snails. In both sell fertilization aid closs iertilizar.ion



occured. Ihey observod the spclos 1n the acini of the
ovotestls at aII tines of the year even during hibelnntion
and aestivatio..

Ouncan (1953) in a study gave a descliptro^
of t'he 6tructule and furcrion of rhe leDroarucrive sysrer ot
the sare snnil llEg fontinalis. rhe leproducrive systcn eas

based on typrcal basormatophoEan pfan. fhe eysten ra3 tully
developeo iD the bleeding season oDIy. rn rinte! mte
olgans renain hatule vhilc fe afe orgads uele s(oll j.n sj.ze,
spcrrns passed by tho pcnrs inro rhc coputatoly palrnc!.
r^ncan suggested LhdE !. lg!-!!!:!Ltg us lr,gcr) set,
fe!tilizing, sith closs feltilizarion occu!!ing tess tlevuently

the!€
and onlt when/sa6 some phy5ioiosical baEre! ro the snail'.
own spelh. Afte! felrilization the ova receiv€d rrs
differe^t coveltns !s ft pa3led d@! the owiduct ro iom
the egg cap6u1e.

Duncan (1959). desclibed rhe annual cycte, copulation
and oviposition of fiesh uater slair !ry!3 ionrinalis. He

concluded rhat tenperarule ras rhe nost 
'lipoltanr 

facioi
that qovelred the annual cycle. Copulation was tnduced leadily
by a sualden conglegarion of the snails. rt appeared thar any

envilonrieDtal valiarion such aE a lise in renpelarule o!
change of *arer, kas.sufficienr to iiittare oviposirion,

Duncan {1950) rraced our rhe evolution of rhe
tharpulhonate geniral sysien anri Erat€d / tn borh Ellobiidae ahd

chiliridae lie close ro the base of the pulmonate srock and



the styl@tophola a.d th€ Hyglophtlla appeale.l to have

ollgiiated floh thetr allied folms oi these fanilies.
tn a late! srudy Dlncan {1975) eorked our the

fulr de$tls of the replo<luction i^ puln@nares. 1s sruoies
uere based on genglal organizarion, functiona] anarolry anu

Physiology of the genitat Eysres, egg caDsule, leploaucrive
cycrc, copulation and ovipositioD.

Ghose (1960-63) studieo the leploductive tracr
of Achati'a fulia. xo qave a oetail hisrologicdl oercriprion
of lhe tract and function o! rho dilfelenr poltrons. re
ot'served ganate folnarion, ieltrlization, oviposftion,enbryo_
genesi3 and lanal orqans of Acharina fulica.

{alchaeogas tlopod } . Thele we€ efight iliffelences flm the
comon parteln but ror significanr enough. In afl types the
lainfall had a dilect effect on rhe reploducrive cycle.

|(ugtei {1967) deacribed rha nolphologicat and
hlBtochemical srudy of th€ leploducrive r!ac! of r.h€ Eluq
Pbtlonvcus ca!<'dtnlapus. rre srar€d that glycogen anat atkatj.ne
phosphate wele in ctose assoclatlon uith each orhe! in tbe
eplthelial lining of the vhole leploducrlve lracr.

tserly (1963-65) arudied reploducrion ano b!€edins
in ditfelent snails found oD !.llayan fine 3tone-hill. fh€se

cvriotlachela d€pres3js p::g (heriqid), 9&!-
thostofra .epr!ove!r* (cycroph!od) and Hvdrocena nonre!osarian,

xeenalshi and schee! (1963) gave ihei! classical
observ.tions on the carbohydraree of rhe srug Aliolinax



colsbianis and its dislliburions in rhe leproductive sysren.
rhey sureliz€d tr!6t Clu.ose fon€d 341 anil ra6 the major

cooponen! of calbohydlaie. Beside glucose no rlace3 o!
fluctose or gatactose uele foud in tbe blood. The blood
sugar revel nohally reaf,ecred calbohyilrate iniake i.e.
,hen the animalele staryed lhe I€veI decleased dd lhet
d1@ls were led the blood Euga! level increaseit. Clucose

and galactose vele stoled in alb$a gland, uucopottsaccharide
wele present in rhe oothecal and nucipalous glards.

rantin er aI (1968) Etudted the histochsi6rly
of the 91and6 associated with leploductive tlact of l,vMaea
staqratig. they obsewed gatacrogs, and acid potysacchalid€
in alburen gtanit; mucopolysaccharide in mucipalous 91ahd,
and aciit mucopolysaEchalide in upper zone and hucopoty-
sacchalitte, sulpharea nucopolysacchalider protein and

glycoqen in the lowe! zone of rhe oorhecal gf.nd. They
further observed rbat the composlrion of totysaccha!ide
cbanged frm gtand to gtand as rhe secler.io. of the
91and teceived acid in accoldance ,lth !n6 srlucture of
diffeleni enveloping taye's ot the e9g.

cLanpitr t197o) slve a conparison of rwo closely
lelated specles of fleEh ware! pulmonate snaits phyEa

qvlrnasav and/phvsinreqra. ne concluded tbat apalr froh
differences !n size, there appsled ro be nd nrolphological
differentes between rhe tro species. lood of both €lecies

so ft diar Dot affect either species lirfting for



Lanbert and Dehnel (19?4) solked out the seasonar

valialions in blochehj.cat conposilio! durilg the reploduetive

cycle iD rhais ranellusa ll!9l-:! (9e:!:9!9!3, !:9:.9!:e!.9!!e) .

They anarysed the digestive qland. foot nuscle and qonad

fo! ploletn, glycogen, ana 1iptd. dnd founil lhat dige6tive

91and eas nainly folneal of tipid bur. the Mxihu glycogen

rewel coinciaed ,ith najor feeding peliod. The lipid !e3e!ve

during vinler when 91yco9e! level was loe due

to its conBMption by aeveloping gonait. Duing sinter rhe

diqestive glaDd ind€x decleased aril the ovaly index letuained

fcv oogonia r.ochcd mrurity. lhey poinL.d out
that stalved arjirals used nore protein froi ovary rhan rhe

xanganelfi, 9! g: {1939) des.libed luo land
snail3 Helix pallatolis an.l Helix leinael tyulmonata,
lygromiidae) Bnal1 helicoi,i specj€. rhinq j,n

Sicily {Italy} and lesenlb]e orhe! heficoid species in
tbrphology but anatomical lesea.ch coDfilmed lhe validity
of the tvo a3 dj.etinct specles and also new genus,

They ditfelea flon orbe! welt kno@ Ilygromiidae e.9.

Is:ggi!:g and flicloxeroGqna thei! sental ducr were uirh
eell-developed dalt complex. h theEe Bnail3 vagina uas short
orthout any trace of dait sac conptex and digirifolm glanat.

The petris ald epiphallus {as equal in togrh, uhlte flaqetlun
was variable. Ihey rcre rirhou! Hygrondid like penial papilra,
light olwtophole !et!acto!, passed betaeen peDis anu vagina.



ciusti and hangAnelli 11990) desc!ibed

ciliellopsis oqlasae a ne, gygloniiri havinq velY nuch leduced

vasina, ttthout dalt complex ot digit form gland, the Perrg

nuch long.! that epiphallus. Petis coveled bv a thin muscular

slreath, pe.ial flagelts eas vetv 5hort. A verv leduced

papiUa wrs prcscn!. l.i9h! rcLractot r']assod

between peris and vagj.na.

Iolmation of Epetmr egs, lheit feltilizatlon atd

€hen safe dePosition of eggs is a necessitv fo! the

development of terrestliaI and flesh water pulnonate snatle

Iike other oviPalou6 fons. ihe €gqa ale

even letained inslde utelu3 fo! safe i.cubacioh. lo studv

these details Fany wolkels have rai.tained snails iD thet!

laboratoly fo! mny geDelation.

Galenby { 1919) had collected

nodeln techDigue to iind out the cvtoplasric lnclusions of

tbe gern cells in inveltebtate. In his late! studv in

1920, Gatenby. smelized the delai] ol the oogenesi3 an.l

spelsntosenesis i" I{!!3SC :!99!e1-!9 that asreed with that

ol.other pulronal:a. h the matule ovui the 9ol9i lods had

ircleased sormously as conpaled to Young oocYte. h fully
grovn spelm, the head vaB vely snalt as conPaled to velv

long nirochondlial tnil.
Plashad (1925) sorkeo out lhe anatonv oi the

como. r.dian appre snail, !!-!-e 919!919.

histology of leproductive systeri and stated that rudrnentarv

.opr'irory olgdn vas srh.lrr ir sLru.t!rc ro Lhc pcnjj.



Bahl {1923) Etudi€d the !eploductive process

and deveropmenr of :jJs 919!9:9 wirh speciar reference

to copulatto. and ovipositlon. Copulation occuled in
glound near the edge of the poldr ir took

about 3-4 hours. oviposition occuled 2 o! 3 days afte!
copulation e99s wele laid on qround. AFparertly rhele seqied

to be no lncubaiion pellod as e99s hatched soon afte! the

HtckrEn {1931) in an irvesrigation of rhe

spefrtogenesis of Succinea ovalts !€vealed thar the geln
fells sele diffelenriated flom difielent gebrinal eprlhelih

of progendnalive celts strh Ialqe and losdeq
nuclei, Folty cbrdosohos wele found in rhe speliErogonial
dtvision and tr€n:y in the nalulation division. Ar mtularion
divisions mitocholdlia wele grouped into p€culia! rhrea.t_
like stlucture. cotgi appalatus was banana shapett lods ctosely
sulloundtng idiosone, The maturc spelm had a spilal structure
both of head and tail legion.

Noland ;nd ca!!ike! (re46) realed ry!!.eSg -:!99!el-
fo! taenty genelatlons in the labolatoly and found the snails
in qood health and size as compared to thei! wild forris, rn
Iaboratory sexual ratultty leached $ithir rhree honths in
s|lme! while in thc ainter it rook upco fou! nonrh3. Egg

ploductior uas doubled rhen snails wele fea on boiled ,hear
celear fatbe! rhan on its nolNal diet of lettuce. snails kept
in gloup stalteit egg layirg ealtie! lhan in solita.y cultule,



1r

Raven (1943) described the :ingenination .in

!I]]B S!!9!9U9 and sialcd rhar sperms leceiv€d at copurar.ion

in the seminal vesicles of hen.apbloilite ducrr and

lhat insenlnacion occuleo in hefraphrodfte duct, oocyre
had a; irlequr.! and €tor9ar6a shape, poly spelhy occured

but thc spern, ehich uas nosr cent4lry lo.ated felrjlized the
egg and othels dis-integlared,

li1ly (19531 gave a d€scliprion of four distircr
habita! froh ehich lrithvnia lenraculata a fresh ,ate!
prosoLilanch gasr.ropodd had been cotlecred. Hc studied rhe

biology. the strucrulc and functtoninq of the reproduclive

Glahan (1954) studied the leploductlve tlact of
ggIlUlE ianrhina a star.ed that in nale phase mny orisopyren
anal eupyren spe@rozoa sele fomed. rhe lasr palr oi male

genttal duct wa6 prostaric and sith out copularory olgan. rn
femLc pha3e the ov uh sas feltilized *ithin owary which also
cont.in.d dcvcroping e!$ryos. Thc IaEt polr of
oviduct foned an albtnen gland and nucus g1abd. The scclerton
of thase glands eas baren by older eiiblyos whlch eandered

about wilhin duct.

cai. {1955) studied .!oE. anil self feltilizatton
in !l!!ese staqnalis a.d observed rhat closs feltilizarton
greatly exceeded self feltilizarion if snail eele attowao to
cross copurak. Thc r!an6fe!!ed speh nly !e ain viable in
the body of the lecipienr snail fo! as Ionq as lt6 days.



t2

lalrand (19s7) described coputatoly bebavrour in
rwhnaea staqnalj,€ and obeelv€d dltfelen! Eypes ot copulalion.
copulation by tro partnels; hltipte copularion o! chain
teo copulatlon tn uhlch fou! o! five snarrs partrcrpared,
.ne upper ones actinq as nale oDlyr rhe intelmediate ones
a5 both Mle and feMle {iemate to snait above and ,ia1e to
sEil b€t6wt r the last onc acteit a3 lemale orlyi and
tastly self copulalion perfohed by a s1n91e srail in3erring
rts penis lnro vagiha,

!!ted and cood_chrld (19631 vo,Keo on a smatl
pranorbid snail henecus buchanensis (an expelinenrat host fo!
a spilochiid rrenaiode) . rhe ailulr had a rife sDan of 5
nonths i! taboraroly anrt reached s€xual haruliry ir 50 days
and laid hole eggs rhan ,il<t sraits. Tbe taborarory lecord
iidtcared lapid qr@th ih ti!6t fou! ueek3 folloke<l by less
rapid for six ueeks and leached Mxinur at rsenrieth eeek.
Snails fed on boited letluce had rran3lalot shert, while
the rilit 6nails had dalk ana opaque shell as of taboratory
!ea!€d on ftap]e leaves.

DDcan (196,4) studied rhe pen1a1 complex oi
Lvnbaea staqnalis and srated rhat isotated penis plelalarlon
snoeed lhythnic activity and this activity qas hot aifecreq
by presence of celtlal ne4ous systsr. Duncan ftlrhe!
lavearcd the facr thar thele was nalked dtffelence ber$een the
response shoNb by isoLatad lenial comltex plepalarion of lelix
aspelsa by Goddard (1962) and his findinss.



Snilh (1965) ilesclibcd rhe stluclula of rbe
reploductive tracr and hisloCh€mistly of rhe valious glands
associared ,fth this 5yEr4 in 4Ii9! 3!9I {a salda slus)
ne concluded that spelmatopbole was seclered by mte flask
celts and plosrate g]and.

13

clucl! Jnd utrcr (lr71l sLudicJ /\-lu1-r.r! I

arternatar !n inremealidte host of the trsiatode posrhar-

helicis, in ]owa in narule and atso lealed rn
the laboratoly for fou! yeals. They obselve{i rhar spelms

wele not ploduced util gleatest dianele! kas abour 9 nun

trld did not oviposir upril 13 m. ahcy col,ularcil only oncc,
E99 sere deposirert 1n soit at deprh of 1.5 ro 2.5 cn. narching
occuled afte! 2 3-32 days,

rind (1973) whtte volking on rh€ qenirar tia.t oI
Helix po.Etia.sugge.te.t rhat sperharophole folmatlon kas
hecessaly to enaure th€ function of lhe fenato sysrqr at
copulation. He fu!!he! stated ihar spehalophole folnat'ion
stalted 40-50 seqonds after sralr of coputalion and spelm

tlansf€! tlon hemaphloalire duct intiateo 5-lO seconat lare!.
vahdet r41-aN {19.?3) ob.ened seagonality in

bleeding. copulation,owipoetlon, egg harching and valiatioD
in ieproductive !a!os of coagrat poputation of t'he l:ellesrltal
snair rclininthoqlvpra allosa in Nofth centlal cafifolnia. e

suggestad that Lrleeding coinci.ted pith leacrivnrion fron
long telh aesrivation and occuled wfthi. 24 hours. rn Iou
teNperatule enbryogencsis ra. prolon.Jeil.

Takaichi (r9?9) ir rdiared a putmonate snair,



Blharda tsichonis uith x-!ay in eally sDermj.ogeDesis, ,hen
the gonad conrai.ed mosrty spermariitE. rrlaalatlon chabged

some spelrDtids while others shoved affect on rhe various
componenes. In lhe affecred cetl the nuclea! envelop ,aE
nissingr nitocho.dria ana reticulun had abnornat appearance,
and spcrm frngellu'tr had upro 4 aoncnes vilhin a singte
f1a9ella! hen6lane.

Tela*ado (1931) .t€sclibed spehiogenesis as a
conplex phenone.on of cellulai diff€lentiarion. rt irvolved
the stllctulal changeB in sohe 6pecialized cell,s. si3 @in

chronEtin dllang€nEnr an<t axi. folmation in rhe
spelniogenesis of a pul$onare sDa pbvsa acula.

Btrtiran, (1990) observed rh6 life cycle of calvchiun
tlidentarun in laboratoly and shoved rhat nolphology of rhe
rePloductive system $as subjecrcd to the seasonal changes,
rhe aninat collected in Bumder had copulatoly orsan and wele
carled euphallic vhlta those capruleat du!1n9 lenaining tirL€
of the yca! had lost pdis an.l vasa defelentia anrt eele calteir
as apb<llic. llc aas un.bla to obselve coDularion a.d suqqesrod

hav€that self fertilization hishr/occuled aturilg rhe peliod whd
c. tlitlenralum NaB supposed ro be aphallic. He fountr that in
rabolatoly rbelc uas lapid qrowlh r sho!! Ille span an.i disrircr
rcpldductive peliod. the mcchanisn of oviposirion, the effecr

taclols o- ovrpos-rion and Eo .etain the eggs

i! uterus durlnq aestivation by oviparous pulrcnare snails
has been ilesclibed by @ny eo!ke!s.



Blelschneide! (194S) studied nechanies of

oviposilion in !l!4eg Etaqnalis' rie obselved !ha! egs

"":.r "."-"""; 
bv ledivelalLine fruid thicb tas

""";; "t""'" 
capsula! nenblane' anv ess cap'ures vere

,.,:J;,"", b,v a qelalinous 
::::::::'.r"::"'::" 

-"

tre fulthe! noted lhat lhe shape size or

-.".t "t ""t 
shape 'n't 

size of €h6 lo{et par! of owiauct

;;;",: "'"**.."a, o! {hicr'l_ 
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""

mss sas hiqhty sPecies sPecific ano c

"J;.: 
;" idenLiri'catio' or lhe 'pecie6 

8e conrilsed

that rene{a1 of t'he aquatlus sate! and addilion of aquatlc

;;.* *-**'* acted os Etinulus !o oviposition-

Ddi€t (1954) tludied teproductior in !!y:q

ovllDa and slaletl !ha! in nalut€ the teproduclion {a3

:;; '"""" 
to lespelatule {hite in rabolatorv !he-

""..":'; *'io"**" of oviposilion disappeared rhe

;t""t"; ""'"" 
;hen the snail leached o celtaln

;::;.";"' anit phvsiolosicar staie' rhe pe'cenlaso or

;.;.;t""' "t eqgs in riettt correcled snairs {e!e sleate! as

;r." "" "o"-*'" 
*"**u i"tividual'

"t;;"'""." 
t" tqlat life sPan in labolaiolv r€aled indlviduar

and tield Populalion'

^ccotdins 
to vandet sleen (196s) exc€ssive anounts

or food tuPplied !o adult lIlegg staqnaris dectease<t

"tr*t'"'"" 
Ntlhou! affecling egg p!6'tuction This shoved

that the frequenct of thc en'Iogenous rhYth$ !n oviPositlon

;."",'"'* * chqnses bv lon-rhvtlrical envilonnenral agenls'



OeiDy (1974) 6tated rha! in equaroliat tand
snail Limicolaria harrenst!.a (pulnonaral rhe bleeili^g
continued thloughout the yea! bui the peak bleeding occureil
duling the diy season and ft was tow duling rhe lainy season.
thc evorurion row.lds ovovivipaliEy enabled thc snait ro
letain its egg and youDgs ln utelus dulinq aestivation. This

rhe leason ro! peak bleedinq dulinq dly Eeason.
Incubatiob perj,od uas 10-14 days iD lainy season bur in dly
season cgqs youngs only deposired vhen lain rerulned.
tugcDcsis rrs obsclvcd nt .rr rih.s_

Ilarlis and charleston {1977J dercnsrrated that
unde! slnilar labolaroly condilio! r,vMaea cotun€tra ploduced
riole €99s rhan !. l9IS49eC. Both oviposfted ar soc. and a

srDgle €gg capsule of L. cotselta uas ploduced at 2oC, The
nrnlnun tempelarure at khich esg could dcvelop and hatch was

both spectes at 5-c eqqs scalleo ceveLophenr
but fai.Ied to harch. 3OoC {as lethal !o! e99s of ,.
tonentosa while 34.5oC was nonal renpelarule ro! esgs

Hodagi (1979) stuatied the tlfe cycle of Achatina
achatina !nde! Iabolaroly .ond$on and ob.erved rhar snail
Gtured ar age of 21 nonths and 5ralted oviposition ,n !hei!
secohd and thild yea!. In foulth and fifth years rhe nunber
of e99s degositeat *eie few. lggs sele tatd in chddbe!
nnde by the snail. He obselved rhar A. achatina with targe
shcll taid talge e99s. bur thc nur.6a! of cags lai.t had no
dilect relarionship with the size of -he shett (annrars).



rncubation pcriod ralgcd berr€s ro-31 day.. tn tha fletd
tbe eggs even hatched afte! I o! 2 <layg. thus e99s ,e!e
letd,ined inaiitc utelus fo! ronge! tnde. a sign shoring a
atep to'ard evolurion to ovivipa!fty.

ohLsuki and Takahashr (r932, !eporLeo rhar
tuphaedusa lgg (!ottse!) rae a helmaphrodite ard ovowivi_
parous Enail. They used growrh .f sherl whorls as a

palamete! fo! qrokth of rhe snait. Accolding !o rhe glokrh
of wbolls nmbe!. the gloqrh of 5nai1 sas divided inro
eaght stages, 1.e. st.ge 3!{-a. As the sDail was born ,irh
the sh^l1 o! thlee rho!15 1.e. at 5ra9e 3. They obsleed
spelhiogen€ais at stage ? and owlducr wirh onbly6es and
younq anails aele losd ar stage lo.

In anorhe! srudy in rhe sahe yea! ohrsuki aDd

Takahashi (1932) itudied rhe develop€nt of gemr cett. in
luphaedusa !a! and staecd rhar at srage 4

visible as a na6s of gem celt Fith <tistirguishabt€ snalt
pelrvet€llog4ic oocytes. Flrlt groh narule oocytes ,e!e see,
onfy in stage 10. spehiog4esis occuleo at srage ?,8 and a!
6ta9e 9 ovotesris vas fult of nature sperns. arre! the
ttischarge of spernE and oocytes rh€ acini of ovote6trs
lenaibed enpty fo! sone time and the epeniiog€nesis sialtedL

siddiqi abd Aulangzeb (19341 desclibco rhe genelal
anacohy a(l rcprooucrion of laro sn.il Bensoijos jacquehonri.
They observert accessoly sex olgan in the iomr of oalt vhile
hucrpalous sland ras nisstng 1n rhis specaes. seasonal



changes affect reploducrion. fhe w6INe and c.tour of
albsen gland and ovorestis changed duling acrive and

Aulangzeb and sid<liqi (1934) lepolteo rhat in
BenEoni€s iacquemonci thelc vas no superfeciat seperar$n
of hale an.t feFle systa, but histological study leveate.l
that they rele of sepelate enttty. seasonat hisrological
chanses wele obselved in gonad. atbmen stand and nidanental
qlanit.

siddiqi aDd Ali {tg8s) rcrkeal our the norphology
of the regroductive 6ystd of the land snatr t4onacha

obstlucra. The genital syst4 was on the comon srytoNia_
rophoran partern, nuciparoug gtand and dalt qland in rhe
fo! of accesso.y iex orsans vero plesenE. Durrng acriwe
breeding season the oviduct ald albumen gland were welt_
develop.d anit bulsa ,as flrled ,ith led pignent.

Chaudhry {l9BB) isolaled 6nail phelonones oi
qroeth nodulating conpounds floo snail condirioned nedia and
found them in rhe f6!n of Emal1 mlecules that inhibftod
oviposftio in B_gLligg tlgp:ss (a f!es! warer snair).
ae suggested thar these inhibito! factols accmurate<l rn rhe
holiting wate! of cto.od sy6reh ,here these f!e6h eare!
srails wele ."itu.",r. u. fultber found the r.hibrtor corpound
in uate! conditioned by E9e!.e!:3 ."1u""i" and !!t!g sp. and
leported rhat the inhibitery factor nighr be destloyeal by
incubarion eirh tlypsin. He concluded rhar host probably
lnhibito! uas a p!o!ej.h.
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obstjuct4 a! Pesha\ra! univelslty cahpus, N.E.F,p., pakislan.

splins vas the pe;k bleeding hot sumner was

Buln.n 11990) observed tne l.i!e hislory oi
calvchiun tlidontatw (lulhonara) iD the labolarory. His
data illustlared rhar eggs wele taid one pe! day aDd t-s eqge

wele dcpositcdr an irdlwidual in irs life line laid 1-13

eggs, incubation period valied fron ?-24 daysr eqg holtality
sas 65*. Depeldinq

@tulity in 37-129 days,

Aparicio 9! q! (r99r) desclib.d four pai!€ or
.16!L 36cs in Lhe geniL6I sysLeh of Helicops,s
fu.th.r statcd tliau trcricopsis xelotllrn as a sub-genus or-

nclicorsii. Accoldinq ro rhe audro! ir was ilifficutt to
decidc *hether of dalt sac

advance stage of evotution o! a prinitive €tage.
cutlently 3@e authors have u.eal tl'i3 g€nital chalacter to
deduce gbylogent ehile still orhers ale rryhg ro inlelpre€
the evolution of the qeniralta, using phylogenelic !elatiolship-

Young and Evans (1992) desclibed nodeln tand

molluscan comulities on istald of tlat Holm, south Cfaholga!.
These reie distu.bed by bleedinq gulls an..t huhan acriviry_
Thlee min nolluscan species plefeleal unstabte habitats. There

appealed to be little colletarion between the comunitles
and habitat facror. Thus diffelent comunities leflecred
the genelal1y unstable latule of the lsland's envilonhenr.

ali anil Sulehan (1992) ilescrib€! seasonat valiarion
in abundance, leplodlctionr dormncy anil activity of r,lonacha



restj.ng season. they ud€lgo domncy in gloups. The breedinq
season vas cros€ly lolated to t4pelature, hui.iity and food.

The dewelopmo.t ot e99 cells in diffelenr classes
of pulnDnates from oviposit.jor titl hatchinqr an.l the
en'bryobic fooil and post dbryonic aleth has beeD wolked our
by hany aod{e!s. rrr. tu"tion of diffelen! cylopnashlc
inclusions. wiraltj-ne fluiil, egq tayers ano rhe safe deposi_
tion aDd hatching of th€ e99s

sub-c1asEe6 of pulronates at the tine of hatching nos! of
the IalvaI organs have disappealed and €he hatchings snail
has lesembrance vith its adult eyternatly.

clabb (1929) de3clibed a herhod for learing
snalls tn the labolatoly. llis findlng wele that, boiled
wheat glain ard t!e3h 1€ttnce as fooil gav€ be6r grokth, ove!
crosding retaldea glovth, irrloducrion of paphnia inro ttle
hedia reralded foullrg ln rhe stock culrule, aefacion plomoted
glouth, dilect sunlight did inclease qrowth iat€.

Ranjah (1942) srldie.l the eNblyotogy o,
dlu.boaa as a typicat 9a6tropo.l. rhe cleavage ot
lesembled olher qastropods j,n vhich eggs had ]ess
chalactelistic qastropods spilat cleavage was

Raven (1945-75) conrlibutad a lot in rhe fietd of
embryology of rhe pulnbrar€ snatts. fiis inv6stigrtloD
itrcludst,the norMl devolopretrr of gafretes {ovu and speEr),
inscNi;dtion, nechanisn o! ovit-ssirion, developnGnt of the
fertilized egq uprir trochophole slage ,- conctuded rhat



the diffelencea in the mode of d€vetopnen! berween a gasEopod

e99 anil a legtlation egg' Iike thosc of AlPhibiar uas nuch

rcss plonounccd a3 waa previously aEsuried.

!ra6e! (1946) wolked out the embryonic devetopmen!

of Lhe leploduct ve Elacc of IIMSS sraqn.hs g!pI9!gc sav

in dctail . Th€ sy6ted alo3e flom three plinary eDtagen.

the hesodeml ludihent appeared on the Gth day and !ep!o-
was complered on the 13rh day. The basj.. pattern

of th6 developnent of leplo.tucrive syst'eh leserbled rhat of
the dioecious prosobranch.

cle€k {1950) described the anaromy and higtology
of reploductivo of th6 eqg capBule and

hatchins of the e99 in a tellesrlial proEoblancr! p9!g!i4
clequn6. lle stated rhar the dlasric depalcule trori the coulse
of development flor othe! plosoblanch was fould in tr,. pr"".si
of torsion. rorsion wa6 rhe lesuft of differential, glowrb aroner
as at that iine frusctes capablo of contraclion oere not

Deeitt (1954) obgeflea reploductionr emblyotogy
a.d grorth in thei pond snail !!I!9 qvrina sav oviposition
usually uas abundant in the early houls of iElning.
A rise in tenpelature induced ovilDsition, ,hit6 at tow
tempelatule rh6 oviposltion stoped. Freshly laid egq

ilanspalent in appealance. Deveropii€nt was

dlrect nithout. a falvat stage.

cbose (1960-1962) gave a derailed account of
creavaqe, qeln laye!.fomtion of Achatlna fulica. He
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ot lulhonate stug Aqliolimax retlculalrs. Eqq had rhree

obselved tha! at qasthla s€age, sone of ihe ecrod€rn
celts u6!e enlalg€d, elongared and taiden wirh yolk to
utlrize the egg albunen as ovm had sMlI aioult oi albeen.
Cleavage sas totat and spilat, qastlutarion occured by

LateE obselvation of Ghose {1963) revealeil t!6t
eye anal s€otocysr ke.e ecrod€rmat in oliqtn, eyes appealeit
a3 lnvaginarlon on dorso- latelat siite ot the snont while
3Qtocyse on eithe! side of rhe jucrion of t@r and
vr"sceral Mas. r,tolphogenesis of nanrle cavity and tsg
reveaLetl Lhar lung was an independont structule and nantle
cavlty uas folned by an invagination nea! rhe lus luatin€nt.
Pedal gtand vas also ecrode)ml in origin bur devetoped ag
a pair of j,nvaglnation ,hich united alrelrards to io!n, a
3hgre nedian gtan.t. Thusr pedat 91ad devetolhenr in achatina
fulica vas differenr fro other qasrropoos.

Bulct! {1965) folnutated a hethod fo! suftable
nedlunr to cul!ule snai,I cetts and rissue. rt€ srres3eil on the
lnpoltance of srelility, plope! anribjoric nixrure, adatirion
ot snail extldct, r@perarule and pH. in culturinq snail
tig6ues. The gonadal tissue ,e!e haihtained fo! 60 days.
Active rctil€ @ru!e 6p€n. rer. eriiten€ conriruafly lhlough
the 60 days oa observation6.

Bayne (1966 and 1967) lrave detailed conpositj,on
of e99 the lay€r. and extracrs of rhe leploducrive glands

layefs. the pelivctelrine sac folris rhe rdain bulk. Dilierent



of the ovaginated shetl glaDd. Ihc plotoconcb

initially by th€ entile mdtle edg€ but at later rleveloPhent

its secletion ras llmited to the mntle edge-glald.

h a fulrhe! srudy in {1963) Bayne plort€d a

itesiccation cuwe of eqg cap.ule of eight ga3tlopod apecf,es.

rle concludeil that .liffelence. in tho deslecatton rate

coinciileit eith size ol the exp€liheDral eggs, the lalge!
eq9-ms5e5 had slou aare! loss as compaled to the snalle!

BltE3on (1963) stat6d that the emblyonic developnen!

of ls!e!4c lglsislg and 49!3!ilg l]rLlgg could be .ilstueu!:,heo
into trc phases, Ltra-gdltaL phase upto lhe laying of the

e99 and the seconil phase startinq flom the laying of th€

egg co tt3 hatchilg. TIre fiEa€ phas€ eas Einila! in rso
sPecies but the second pha5e ahow€d soh€ divelged iliffelences.

poltiona of femle leploduclive t!ac! uele involved ln the

folhation of diffelent 699 lay€rs.
(apu! and Gibson (196?) gave a histolostcal account

of the developnent of nantle edge and Eheff j,n Helisooaduri

eudisrug. The Entle edge oliqtnatod as peripheral thtcke!1ns

sathananthan (19?0, studred Lhe srructule,
dj.6tlibution? cytochdical nature and functional significance
of the nltochondria durlng lhe enblyogenesls in slug Alid
n-!s!.!Lsg. Mitochondr'al ccrrvity was rndic.tcil by iL5

enlalqehent, inclease in nunher and increase rn rtg
.dplexity. the nain func€ion of nirochonollia bestde enelgy-

Itbk uas a dilective role in developnent.



Demian and yousar (1913) plesenred dbryonic
alevelopment .nd olgalogenesis in rhe aqualic aasrlopoat rrarisa
cornua!retis (Mesesastlopoda, Anpulta!iidae). rhe inpolta.ce
ot this 6hait qas in lhe biologtcal coDtlol of schtsrosom_
tlanshitting snail6. Egg sh@ed tolal sp1lar creavage,
rolsron occulea on l* days, utough diffelential growrh o,
two sides of the emblyo. Th€ devetopnenr of diffelent
o.gans was conpleted oxcept leproducrivo 3tsten *hich dewcloped
rainry arrer hatchins. Thci! findings rcgrliting oliqrn a.d
developnent of different olgans such as &tutter nantle cavity
hcart, pclicardlun, kidney erc, dtvelsed floh rhe retated
Ahpulla!ild snails.

rrronj (19??, !epolEed tndt during developmenE
rn pulFonate ihe arbun€n (pellverer11ne tf,uldl resolprion
eas through ectodelmat celts and was sroleil in ectodehal
albmen vacuotes thlough pinocytosis. The ,esolptron occuled
i. thlee phases i.e. during ea!1y developmeDr. at gastrula_
tio' and finalty in tate! developnenr slages. rn rhis late!
ateveloprent rhe pcliphelic albhen lesolpraon, was Etopped
and it alone tead to the fohation of the exrensive albunen
sac, thus erdodehal lesolption stalreq.

ronpa (1979) repolted that no purmonate snarl
waE ddonsllared l:o be huely vivipalous, lrajoriry oI rhs
,ere ovrpalous ard 6onE showed teidancy tovalds ovovivtpa!fty
by lctairing eggs and even youtrg snatls, arrer they had harclred
flon e9g6r inside the utelus. rn t.ter srudy Tohpa (r9s0l



described tha! velonicella ameqhini laid thei! e99 in calcisi
ricb .oil o! coveled tr.eh wiih faecat nEtelia1 (catcis lich
perlets). to plovlde calcim fo! the aevelopilg dblyo.

stephenson (1930) descllbed the life histoly of

E!99 Eubflscus. slut vere neve! Eeen in copulation, so no

dala on pre-oviposition vas avaitable. E99s laid in soit
incubation leriod ras 25 - 33 days and 62* eggs rele f€lrlle_
The ducus of young slug vas clea! and st1cky while !ha! of
ordcr was yeltow. lonqevity uas 340 - 403 days, Thoy died
b€tween 3-20 days aftcr depoglrion o! Iast barch of eggs.

Brsas (1931, demonstlared rhe appcalahce of
polyvitelli.ity (in exrlenc caseE upto 4? e99 celts p!o-
enti!€ esgsl and gelm fusions (!pto 6 qelhs) in !!l-:3 e.g.SgC

duling four yealc obscleaEions in labolaro,y. loLtr velc
tnd€pcnderr of each othe! .n.t occuled i! rhe last one rhird
of feltility F€liod an.t no gehtosion !€ched rhe adulr €tage.

rilonl (1932) fultber itiscusseit rhe peliphelic
le3olption in five Basomarophora, ren sryloMaphora and a

Prosoblnnclria. rhc corcru.ion draw! flon rhj,s {as rhar procc6s
of pelipheric lesolplion was sin1la! in tlese foins and
pehrtted enbryonic nutlirloh and glosrb from segnenrarion.
Thts seemed contraly to the srandald rheoly rhar rhe sole
atm of segmentarion was rh6 (utt.iplicarlon of nuctei and
the folaation o! blaslone!€e. flre pertphelic resolptton
lequired an intcrmediate tranFformaliob of endod€lmat cetls,
so that these mighr accumulate atbumen. !.iion! furthe! added

that rhe classic concepE of "The protecrive eclodeln and

nutlitive eldodelmi is ro be changed,



Pekkaiinen (1936) sLudied the e99 cleavage and

eally developnent of rhe bivalve nacom balthica an.l found

that eaily larvae of this species res@beleit othe! bivalve
lalvae thus making it difficult to distinguish then. The

larv-e dewcloped by. chance .n anolhe! exper!E^r .n Lhe

labolatoly. Early clcavago !esedbled dthe! bivalve typos.

sohe larvae 11ved fo( one ,€ok and by lhat tino had a snatl
hcmblanous larval shall, htra ovarian egg cleavage {as noted

in sone diseaseit (inflamatory lesponsc) fenale.

siddiq.i JnJ A1i (1933, studied embryonrc dcvelopmcDc

of rbn.ch. obstnc€a. $re c1elvage uas toral and spilal. ,\t

Na99s ll93C) reporLed Guelella brcolo! (lrutEon)

a carntvolous Iand pulnonare ,idery disrlibured in tlopics
anat sub-tlopical areds. rhiE snail had attlacted many

natulalist firstly because it had the capability of actlvely
expandtng its poputarion ln a given area ald secondly ir
rcd .n sofL oooieU rnverLeblaLes rrcluc .4 i |n. -_ ^6

56 bouls stag€ veluh in the forn of ciliated of epirhetial
cells uas obscrved. oasrlulaLion {as cohplcred on l:hild day.

Diffelential glouth o! the r*o sides caused hy huscle cortlac-
tion was vely slow and resulted in a symerly of enlrryo.

Incubation Peliod raB 7-9 days. rhe develophenr ed3 direc!
{ithout any valiger larva.

]\chlLrnl fJilcu which iLsclt uns a selious pesr



?horson 11990) obselved

of Tlivia. xc found itcad

the deveropment of

shclls of adult. T.

drceica lere v€ry comon but the juvenile shetls kere rale
$ the field.

Ilc disclojicd thar rhc adul! and luvonilc sl)ocimons

of Trivia welc vely different with successive d€velopmental

stages. the snall delicare shell, having snall Slor apelrure
was transfomed into adult shell. the g!€at srlenglh was

added by verticall,y sulface liitges and hollzontafly thict
corunella iith a longe! stor apeftule.

phorson (199r) olserved juveniles and qlorrh
selie3 of leucophvtia !}g.c{selg and 9Y3!91-l-g !]9E9!!-q. as

these teo species w€le lound togethe!, :ir uas e.Eerrial to
lecognise thelr lfotoconch. rn t. bidenrala rie snatlesr
specimen had Fnall chibk fo! ar sbj.licu6 white in o.
nyosotis the bulb was visibte oD under side. Fulthe! distinctions
i'etreen juveDile6 of the two spaci€3 rer€ fron the rwo growrh

serres. e.9. tn !. bidentata, rhe apex fa! vely small. looled
conpalattvely blunt anit wholls rele fta*er as compared to
.4. g!9:49s.

The knouledse abour the neuio-seclerion in molluscus.
is lihited a5 co(dled !o otber sroups o! lnvelr€blates.

The nelve ccIls are regalded as , neuro - seclerory "

only when they ale a paTt of enitocrine system. A nelve cett
can bc part of rhc cndoclile in a ilifferent ,ny aDd evidence

fo! its beiig a neuro secletoly ce1l .My be obtai.ed b!
nolpholoqical and hlsto-cheEicat tesEs.



tane (1961) leveated rhat alaihing as early as
(13?0-1372) poinred the exisrance of two cert rypes of
secletoly ratu!€ in opric tentacte o! Hetix aspelsa.

rn stylomatopho.a the dilfelenriation of 6e*
cclls or gaetogenesis ts unde! endocrine conlrol, xany
investigators hal focussed Lheir studres on the srLe oI
plodlcrion of rhe gonadorlophic ho!@nes an.l fourd that opric
te.tacte6 and cerebtal 9an91ia {b!air) vere lDvorved in
secrering rhese hormoies as quol:eil below.

luttuet and Lane (1961) had suggested letarion
betueen neulosecletion and cett diffelenrratron in rhe
ovotesris white working on tro stugs A.ron 3!C! and Alion
subfuscuB. They stated duaf ho4onal condor, frlst the
tentacular hohone ploduce nate sex cetrs. thls vas tlen
follored by c99 ploducrion assistoat by
tne ocula! rentacle6 of slugs v/e!e renored rhey produced
nore eg96 as conpded elth rhe conrrol o.es. Tne injecrion ofDrarn ard tcntacufa! ho,osenale vele given ro .oDr!o] snailsr
Lhay shoucd rhar brdin horcsennle lccel(,raied egg ploducrion
and that of optic tonracle suppleB3ett oesenesrs and plonoted
spem ploduction.

tane (1962) obEelv€d neulo6cc,e!o!y celrs i, the
optic rontaclos of cerrain srylomEropho,an purhonares. she
distinguished three rype of ce1ls, .corta! c€Ii6, sulloundihg
digitate ganglion ald eye,!larerat ovat, and ,tatcral plocessed
cells lie laralalty in rne tenracle i.e. on tbe inne! side
of tle deftonuscutar sheath. All rbese certs appealed ro



foln an active neulosecletoly alea in lha tentai1e6. These

thlee types of cell ee:e fosd only in orde! stylmatophora

of Pulmonata. she exanined the tlead legion and tentacles

of !9-l!I 9:p!:9g in d€taiI. B€5ide thr6 other anrnalc u.ed

were Aqriolinax, 4!9. 4:i94, e9!3Se. oxvchiluE ano !i!3I.
she also stldied othe! gastlopods iDctudinq 4:gL!:!9:!: abd

crerrada toprslhobranchsr j pdrerla. q:s!]_4g!e and !!ssj4.t_yL
(Plosoblanchl r and PlanolbiE and Lihnaea (BasoMatophola).

! ro. ^r ^a'1. u€re abslnE in
the Easomatophora as uelt as in otbe! sub-c1asses of rhe

I]ane {1963) in hj,stochemical and erecrr6n

micloscopical investigation reporLed the preeence ot rhianine
py.ophosphsta s € , acid phosphdraEe. and alkaline phosph.lase

of selix aspelEa. AIt thlee phosphataseg

uere found to be localj,zed haj.nly in the coltices of bodies

that have lesenlcl€nc€ ,ith iblue, a[d 'yelIow. lipid globulee

in thei! size, shape abd distribution. lxamination of neurons

coloured uith Sundan IV and then incubated !o! enzyne activity,
3howed a 3udanophilic positive feactio! for Iiplds.

I,ane {1964 al uolked out the fine stluctule of
trre secletory ce1l iD the optlc lentacle of !.9!!: 9:Eg!1
The cytoplasn of the colla! cells that sullounded the tentacula!
ganslion contained spheloidal granuLes of loo el,ection density
and coDtained electron dense vesicles that ,ere vfthin rho

range of elehenlary lrtelal c6l1s,

that lie on the inn€! side of demo-ruscula! sheath encasinq



l0

the oplic tencles, had endoPla6mie retlculM, vith ribo.oter

hitochondlia otc. in their cytoplash. There

denEe inclusions *hich may be lysosone. The Btructula1 details

of these cells shoaed !het! resenbranc€

sec!ctilq cctrs.
tane {1964 b) duri.ng a re-exahination of the fin€

of tletir aspelsa, nade an attdpr
ro investigare the ultra sr4ctulll Iocalization of lhe

el4ontaly neuros€clelory glanu]es, Sbe iepolled the presehce

of these glahules in the cytopfasn of celtai! neurones. the

glanules appeared rith'n Iamellae of the gofqi conPl* by

buddinq and vesiculatton.

lane (1964 c) aftet using vital etaln obEelved

the secletoly cerls iD the optic tcatacle ot !S!I gEpgEg,

no. perinctd! bodles eere piesent 1n co11ar and latelal oval

ceUs as desclibed plevlously, I. addirion the latelar-oval
and lateral-plocessed cells had unicerluta! calciw glanitar

1yiD9 imediately under the epithelial coveling.

In a lat€r study the sahe autho! IJane (1964 d)

using histo-chen1cal anat electron miclo6cop1ca1 investigation

on senpelrs olsan (a cephalic slatd) conPaled it in two

gene(a i.e. !i@I and Helix. In borb cases the organ ]ies
on each side and !nde! the buccal hass. The najo! differenco
vas that in the !!99! the orsar ua3 !'uch fa!9e!,senper's
org.n,.s colposctl uf thlcc ccll-rypcs, Tn Lhc r.!L Lvpc,

the cytoplasn possessed lipochoDdrra, in the cytoplasi' of

the second type of cell tbele were polycaccharide and lipid
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vhile the cytoplasn of the thild celr type coDtained

nucopolysaccharide. these cells st'o{ed res4-
blance uirh rhe se.letoly ce113 of the coveling sheath of

eith the colIa!
cells of optle tentacle, the cells or the sdPer'3 gland

did not ollespond stfuctura1l, or cytochenically to any

te.tacular cel1, Though these eetl3 wele staiDed ri!t! iDeulo-

secletory'| dye at lhe 1l9h! nicioBcopical level" thele ,as

ro signiflcar! evidence that etenentaly neulosccletoly

9!anules we!e Dresen!.

Menon lI9o6) dehonsr!aLed rhaL i^ ce!ebral,
palietal and viscelal eanelia of .glsjdlsg 19:!39919!99.
neulosecretory cel]s vele plesent. During bleeding peliod

conspicuous ncuroscclirtoly activity sas shorn by naulonal

cerrs of the celebral ganqlia.

Neman S! 4. (1e6s) desclibed the location or
in the snnsrla of the blain of 491!I eeer.:S.

They fulther stated that at synaptic jsction in rhe neulo-
pir estela3e ea6 plesent rhile at these locarion on p!e-

synaplic posntion ,ere plesent clea! vesicleF. The chlomaffin

leaciior indicleed that ceitaln ves1.le corrAin anines.

sedden e! aL (1963) dehon6traled the plesenc€ 6f
doPafrlne and 5-hydroxytlyptanine in the neurods of ttclix

3!!9:-. rhey used ffuoles€ne micloscopy. rhey stated

that thei! obse.vation agleed rith lne finding of Dahl er

4. (1962).



arl€! e! 4. (1953) Etated that

of cellain neulon haY be bfocked

the blain of !.cl-+! 3grgr!E.
According to Boe! 9! 9I. (1963) in the c6!eb!al

gangrion of lJyrnaea 5laqnal1s "Gone! i -posi tive " neuions

i.e. caudo-doisal celfs occu!. alt thes€ cells ,e!e true

neuro .ecretoly ce]l6 as they ploduce n€ulo hornones,

specially at synaptic telninatlon of axon.

Joosse 9! al. (19531 ,olked out the influcnce of

Y-irradlation and hulgo! on sdmetoqencsis and oviposrtton

in lt!!!!g:Eg!ili:. Dy Y-ltradlation oviposition stoPed,

and vithin one nodth the develoPinq sex ce113 were

d€serelate.t. !. rl3s!3!i:sllhsrand stalvation

but ovtpo3ition stoped afte! tto weeks although gametogenesls

appeaied to be contirued but at a loue! !ate. They ar3o

revea.ed Lnac ln smrll hc!traphfod,te ducL Ehc sperns {e!e

stoled as ,e11 a6 resolb€d by glatd cefls ol the duc€. The

natule oocyte ,e!e found only for a sholt Peliod for ovuratfon

afte! that they trere abeorbed by thoi! nul6e cel1. Ganetoge_

ne.is 6nd oviposition was affected bv ladiation and

The effec! ot cutting off th€ oPtjc te!*cres

on reploductive capacity has been obselved by nany authols.

The lesults ale slmeliz€d he!e.

BeEy aDd chan (1969) d4onsltated that then ocular

Leneacles {ere lehoved in Achdtrnd fulica iL Produced note

shcllcd eggs thrn noml snJil. The nur
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the gonad was a16o increasod. Th6y sugqesled that ploduction

of @cytes tn qonad sas under the homo.at conirol involvinq

the tentacles.
ln an expolimertal studv Bielbaue! (1973) Ehoeed

that lercwal of optic tentacle of !sli! Pggg.!!s at nid tire

of tho rinter hibdlnation and dulins natulal levival in the

spring !€sulted in Etinula€ion of oogenesis 'ithin t@

uceks, thelo was a sttnificant inclea6e of filst oocvte,

second oocyles ad ova as conPat€il to the control. oD the

othe! band the llrEt and the second sPetuiocvres {e!e

decleased considclabLy ovor the contror-

Kulkalni {1930) d4onstlated that lmvaf of the

opric tentacle in land 31us 4ylg3!Ur e-l!.9 had hatked

inc!€ase in albunetr 91a!d latlo in imature slug ove! t0atule

as Qell as contlol one.

In a Iater study (ulkarni and llazali (19331 wolked

out the eff,ec! of oPtic tentacte ablation on the gro{th of

the rcplodlctivs tract in the land 8narl 99:39!!9 !9!9!9!fe!!:.
In Mtu!€ snail the reproductive tract irdex !4ained constant

uhile in imaiule oneE thele {as an inclease specially atter

the optic tentacle ablation. thev suggesled tha! opllc

leDtacle horrcnc controled the 9r6{th of leploductive tract'
jtiortoja (r9?2) concluded that sevelaf tvPe of

neuro-secleloly cel1s e*isteal in lollusca and thei!

distinctioD could only be bascd on rclPholoqical oi cvto-

nettical critetii. Ilc stated tha! castroPoda Posseased

nculo-secletory cells as {ell a6 the neufo hemal systen and
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che gonad eas also increa6ed. Th€y suggested tbat ploduction

of @cytes i! gonait was unde! lhe holnonal coDttol invorvtns

rn 3n experjnental study Brelbaue! (I973) shdwed

that lemovol ot optrc tentacle or !9.1j] eggg!- aE hid trme

of the ,inte! hibelnatior and durlng narural levival in the

spfi^g @sulred in s€ihulation of oogenesis tithrd t(o
aas a sighiflcant tnclea8e of, filst oocyte,

second oocytes and ova aB .ohpared to the control. on tlle
othor hand the filst anit the Fecond spehiocytes rele
decleased considerably ove! the con*or.

xulkahi (1930) demonstlated !ha! lqoval of lhe

optic tenlacle in land s1!q Laeviqal1ts qltq hdd @!ked

i,nclease in albuhen gland latio in imatule 6tu9 over mature

as lell as contlof one.

Ib a late! study (ulkalni and fiazali (1933) wolked

out the effect of optlc tentacle ablation on the qrorth of
the reploductive tlact in the l6n.l 6nall Celastus noussonianus.

In harule snail rhe !ep!o<1nctiv6 tlact index lenaln€d constant

while i. imature ones there uas speclatly afte!
lhe opric !enLacIe dblation. 'rhev EuqqesLed LhaL opljc
tentaclc holnon€ controfed the slorth of leploaluctive tract.

rrortoja (1972) concluded that sevelal €ype of
cer15 extsred 1n r1011ugca and thei!

distinctton could otr1y be based on rcrphorogicdl o! .yto-
me!lical criteria, ne statgd that caatropoda posgeE.ed

neuro-secletoiy cel1s as ,ell as lhe neulo'henal systen aDd



endocrine gtands. I! addition to plincipal qanqlia of
Delvous syst6m, there are pleEent a nunbe! ot necessary

gdglia i.e. tentacula! gdgllon and ogphaladia1 qanqlion

These had sone-hor connecEron wr-h endocr{ne sysLem.

to 5-nT, th€ Doprniina had a

caire! 11972) denonEtrated the effect of an

experincntall,y induced diapauser ,hich stimulated the natural

conditions of hibernation abd aestivatior in land sneil

ndk€d inhibitoly etfect on neulons as a synaptic transmitter.
In nolluscan biotdins, the choline €stels rele p!@inent and

acti@ and found in hypoblechial 91aDd, while tetr&ine sas

present tn Ealivery gland of some apecies. Both of then inhiblted

the nolhal function.

l.orLoJa llos.cr!l fur-\e! poinced Lha- ndurd-

secletoly ce]ls vere found in celeblatr palietal and viscelal
ganglia. nfrolg accessoly ganglia, the ientaculai ganglion

o! styfomatophora *a3 givcD Min ar€ention a5 it contailed

ceEtain cells rhich hail tbe neulo- seclatoly natule-

lndean (19?2) stated lhat inspi€e of tbe f,act thar
xo]luscan brain is simple, it lesembles a velleblate blain
in basic stluctural aDd functlohal features. lre studied two

aspccts of noltuEcan pharnacology i.e. one conce4ing chenical

transnission within the nervou6 an.l neuro-ruscufa! systeh

ond the othe! concclned wirh roxic naterial elaborared by

loffuscs. De found slqnl: neulona in qa6tlopodsr and stated

lhat s-Hydrcxy tlypamine caused excitoly actlon

the 5-HT estabtished a sy.aptic tlanEnttt€! tn the centlal
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otala lacr€a. He srated thar tr 4 out of the 5 identified
reurons erahined 1n the isolated brain, of otala lactea, one

neulons, cell 1t had specific patteln of plolein synthesis

and electlophy-siologicaf chuges during iliapause.

lanenti! {1973) ldertif!€d giant neaons in the

blain of Helif, aspersg, celrain MFhologicatfy symerllcal
fourd to be palt of a functional network of cet1s,

,hich leceived simultaneous iDput flom at least one uniden-

tified source, either dilec-Iy o! thlough a 6eries o, rnre!-
ncurons. rhc symettical neulons had tilins parleln of
enalogenous rhythnlc bulsr acrivty.

sian.hi (1973) examined the histochqist.y of rhe

heufo-secretions i,r the ce!€blal and sub-eEophageal ganglia

of Enchwlaeu3 albids (hchytla€idae). The celebral ganglia
cdntain trc types of neulo-3ecretory neu!6nr 

" cedls and Q

cells; {hile 1n subesophagal ganqlion teo n€!!o-sec!eto!y
cells, the u cells ,e!e pfesebt, 0 and u celts conlained

disulflde g$uP and thele saE no ln.lication of th€ plesence

of calbohydrate, lipid and tlyptophan in these cells, lbe
P cell seclelion haal plot€inac€ous cha!a.te!.

!a!ke! and caile! {197{) calculared tbat
seasonal lhythn in the ranat saail 9!glg raceea ,as rhe lesur!
of a vasopressin and lelated peptides that induced buls!ing

Pace naker potentiar activity and alteled lhe lelatj.ons of
the men$lane in d specific neulosecretory ce1l. rhey susgesred

nenblane reguratory !6le for rhese peptides, shich mighr be

indicativa of a ner foln of inlornation transle! in the



renous 6ysrem.

rfshin et 31 (te?st .ugg€sted rhat th€ lors teln
cbanges of a speciric neulo-secreroly cell in rhe land snail
9!3!g lCglsg uas caused by rols relin cnabees r! the menblane
plopcltics oI Ltris ccll. ahe lcqulatory holnone vas tound co
be a papti(lc. ,rtre lequtalory cffecrs obselved rnvolved the
induction o! potcntinrion of bursrinq l]acanakc! poconrial
(BPF) actlviryr lesu1ting the excitalion of the ce1t. they
had isolared thi6 pepride facror from notluscan gangtia, which
nlqht lDduced o! enhanced Bpp acriviry rn a spedrtrc neulo_
3ecreroly cell in otau racs€a,tho activatjon effect of
thrs peptide facror is simita! to certain reuro_hypophysiat
peptides of velreblare nelvous tisBue.

pengloh and cainer (1975) had identified rhe
lo, nolecular uetghc speciftc ploteins rn rbe nofluscan

rhey aele Eynthe.lzed and stoled.
Balker C! Sf (19?5) studied rne bur5tilg pace

naker porenrial acriviry in molluscan !eu!ons. They applied
velteblate peptides and homnes of idenrified
neuro-secretoly ahd non_neulosecleroly cells th rwo nolluscan
plepalation. fhese peptides induced legufarory changes ih
netulane properrres unlrke ploduced by convenrionat heuro_

fhe peptide srinulated cett telninals to ret,ease
nareiiel Dtrite steroids cacsed a decrease

of this materials. By the effect of velreDrare
it appealed posEible thnt simlla! fo!n6 of

rnter cellular comunicatlon w€le pleseDt in the vcrtebr.re
nervous system aAd leuro_sdo.riDe syEren.
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chase and Coodhan ll9?7) found homologous

ccrl groups ir the land 3ndil Achatina fulica
and the sea srue &lE!3 s.e!jl!I!!!93, In Achatina lh€se cells

on ltght palietal galslion anat claimett hohology

with ';Gtral white cel1s" in the palieto-viscelal ganglion

or AE!:Els.
coudshj,t (19?3) explained Lhat rhc brain of tlclix

EglClig uhen imelsed ih hish potas.iN nedis lelease a

ncuro-sacretory cell terminal,s. This holnone

stimulated galactogen synthesis in albuen gfand. He

leqalde.l this stlhulato.y subg€ance a5 a neu!o-.henicat
hessang€! that acted oveE a pellod of sevelal weeks and

in specific season. aased upon irs catciu d€pendcn! hoal€ of
lelease. He was sable to polnt out its gangfionic site
of ploduction, the !o!te floh the blaj,n ro albaeh gland

and hor tt affacts the enzyre of rhe galacrogen synthetic

xononanko l19t9l suppolted th6 conclusion of
allie olkers about the existaDce of a facto! nodulating

the endogenous electlicat actlvity of the burstlnq neuron

in the .nall brai.. ahis fa.rolr as is accepled, was a

peptid. nnd had effect only oD specific .eII but no

effect or electrlcal activity of other neuloDs.

Jong Brink et. iL (19?9) inves.i9ared rhc

hlstology of the reploatu.tlle tracr of lulinu6 tlurcarus
j. oldc! !o srudy Lh. ossi!lc cCrecL or cJsLrJ, ion upon

the accessory sex glands. The female palt contained 13



uhjlo nale paiL contaln 12 histochenically diiferent
secletoly cells. Th€ effect of castlation eas in the folm

of lapid glorth of snai]. the value (groeth) of arbuen
gland and plostate gfand {e!e not allested by castratiob.
The lesults suqgested that stinulating effect of the dolsa1

body hormone on lhe gloeth wele not exalced 1n. D. trucarus,
as wele supPoseil fo, lljMaea :leggl::.

Xit (1930) studied the neulo-6ndocline cetts in
the caudo-dorsal (CDC) ir the cer€blal 9an9l1a of Lwnnaea

staqnalis. These ce11s !e1ea6e an ovulation llomone at rhe

periphery of the celeblal comissule. fie fllther slated
that CDC exhibited .thlee states of excitabllity with
distinct elecr!ophy6iologtcal cha!acteristics. cDc produced

ovulation horhone and stated of excitabillly rele a6soclated
with ees-layins c]'cie. 

^ccoldinq 
to ft trnd$q the lct've

tvo hours befolc e99 laytng and thele {as
release of hornoner it la6red fo! one hour. .\fte! this
thele {as an inhibited srarer eirhout any activity egg

1aying occured ana this state lasred abour four holrs
atte! ovipo6ition. tha last resring state in uhich an

rflc!-di.charqc was evokea, thu6 the cells enteled tne

active state again. The clansition bet,eeD rhese srares

occuled spoDtaneously. These slates rele tResling slarei.
'Acttve st{tei ,hhlbired staret.

Geraci+r and uohan€d (1930) d€nonsrrared the

tbe later ri robes connecred wth celeblal ganglia



body glorth and leproduction. Extilpation and inpfantatio^
sh@ed that neulo secretion of lateral lobe {LL) decreaseil

body glouth and acceleratea egq ploduction. By !4oval of

L!, body grortn was lncreased and egg production vas

decfeased.

Naqabh!sha!d

holhonal coatlol ot left
et al (1931) studied rhe

Preulo-viscelal 9an9lia {l,v) on

van-Mlnnen and Rej.ohel€ (r930) lepolted tvo

dlople! cells {Dc) and ohe laige canopy celr (cc) in

9an9ria in .Ly!4tgg ita(hn1ir.
lhotopeliodic stihuli control the n€urosecrotoly activtty
of the CC but that of DC vas not affected by rhe

diffelences in photoperiod. thu6 pholopeliod depeDd€n! cc

affect the endocli.e control of leproduction.
van-MiDnen antt De-vrj.es (1tsoa) demonstlated

that ablation of one latelal lobe of rhe rJvnnaea staqnalis
!esulteal in slqnif icantly highe! neurosecreloly activitie3
of tbe CC and DC in the leMiiing 1obe.

van+{innen and Reichelr I1930b) in ah othe!
€xperiment shoueal the eff€ct of photop€liod

tron of the lateral lolre specialty of the canopy cells
(cc) . they leporred rha! unater long day (r,D) condition
cc Nere nore actlve than ude! 6ho!t day (sD) coD.tition.

No diffelence was ir the DC activitles. Tbey furthe!
on !D .oDdition leproductive activittes sas

hig! and slorth late eas lo{ lhile on sD
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€s9 laylns ln the harine pulnoiate, onchidjs f9IM.]l1g!!g'
Thei! obselvations tevealed that th€ reioval 0f the left but

not the ltghi pleulal ganglion blocked the egg_favtng.

Retmprantaij,ot of pv or injectlon of a !v horogenate

recEorcd cag-1aying crPaclty in Pv-leaa animrl.

ncclone 9! 9f {1931) st.ted th.t !€plo'tucttve

Mturation horhone in 31ug taB eff6cted bv photopeliod' In

Eho!! day 1i9h! cycle the slugg 4h.1n imatu!6 ard 6e

!!a!6ition flm shott daY to long dav Photoperlod muld

hav€ rnduc€d teproductlve EtaatioD 1n 4!9: !3L:4!.:.
Boblken and J@sEe (1932) obseped tbat at

long daY (!D) Photop€tiod, agg laving of flesh tater

sDarl !r4!Sg :399!1!E st lted 2 ,e€ks eallie! than

aninals kept at .hort day. fhe h19h oviposiloly activitv

of rhe !D ari@Is tse also agsociated sitn the PloPoltloDal

*et ,eigllt of lenal6 tlact and itt accesBoly 3e* organs'

Jong-Blink + 4! {1932} studied 36cre!o!v

acrlvity in alb@n sland ot jj]!!99s .:!e9B4r '!d rePo!t-6<r

tna! tho alltufren gland ploducodl the galaclogen lich Peri-

vetalline flula ohich 6nvelops the oocyt€' The 
'eu!o_

endocline cells of the caudo-dolsaI cells (coc) secrete<1 a

holnone €hat in tuln stisul.ted galactogcn 6vnthesta rn

the albumen gland.

cobbs and PibEkot {1932) damon6t!'lod tho lolc

of eas cetls of llle-glg !4-gi!-lSlS accolding to hrs

finding the bag c€llr spontaneouslv discharqe a leuto-

s6cletory horsone and lhlE ln tuEn c'useo the !'l'ire



of eggs. They fulthe! slat€d that ovelt behaviolal

componenr (lhythnic head moveFent) of nolral e99 deposi-

tlon in A. blasiliana uas Plecaded bv s6ne unknosn event

that initiared but it did not eflect the movenen! of

the egg thlough the rePloductlve duct.

sal.uddin e! aI (1983) leForled effact of

dorsal bodies on oocyte Mtulation id gelisotia and

thrt in vitgin and non egg-Iaving

Helisoma tne D! are in-actj.ve. $hen vilgin

allo$eit a single matiryregg m6s production gtalted' In

sinsle and murtiple ;atins the, EeBult ol eqg productton

cautcrizatlon of modio-itolsa1 t'odies

liBD in Helisona lesulted ln an tnclease of 6cv!es but

the latio of imlule to hatule sas hlghe!' They stlesseit

that in !9!L:! also there 'as a cellula! source (ehdoctin€

con!ro]) of the ovulation facto!.
Notl6 (1933) inve.tiEatod !h6 d6!sa1 b6aies

of stytoMtophoran 5na11s lncluding 9S:LS9!!g g!e!i-lrg'
Eobania qe'frlctrt4le, !9!4 !glgl!!C. 94L99S SLeg.e!-9'

=rs:r9s:9i:I: -:P9s., ge.!s tsels' and sph$clelochira

candidissina. He denonstraled !ha! Dot6al bodv (DB) celrs

{e!e nost abudant is coDnective tissuo sheath ssrosdinq

the iDre!-cc!eb!a1 legion on its dotso-flontal side' Tbe

place sas called neulohaenal alea and {as supplted eith

neuEop€pltdes by sMll nerve blanches ftom cerebral

coNissce. ExtirPation o! Ds in stvlo@toPholan snalls

resulted ir decreascd ovulrCion aDd oviPositron'



Gelaclcs 9! 31. {1933)p!o@d that in Lmaea

E!egE!f: an owuration hornone by thc caudo-

dorsal ce11s {cDc). this hornone ras stoied and released

at the periphery of lhe later-celeblal. Electrically activ€
cDcr pre-incubated uith ladlo actlve ahlno a.ids, leloased

at least four 1abelled cmpolndg DleEmably peptides one

of t.hese is plobably iilentical to caudo-dolEal c61I

Holnone (CDCH) and the lole of t-he others in connection

{ith eqg fay:ng vas stlll unknosn.

Dosteld gq g! (1933) denodstrated that a rapid

in vivo bioassay of tbe ovulation hohone Caudo-dolsaf CeII

Ho.none (cDcs) in r,hnaea ELgglglls
found to be based on the do6e-delpnden! lelalionship
betwed the quarity ol injection of (cDcH) and the ,nuhbe!
of snait effected at the filst stage plocess of eg9-naE6

ploduction. At ton dose the ovlposition took more than 30

ntnutes while at high dog€ it va6 le8. than 30 ninute6

(apprr. 20 hin). ahe size of egg ndss {a5 not affected

by tha quantity of tho doso. Otb6! Iaclors {hich intruenced

bioassay {e!e reflactoly peliod. photopeltod, and datly

valiabifity of ihe a3Eayed snail. 1cflactoly Pellod eas

!.fa!ed to . polioil of 5-20 ho!!. ttt.! ovtpo6l!1on duling

ihlch the snail could lot be induced to Ploduce an egq

sokolov€ anit M.iten (1933) Plesenled evid€nce

that annual leploductive cycle was under photopeliodic

nechaniso in lhe Giant galden slus !tia} IgIfgfq. rhcv



Etated tha! 6luge uhen raised on sholt davs remailed

i'Mture indefltitely while tlanEitton of them to long

days shoaed full leproaluctive natulation xithin ! weeks.

thoy ilenonstrnt.d that Photoporiodic s!!trulating secietlon

(homone) was flon celebral ganglion nea! the celeblal comr-

s3u!e. fhis alea called indicated hlqhesc

rogtelom et al (1984) obseFed that caudo

'dolsalt cellE (cDc) h ]{I!3:g 9!39!9!!: ploduced an

ovulatton lolmone {cDcI{) . afte! transfer of Enail flom

20 degrea to lov t4po!a!u!e, EPontaneous ovi_PoEition

stopped. Thls leduct'ion of the cDctl. The

leductlon tn the ho!rcne was plobablv .aused bv a leductron

j.n thc acrivitto6 of the andoc,i.e dorsal (DB), which

.ontrolled vitellogenosis and the acttvitled of tlle fenale

accessoly sex orgars. Af!e! a chalge flon 4-20 degreer egg

mass ploductlon and sPdtancous oviPosltiob lestarleat

quictly thus suggesring a laPid iDcr'a3€ in DB abd cDc

activities j.n €h6 fom of cDcH (ovulatton homone) .

Bielbauet and lazekas (1934) analvzed and teste'l

of albqen slald in !cli.! P9!4!19. rhe albmen

gland extract contained a ueak tlis buffe! and a high salt

concenlratlon, the teak lris buffer ilhibited oocvte

ploductton but accelelated sperm ploduclion bv 1?.25*

Tbe high concentlalion of the extract effected fo@tron

of 6cyte {inhibited) and increased spe4 by 3 ?3t'



rhey al6o slgqe3ted the poBsibility that the substanc€

leEponEible fo! this biologic.l etfect on ganetogEnesi6

sa3 not the product of albunen 91and but the neuro_

secletion of the ceieblal and tentacular garglion iright

have actea indilectly on the a1buren glana.

1t is a well lndn fact that snails leact to
oxtromc .onditionE of .oId ana hot {ea!he! bv retleatlng

inside the shetl and und€lgo dormn.y. The

in wlnte! is calr€d a. hlbetnatiob whilc of sume! is

!6fc!ed as aestivatioD. the openi.g of the 6hetl 16

closc by n tcmpolarY tid folmcd bv dried nucus. Tho vi!a1

plocesses are leatuced and i! is saiat that tle cohlent

of calbon ard urrc acid ale i,n.leassl in fug a.d dig€stive

This dolraD! state my be compaled with lhat of

sone namals rhich undelgo dornancy in sevele .otd. tht6

dolhancy is the lesu1t ol ln .udden tlansformtion flon

ua.m-blooded {horciothelmic) tvpe to cold blooded {Potkil_

othemtc) type.

Poffify? it eaE believed that hibernation aod

daily sreep rele st!i)<!Dgty sisUa! but diffe! onlv tn

degree, ehile nany still belioved thai th€v were entilelv

different things (Rasnussenr 19141.

R.asnussen (1914) Etated that doman'v !n

cellain mamals was caused bv Budden fatl of tefrperatule,

which nEde then sleePy and s1uggish. He rePortcd tha!

since lasq one bsdrcd yoals the sutvey of literatule



showcd {waroness about hlbetnati.on and that !he!e wele much

diffelenees of opinion {ith legatd to the factols and

nechanten tnvolvcd. Rasmusscn quotcd nanY authorE .taling
different theories of hibernation. Accoldins to tlim
Button 11349) and r^icepede (1329) ,ere of the opinion sha!

blood bccanc cold by tha sulroundinq cold eeathe! and the

cold blood in tuh proituced changes chalactellstic of

Rasnussen {1914) _quoted 
Saissv (1303) that

cerEain anator!cat peculaliE1e6 caused torprdiLv. The

eatelnal cold caused the Eulf.ce IJ100d diversion eraldE

the centre of the body and thus heart and tholdcic brood

v€Es€l€ rele enlargodr which intarfeled eith the lesPilation

and thus hea! Ploduclion va3 decleased. The aninal becaFe

cold and dotnanr.

Laeson (1925) notic€d aestivalion in !.!.9:lS!::9.
The plevious sudival p€liod fo! this snail was six nonths.

He lccorded .uEviwal 0f H. holtensis sithout food fo! fuI1

llola 11925) disc@er€d tour speci€s of snail

a€stivatin<J in Peculla! hanne! in nestern chats. The filEt

type eas succinea e:!94!glg and the slails uere fou'd

aestivating in qlouP on the balk of nango trecs at lonavia.

C!.nnoconchus svbadrensl6 aes!1,!Etos i! $all pits thot

uele protecled fron dilect nid-day su!. !9!!!!!g
Elortetialq liveat on iocks that @!e kept notst lrv sprav

flon a fa1l. rhis species shetr lerrcved fron its Datulal
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habilat died uithin fee hours Hola slso found

lupicola and paLudomus in hibelnati.on on rocks,

fhe donancy and itE €ffect. in leratton to

intellal and exlelnal factols .E€ studied bv nanv inves-

tiqatols, Bome of {lr1.h alo EurdoElzed he!e'

ttora {1928) concllded that hlb€rnarion ald

aestivatio! hait been indePendentfy acqulled bv valtous

gioups of snails and unde! ditfglent conditions' He

quoted lrashad (yeall tbat th€ ollgtn of lsq or rug sac

foE dllect aelial le3pilationi wa6 evolved iD dilferenc

cla3ses at diff,e!€nt tin€ aB a lesult of telrestriar

Accold1ng to Hola the stat€ of aomancv seened

be thc dile.t outcone of the te!!eEt!1ar habit'

Ba!<lwin ald Noedhs (1934) con'lned the

presence of arsinase abd qrea3o in !g!iI' discoveled b!'

plcvious uo!!c!. rhe ullcotetlc chalactet of the neta-

borisn df nerix iomatia wa6 also conftrned B€ uas of

the opinlon that the 3nalt h€patop:ncleaE contained no

plecurso! (Iound tn velteblate') {bich dould conver! lhe

Nonla of plolein into ulIc acid' He sugseBted that tne

formalion of uric acid slght hav€ some diffelent

coulse. They concluded lhat notluscan hepatopandleas'

and velteblate tive! co\1l<l be hoNologised' Dulinq ':rolnancv

concertration of urea .nd ulic acid were found in hepato-

pancleas, of snail (!at6! findins)



laldwin (1936) lePolted arqinase a eidely

disllibuted enzyhe itr anlGl ssue. lle called it a "u!ea-

ploducing fedentri. It wa3 plesenl i! the live! of

E'Nls' !eptiles,f!o95 and sovela1 fi.hes but not in

bilds. The birds ald gastlopod nollu3cs resenbred each

othe! in the !o!Mtio! of ut€a and the ploducLion or uric

acid foll@ed quite dlstin.t paths in the tto groups,

Batdein discfosed lhat dulitg stalvation and aestivatlon

the ursa excletion output feII down 20 [g/dav as to a

nolmal dict avelage outPut of ?o n9. r! ad!1! hen.

Eisenbulg (1955) dlscussed that tbele uag

lelationship bets@n lole o! food and slail destiny' n€

Erles3ed that fooat fimieation the srail to

lhe dolmant sLate.

Little (1963) studjed acstivatio! nnd tonrc

legularion in two species of ?ol :t.d i.e. !999!-eg f!!sS-!S

and lonacea 4gqEl!e. rh€ o3molic p!€ssute (o !) of

haehotynph tbough high in on. 5nailr the propoilion of

ion ras fourd sane in bott! caEes, The concentlalion o!

plotein and uic acid in the ha€tolymph eas coipa!€d bet_

,een active anai domnt snails. I,oDg aesttvated 3nai1 had

1o3t an avelage ?9.11! ol oliglnal bodv veight fhe!€ ras

huch accunutalio! of u!1c aciil alosd blood ve5se13 in

Iungs as conpaled {ith lhst in the iwd 'hdtJels of the

kldncy. Recovcry of snail occuted after 24 hou! phetr

volovilta (1963) dcsctibed the lelatioDshiP ot

Land nolluscs to ine pn of thc soil nnd stated thaL i:he



inactive gelix aspelsa was able to legulate the

iDcrelse ln pH resulted in inc!€ase in nubet and abundalce

of land nolluscs.
pomeloy (1963) srat€d tna! Iand sna !9L!99!!3

:aitg3!g Epent, nucb tine in dolhatcv, and the snail selected

conspicuous position above the glosd, a! helghls uPto 9 n

flm tbe glound, fully exPosed to su. Ee founil tha! in

rabolatoly they iived nuch lonqe! at 2o-3ooc but a3 the

tefrperatule tas increa6e there tas a decrease in the rile'

leako (1963) gaid thar dulins unlavoutdbra

conditlon ot when the hvdlottatic plessule ol ekeleton aas

lowcled, the snail letleatcd cdpletelv inside the shel1

thu3 redu.ea oi clirin.tod .vaPolation 
'!on 

the bodv

sulface. HE fur€he! quoted ltachin 1196{, 1955)' The

uate! losg fld the nanlIe. ie desctibed this aF a urique

plopelty ol nantle tissue.

Gr!@ anaMvthe {1969} studied plant-Enaif

lelarion3hip iD field and labolatolv_ se sefected tso

lalge snatrs r.". !9P3c !:!9I3u1 aDd Elalll 34:!!9!-!{!

fo! hig study The tuo snatls had diurnal Pattern ol

enerqence, A. albustorun even on eaposed elluatlon waE

fould fqlly ot paltiallv erielgst ftoi the 3holl on

cjolity of atays dhile C. n4otalis vas found to r€tlea!

strhin shell aturios the dav. Duinq lov hsidilv q'

n---g9!ali6 tended !€atlilY i'to th€ 5hell and

secleted lhe epiphlagm rcle lapidlv tha! arista



ficrd d. albu$tolun tas

and leaves ot laII helbaceous

€pipblash seehed to be thln as they -ere
flom the toliage by wind and possessed

c. ne!da113 {as foutd benoath the slass

tussocks o! on the undePside out

on lhe floo! ot taIl vegetatron

Dcjorqa and Petcrs€n (1t701 demonstratco that

urea and ulic acid contents rcr€ presdt t! the hepato-

panclease" kidney and .1un9 of active ald donant slails,

stlophochellus and rbauelstus lPurnonatat bllusca) ne

fulther added that duling domancv (aestivation and

hibernation) tbcle uas an i.nctease in urea iD hepato-

99E3999 fed on slass reave. atrd

of herbaceous prarts.

of srroDhocheilus tosc urea. Thc utic acid

panclease of both gpecies. In hibef,natio!, in bolh 'p6'ics
the urea content increascd hile tn aestivation thc ktdnlv

the lu.s and hepato-pancreas of both sPecies dunng

hibernation bu! *a6 itihinr$heo ln lhe kr<ineY'

IiuDte! and PoPovich {197?) losd qeP9gg

!.e!9:31!9 in hibernalion unde! fall4 leaves' weqetation

and stones: In vinter honths snail fullv {ith dravn 'ith
aperrure oriented upwald and coveled bv 1-3 ePrPbragns

Adult 6na!1s in state of hibolnation when providod vrth
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llvouhbl. condttld bccss .ctive fot rho!! p€lloal bu!

soon ente!€d hibelnation agaln. DultDg su!rc! the grokth

of th€ dige.tiv€ gt5nit Has f.6tar than othe! ti3sueE

coll4tiv6ly (ti.5u._Iess glatdl. aoth thEae olgant shoued

Nrkeil 1rc!€a3€ in carbon content! bafole hib€hatlon atrd

thei gtaituaLly .hoted decline 1n tinte! .nd .P!ing' In

kidney no calbor or nitrogen contot change oaE noticed'

Bakara {19?t) deEcrib€d 8ea5on.l vattation in

the carbon and en6r9y @ntent !! !Yg!g I9:!!9gg' the ltore

€n€lgy uas o! leEB loPottancs !o! Daintenance of life'

Ihc olganic clrbon contonc varLod !!m 50-63l aho v'lucs

p€re high in young. In tutule an1@I carbon

hiqh befor€ br€eding 3o.5on {hile in @t€ i! ta3 high

before coPulalion and {as totallv Lost tn copulation'

Hodagi {19?9) ob3efl6d tha!

phy3iological ch.nge and ablotic factot te'ulteil in

ae€tavation t' !S!1!LE 3g!rglC. $!c rn'il 4e!9ed t!6

a.3livatLon alt€r fet rain lalls €ven though th€ Bnatls

,ere indoorr thcy night h.ve Eo@ senEing 'i€vice 
to

d€tect chaDge j.n atrrcEPh€lic conren!'

stephenson lt98o) obselv'd that ln dtv s€ath€!

Alion subluselli conslncteit celts in the ei} in dnich

larer on 1! acstlvated.

sto!€Y (t9s3) quoted hi3 PlewtouE

that I,4!99g P9I99E had a P6culia! Prtt€En

The snail lotateil its foot ana applied it to

o! the shell in 3uch a wav that the :' -'ure



showed the stale of dolmancy tn

a!ea6 tiat dly up.

,as closed by the side of the body lather
rhe evapolative wat€! ross ,as leduced by

rn r93r hc obsclved thar !ndc! conr'o)lcd
t.ions, when subjected ro drylng out, the

lr!s!4r tI!83!.!, h. 9l!s!g!!9, nnd !
Bahe behavio! a6 prcvlou3ly obsetued in

b€havior eas presuhea to b€ r'of adaptive

raboratory con.li-

Pe\llsi: adoPled

l]. pereqla. Such

th€se snaifs inhablttnq

Dinitliadou ard Saundc! (1936) desclibed that

dorhancy of seli* lucols ,!s contlollcd pliErilY by row

huoldity, pholopeliod ard tenpelalure. lrhe dulation of

hib€lnation tas slighlly slrolt at high taperatule.
Davies {1933) has confired the fact that land

Fnail dould bore inlo Iire8lone locks. se found !:9P999

nenoraris sgPees holt€psj.s aDd lqugissnie !&!9gg were

resling in crrcular cavi.tres. He ca led the ccvity a

hlbernacura, the enlelanc€ lead to a tubuta! hole which

tas bole upward into tho lockB. lthese snails lived

thele for evelal generatioDE. Heflx aspersa had Dot

occupied these 'sDai] hol6" but aPP6at'd

exposed site o' lalger hole uith talger diee&t '



The telles€lial snail BensonieE iacqu@ltt is

helbivorous ald feeit"qalso on 6011 detlilus. rt is eidefv

distributed ar th€ canpus area of universltt of Peshasar.

lor the present sr:ody the snail,. u€le collecled fron the

galden and kilchetr vegetabl€ liela of F.13 house neat

"rras jid-e-I'lastai' while selectlng the adut! snails plef elence

ras given to egg layi.ng and coPulatiDg 6nails. As thev

provlded fratella1 fo! fulthe! detailed studv of the ovi_

posilion and rating behavto!.

Presot studY lequiled a conlinuous suPPlv or

snails of kndn iDdlvj.dual historv and the klo,ledge of

leproductive stalu6 (ovlPositing, cogltaling,Po3t coPurattDg,

young, anil adult etc. )

I! the labolalolv ths adul! 3nails {e!€ kept eithet

isolated o! in glo\ips in floe€r Pot (having a laYe! of pebbles

covcicd with 2 inchcE of soll) asd coveled bv vile guaze'

they {e!e fed generallv or f!€sh rulbelfv leavesr occasiolally

supplied rlth potatoesr calrots elc.

Neuty hatchcd Bensonles l3ggsg!! 'e!e also

colrected lecogntzed bv theit tinv and flaqile shell and the

youg oner recognized bynsb€r of thei! sbell uholls_ These

{e!e kept in sePalate grouPE.

a recoral was o.tntalned to noie the gloet! !a!e of

the sbell rhol}s and size of the snail'

taken aftet evert ,eek and fton tine to trne thev

'TTDRI}J,S 
AND |4EfiIODS



dl36ected !o note the development of qenital olgals.
I^ the lalrolatoly the i.cubatlon ras ob5€!v6dl

tne e99 contalne! also aclcd aE the first hore fo! tbe

sone snails we!€ k6pt as expellnentar poFu-

tatton in caqes kept unde! ehady places 1! openr in inn€r

court-yald of the house. Thus plovidinq the Enail sith
it3 na€ural €nvilorent. The experirental Enail,s wele

exdineit daily ln bleeding Beason !o observe oviposltlon

sndil Nerc )(ilted by prolong dewnilg in
sare!. Tney we!€ kepL in 701 alcohol fo! a day for slight
haldeninq ana lhen dissecred,

llistolosical sectLon of ovotestiB wero nado

vallous deveroprcntar s!aqes of speEdiosenegis

and oogenesis. Tho tissEa eele fixeat in fomo-sari.e,
3€ctlons wele 3!ained with lla4atoxyl:n€

quich count of mature spemE ana ovu th6 aquash technlque

uas applied. Folr early slag€g of aleveloFelt the eggs

e6!e obtaileil before oviposition tmn the ulens of e99

layinc snailE by aissection (Fig. 19).

To study dblyogeresls anat organogenesis five

e99s wele fixed afte! evely twenty fou! houls. s!a!t1ng

fld diposilion upto the hatching of the younqs anat

aftei hatchibg the dissection of the younqs upto the

.ge of 5-6 (onths. rho e993 wete de-shclled uilh the



help of fine needle and !o!c6Fs. cale ,as taken not to

dnmago. the pclivitclrinc mcnb!.ne. The eggs 'e!e then

rixed in the fixalive; lolmo-3aIlne (s percert fonaline,
firltion tine 6 houls) an<l xaullrs fluid. {fixation tl@
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i(cdlr's alurd {nB plepa!€d ds fol1oHs.

clacial acetic acid

Eive pelcent fonaline Bhded gooat resurts ro!

th€ histotoqical studies o! th€ dbryqJ:. Parafi! su
{a3 used for ehbediting, sectlon sete cut 6-3 hiceDs thlck

rnd vcle stained with DelafieldtE lraeoatoayllDe qd tosin.

c€da! bod oi1 raE uEed aE . clealj.ng agent.

ro deiesino the tthe taken bv the ess to

hatch. fleshty raid clhtch€B of eggs fton the field as

well as fEd the laboratory vele collected. 9ach clutch

,a6 marted rith the date rhen it eas 1aid, the nuber o!

e99s in th€ clutch! the 3h€11 size of Lhe palent snrif,

the 61ze and external app€arance or d'" "qqJ""d 
th.

hltchisq date (rab1e r).
For incubation pulpoEe the egq clulcheE we!€

kept in the laboratory ln 5€Palate snarr mud potsr (Ftg.

451 6nall.flouer pols' peE&sheg or rn a 1a!9e 'lore!
potr several eqq clutches wele kcPt atong the peliphely,



Each inaividual clutch tas marked and wlapped

in soft cloth and kept itr tho18t ealth (soil) inEide the

rn c,se of shall conlrinelsr rhey welo

Apart f!6 labolatoly hatching !€co!d, Eohc

e99 .1utche3 of ulknoin age tere collecled flom th€ field

which nele about to hatch. The purpose tas

kept collectively inside a lalga conlainet havi.g llttle
wate! (jusr to ddp the bases of the sDall contaiDclsl. lD

aIl, cas€s the soil was k€pt moiBt by placing ths @ntai!e!
of th€ egg insiae 6 wate! containe!. The e99s ,ete
1n6pecled datly and a lecorit {as maintaineat to not6 tlte

dato of hdtchjn.J. Thc nowly hatched enails uelo kapt in
egg contalner (if !t contained only one clutch or esgs)

lhich also se^"Ycd as thet! initiar hme. rhe noonate.

vere mintained on diet of snalr foliage leaves oa

nulb€lly anat potatoes. tbe food was chang€d on altornate

If sevelal clurchos halched on th€ san€ day

lhey rele kept toqethe! in a blq containe!' othc! w16e

not. The harching of egq {aF obsefled uDd€t a blnocura!

hicloscop€ to study the p!oc6s5 of hatching.

The egg cfutcheE, which becde dly

accidcntally i.e: d€siccated o! the nedim in which

they wele lept se!e,llooaled {ith ,ate!, such egg8 ,e!o

not countod itr the lccold rnd tele legalaleil a3 t'he



55

tbe gldtb recold, thc eggE shl.h tele
(Fig.4?) tele tecognized by thet! g63E aPPeatlnc. Bnd

@lou!. The @rour of such eggs ,e!e vallot ard thsn

toucheat {lth needle, these e99. shd halA stluctu!€ due

to thc p!$ence of unde! lylng sbelL o! the baby snails.

sobe baliy snail3 of unxndn age {e!e also

collected flon the field anil lecold wa. haintalled !o

neasuf6 the size ol the shell and nsb.! of who!14 to know

the rate of the lncEase in .ite. tsb€! of thollE an'l

tin€ {ilays) (Tabl€ lv-Ix)..Thts is a .a!e p!oc46 beca$e

in the labolatoly Bdetine ilue to @gugonce 5nail5

ulderqore aestivation or hib€lEtion anit thus uP6et the

rhe natetial and nerhoata lo! sP6c1f!c

earElient! have be;n d*ctibed itr lelevant sectlons.





CIIAPfER - 'I

RA?RODUCTIVE SYSTE}i

h the plevlouE 6tudy slddiqi. and &ut6!9zeD

(1984) and auranszeb aid sidiliqi (19u4). ke have traced

out the nolghology and hietology 6f th€ leProductive

6tluctule o! leproducti,ve tlact is being desctlbed brieflv

h o!de! to have a baso foE uD.le!6tandins the poEitioD ot

alitfelent olgds, thei! 6ecletion6 and functlotr., ard

corititio.3 of d6v6loPMt o! organt. For tb. aescliptioD

of leproduclive tlact oDty satule snrils eele used.

4.I GENERAL ANATOIIY

tlact of BsneonieE jacduenontl. In thla .lraPt6! the

h FacuEe Eensonio. iacquenopti th€ leploductive

t!.ct is a lalge and 9lorinent Btrudluf. and about 25-35

p€lcont o! the tot.l ,eight o! the .nall. LlX. odtet h€no-

phlodrtic .nailsr tho r€pioductlve sv.ted .onsi6!s of

s€v6!a1 quite seperate and eaetly dtstinquisbable palts.

G6ne!a1ly, the rhole !€ploituctive svsteh ts cmPosed ol

a. Ih€ hemphrodit6 6ystd coFpsod of

h€maphtoillle slandi its duct ald lhe

fe!ti11za!1o! pocket. a Ehall blind elFnbe!

pfcso! on imer .iae of albden gland.

b, Tha ralc systqr conrtsting of fou!

vasdeleiens! Plostate gtand,

p€Dial cobple! (including ePiphaUus,
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flagelluh, epiphallus
p€niE ,tth its nuacular sheath) .nd tlle

dart sac (anatollal olgan) .

c. the lemate sys!€h: The femalo systen is

conpo6ed of afbu@n gland, oviduct, shell
gland, vasina and bu!€a copulatlia. (rig.r).

4.2 IIER}4APqRODIT! SYSTEU

Helhaphlodtla syst4 is conFosed of

ovotostis and 1ts duct. ovoteEtis is dibedded rn th€

postelior lobe of lhe digestive gland toralds the innc!

side of the spilal. rt i6 nalti-lobular
aDd €nclosed iD the sme connective tissue thich dovels

the diqeslive gland. The size and colour

testis wary qlaatly aluring diffelent periods of lhe vea!-

Normlly thc ovotest.is of the natule !9!:94ee isr9!e!94f
were obsened to be of nediuh srze and white in colou! bu!

tn brceding speciarry sh€n thoy are about !o

copu1.ro, €hc sizc anal the volune of the ovotestis is
gleatly incleased aDat have nealIy cove!6d the utdellytng

digaslive grand. the colout of ovotestlB changes flom

shlte to aalk c!ed. h.tiII Etule folns i.e. egq 1av1n9

snail the colou! of the ovot€stis ,a3 obseoed to b€

1i9ht blown. Dach Lobule i. cdPo3ed of noffiouE 6ml1

folltclcs openlng in a cenl:ral cavttv teadinq to 6 enall

duc!, the vasa efferentia o. effeleot duct. The salf
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Fte.rr Rcploduclivc !v:;tam ot scMonr6t l395cE!9E!i

b. 5h!11 hcmat)hlodits lluct
c. Alburen sland
d. Felritization Pocket
e. ljlge hcrnaphloditc duct

ri. Buls.r c!r f1: !rj.x

J, EPiPh.lJrf, I l e' lIrLr

1. PeniaI cdnPrrtl

n. AnatorlaI or9ti,l
o. vagino
P. ccnital dt!tu
q. Geitrl not
r- Vasa dcl c' I ir "'
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lach lobule is .oveled by a lale! of flallened
qernlna1 epitheliN ,hj,ch in tutu is bouded ex€elnally

by a an /ucerrs l.yc! rtth inconsPlcuous Duclei as obselved

It sa3 observed that the DMbe! of fobufc and

the numbe! of follicle6 ln each lobule is fixed fron the

very beginnjng. Howeve!, the ove! all srze o! the ovolesrle

is increased or dccloased in diffcreht perioas rhich is
lelated to the i.cledcc o! decleaBo of rhe volume of ttle

by Hicknan (r931).

The sex cells ale q6ually detached in i3o1aleil

groups fro{ the gelhina] ePith6lis o! sde time they tay

be seen aggregated. sperhatogenia ale atways found tn
diffelent developing stagesr {hile ova is libelated onlv

in the bleeding atrd active p6!iod.

ducts join toqethet to foh the

snall hemaphlodite atuct.

4.2.I SPIRMATOGENISIS

larger duct calleu

The nale sex cel1g a!€ budded off singly o!

in sroups from udtffelentiated cells of l:he geninal

epitheliu oI the ovosesci3. to oosene3i3,

spefrtoge@sis pro.e€d5 ,lthou! pause. Thus' thele is

no seasonal cYcle of plo.luction of, 3pe!re as nalure sperna

ale observed tbroughout the yea!.

rvo stagcs of dcveloping
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a. 
^n 

ea.Ly Elage uith a snatl

and lalge. rounded cell.
b, ordcr .tngc wirh a lorgo,

in telhinal upter Poltton 6nd elongaled cell.

The last Etag€ l.e. tbe tature sPefr has a!

elongated Pointed sickle - EhaPed hard {lth

nucle!3 ard a long sPllal ta1].
accoldiDg to Runse (1977) the developnens of

sperm nay be divided trto thle€ stages:

a. Plimolatal gelm c€I1s. these ce113 diwide

nitotically .n d late! develop ilto qonads'

b. Ple-sijelhatogeneEis: This stage of devel oPfredt

occurs aftcr the 9e!n cel1s have established

spematogeneEi3! fhe plocess b€giDs with

nelosis and le.d. to diff€lentiation of the

sPelmatozoaD.

Rung€ (19??) voB ol !h€ oPinion that itr the

development of nele sex .ol1 l! thele i' a pauser ft 15

usually bafole plopo! sPolnatogenesis i.e tn ple-spema-

toqenic stase. o!.o th6 5e* coll has celtarn

the develoPient Ploc.eds thlough sPernatogeneEi3 rhe

spelFtogenesis occurs in A regu1a! eequence of steps

i.e. celninal epilhalid - sPelmatogonia - p!!ha!v spem-

Eocyce - secondarv spernatocvtc - sPermtrd-spctn g 'rggglslgll]
undeEgoas tha legul.r gcquencc of evcn€s in spcnatogcncsts '3
hentioned by Ru;se (19?7) (Fig 2)'
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of Bensoplas 1399!s494! bas

sickte-Bh.P€d Pointed head ,ith a cettlal nucreus

{leeenbling an. alhoDd) and a long 5Pit.t tail. llsd!6da

of spemE ale 6e6 in the cBvilv of a follicl€ of ovot€sti!,

uhile thei,! taII6 ale .t1II attachsd to the !e61dual

cytoPla6n ( F19.2 ) .

The undiftelentilted cells givlng lise to ova

seons to r€h.in inactlve in lesting Period and becde5

active rhen b!e6dtn9 season apploach€s.

ale cdPalativ€Iy velv larg€ in Eizs but that! Du'bq! ta

found to be lers Bs comPated to the hatule sporhE'

obEelvations of diffolent 3ta9e3 ot ged c€I16 hav€ revealed

that in th€ touicles of ooteEtls tbe central Portion acts

os [a1o gonad whl1e the 9eliPhelar a3 fe@I€ gonad' The

@turc apelm. occuPi.it th. c.ntral 9art

founit 1n lhe polj.ph€rv o! the ovote'lla'

ca3e5 all 6t!ge3 of sPelnatogcneEts @v be found jD 
'

3tn91e lollicle.
accolding to Htman ' 

(196?) the sperMtogen€sj3

and ooge.esis occu. slnslt.neouElv 'ithout a^y allangehent

iD fouicles of the ovote6ti3' abdul harek' {19s4al

obselv€d ln E9liEolg lrjlvo1vis tha! oocvtes are uBu'llv

found t@aldE the peliPhoiy, thile eP€lnEt attached tn

clusters to the.basal Eeltoti cells n.ar the lumsn of the

acinus. uole ilctail of oogenesis i3 qiven in 3' '



: icloPhotoqlaph of ! section of
ovot€.tis of Bongonte. iacquemontl
stageg of speaatogene6l6. Note fong
tail (x 1000 ) .

c€tuln.l epilhe1is

g.-

Fr9

ffi

rig.2
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Eig,3 r ulctophotoqlaph ot . ..ction of !9!.91!g
t.cdu@nti of th. ssrll hBl$Phlocr.l€ dst
6561;E:i-fe!tlLltallon Pocket .h4lng
ni..li- "t apcar ln dr.fi€rat aclit (x 4ol



Flon the ovote3li! sp€lnt P.ss to small

hernaphlodite duci rhich lead. to carlefou! (Eee Pig.1,3).

In lhe ca!!e!ou! the t{o systens 1.e. hale and iaEle
6ep.rate. The sPctms Pass to the nale ay3td ard ra€tlv

enter pe41a1 cmpl6x thlough vas def6ten3. h lhe po.terio!

polt'lon o! the psial cohplex i.e. ePiDhallu€ and its !la-
gellub, tho fo@tion of sPematoPho!€ occu!3.

In E9!!g!ieg i39Sreg9!3i the spelMtoPnole rg

tlansfelfed to the coPulatoly paltne! iD an elabolate

courrship. The spelnatopholo ts atored ileide the bulsa

.opulaglix anil late! on !h6 6Pe!h. ate ta1.asad to ehra!

the carlelour to teltilize the egg (Fig. a) or the foleisn

spems ale stoleil ln seni.DAl vesicles (5ma11 evagtnations,

ot the anall herrDphlodito duct.

as desali.bed ea!lie!. each lobule has a centlal

cavity i.to ,hich fead ttlc follicles. The civitv lcads

int'o snall€! duct the va6a effelentla. vaaa effelentia

Joln tog6the! to fom the Emalf h6maPblod1t€ duct This

duct luns foryald along th€ iDret tFldei of Iobufe to

open th tho catlclou!. s$qll hcnnaphrodite

obviously dtstirguishable Parq:

a. tbe fi!6t Poltion {hich b sttalght and j'!

alold tbe inne! slde 6f owotestiE l!

neasqras ? M ,iih a diatnete. ol 0'01 tuit

4.2 .3 SMALI NERUAPIIRODIIE DUCT

rs lalrov and lounded.



D. The second palt i6 lighly lolded
rhe rords ale ,,"".,"- ;:." ..;;"", *'l' .."i;

-.c sEref,hed ouc thcn dr.is area ne:

L":il:.*"'"** "''"' ;;;;':::I:."that this area iB thlee o! 6v€h fou! tlhes1on9e! tha the !i!st pa!t, antt so

,rho.s: 
fod de ," " ":"";;":;;:'::.:,"::-.psbDg _d in_pushing of th€ ducr. rn somesall6 the our-pushins of, (upper foid) wele

ohite the irFpusnihg o! lowe! folds
stlaieht. and,",""""u, 

^. ;;.;::,il.":..rrese fotds ,e!e 3/3 i.e. uppe! and f,oke! folds.h stilt 
.o$e! fohs the fotds on eirh€! siderele of equal siz€. ?)re6e folds ale srhrta.to scndbal vostere6 of othe! snrils

ar,ays ,orded kith hatule.".;;:-; J:,:"L:,.in bleedirq season. a5 thts alea ts aotdedu!o! itsetf, it gives tne appearance of as})qt, bb.d conpact structule. Osuaia, rt isdark c!e@ to light b!@n i, colou!.
rhe thtld palt is agatn srraighr and .ounded

1"" :*.'"u by a thtn snearh. rc rus rolkalirin a zig-zag tranre! along rhe inne! corcav€
side of .rbuhen gtand. Jt then takes a .h l

snalt sr etltng givilq rjee



']dd brid lorchr qhich Dsca! (19751 called

lies butli6d in the sDbstanc€ of !h€ albuen gland'

Ea!1ie! thle pouch was called 'leltilization pocket o!

chafrbe!r by Duncan (1960) and Callefour bv Baker (1945) as

quoied by Hynan (1967). Actuallvr the calletou! replesents

a colspicuous chanbd lecelving lhree dlctj! e the duc! of

albunen slaDd, trle mall herhaPhldite duc! aDd aPellure

o! the terlilizattor pocket. acluat fe!€itizition takes

pl+ce in loltilization chambe! (see lts 4)'

Flofr the callefou! Ieads the targc ItermaPhlo-

dite duct uhich 6oon aiviites inro rr& rh. oviduct ano the

spe!tr duct. Befor€ division it takes a tu!D' ao that the

ovrduct emes to Ite on ouce! and spelN duci on the

lnnelsido. rbo leo ducls.!6 unlted 'uPerfaciallv 
but

could be dl.tinguished bv th6ir gloss appealance (see

fig.5r6). lrhe oviduct is nuch coile't and btoail 'hi1e spem

dDct iE nallow ald contaicthick secletorv Ptoduct

4.3 !{A!E SvgfEX

ThE male svstem has fos Palts 1 e' vas

aefeiens and Plos€ate glaDdr penial comptex, dalt sac

dat spelclophore. (rig ll.

!.3.1 VAS DEFDRINS ]\ND I,NOSIATE GI'AND

Superfeciallv it seems that thev fo! a combine

structule which ties on lhe inne! coDcava sido of rhe

larga hemaphlodi; duct. l'rhcn seen grosslv tt aPPcals
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Fi9.4: niclophorograph of a 6ectlo! of feltili..tton
pockot or Ben$nie6 lacquercnli .hding
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xiclophotoqraph ol a !.s. of qenital tract
of Bo3onie6 racqu4onti shoeinq iunctron or
sEaII and la!d6 hetmphFdj,te duct. f€rtili2ation
Pocket and alb@en glard {x a0).

a. smrl h€lhaphlodit. du.t
b. Lalge h6lmphlodit€ duct
c. Aclnt. of .haII hermaphlodit€ duc!
d. Albae! gland
e. Feltilization Pocket
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Idcrophotog!.ph of . L.s. ol gditdl org.n
oI Ed.oni€. la@u@onti ah@inq slon of
dirr;_t du.t;-€=;i;E?ou tx rool.

sGIl h6tuphroit1t6 duc!
hlge heluphlodite atuct
f.rt izatj.on Pocket
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b t'e .a glanula! srlucrule of white colou!. In the adult
snail the corour chanses from alark clcah to righr b!6m
tn the bleeding s.ason. Uistologicat sru.ly levealed thei!
sep€late entlty. Vas deferens is lined by ftattenBd epi-
tnelial celts kith pfoninenr Ductej/ foll@ed by cilcutar
euscle fibres and palcht inne! ciliated tinilg.

FrostaUc gtand iE arso linod wilh ftari:ened
epithellum but here rhe nqclei ale ralse. rollosing the
ctlcula! nuscle alble ale tho lalge nMber of aclni vhich
ale connecled $lth rhe vas dofeleDs L,r, thei, nalloH ends.
ln the acini tha celts ale allanged ladiatly alound a

centrar cavily. the3e cetl! have g!.nula! cyroplaEn which
stainE deeply. tho lMen of acini joiD one anorhef a.d
ultinatoly open ln lalge spacoE,

4 .12 PENTAT coxPtlx

It is composeit ol €piphatlus, epiphatlus
flagellum, penial caecum, penis and penrs sheatn.

Epiphallls is a Bholt nuscula! orsaD aFour

5 m 1r length, {ith a nalloo lunen. Epipballu6
flagellum seens to t,e a .onrlnuarion of lne
epiphallus. Both ale suppolted exrernally by

the 3uppolting tissue with lalge plonlnent
nucreir followed by muscular layer. The tunen

of epipballtrs is with vilti vrhile these dre

absent tn epiphallus flagellu. Epiphallus



and its fragetlln takes P6!t ln
of EPelhatophole.

Pctrial caecM, Penls aDat pqis Eheath. The

€piphallus contirqa. into a coitdl structure

the penlal ca€cufr. this in tuln opels intd a

thtck shor!, Duscula! olqan the penis. flre

pcnls i3 cove!6d by a penis sheath which is

connecL4d eith the genital atriun. Thc P4i.
has a deep anal DArlow lunen. tt is bounaed bv

a nuecula! 16ye! and aLso Burlounded by the

coonecttE ttssue.

4.3-3 Dr\RT S C On 
'\|1r\TolrrJ\t 

ORGAN

tt 16 lough, cylindlica1 and nu.cula! olgan anrl

rtlghtly bend ;n ils Eelt at ils post6llo! pa!t. thts
j.s. also connected ,ith lhe leElaclor m5.1e. lnside th.

Eac is prcsent lhe poi.lett datt. Duling copulatio! the

dalt is pi.rc.d lnto th€ body of the coPulalhg pattn€r

and thu6 !! Etitutare6 tbe escitds! fo! the coPulatlon.

The {hole organ is conrbseil of Eevetal tav6!3 of e$cl'

fi.bles alound a celtral core. The cenltal core is havlng

flnser-rik6 Plojectlon elound a cetllal calal 2 folLo'ed

by tso o! thr€e lods oi cl!cu1a! nuscle flbles and 1on91_

tudinal flblca. all this i3 c@eled by €plthelial ltntng'

As there ate no glandulaE 61e[ent in the Etructure of the

dart 6ac ie sems tttat it cau:

Pallner du inE .opulali.n aE t
DhyEical rtinulation to

9a r iB highlY nu6cura!
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palicio .- er aI (1992) .ludied systenatics

ol fanily H€liciitae (GastroPoda: Pulhonala) and desctibo'l

th6 dart sac corpl.x in &!!!9P!]:. thev founa fout

cl€ally di3tinquishabte dalt sacs on ci€he! side of

vagina. Thc external datt sacs contain a dalt {hile th€

intelnal srcs

.ac is untndn as lt does not contnin a ita!!. Itre authors

uere of the oPinion that a5 the j.nner dalt sac oPens 
'lown_

walds toralds the vaglna. it dav have a qlandula! lissue'

lccolding Lo thcn it is aifficult. to .io.ida uhethe! the

dalt sacs complex lepleqen$a prinittve o! an advanced

stage in its evolution in l{elicidae.

4.3:4 SPEtu1AIOPHORE

Sp?rmtoPhore is 6D elongat"d

has serraied edges. rts upPe! Part i3 div$ible cvlindlicar

ltin,arled eac tbich is splked at its rip, and is usualrv

or a dark brovn colout. lt bcnds on ltsclf and then

enlers the elonsated surter-like poFterio! poltion (Fig'?) '

v{lich is Epined on its sideB. !!on this portLon splncs

are giveD out at legula. intelvals. lach spiDe diviaca into

tNo branchas aDd oach btdn.h blfurcntcs tn tuln Thus

cach sPlne has fou! 6na11et btanches' rhe poslelior tip of

the spinou. poltion is shalP1v curved and tlthou! sptnea'

IC is tha las! portton tha! enters the genital atiium of

thc copurlLiDg j! obsclvcd h.nging ror !
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tr.9,71 ,L rtr drtlr. sr.r:rrt Dhoto of lg!98&g
Ilgssssslt

B. fb. .pltn! porllor gDlats.al

I
1



?5

{hile thlough the genital apettule ol a copulatilq 6nail

lvhen it iE distulbed 1n Isst ovcmenti of coPuraeion '
otheleise not) . the EpolmE vere Ecen oscaping through the

tril oI Llre splttr'rlollDre.
The spolnDtophoro is lolhed lnEido the epiPhalrus

and epiPhauus flagellui. lt looks like the nr!!!o! imqe of

bolh of !hem. lpiphallus loms thc antelior sac of the

sp€rcLoPhole jnd t-he ePiphaltus flagei1um rot'$ Lhe

postcrio! spinous Poltion o{ the EPelnatophole It eas

obselved by dis3ection that duliDg coPulaLlon the sper@to_

phoro fomation b;qins ln BeDsonics iacqu@nti'
Fo! thls expell^ent' coPulatinq Enails eere

siied in the fielat. Thev rele *atched in ]ove plav and then

the penis e!€ inseltett in the paltner, and if one or both

of lhe snails {e!e touched with a needle. the penis wele at

once retlacted. Thcse snail5 r€le Picked uP flon the

ground. The @jo! Pollion of thei! Ehelr vele broketr eitn

the help of a forcep so that they courd

insiite the sh€I1. Thev {€re killed bY dlovning into

watar ot by atlding one t6 two dlopE of chlolofotn to wate! to

thcn. Thev welc di'scctod dnd thei! rrenial

co plex and bulsa coPulalltx {e!e cut open for sealch of

the spelnatophote. usually the bursa coPulatlix uas found

empry. In penial corPler, the epiPhallue flaqellun 'as
found uith spinous poltion of the sPetnatophole uhile

tbe entelio! sac_like portton of BpelhaloPhole uas present

insjde Lhc cliphrllus The penrs 'nd fenial crecJ' !c-r



foaded uilh thicL dense hilky Becretion lesehblilg the

seclelion of prostate g1and. This secletton nav have

lubllcating funcllot dtr!1.9 copllatioD In sotde lnatls

one complete spermtophole {as obselved tnside the Penis

o! in the penial c.ecMr vhlIe in lhe cPiphalrls flagerh

only the spiDou6 poltion of the sperndtophole was Present,

vhi.h {as a develoglng 5p6!na!opho!e. lt uas fultho!

lecorded that in a 3inqle coPutalion t{o and sone trnes

even thlee spermtopholes ale tlan3f6fied to the pa!tne!'

As staled ea!Iie!, spematoPhole ls f6lh6d in

epiph.llus ard its flagel,ts. In Be.6onies lacduercntl rt

is ob3elved that if the3e olgans ale Plessed sith a needre

o! Iolceps the sgctetolv p.oduct inside them rs 6een

cleally fioving fhrs fluid is nllkv vhile in colou! and

lesemblcs, in apponlance, the content of 6pem duct and

pEstale 91and. Intelnalry. thc epiPballus flagellum is

plovld€d tith lib _Like stluctule which plesses lne

secr€tio! and holds i€ tn lho f6! oI the splnouc porrton

of spematoPhole. Late! on. the lsen 6f spemtophore

nay be filled with EPems

',ind 
(19?3) stated that i. !:!.:! E]?gg!.!g the

dre spelFtophole fomation stllted 4o-5o second9afler

copulalion and the Epes6 t..^6fet ftom sPelmiovtduct

stalted after 5-10 seconds Ialet' ln pr€sent study 1! {as

obselvad in sde secLions of ePiphallls of copuratlng

snail the epiphallus containe'l spe!@toPhole but it vas



emPty of sPens. This obselvation confilcthe stateNent

The spelEtoPhole pa65e6 dilectry tnro th€

bulEa copulatllx dEing copulation for lhe stmple lea5on

th.t its opening is ir ttirect- line eith the waqina and

genital atriun ,hile egg shell 9lnnd follosed by lalge

hehaphlodite duc! is a siile branch ot the vagina.

Rogaiding the funcEion o! the spelrialophore ,

one can say that it is fo! the Eafe tlansfe! of spelh

flon rEte to fenale organ. In auinals sithout copuratorv

organ !h!3 funcllon seen to be tlue bu! in nost Etvr4ia-
tophota vith a huscular penis tbe function of the spert€to-

Phole @y be

l,ind t19?3' guggostcd that in !91:: e9!ts!!3
lhe Iunction of the 6pe!6atophole is not to P.otect the

enclosed speh duiing lransfe! from oDe snail to anothe!

but to ensure that majolity of 6Perns can escaPc .af€lv

ibto th€ oviduct flon the digestiDg bursa copulatflx. ge

tourd chat thc tall or sPcnatophorc is long and 3omecii'e

has a conrection with the oviduct, as speDn ale !6l€ased

already befole the body of the lPelsatoPhore leaches th€

bulsa copulatlix. The Epelm6 thuE coning out ol tail, witl

escap€ through bursa stalk without coming in contact {lth

Ms gcne!411y agroed that the sPcnnatoPhore
t

ale passed inside bursa coPuLatlix bt the pelistaliic

@verettg ol the bursa stalk and that the spelms cohe out

llom the tait cana1.
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Eis.?b: sP.mtoPhote
in buBA of g. i-egss@i



h lhe light oi the tindinq of letsenheime!

(19071, Rigby (196s) r l,oiehe (1956), Erette! (1941),

linke 11933), Flette! ana Grabao (1964) aB quoted bl' lihd

{19?31, ve car assure that lhe tolking atd funclion of

thc spetnal-ophote inside I digeslivo burso copulatrix, is

to asceltqln safe niqration of sPerns.

the spelEtoPho!€ passes inside the bursa

copulatrir by tne pelislal5is of the stalk, ehich ca!!i66

the spermatoPhole up{a!d. The sPelms that have cone

out €he sPelmai:oPbole afe novlng dosn- {a!d

rhe perislal5is of the stalk. There is a 'hance thai
,

rltey may be tlap€d and kil1ed before thev

coputatlix. l(eepilg in vies. lbe pecuriar slluctule o! the

spelmtophole and the sat it ie t!4sfe!!ed' the malo!

poltion ol Etcln6 sav sudceed to miglato in

DullDq spermtoPhole tlansfet the anterior

sac-Like Pollion is lhe filst Palt to 'nter th€ bursa

copulatrix, this etii is closed at its tiP' The spirlous

postef,iot poltion cn€or the tru!€a aftelvald and the sperht

are atleady in the plocess of lefease' 60 nanv of lhen

escape to the oviduc!. The tenaining spe! 5 dulinq th€i!

niglation alorn alds have to f6ce the upt"d movenelt of

rhe sleldtophore ed but6a' lind (1973)' sugqested that

Iorsitudinat ridses and fulloNs in the vall of spernatophole

(fomed by f).agells aild ePtPhalrus) nay have the spectfic

functiot to offe. elastlc le3lslance agalnBt the nuscura!

pressule of the bulsa slatk' othereise lhe plessuie could



have pressed the body of the sPelnatoPhole and squeezed

out all sPelis loo eallv and then Ple8Bed into the bu!54

belore tnei! escaPe.

I^ E9Ie9!19: jacqumnlI th6 
'p€!@topho'e 

ha6

aDterio! sac.ltk€ pollion anal a Postelio! spinous portion'

lhe bla.ches of thls poltion divide ard €ub-divide thu3

folning gleate! alea to lesis! the husculat plessule ot

the bulsa. As lhe tail ettels the bu!6a lastlv so nalolrtv

of €peds have a chance to ;ass uncheck€d flon the bulsa'

The lesalning spelms ale in a tay safe Itom the upsald

rcwenent of bu!E! in the shade o! the tldges' Meens

that only active spelms ale allow€il to paEs to spetmtneca

and Gjolity of theh ale lost. Fulthe! hore lonq tail o!

Ionq spermaloPhore seens to faciltlate sPelts niglation

flo the bur5.1 slalk.
'rhe no.su!.ment.of bqrsa copulalltx and

spelM!ophoro showed that !'ursa copulatrix is 13-2r m

Iong shile spelnatophole walies tlor 16-20 nh in leDgth'

lrre spemtopholes are usuilrt foqnd nea! the stalk leqion

of lhe bulsa and lot in its antelto! tip. This hears

that the taj,I of Epelnatophole j-E llt'vs nea! the bulsa

stall<. Ms conctuded that the nain tuDction of spelMto-

phore in nenbels of Helicidae (to ehich P' iacqudonti

beronqs) is that pelhaps lhe iost activ€ dd lioited

nunbe! of speltos ate allowed to Pa3s the bulsa an't

enler th6 female duci. ltajolj.tv o! sPelhs ate!!!g bu!54

ale kiUed laPidly. Dlssolution o! the sPilous Poltio!
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of gp€rnatopnole cogulJt' i*, qs observed,

nay late several days after th€ higlation of sp€lhs

{.{ FENAI,E SYSTEIi t

Fffile svsten i6 @nrpsed of aLbun4 gland,

oviductr shell glandr vagina. and bulsa copufatllx(F 9'1)'

4.4..1 ALBUUNN GI,AND

It is a larg€ gland neasuting betveen 11x15

to 1?x6 m and is of crean wbitc .o1our. During bteedlng

season the sizc or the ;lbunen sland is enfalsed consider-

ably and its colout also bedes dalk and chanqes to

nustald or light b!o{d. The eulface of the glaDd is

snooth but slightlv curvc.lr givins the apPea'ance of

convea dotsal aod fla! vontlal 'urface 
Both enils alc

lounded but t.he atetio! is nattoret aE conpaled wtth

lhe pagtelio! bload erd. HlEtological studies shovs

t-hat glaud is cdposed o! a lalge nurder of vesicles'

coveled extelna11Y ltv a 5tn916-lave!ed thln comPle'Ee't

cells, rhe vesicles ale elongaleit o! loDded The vesicles

have 91and celfs atlatrged r6dially i! a sirqle ]ay€r

around the centlat lune!. Th€ Isen ope! into sGIl ductule

{hich join !oqe!he! to foh 1a!9€! ducis ln the natule

slaie the albtrRen gland cells afe extlemelv enlar96d and

packed sitb secrelorv product rhe alb$en is stored 1n

the ducts letrpolaljlv and then afte! felrilizatioD of eggl

it is depostted alound the egq at the caltefou!' The



albden gland duct i3 lined Hith cubrccl epjLhelim

having large cilia. the size of albunen gland aDd the

size of its conpotrent cells sEro lalger in the speci_

i\ens which were abou! to copulare o! have jusi copulated.

Tbe lalqc. helhaphlodd,€e duct uhicb enelqes flom

thc't!lon'nay bc i cpcrntcd 15 $pclno-prosratic dnct and

oviduct by thei! gro55 appealance The spetr duct ts granu_

Iar and narrot in aPpearance thile oviduct is bload

glandula!. ,ideE.a^d much coiled stlucture of nilkv colour.

1ts uppe! dd lowe! regron are conplessed dd na!r@ ubire

the niatdle legion is nuch tid€! and plovided

f|te large helnophtodite duct a5 tt cones out of

th€ tal0n takes a tu!! in t'he antolio! direction. so ehat

the oviduc! is nos on lhe oute! 6ide and the sPeln duct

is on iis inne! 6ida. The oviduct bocones rtruch wide! and

nay be lefelred to a5 utelus It is in the fofr of a loop

uith inner concave margin toeards spelm dlct orelus has

fold5. Each fotd is bounded bv ePithelial

tissue sith some cells having Ploriinent nuclei Nuneious

gland ceLls, b.oader tow:lds tbeit outer ends are plesent'

They pour thei! secletions in the inte! certular sgaces'

the accrci'ion is storcd thcre

ale passed in lhe tut:en of the uLerus thtouqh ihe sn'alr



33

-'-f'

Ftq.o: xlclophotoqlaPh of a T. s. ol genital olgtn-'" oi r"i'sonii" ia<ug"olt!...h@ine arbuen eland'

a. Albq€n gland
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lic.gt uictolrlDtoq'laPh ot . !'s. of gsitar orgs of- Ba.dies ta@tedtl Ehovlnq sePetation rt
;fiTl.i*-ti6;-!ock.t o-! .iEn dEt and oviiluct
(x t00).

a. oviduct
b. sP€ln dlct
c. F.lrltlzation Pocket



chamels Ple.ent in betseen lhe epithelial cells. The

secletj,on of th€ utess is nole abund.Dt in the breedlng

season specially in eqg-Iaying sE!I. In this state. it

is dlflicult to dtssect out the entire reploductive

sysren lntac! (specla1lt th€ utelus). A.

packed wrth ond has gain€d enormous size,

it.s {.II g€ts !uPtu!6d by the load and a nilkv uhite

seclotion as notiqed coninq out flon the 1mer. Iccolding

to Baynd 11967) the feltifized egg' aftet getting ats

albunerr when entets the trpPe! oviduct is surrounaed bv

rhe cqs je11y in ibis feqion. As the e99 hoves to'a!d'

middlc and then tosards loue! oviductal legion eq9 shell

is seclcted alound it (see fig.19). the Plesent Etudv

agreeE with tbe obselvation of Bavno (toc'cit )'
The nolhat1y laid egq is

absolPtion. vlhen eggs lenoved flon oviduct a!€ Pleced in

uater, their shellrsRell enolhouslv' as does the normaflv

Iaid egq then lts shell is lemoved :i.e the jellv eee11s'

To show this an exPerihent was Pelfomed

lolmal heallhy egg. shel1 *as lercved and the de_she}led

e99 ana she1l ,a3 placett ln a dilule aqueous solutton of

nelhylene bfue just visiblv colouled' The diabeter oi the

egg shel1, jelly and pelivltclline

calibelale.i !,inocuta!. It {a6 noticed ihat the volume o!

the jelly incEeased thlee foldsi pelivttelline lavei had

slight inclecse in 5'7e whlle shell had neoligible chango

rhe JeIIy leachcd the natlmun 5i2e wtthin 10 nlnutes artcr

it ea6 Placed in ,ate! and no further



noticed In its vo1s6 ev.r afte! thirty hinuts6.

The tast Poltion ol largo hedaPhrodl,le duct

corplet.Ly blfulcaeeB 4relnally into sp.rN duc! and

iI.4.3 SIIEIT GLAND OR CAPSUIE GI,AND

' Th€ flee ovlduct is nodilled i.nto egg shell
gland. Duling activo bleeillnq €6aso! lt le6embleE butsa

coFlatrix in its pink colou! but nolnEl Derlou

the colou! ot 3hel1 gland iE Iight broHn. Thir is the

region where the flnal cov€ling of th€ egg, in tbe

fon of shell is secreted. The egg fron hde is then

conveied !o s6ni!a.1 .ttiun thloush vagi.F. io b. laid !n

the shel! gland i5 lineil by ePithelial ttssue

follored tbe auppotting 3tluctue,:the connective ttsgqe

.nd nu3cle flble.
Inslde the 3hell 91and the Isen is quile ,ide

rhich becdeB Plac€s. The inne! tall o!

ohict! ie fo1d6d !e6enb1i!q the structute of

reoDch trtE.lo) .

!o6!e!io!!Y, tbe egg .hell gland continues tnio

vagi.a. It i3 a nuEcula! tube with toldEd uafr' hhich is

suppolled by huscle fiDreg, rEs avefag€ length;5 I rm.

vaqina also laceives the duct of bursa copulatlix aDd
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F19.10: }rlclophotograph of I!.6.
of Bensonies iacau4onri (x {0)
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l€ads poateliorly into genlta1 atliun.

{ .4.5 BORSA COPUI,ATIIX

It is an elongated cylindlicat srluctule
Plesent in belreen 1a!9e helrophlodfto duct a.it p€nial
comprex (Fig,l,r). rr t5 .trachcd ro Lhe iMGr sida o! rhe

lals€ hemphrodit€ ituct, aDt6!io!!y tr dilect1y Ieads
lnlo v.glna. The po.telio! poltion of bur3a i6 a bit
dilated as cbnpaleil rith the anterio! legion. In active
aeason, in a lr€shly kitl€tt anat .ti3secteil a€n3onie6

lacquemonti it was obselved as a plo inen! dalk pink
organ. on cLo.e 6xaination it eas founit that rhe posterlo!
!€gton a6 flllea wlrh a thlcl B€c!€toly produc! ot delk
ptnk colour, in Lhe middle !he!e are .tso sde trilty vhite
secletoly ploduct. rhe bursa i3 covglod by a thin qoveling

sheath thlough rhich the tnrelnal conponelts ale seen

easily. e.s. spetutophore and tntelnal secleroly pfoduct.

tllele ale no cuia in bursa or trs duct.

l,'lhcn .:tiE6€cted out the buraa is seen ro contatn
spen6topho!6 (Fig.llr. usually one o! reo spamtophores

are found lneide lhe bur.a but sde tine €v€n !h!ee
spenatophole'a!e plesent iEide bulsa copularlix. rn

cgq laying 6!atl3 the bursa copulatllx ls obselved to
.ontain comptare an<l irconpfetc .p€datophole i.e. on€

conplete spelhatophole (otth bolb 5p1nou3 an.r sac-Ilke
poltion) dfl t@ inc@plete speffitophores (only Epinoug
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Ftq.lr: rdclophotogi.ph of L.5.of Ben@ie6 lacaumntl
insidE-aX'-?T, :--

of but.a copulatrlx
ahwing Ep€mtophole



pollton is plesenr while sac like poltions ale missingl.
This inaicates that rhen spens aie releaseitr (to be

passed to fertilization pocket to feltilize the egg) ,

the ehpty sac-lik€ porrion of the spenarophole is
absolbed filst by the surlounding secletoly hatelial and

in the secona step lhe spinous poltion My be absorbed.

rhi6 fact ie prored by the presence of onr! rro spilous
polclon of spelhatopholes as their sac-l,ike po$ions
rhich have leleaseil rhe spelms were dissing i,e. they

hight have bccn .bsorbed by the sulroundirg natelia1. The

spe.natophores are passed inside t.he bursa copulatrtx in
such a uay that the dnteltor sdc-1ike polrion is fodged
first t! side the bulsa and posrelior sptnous ond of
spelnatophole is passed in rhe sccord srep in rhe bursa

Another inrerpletation of this pecultat type of
transfer of rhe spermatophore nay be in rhe lishr of
the observation by Ltnd (19t3). According ro htn in
pulhonate snails there iE a digestive bulsa copularltx.

duling copulation a3 soon as lhe spems

escaPe tbe spe4atophore Bny of them ale dissolved

by the butsa gecrelion and so is the fate ot the body

of spemtophore aftewalds. rn pleselt study it sas

obselved thaL sPerme escapcd lrom the postelror prlL of

che! spen'aLophore and Ehrs part kas Lhe la>t portron Eo

enLell C\e bursc copulclrix, Thus the Lril oa the spemaro-

phgre jn a rcr raci-rtares rn. sDeno ni9vJ



bulsa stalk to the lviduct. In othe! {ords the sperns have

to leave the bursa quickly aE lhey ale killed there (fi9.r2)
h Bensonie6 iacqudonti lite othe! puisonat.e

snail6 sith uell -devetoped penis it seens that lho fsction
of spelmtophole is not protecrion of the 6pem3 during

tle transfer to the otie! copulant, but it ensules tbat

the majolity of spdffi €!| €scape quickfy 1!to the ovtdoct

before they cone in contact with the dige.tive
and afte! copulatian the bursa becohes rcle pink in colo!!.
This suggests tha! lt is ready to dissolve o! absoib aDy-

thins rhat enrers it, Durinq copulalj,on penj,s nay cortatn

sohe debris of ttre soil o! sonethirg thnt hay get entely

Irto the gehrta. aLrluh and Lhen to bu.sa, so "..td..*."""
of spems it atissolves theEe extla invadels. lind (19?3)

reported that bulsa coblent beside absolption also

activate the sperns. Aiterio! bulaa is nore actrve tn

absolption and by the time spetus leach th€le they ale a1.o

hole active, by cohlng in contac! with bursa fluid.
The genelally agreed fuDction of the bulsa is

ro receive .nd stole the sFelns dulinq coputation. In

natule Ben6onies i3cquenontl th€ bulsa is aleavs filled
rith a nixtule ot sPen c€Ils, progtatic gecrerion and the

secretioir of bulsa itself. rhe seclerion of bulsa :!e of

centrnl led nass sullounded by a mole fluid shittsh Mss.

The mal! functions of bulsA coPuratrix

lecePiion ol tbe sgerM€ophore, lelease of the sPelms

floh the gPelmatophole and to assist spelN niglation from
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*Js ,lrS't;ifui.

r,rtclophotosraPh of rr. s. ofqe^it.I EyEt4 l,cquqonti

t:

sho,ins bulEa coplr-a_fcort;;;inq
spehatophole rith spelns inside (x 100).

a. lursa copulatlix
b. spematophore



bulsa to sperulheca. The results of the studies of
smith (196s) on Alionr rind (1973) on !9!!I .Dd Duncan

(1975) on tynnaea. strongly suggesteu rhar th6 role of
bursa is to aiqe3t the dcess of sperms. As the for€ign
6perms !€.€ived duling copularion ale disinregrated in lhe
burBa. so they nust be stored somerhere else in th6

interval bet een copulation and fertilization. They suggesred

that this slolage of spem Nay be fo! 'eeks or evan years

and the slorage site is callefour o! fertillzarion pocket.

soh {1946)r observed that once th€ spelms

reach the bulsa copulatrix, ils epithelial ce11s begin

activity. snalr bulbs of clear cytoplasn appear at the

distal ends of th€ cells o! the bursa, rhese burbs ale

Pinched off. pass ibto tho luhen, dicihteslato here, dnd

cor rbute ro rhe rluid of rhe )uen. qe further reported

that this apocrinc nEthod of sec!.lion of bursa is wide

splead in tbe pulmonates ldesclibed in l{elix, !II9g and

!t4!39g1. noln suggastcd th:t spclN possibly nisrrte,
flom bulsa copulatlix to ovj,ductr by t.hei! oen sv7inj,ng

the bulsa and lts duct is without cilia.
lind 11973) autopsied HeIi* lgggglE at different

inlelvals of tim€ afte! thei! copulation and eranrned

the prepalation of Epelhatheca€. re obs€lved, the tiltre

lequiled by the spem to leach lhe 6Permtheca. rhe sPelns

have.ot leached the spermdtheca in the snail ktlled after

I hou! and 45 ni.utes but Peak of niglalion of sPerns

ale louno aboJ' hours arler copul-Eion He



tbe sPelms ale tn a state

th€ slelnatophole and

sec!€lion of the bursa,

the bulsa secretioD has a stisulating effect on the motility
and power of felrilization of lhe spelrs. Drncan (1950)

ani rr91n {19.46) obsered a sbort tihe stolage of spelns

before nrqratron .in the bursd copulaLlix.

Du^can (1953) suggested that in !U:g

Bensontes iaduercnti letains the basic

pattern of stylomnaiophoran leproductive system uith slight
changes in accessoly sex organs i.e. huciparous gland iB

absent. fhe geDital pole i5 presert nea! the base of the

lighr opric tentacLe. rt i3 nonoeclous o! helMphlod1te.

ovotestis (hemaphlodite gland) lies in vlscela1 hass

bulieit in the posrelior lobe of the digestive gland (livelt.

Ovoteeti. is follicula! composed ot nunelous

lobules, ova and sPelns ale libelated flom the inne!

lining of the ovotestis. ova is lounded dd large ,hile

sperm i3 witn snall head and 1on9 spilal tail. llon the

oloteslis leads a convoluted duct the snall hemaphlodite

duct calryirs ova and spe6. The snall he!@Phlodite duc!

ente! albsen 91and but a! the junctlon is the etlalgen€tt

or suelIing calted "talon or fe!!j,lization pockct'i fron

here the tto ductE nale and fenale ale seFerated. ID

tselso.ies jac(uenonii. tho .]!cis run side bv .ide but



sup€rfecially they look sinqle and is called as Iarse

helnaphrodtle duct, AIte! a con6idelabre dislance lha

tso ducts 3ePelate cdplelely itto oviduct and sPen duct

{vasa derelens) . oviduct fo!m5 a sponqv stlucture, the

Eh€tl 91and and then readE thlough vaqina inlo qe'itar

atliun, The geiilal lttiutn also t€ceivcs the duct ol

an elongated Eac the bu!s. coPulatlix rrha Buisa rcceives

the spefratophole during copulalion fron the othe! srail.

rbe spes duct or vas defelens calries lhe spernalIc conient

to the male organ. The malo olqans aie call.d as penial

conplex and is conposed of nuscula! penisr peiial caecls,

epiphalfus a.d epiPhallus fl.getlm. Th' was defeiens

after foriing a loop ove! the Eh611 grand .nd geniiar

atlium joln3 €plPha11us. !,plphatIus continueE Postenolrv

into ePlphallus ftaqellum Nhich leads ante!iol]y lnto penral

the penial caecum emelges lhe Pebis ard ltE

sheath thich ar€ protluded extellallv durlnq natj_ns'

The hi;brogy of the ovotestis or gu1@nates

i3 sEud!€d by nany u6rke$and the dersjr varres Ln djfrerent

species. filckmn {1931) fosd that tbe volme of rhe ovo-

testis , vati€d at atiffelent tine of the s€aso4 in succiDa

ovelis but the gland eas not iDa.tive at 
'ny 

tine' Dqncan

t19?t) quoteil many aLLhors including Alchte 11942)

Mahoney {19{o) , Abaul M!Iek (1954a), Duncan (r953) and

Ancel (19021 that rhere alo thlee develoPn€ntal stages

in the. ovot€slis of !9!:I eomtia' I' fi'st insiance

the undlffelentiated cell fot:ti tbe nate gaheies' i!



s€coDd step nulEo cetls are tohed itr
nuls€ cells stinulaled the fomalto!
Mo!ron {r963) ob6e!!ed the

p!otand!!, in Ianr\ipa and clathlus and

in valvata tlicalinata. nolton (roc.

of f@ale gahotos.

lhytluiical sexuality

ci!) arso atatod

that clepidula
pa5ses rbrougn a

th€ lanous dis.ov6ly of Olton (1909)

fornlcata stalts tife as a mare, then

hermaphlodite stage and dier as

It954l describ€d distiDct tare

a pule fenale- Glahd

alat aemala phase in
stated lhai speli6 and

in !. lglstcLle and !.
Le!!!t!g .E!l!.$E, Grabb 1192? )

ov6 hature in the Bde acinus

:!!gglig ePPrg:lg 3a/.

abdul Malek {195'l) foud sPens r! tno act!

of ovotestls fo! aII the tlme even durins dornanev tn 9.

E!g:!I vhile in !. q!914: ova and spelh ale found dlrins

all seasons of the yea!. The plesert ob3ewations of the

ovotestis of BenEonies j!lg!!!gl!!Lt show that 6Pelmaro-

genc6is i5 a continuous procesE bqt oogenesis

Tbe acjni of ovotestis oPen into sMIt h€!G-

phrod,Ite duct and lhus corvev the Eeptoductive Plodoct i'

1!, The smll.helmaphlodite duct has three pollion6r the

niddle poltion i6 convolutcd and a€ it i. aluavs lirled

eith rature 3pe!Bs, so it acts fike sehinal vesicles of

othe! qagtloPodE. Abdul lhlek (1954) in another 3tudv

contladicred the nature of these convoluted poltions as



s€hinal vesicle. He stuitied the hasrological

the duc! in Helisoha tlivolvis and found then

Duncan (1953) obsewed rhat in Phvs3 antetio!
and postetio! porrion3 of the duct are ciliated while the

middte ole (sedi^al vesicle) i6 glanalula.. le quoted liolds

(1946) r Aubly (1956) tha! i! D4!CSS the serinal veslcles

have a c1€a! cavity *hile lenaining duct is cilialed,
Duncan {1958), and lind (1973) suggested that not

only the senlnal vesicles but ehole duct nay seree as a

srore fo! the spelns. They also lePolted that the gland

cel,ls My lesdrb s@e of the spelms, as in Pulnolates tne

lesorption of samete ts comon. roosse et gl 11963)

flcquently obselved degenelatitg oocyto in the acini
of the ovotestis. They nentioned the theoly of uolton
(1930) tbat iipe oocyt€ must lie there

ohlalion Etlmulus. rhis peri6il nay be short afiei rhich

the lipe oocytes ale !€solbed by thei! nurse cel15. They

fld seninal vesicles. tle strggested that t'hese

hdy Eelwe to increas€ o! dilate ihe cawiry of

the eqgs loo pass thlough lhis passage and ale

hele occastonafly.

observed desenelatlns aE {el1 a3 lipe oocyt6ll:!! the

ovotesris of qg!3cg :leg!3l!:. .roosse 9! 9lA also

that spem cells are resorbed by the gland cells
the spemoviduct. rhey mention€d sintta! finding by

Bleucke! (1954) in Helrx Pomatia.



Thc €nall helnaphlodito duc! leadE into a

blind dllated pouch, the ca!!efou!. In fact thi6 alea

r€ceiv€. the duct of albuen gland, ape!!u!e of a small

feltilizat'lon pocket anA the 6ru11 herMphrodite ducr.

Flon thiE alea the snait'E own spenis are directed iDto

the nale ttuct and the foreign spelms, as a lesult of
copulation, also drrrve h6!e. In this ared egg leceives

ils albsen coat.

reltlrlzation of th6 ova eithe! by hone spelms

or by foletgn spems tales place in thi3 legion. In
histological scctions of the teittrizrrio' pocket it is
obsetved that t}|e feltifi2ation of ovum occuls in3tde the

feltillzatlo! pocket i. DeMoni* jAgglgryali (see fiq.4)
Th€le ara Eevelal viess regaldtng fertilization of ovunr

eithcr inside the feltiliz6rion pocker or ar the ternlnal
poltion of the helmphlodire duct. In fact feriill2atiot
pocket i6 ir the fom of a blind caecs at the end of
helMphlodite duct ri !9894!9: l39g!Ss941, ,hlre Duncatr

119?51 quoted sevelal luthoEs giviDg descriptio! of
sevelal diverticulae a! po6telio! end of hemaphlodite

duct in differen! snails. €.s. 1n sFctnea, Rigby (1965)

t" l4:fe!eI. Basch (1e5e), i" I9!9!9I9C, Hubendick (1963),

Be!!y 9! 3l (r96t) o! Ellobj.de, abd ttnd (1973) on relix

Afte! felrilizatlon the eqg is sulrounded

secretion of tbe albue. as it passes th€ ca!!e-

rhc albunen sland secletes the nutlrtive hatorrar



in the fom of albuen. The @Itr @lstttuent of vhich

is gaLactog6n, a gal.cto6e rFuder {Bo1!r, 1946t Dunc!!,

1953). AE the eqg pa3se6 down th€ latge h€!rophlodile duct,

ln its !@Ie Palt (owia!.t) i! leceiv6E the addlttonar

plotective layet6. BaYre (1966) susgeEtod tba! Pellvi-

teltine fluid is 6.c!eted bY th€ albaetr glatrd and tha!

.he pellvilelline denblane rs forded of th€ 56he brochenic;l

constitucnt a:l thc Pollvitellino. Therc i. an outer thin

and inner thick tlblous 1.v€! in aqlioriD*, tt !6

folned by the contgqt of Pel1v1lelfine f1uld ttt.h th6

rurFadlne jeuy.
as egg PA.ses th!4glt diffet€nt Porlions of lhe

convoluted oviduct ii re.ei.vos thesc lavels anit th€n

lhe 1ay6! of je1ly-Ilke subsratrce that maintains rhe watet

batanc. snd rechanical suPpolt taaYne r 1965) ' snith (1955)

lepolteil that the .€letiors of lbe lePlc'ductive t!ac! ale

conptex shouing dlffele!! .taintng Plopelties' Flo lhe

ovittucl egg fead3 lnto a spongy gldd? €h6 eqg sh€Il

glald, ,hich fone the oute! lDst lave! o! !h€ egg ir the

forn of 3i!€11. tinallt the corPleted egq jB exPelf€d !o

ex!e!lo! thlolgh vasina, senlt.l alliuo atd ouc ol g6nttal



|,AAING BEBAVIOR AND IERTII,IZATION

5.1.1 PR! CoFtitArloN

sen3onl€E iacoumnti 
''s 

hehEphlodite with

borh syslenE opening oy a sinqle genitrl apclture Uo

exterior. The bursa copqlntli* is in Etlaight IiDe vtth
the apelture vhile the oviduct is on the Eide.

the copulation occuls in b!€eding

th. snalls have 6n6!ged flon a€stltation and hibelnatiot-

aft€r a latn fall many of them ale seetr !n lhe act of

love p1ay. copulation can be obsarved at any tine blt the

naxlnun .sbe! are found flom duEF to da{n. rhe Process

can be divided into fol1oring slages.

rn the Ple-coPulatoly behavio! teo, thlee o!

even fou! snails a.e found apploachi.g each oth€! wtth

evelted dalt sac, but ultinately tso will coPufate and

lhe leraining rill nove aray to fird a neu hate (rig.l3) .

The tm snaits vill cohe crose to each otheE tith the

5pelture of the Ehelt poj.ntins in opPosite dilection, so

that thc heads of the snails a.e also in o9po6ite

dl,rectton. Tho lwo s.ails rill ca!e35 each othe! with

rhet! op!!c tantacles. The da!! (1ove da!t) ts evelted

and is plelced in t*: body of the paltn€! ;t any point

(fig.14,16) lhis pi€lcing cauBes lhe excirerent and the

caudal gland socletes the secletion lt seems as if this

secletion !5 lhe identlty of 6exually excited snaits. the

two sDails lick the caudal secletion of each other
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Fis.r3; Eeleeues i:;:XtS+ :f:fd'ii':l;Pi::"
II dsctDs in ant!_clock xj-.c tilloctton.
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p!€-copuratlon note1a.oue@ntl tn



t0l

sehsonies iacquemonti {Dolsal vlal in
copuEi:-!o^:-T6tb s-;TL. are e'Lrenejy croseto €ach othe! fe€r ale unae! the sh6tt. no
disrncrion of headB o! r.entacles nore penrs
inside genital pore, this nalks rhe exchange
o! Epeharophole.



E:!+!+Se racqutuntl (ventlEr vieel M

il,i:il;4:,i{-ff :*i.it, j:i:*,,::di':;
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aDd continue cale56ing ,lth teDtlc1es. Both .nails rcve

in clrcle .3 if they are daDcing. usuallv oDe dance,

in clock*ise and the otha! in anti-clock{ise dilecti.on.

The area coveled in this ilancing 6tato is not rcle than

40-50 M. Soretined one snail rehains 6tationelt vhile

tho other vith the f@t fixed on the aahe pl6ce tsves

in circle (As if some-body tak€s a circre or hoveraros<l

on the heel of one !eJ) . Afle! lhat lt

itE partnc! anil again pierce the dalt in it. bodv an'l

uill rick the boay 6f lhe paltnet speciallv the po'telio!

foot legion. By now on tbe postellor dotsal side of the

dalt a sFlI knob like protru-belance i6 seen. i! is the

appearance of tbe penis. Tbis love PIay continues fo!

The two snai16 ate nou velv c1o36 to each

oth€r (fig.15) !b€ foot ol €ach is berd

light sidc to folm a curve mklbq ar.!91e of 2oo {fi9.16)

The heads ale inside the culve and licking of caudal sec_

letion is conliDuod. Irhe right optic tentacles ale fullv
letracred and th6 left one, j.f Plo|luded, i5 dilected

back var<I. the sulfaca of fte body shines as !f vapouls

a!6 given out, it ]ook3 as if it i3 sveating. Th€

gGnital pores are nea! each other bu! not touching each

oth€r. rb. dart 6f onc 6nai.1 t3 out uhile that of thc oehe!

iE !e!!acted, This snail !4ains calm and mottonlesE. uh€



darr i.. pielccd in the body of the Pa!€neE and if it
toucheE o! iE isselted (a littl€) in lhe qenital aPe!!u!e

of the pa!tne!, it sualdenly rcv€s aray vith a jelk and

agair comes close to the paltner. If the process rs

repeat€a, occasionally the sna sihply takes a louD<l

tuln but do not leave the place. rn lhe la8t non€nts

the darts ale pielced tn the head legion of each other

Iike hooks thus holding rhe Parinels cloee. the

lhythhic @venents of the penial complex .nd dark plnk

buEsa copulatlix ale cl.arly seen through tlre skit.
The dalt of one .nail is placed ove! the

of its paftne! as if e{blaciDq and holding rt
kiEsing the paltner as clea! cale€sing is

AIte! sonetime6 the da!t. are plotluded sde!
the foot. The genltaf pores oprDsite each

other lfig.l?), the heads are lnside the culve of the

raif region under rhe 5hel1, so that both

a ailm hold of each othe! (see f19.16). Tho pe.is of

each is inse!!€a in tne qenital rDre of the partne!
(fig. 13). the two snatls leMin caln and Eomewhat molion-

less for a uhtte. Duiing rhis periou, som€t!res oDe snail
takee a jelk and gives stioke to its shetl ohly, In clock

uise and anticLock wise directlon, i.e- Ie.vins the foot
and hedd legion notionleE6, the shell is lotated tn folrard
and backrald dileclion. It seds that if this snail is
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rie.1?, Bf;:efli=r,t::"fl:t"i1:':iliiiii,!lffi!"il3;,
tbe she1l. Not6 the qeDital po!€ {white)
ploriDst in one s.all.



Bensonies iacquenontf in cop!Icrion. The trpot uppc! snail
touch the genirar pore oi the love! snail.
Note the geniral acliu of rhe lose! snailis fully evclted virh I@e dalr seen on toft



exerting soae pressule on rLserf, ha! Le 'eI-evinq rhe

spefmtophore. Thia process is repeared !{o or rhlee
time6. Sonetin€E the secold snail also lepeats this pro-

tuo renain caln tor 10-15 hinutes and

it is assured by rhe lhythnj,c rcvenenr of lhe pontal

conplex that tlansfe! ol spermarophore is taktng place.

Ultinately they seperare flon each o!he!. sonerimes rhe

taif of the spelnatophole is Eeen hanging fron lhe genital
apeltule of o.e of rhe slail for a rhile but soon ft is
slcked in. The Elails hove a*ay flon each othc!. tn the
ti€ld they move uptit 1O-r5 feet anil rhen are 6een leriring
in sono sate in !h6 tabolarory rtrey mowc

tosald the eitge oI the petlidi€h and lemain cal,n.

5.2 FERIIIIZAIION

In sevelal stylomatoptlo!€ pulnonarec lhe
trahsfe! of spelms take ptace by heans of 3pernarophole,
In these folms eithe! thele is mutual lransfe! of
spematopho.e beLueen_the copulaLing pai! o! only one

spematophole (thar ac€ing as fenale) and

afte! a pause the sex lole is levelsed.
The role of 3pelmtophole and penis !s of great

significance in the rransfer of sperns rloh male to fcmale,
In @ny folns withour penis o! copularoiy organ the
spermatophole fonation is essenrial. As the spe,mtophole
protect spems and ensule its safe tlansfer, In Bensonies
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betre€n lhe two copulanr ab<t the spemarophole is leceived
by the rbursa coptrtarlix,

The fate of the spems and the derail of the
insemiElion of ovum ir thi6 honnaphlodite snail iE not
cleally esrabliBheat. In Eensohies iacqu4onri rhe mtule

rh6 felrtlization pocket by 6onc uknovn
necnanisn anil is ferli]ized here by rhe spern. poly_speloy

iE obselved ds na.y spehs sullound ov@ bur onty one succeeas
in felti]izing rhe ovu ,hile othef disinteglare. No acrual
fusion of ovum and 6pern is obselved. kthen rhe t,o neet,
thoy ale sinpfy applied cfo6e ro each orher (see fi9.24,
25). on the baseg ot these obselvations
the cqq is fellitizcd by rho foxeign speln recefved
dulibg copularion. tr is lelorted in the litelalulc lhar
af!e! leaving rhe sperhatophole. the spernrs ale rhoughr
to have descended flon rhe bulsa then rEo wasrna ano

thei! joulrcy upvald in rnc
to reach the spemFtheca (shalt evaginations near the
fertilization pocket) . The foleign spehs
and ale u.ed ro fertili2e the owu.

The srudy of the copularoly behavlor in
pulmonate ie best observed in BasoMarophofa. The

aquatic foms are aasity realed and copularion nay be



seshaiya {1927) obselved fratinq behavio! tn
tvhnaea I$S9!g ard fouDd the individull €hat ale slightly
bigge! in size act as mle. llating is not leciplocal
The two copulant cohe to the surface of vate!, the fenale

attaches ilself !o 6one object or lin of jar by its foot
and mnre gets hord of r.he fenale,s sholl. copulation iakes

obse!ved
about folty miDute6. Ile also/occa3ionally thre€ sna11s 1n

clab {192?) found rhree snails in coputalion
one oh the uPPer side acts as male tbe middle one as both

Ii.e. feMle to uppe! one and mle to lore! o^c) ard

the lowe! otre as feEle only. Ee a13o obselved self
fertllization in J:tre 4e!!3!:. rhoush in the presenr

stldy 3-4 re'1sis jacquemonti. ale obselveal in lov€ play

before copulation but only tro 3lcceed in pailinq and

the lehaining cogulation of nore than two
r snails

inducedt by placing iEolated indivialuals in gloups,

chariging the wate! of the contairer ot ploviding some

special i@it elc. Bur in te!!6€trial forms it i5 not eaBv

Lo rnduce copulaLion by clrrfrcfal nechods "l Lhorqh 1n

hav€ been achieved

Noland * al (r9a6) observcr Eha- Lvf,naea

staqndrir g!!lgEs3 say copulated Eholtly before ovipo-

sition. snails is rcnoecrous .no thcre is no

indication tha! a snail is exctusively (male or fenalel
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or has tcndency torard iimalencss or fenalcness". They

obsened copulation in dehir and founil thar rhe filsr
snail $hich ts abte ro assume the uppe! o! rop position
*ill act as mle anit rhe lorer one as iemte-
coputation frale,s foo! is iilhIy altached to rhe righr.
stde of body wholt of fei6lo. The penis and preputid
after fo!ftins $re fenate shell,s edge leach
the fcnEle gcDltal po!e. !.!on rhe ve^tral surf.ce of the
nare foor, a. exrlr quanriry of nucus is scclored ,hich
helps to bind rho rko snails, Eo €rlongly, trrar they cannot
be scpclared withouu causinq i.jury to rhe ha1c. The perj,g
remain for 3-4 ho!!6 jnse.led in the fenale genirat po!e.
Th€se Enails my coputate asain afre! c6nplerion of filsr
coPulation buL v.ith leverse sex role

Lilry (19531 ob6e4ert cdputation in Birhvnia
tentaculata afrer thetr enelgebce fron inacrive peliod. The
coPulating pai! do nor extend futly ilon the shell and
head is alrc6r coveled by the manrte fold, penis oi nale
ls protruded and inserted into ieate genftal po!e. The
sPrln6 !€cerved are sbred irside rhe bursa copulatlix.

Abdel trarek {1954) sruoied harirg jn rrelisorE
cliwolvis. In rhes€ snaits copufatlon js proceeded by

eversion of penj,af cohptex. Duling fralinq the verge
as plotluded and is seeD novtnq floh side to rroe
thrs howcnent leqlires talge a@unr of fluid ,hich is
prowlded by secletia of flask-shaped colls in rhe ,eIL
of the verge sac.
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(r954) repolted the absence of copularoly

tantlrtna and cugqested thar rhele i5 no

cain (1956) also obselved self- and closs=t€!ti-
lization in ]{4lgCg S!eg!3!jig, !6!rsud (rss7l
detailed descliption of rhe copularoly behavio! in 

',vruaeastaonalis. te obEerved/prelifrinary behavio! thar the snail
rcves tn anti-clocL rise dilecrion i! sealch of mare.
liJh€n it neete rhe pa!rne!, ft craets o! clniD. or it3 shell
a.d the t@t is illarn up tite a cup alound rhe shell of
the female. rf the fehate snail noves she callies hin
or he! back. sonrerlmes in arr€mpt !o dvelcofre rhe ferale,
the feEle nay rolEe hord of the toor and both nay falr
to the botton ol the pond or ftoa! ro lhe suf,face, bur
nale still have thc arip on her back. He fulrhor observed

,chain o! nultipl€ copulation. s€lf fertilization and ev€n
false felrilization in this species,

ln srylomarophola the .opularion ts usually
plececded by ar intlic.ro .'tove play,,courrship. Hyna4

(1967) stated obse.vation of nany autho!6 on nating
behavio!. some o! rhen ale desclibeal hercr

.qeisenheihe! (r90t. r9t2l obselved rretix

fglg$e bcfole copulatioD clauls abour rn scctrrng hahnc!
and rifts rhe antelior palt of the body ar sho!! inlerva1s.
When tro such snails meer each otherr rhe anrerio! foot



soles are filn1y plesseat against each otber uhile pos-

terio! foot is fixed to the groun<|. rhey exchange

caresses wj-th thelr teDtacl€E after a pause of 15-30 ninutes

rhe love dalt is not elected Binulraneously ih rhe lwo

partDels rrut khen shor in rhe par|n€!'E body seem6 ro caus€

con.iderable patn. oltimately the penis is inserted inro
the gonopore of the partn€! an.] long spelFtophole ts
tlsnsferled i.n about 3-4 houls. The dalr is lost and a

new one islii lext fer days.

lD Bensontes iacdudonti it ts obs€lved thar
the cra'Iing and sealchlng behavio! ale slnila!. The Iove
dalt is shot at ranilom aid ar rhe end of the 3-4 houls
love p1ay, the love da!! is noi lost buc is letracted
inside its sac. the p;nis detivet

rlynan (1967) observed copularton ih Alion
eneirtco!& shich rcve in circte ard lick caudal grard ot

Finally r.he righr sides ble plessed againsr
The genitat arlim are evelred and touch each

otlte! and then the 6pelmatopho!€E ale excbanged. She also
quoted {x!n ie], 1900) rhat th linacida€ sexuaf behavio!
follovs the usual coult.hip, movlng. s.ekiDgr rlajting each

other ir circle and lickinq rhe cauda] grand. The antelio!
pa!! of the boily of the snail einds spilatty around each

other, the penes .!e plotluded ald hutual exch:nge of
spernatophole takes ptace.



lensonieE iacquenorti also dance ln cif,cle in
rnticlocL vlse or clock eiso .lileclton and thele ts continuous

ca.essing vrth optic fentdcles and lrcling ol Lhe caudal

seclelion but no winding !p of rhe body

Byhan gave atescliption of (Add, 1393, Gelbaldtr

1933, 1934, and Chace. 1952) Linax naximum cltnb a

tlec trunk o! lall and afte! colrtslip fo! 1-3 houls su.ldenLy

wind stilally alound eacb othe! and hang dom-wa!&by a ]ong

thick nucus stland (10-25 ch longl, The heads are pointiig
down-*ardt.the peris unlolled in lonq cold and foh a

tight knot. spcn msa is exchanged. Thc penis is laclacred
and they ascend afte! eating the nlcus c6rd.

Duncan (19?5) quoled Runham and Hsrer (1970)

that Aqtiolimal letliculatus its Fartne!
a!i:t peliodically rhlust irs head to srlike the palrner. Ir
noves in circle, rhen the light sides of th. body ale
plessed together. the gentral poletrouch each othe! and

thele 16 exchange ot spefiatophore,
Abdul uarek {1954) ob3€lvea lwo types of ova

fn tbe felr ization pocler of E!9!p!1!9:!3 Biossvi. ova

of fj.r3t type .!e Eraller and sihilar in size as found in
acini of ovote3tis. They appalently bave left rhe ovo-

testis ai\d ale not in€entnated. rhe second rype of ova ale
Lalge ilr€gular ji out-lire and sed that they have b€en

insenlnaled ealtie! befole leaching fertili2ation pocker.

th€se ova ale losd in felrilization pocker and also in
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tehinal oviduct. Abdll lralel eas of the opiniDn that

insenination usually occu!. in the terninal pollion of

helhapblodite ducr as felttlized ova ate ob6elved in this
poltion. He furthe! added that felttrizatio! lry folenqn

sPerFs (leceiveil during coputatio!) occu.s in fertilizatidn
pocket o! in teriibal poltion of hermphlodite duct ,hi1e

insmination of ova vith hohe sperm (animalls own spem)

in the tcrriitral polti.n of helnaphrodito duct.

Graham (r9s4) atared thai in Ianthih ianrhina
fertilization tales pllce in the ovary and in the sme

acinis in ehich the egg natules and soon aite! ils
lelease fron the germinal epirhelim. se guqqestedr as

thele is no bursa copulatrix, seninar vcsicle and male

copulatoly orqan (Pe!is), there is no lcal copular.ion. J\

lalqe nunber of otlqoDyieD spelGtozoa of conpler structule
arong hth eupyien spelnatozoa aie for ed in rhc dale phdsc.

Eupylen becomes fasLeneo Eo the Eail of oligotrylln ,\Ls

forning conplcx strlcture called .s spclnaroz e ugnata . rhe

olisopyrcn spcrns !c€ ns a kind of calrici of rhc eupylan

and c.n swin through ka!e! carryinq then. Feltilizarion
iE achieved when carlier apeln enrels oviduc!. Glahan

also quoted Ankel {1930) who found sjrilar nare phase in

f. palrida and folhation of spernarozeugera. riolron (1963)

desclibed eupyren sperm as teltile ,hile oligopyr€n un-

fettile. Eupylen arc sna1l and nomal sperns shilc
ortgopyren ale much talgelr nay lack flaqella o! bear a

tuft of flagella at one end.
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Duncan (re53) ob3elved tha! 3\:g .!94:!31-ie
uDder laboraloly coldilion is c.pable of 3€If feltilization'

the eggs ale fellilized ln the hernaPhlodite duct. As rn

the felttlization Po.ket the eggs wele found riih albuen

coveling ahile son€ fe;tilj,zed eggs in hermaPhlodite duct

eere undergoing division.
lind (1973). lraced the niglation of tbe spelns

from the bulsa to lhe sPehatheca.

thcle 1s floqrent occulrcnee of leclptcntis ow! sPcrns !n

the spem ovlduct, so these nay be confused rtth ttle

foreign sperns. Ite lound higrating spelns in ihe duct oI

fe.tiltzation poclet and latd inside lhe apermthecal

8ac. rhe olientatior of foletgn 6Pe!n6 ale such lhat

their beads rest .gainst- €pltheliaf celrs. se fulthe!
added thar the function of lhe secretion of bufsa, besid€

lesorprion of erce33 sperns. i3 to aclivate the spems.

clos. fe!L!Iization
o! both type3 of leltilization that trkes place

snaitgr rhe ib€efrtnation probably oc.uls at tro loci i.e.
eithe! ln the fertilization pocket oE in the tefrinal
portron of the helnaph.odite duc!,

- Raven (19s3) and Duncan 1975 obsefled that
at the lire of feftlllzation spelm passes thtough egg

cyropl,asn and rest6 nea! the egg coltex. the stEn head

becoes !ounde.1 and t;rl is losorbca it esg cytoPlasm ir

ug!eEe,_ 44E! and Bulinus.



In pulnonates the valiabilitv of felrilizalion
depends botb uPon species and on envilonnental condiiions.

The forelg! Epelhg ale geDerally found nole effectrve,

ore cause of thls my bo, that they have

p!@tatic secletion anil butsa s€.retions.



I!6!9e nunbe! of snailE ale seen depostttng eggs

clutches 1n tfo Lreeiting seagons t €. aplil-Jun€ and then

i. septe!6e!-Novenbe!. Duling blecdtng seasons the oviducts

ale fulI oI egqs (see fig.19).

4.1 PRE-OVrPOSr1rON

Thc egg laying 15 ugual]y proceeoed bv naklng

a hole or e99 chambe! in the EoiI into which the eggs ale

aeposited. The egq hole i3 onlv dug then the sol1 i3 solt

and foose othesise the eggs ale d€posiced iust unqer fallen

teaves and unde! stones. verv larelv the eqgs are found

exposed on the suifa.e of sorl.

th€ srails ale no! obE€tved rn acruar process

o! act of makj,nq the egs chahber but i! is plesumed thnt

thq dig €qg chanbe! sith the herp of

foot region. J\ conpletelv fjnisi€d eqg chanber is 20-35 m

in depth and 4-6 m dianeter. The charibe! is !'ually

louDded corlesPonding *ith th€ shape of anterio! foot and

head ol the snai!. rt i€ f!!!het obsetved that th€

.rhabe! i5 no! dug straight lnto the soit but 61i9ht1y benl:

{diaqonal). fhus fomins an an91e of loo' App6tenttv lheEe

is no colralation betoeen the size of the cfutch (1'e'

nube! or egd) and the dePth of lhe esq ciEnbe!' lt roo"s

lile that if the soil is l@se the holc ai11 be note
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of BenEonies lacquenonti sho!inq
uir.h-!t-. Not;--ilE-;upt-ure,l

nlrcady scc!etedp.otective



L2t

The actual Peliod fo! ess lavtng ts not

obselvcd in tho ficld lnttulaI ervilod€nt) . But a rocord

,a3 h.intain€d to note the tin€ spent bv a snail at.the

site of egg chanbe! i.e.-ehen the snail iE ftts! ob3elved

at the site :nd lhen when it leave6 the site. This ttho

intclvs1 only signlfios the tinG in ,hich the snail had

laid the egqe. But thele sas Do rav to asceltain trFl

e99 chanbe! vas alleady ha<le o! this tine included the

constEuction of chdbe! and e99 laytng. Ia plesent ol*e!_

vatio. tthe vallcd Ieh 60-150 sinutcs

The ess laying Enails ale easitv detocted tn

the fielit as they are lihly attached to the 6oilr eith

the !9.!to!e of the 5he11 Polnling totards the aoil'

Th€y aF useally tj3taken a. 4Ptv 3herlE but rhen tlied

to pick th6 uP tbey,eft foud to b€ attached to the 
'ojl

and sore folce has to be apPli€d to dislodge thd'

SuCh €99 laving Bnails 'e!e 
corlectcd to! *e

obselvation of ovilosition lDd saectled unde! a binocula!

6.2 OVIPOSITION:

The 3ta!1 looks calh aDd rclioD le3s in the

petriitish. rtre heqtt legion ir sliqhtlv bend lorards the

left 3ide. Tbe foltosinq stePs ale obsewed dultng €s9

l. cloat dtlatlon occuts in thc head region 'hich
' cah lE Jutlged bv the Prdin6nt nuscura! action

of lhiE a.ea (ria.20).
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2. Both pailE of tent.cl€s (antelio! a5 {e11 as

optic tentacles) ale ful1v ellacted inslde

head legioD.

3, the snout and the tiP of foot aEe Eudilen_IY

' putled uP,ald {t@a!d shelll.

4. The genj-tal Pole bec@es prmi@lt a3 thite

5. The ess appealE at th6 genital pole (Fi.9.20.21)

6. The egg 16 puah€d out lapidlv until at iE

ful1y expel1ed.

?. The qelita! aPeltule subsiales to conPlete the

The egg ldalD6 at th€ genital pote qntil next

e99 cores out and pushes lt o! the snail

aray. vsually the egg j.s held .t the genila1 Pole fo! 7-3

Thc tihe takcn in apPcalance of the cag nt the

genital apertuE and it5 linat extlusion is noled to be 3

though deposltion of an esg clutch aPPalentlv

a continuous PlocGB and csqs are laid onc

by one, Etill the tiie 1nt;4a1 b€t{een succeedlDg aggs

val1eE fror 1-25 seconitE.

6.3 ?OST OVTPOSfTTOX

In the field ths nothe; snail afte! diPocltion

@ve!6 the entelance of the e99 chdb€. sith the loose soir'

Becarlle !fiere is no s!g! of oPeD hole on the site or
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i"i',"t"a. mt" the foultb eqq nakins its €xit
ar rhe qenital pole .
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leMtns at the siteFis. 22 : 99!r9!!9E lrglg9g9!:+
in -the sane Position.



ovi@sitio! p!€violslv tark€d. The site of oviposition

,as ma.ked by fraq nafks slating the date and line

of egg-laying. The 6nai1s, ala left undisturbed iD the

pioces3. IJater on then the bofes are searched th€re {as

no superfecial sign of the hole except the flag lark t'lben

the site is dug the e99B are found in the forn of sfrall

h€ap of pearts inside ihe eg9 chanbe!. Tbe eggs ale laid

in the bottom of thc chdbe! and a snrtl ai! spacc is

obseded above the eggs.

In lhe labolatoty it i3 obsened that the

snail afte! it has deposited eggs renajns at the site

in thc sde positi6n for 1o-20 ninute.. (Fis.22). lftcr-
sa-ds Lr,e tln-ocles n'e prouUdod and it nowos auav frd

the site. sone snails feeat abd m@e about shile othels

sinply seclete a tbin slim coveling a.ound the apelture

of lhe sbell after letleating inEide.

\,Jhen the snails ate distulbed in the pro.eEg

of egg-laying in lhe li€1alr soho of thei sillithdra,

thei! head flom the egg chamber and eill siiprv rove

duay. rhese snails seen !o be tn inltia1 stage of esg

Iayrng, Lhelefore Lhey have Eelrected frm th" egq

chanbei. On othet o.tdions it is ot\se4ed that the

snait ,ben distulbed stil1 rdains at the .iie and titl

cont-inue the ptocese. . If tha head of such snailE

is pu1l€d out fron the groonilr an egq is founa attached

near ihe genital Pore. rhis shors that this snair uas

unde! .t!e plocess of actual oviPostlio! aftet frakinq the
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egg chahb€!. vlhen such snails are picked duting process

of oviposition the etti!€ head and anie.ior foot lesion
j.s sutlouniled by 1@3e sotl whicb ls lhe result of raking

eqg chahbe!. laylng slalI were collected flon

the fi€td abd in the laboratoly they tele isolated indivi-
duarry into petlidlshes foi olrselvations. sm of then

dlarted egg laying imedialely {hile olhers paused fo! 20-40

nibute3 and in sone ca6es the time ihterval was evon

hore than one hour, r'hu6 again mkllg up !hei! mind to

ln the laboratory while obseding oviposition

nany intelestilg eventreere Doted:

In one tnstance ln3tead of one 699. two eggs

eele pushed out one behina othe! fron th€ g€nital po!e.

Then there ras an inten.l of 20 rinutes and again two

e99€ are pushed togerher. afte! 10 minutes thele

appelles o single egg aL Lho genital pore and Lhi6

is follosed by cro' nore egss laid one by one at an intenal
of I0 ninutes thls mklnq the nsbe! of clutch 14. vhole

oviposition is conpl€ted ln 3-4 hours. In aD othe! obse!-

vation thc snail laid three eg95 a! tihc an<t th€n therc

wa6 a palse of ten hlnutes anil af!e! this slx e995 are

pushed lapidly in the fotu of chaln. rhe total tine cowered

thlee seco.d6. The eggs in
nin€. Afta! conplatinq the c1u€ch rhe snail ,iLh tho heLp

of its ant€lior tentacleE tri€d to novc the e996 under its
f@t pe.haps to aErange thd, brt tat€r on left them as



such becatrse she has cone ac!o53 lhe caudal secretion ard

starts licking it and then h@e, aoay flm that prace

feawins the eqqs as Euch. One snall Eho'ea a queer

behavior. This individual lald one egg and did not lav

furthe! eggs t111 12 hou6 P€liod of ob3ervalion and then

laid anothe! egq. rhe sDatl wts kep! unde! obselvation

for three days and then leteaEed ln the breeding area after

narking it. Next moininq it tas tound coPulating alonq{rth

othe! snail in the fi€lil. Flos th13 iDtelesting obselvalion

it nay b€ hypothesised th.t .opulation nav be lepealed as

spens in lhis plotonged detainirg hay haw€ tieen absorbed

and fresh spem ale needed to feltili2e the egg' Thus

esgs can bc detaincd till lecopulatton 6ccu!s'

RecoPulatton doc6 occut !n the fielit vhen those

sDails which have.arleadv ovipoEited tn the labolalorv

wclc narked and rercased i! thc bteealiDg a!ea.

sone snatls thei! own egqs as

is observed in Ptesent .tudy. Nine egqs tele deposited bv

a Enail in a PetridlEh and aft6r 30 ninutes onlv tso enptv

shells.of eggs tere found near the nouth of lhe snail'

this sh@s that duling c.tlnt cgge the anail first clack,

the esg €bel1 suckE th6 in^or .ontsn! (aIt'aen etc) and

1astly the e99 shetl is eaten, rhis uas obselved oD

thlee different occa5ionE. nhen the sntil wete collected

aturinq dtPosition, kePt iD a close petridtsh at!'t €ven

after rhe oviposition rhen the stail is lcft inside the

B;tlldish alonqsith the eggs.



\29

In the laboratolv It is obEefled that snail

1ik€s to lay eggs near solid maigin or edge of Petlr

dishes aDd tlouer pot.. thete is no cotlelatio! batveen

th€ s-i2e ol egq, €ize of clutch {egg nMbell and size of

sher_l (see TaItIe 1).

Duling breeainq l{o clulch€s

of egg are taid. This is co.fimed as egg laving snails

rcle naiked on ftrst ovlpositiotr and tf such na.ked

snairs !e!e obse*ed deposiling e99s agai! thi6 shovs that

ctutchcs or esqs are raid aluring n brec'ling

.eason. Thc rabor.toly study shovcat that almost all eggs

dle fcltilc then th€y are depoEited a6 only 1.09t eggs

failed to hatch dce to some lnknod leason (see rable Ill.

6.4 DTSCUSSTON

IryDrn, (1967) quoteil a nunbe! of authors,

Mersanheimer (l9l2l for !gl-.g !994!:d ' 
Herzberq and

llelzbels (1962) fo! !911: 9:f9::3 and Dasen (1933) fo!
Aliophanta !!g9!g!g that tbe 3nai1. atis 1 to 2 inches

deep hole for . eggs ard uses lts foot fo! Pushing out lhe

Boil flm the hole. They stated that several houls ale

Epent in makirs the hole. 9. le$cg!! is obselved in
the tield spenitlng sevelal houls atuling oviposition but

thele {aE no e*!a EolI on the 6ide6 of tlt€ e9q cbmb€!

to mark that soil is belng pushed out. rt seda that the

e99 chdbe! is forned simpry by pushing in the head aDd

antallor foot ragioh in thc sof! soil.
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oriny {19?4) leporled rhat Limicolaria

deposits eq93 only ln rainy eeason thile !etai!3
in uterus iD dly season. rhe eqqs ale laid in a

dug by ihe parent with the help of the foot, The foot is
ilrasn out qradually ns it lay6 cgg5. Ar!c! conpretion or

eqq l.ying the inest' ls @veretl with soil. otseRattols

in the presen! study aqtee rith the findlngs of owiny

119?4t, BeDsonies ises ils foot and anterlor heait legioD

to diq tbe egq chdbe! and after conpletlon of ovipositioD

covers tho chdbcr witb soil. the diffelence is thEt L.

nartensiana uiLhd!aus its foor 9ladual y as it lrys the

aqes whlrc 9. !eg@!g vithdrass its foo! orce fo! arl
afte! completlon of th€ clutch as eqgs ala foun':l in oDe

group at the €nd of the chrnber and no€ scatterea,

Pllffe! {19?5) ob€eded that in Alchachatina

marqinota the t'o lniliwidual aft6! mating produce thei!
own eqgs clutch in one sphelici.1 dass unde! the 3ot1

surface. oripo5ition takes sevelat hours.

Duncar (19?5) de.cfibed his pelsonal obdervatton

and that of (Palseneer 1901, Belty, 1931, 1965) thai nany

ttyloniiatophola are ov!-vivrparols. The eg9s are retdined

lnsid€ the ut€tus uDtil they develoF into young ones.

vande! laan (19?3) round egq nrBos ot

!9]4j!!9S]rp!s .1g99-s i! shallow holes in soil or belou

farr.n Leaves, The oviposition is positively @lrelated

,ith total lainfall. In rainy season €qg ploduction is
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lodasi (1979) quoteil (r!oh! 1949t Rees' 19s1;

choose, ie5e, xekauha, 19661 that in !9IC!]!3 lqU99 the

clutch size valies fror 3?_305 eggs uhllE he has iecotded

35-3t eggs in 24 clutches in filtt b!€edlnq season ano

64?5 eggs ln second breediDg soadon in 36 oluleh(l rle

calculaled the avelage of 60 clutchos as 16? 7 eqqs Per

clutch. He {as no! 6ute of th€ actual clut'h slze (nmbelJ

of sone of the snails as occasionallv tso snails have

used the sae chanb€f jointlv fo! egg-]aving'

llodasi (19?9) at3o obs€ded egg-lavirq in

a:!3g!!g and stateil tha! duling bleeilinq season the genital

aperture of maiulo enail b€'ores plohineDt and p!oL!u'ted'

rn plesent observatioD in f i39ggg94! the senital aperture

ras rot Dminent o! plotrldeit duling breedinq 3eason' fie

flrther noticed that !i9ht aDterioE tentacle is ofte! busv

i! directtng the egqs aE thev are dePosited'

of anterio! lontacle in s' j-ggg!gg!.! is observed durins

egg layirq. tloilasi rortbe! stat4d thai therc is no ditect

relattonship b€!{cen size of o99 and size of shell' Dut

Ic-dc! sI d' . tcndcd to Lav larger eggs'

rrmpa (1960) 6tated lhat !9!99- :L999n9

leleages only one egg at a !ime, so thdt each one is

coared wlth solI {caIclun) because lf hanv eg96 are

deposiled inside an egq ch4ber 6oEt

not be in direc! contact tlth the

h q. !95r9!s9! th€le

and the number of eqgs lb a 'tutch

of lhe eg96 tould

is only one esq clutch

is verY snatt i.e it
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v.!l.a flm {-14 .99s pe! clutch a. cdpr!.il to oth6!'

glr+! .:E:r99s, 6o-?.'.ss.. EEgi 4|}cj!!49 r0o-200'

@!& 44sr 2Oo-300. lgUgEA !€EE!-!00-5o0
ll!'n8, 1967).

P.w.on ai*l chAs6 t1984, ttat€d that lD !g!!!lE
!q114 clutch., o! egg6 at€ ta||d h Pal!. ln r'lFrate

loc.tton arit thly .xtlibit .lrua hatchlnE att"' lh€y

r1.o ob€er€il th.t !9!rg!r4 SUgg tctain .tg' ln uteog

ard l.t theo altlbr. srFrtlv b.!oE hatchiDq o! 2 ot 3

iby! beto!6 h.tob1nE.
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rn Bensonre3 !99g99l!r the dderopnenfdl

peliod (ovipositioo ro hatchj.Ds) varies fr@ 14 to l3

days. Incubation period valies tilh tsPelature a.d hMi-

dity. Driinq hiqh tc$pelatutc {9oo _ looot) in sffie! the

incubation period is ob6elved to be 14 days while in

wlnta! o! in lainy season wh€n lemperature de.reasee

(60 - soor), the incubation peliod i5 noted to be 13-21

drys (lable rrrrr).

^pparahl'ly, 
arr cggs ate feltirized and ara

capable o! alevelopnent. very larelY ote o! ttd faileat to

develop because of unknou !ea3on3 Isee table II).

Different. eqgs of the sse clutch 3ho,€d embrvoes in

diffc.ent stages of developnent, wbich shoes that develop_

fr6nt started a5 soon as the €s9 iE raid. rt is obsetved

that 3oon afte! ovulation and feftiu2ation, vhite the egq

j,E ob its (a! thlough qenital tlactr celiau cnanges

occur in its cytopragm. I! otber uo.d3 cleavage be91n3

tvo or thlee hours before e99 ls la!d.

?.I ECC STRUCTJRE

the freshly tald egg or S. j39Sf9941 1s

rcunded. qalali.ous, purc thtte in .o1our and c@ered bv

An .lastic enveloP ,hlch becones Btiff, to Itve a fih

lound shape to the egg. fbe enblvo 13 ,hiie 3pheiical
gtluctule which 1ie3 ccrl]rallv and occul)i€s I/100 of the
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Fo! tsolation of rhe maib egg layels fleshty
Iaid cqqs drc rakcn alnqly i.c. one ar a rimo anil ,ashcd

(if any soil is attached to it) and place.t undei a

lrtnocurar htcroscope, rhe aqq is held :n posftion by a

rolceps pielced by a fi.e entonologicat needle from one

side an.l care being ta&en not ro puncrlre the perivi-
teltine nenbrane. The apelarule i6 rhan ridened virh gleat

alburen mcnbraDa is luptured, the dahaged eggs

.rc discarded. Thc cqq shetl. i3 hotd on one sidc yjth rhc
herp of inFerted needle and rhe periwireltine sac is
squeezad out of the shelt vely calefutty wtth folceD6.

ahc arbmcn nr4brane ls difficulr !o be

Eeperateat flon tbe albonre_n .ac, but if rhe e99 is boiled
or treared by a fixativc, ir is easily detached flob rh.

The egq ia found to be @nposed 6f oure! sheti,
a thin shell mdbrana, jerly and perivitetli.e or albumen

sac. Shell fohs the outei plotoctive cov6!1n9 of the e99s.
It is uhite in colou!, ,hen fleEhty lard it is soft,
Polous, but b€cones s6i !i91d {hen exposed ro air. The

6hel] is about 0.05 m thick. It is lined inteinatly by

a very itelicate tlanspalent shell h@b!ane.

- The jelly occupy rhc 6pace betooen sbelt nehblaoe
and pelivltelline sac. rr ie in rhe foln of a 1eyer. Ir
absorbs rater very lipidry and becde svorren when rhe
eqg is placed in larcr. rf jctly is tcased ,ith a ncciltc
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and squoezod, vhire holding thc peliviterline sac vtth

a iorceps, 1! ndhe!s Lo che watch 9lass.
the pelivilellite or albden sac foms the

thick qlobula! fluid hass uhich fir16 the entilc sPace

insidc Lhe shcrr. ?\ thin tlanspalon! aibmeh nqbrane

ftrnly covers the albmen sa.. 1t also qives m€chanical

strength to the egg along uilh egq snel}. as i! lhe

egq iE deshelled the memblab€ has et.oush 3tlength to

naintaln tho round shape of the albsen. This nenbrane lE

als6 pemoablc

A1buren foms the llansParene flqiil sPhere,

lneide rhlch floaLs lhe eobfvo. If lhe albue. nenblane

of a fleshy laid egg is pierccd wlth nce'lle the flui't

atbuneD f1@s out carrvinq lhe enbrvo eith it. Th6!e r€

no i!€e lalvat stase in the develoPment. rherefore the

amount of albunen is nore than Ehose havlng ftec lalval

aayne {19661 stnted that artlact fFn lhe

albu@n gland of !9!!: spp. can be used to diasrcse blood

gloup A of dan ('T.E. ThdPEot, p€tsonal comuniclljon) '
Thc ltn[cmcnt ua3 bonfi]:mcd bv tc.tinq the human blood

. gloup A wlth o! albumen 91and of Bensonies

iacauenonti. The test was posltlve as the blood clotled

by the addition of arbsen extlacr.
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r,ike orher pulnonares rn lslgglisE je99!9!9&!
eqo fonatron i3 of Iolli.ular type. The e99 cptts ale
budded/floh the gemlnal eplrhelium of th€ qonad. TheBe

cerls the! paEs to rhe uppe! polrion of rhe acini of
the qonad by their doeboial n@eEert and settle rherc.
The oocyle is still connecteil aith connecrive rissue of
the wall of aclni. Oocyte begins to 9!or anC is
sulroundcd by a follicle. (rollicle appea! ro be composeat

of tdo distinct laye!6s@riq.23). The olde! oocyte tafre!
aitaining a celtain 6ize) is su*ounded by rhe inne! Iaye!
or (oIIicIe consisling oI 6 - ? cells.

In Bensonies i39g!S!9I!1. in the besi!.ins the

follic1e ce1ls dle dlosely applied to the sulface oi the

oocyte but tater appeas in its uppe! side and

extends in lateral dilection thE forhing a follicula!
cavity between oocyre ana forltclo celts. At the apploach

of ovulitton thi. crvlty extondE and oocyte 13 detnched

fron the uall of the gonad. Nos by autolysis of the

folricle cells, the fulr grc{n @cyte is s€t rree (see

?. 3 EGG T'ATUIATION

As soon as the oocyt€ has left the sonad and

it enlels the first part of lnall hemaphlodite ductt

egq naruration be9j.h6. rt is s.6sed that filst and

second nlturatlon division hag taken place hcle.
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Mictophotoqraph of the ovoteslrs of lsgs^nips
."."";.""ti 6i1@inq all stsees of ooqen;;I;:
G-_e--Trrere or iol.rrcle' f oI) icura! cavrtv
and cells stlanqsent (x 1000) '

Follicular cavity
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7.4 EERTIIIZA1ION

Due to the secletton of sone stinurus lhe

@ture egq leaches feltilization pocket o! ca!!efou!. The

6pems leteased by the spematoPhore lcceived during copu-

lation are stoied ln spchatheca, fion thele the foleign

sperms alfive at the fer€ilizalion Plckat and feltili-

zcs rhc hdture e99. lofysperny is obsclved (fis. 24) bu€

onLy orc spch is succcs.ful in gcttinq ontly into tlie ovs
while o!he! disinteglate. No octual fusion of tho t o

plonucrct i3 obselved. I|hen thc two net, thev ale ainplv

applied close to cdch othe! {fig. 25).

?.5 OOFLTSXIC SEGNDCATION

uhen full glsn ovs j.6 readv for ovulation

its cytoplasn is fi]led tith nue!o!6 glanules of ditfe-

rent size. These granules ale genetally more o! lcas

evenly distrilrutea through out the egg. IMediately afte!

ovulation and fettillzation uhen the egg 16 passing thlouqh

the genl,tal tract and readY fo! ovipositlon. a cled!
iooptasnic segregatioD.' lakes place {fig. 26). Ay ooPlas ic

seqregation tbe cyto!lasnic corposition b6cones diffe!ent

in diffeleDt pa!t3 ot the €gq i.e- unequatlv distllbuted.
In Bcnsonics iac{uehonLr 'rn

fixed before oviposltlon tha accNulation is in thc fom

of a Iing of s-9 patches. It nay be assuned that these

sub-coitic!1, patches correspond to tho positions of the

nuclei of a uho.I of slx ot 60vc! ccl13 i. thc Intrc!
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.ro.24: r4lclophotoglaph of a poltion or- 
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t-

uicrophotoglaph of a poltLon o! feltilizalion
Docket of B€naonrer lacqusonti. Ehournq union
of eqq .na-Epen. NoE€ 8t.m h.. €nteled the
esq oeeblane {x 1000) .

Fig.25:



r,ri,clophotoglaph of
lacquercnli taken
oviPosltron showrng
{x 1000) .

L44

.tr e99 of Bffits
!!om the oviduct bclo!6
ooPl,ashic segrc.JAi-ion

Flg.26:
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layer of forlicre, suEounding the glowing @cyte

Iti.J. 21 , 291- rt iE obvious that cell deteminatton

t6 dependebt upon the naterial composition of rhe cyto-
plaBn, and ooplasnic segregation is inportabt for cel1

!GC BEFONE OVIPOSITION

The vert smalt fertilized eqg or oocyte whtl€

3!i11 ilside oviatuct shors a vacuol.ted cytoplasn and a

nucleus on one side i.e. aniDl polc. Thus €be fertili2cd
ovun fom3 a geminal disc ohlch lies on oDe siate of the

egg. The renainlng e99 iE fj,Iled tith albuen ,hich fon6
the doiinant e*t!a enblyonic Eource of nutlition for the

deveLoping enblyo. avetag€ did€le! of a! egg is 0.2_0.3 m.

Qo-n1a5iric' sedregation' takeE place w obcentration
ehich

of celtain subslancee at veqei.live polel foms vegetativ€

pole p1asm, later on this extends in the fom of a

uDifofi ]aye! arou.d the egq folmingithe

plasn. oo-plasnic segegatj.on continues, reEult i3 in

the fom of '?-9 lenticula! p.tches of cytopla$ (see fig.
21, 2Al .

The egq obselvad just after oviposttion ba$

stalted seqrnentarion. Due to scanty yolk, segnehtatron

ls mole ot 1e55 equal. rhe fir6t cleavage furlow that
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rt{i.croPhotoElaPh o!
ucouercnti tal(€n
6nip-6EiElo-. Not€

an egg of Benaonte6
llm th. oviduct Dotore

?-9 l€nticula! lDtcnes
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23: xrcrophotograph ot a scction of an e99 of
Bensonre. iacqu4ontr befole oviPostEron
;;6;'fi!-roffifion or- vegetative PoIe and sub-
colrical Ptasn IX l00ol.

sub-coltical plasn



of an 6qE of !9$99!SCafte! diFosition sholrng



e99 rnt.i tro equal halveE rB ob6elved lflq.29t.

Two o! three houls ofte! ovlposition the

geminal disc uith numerous nuclei wltbolt deflnite cell
boundry aas observed- This plobably lep!€E€nted the

holu1a stage. The cell. appearcd €qual. in 6ize. lrithout
atistin.lioD ot nic!o-o! hcgan neles. fhe cleavage sedr

to be total and spiEal (fig. 30),

ID the celfs? withou! altfferentiar'ion of

oicro-anit heg!rele6 a crvity !s ,fohed,the segnenta-

tion cavity, rhich sed3 to increa.6 in size gladua1ly.

In pulno.ates the cleavage give3 lige to a @elob1astu1a

eiib r wiile creavnqa cAvity {Raven, 1975).

dbout 1! d.i, thele i3 drotinction or uPpe! nicro-moleg

and loref mac!o:o! megmeres. The cells itclea5e in
nwber and the cleavage cavity exprndg ti11 a blastula

uirh larqo blnsrococr is formcd {nig. 31).

At this stdge abolPtion of the albaen hae

slartcd but the ploceEE wa. not vely clea!. ?he special

cells called pinocytes (f19. 31) begln albMen ingestion.

Before qastlulatlon plnocytoElE has starled. Plnocytosis

is narked by clrculd! cells lnride which

(pinosmes) usually s€velal pinosones fuse and fom bisge!

vacuole with alb6en inEido {Filonlr l9l7; Raven. 1946).

In Bensonics theee fuEed albMon vacuoles ale of werv



or ai .se of !s!!949:raccu.mnEi 2-3:Xaiii_6;!ra rike ..rsLue rx rooor.
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"r egl!'g!:se
racuuercnLr shorlna btustula. NoLe pinocvte



'.6.3 
GASTAUDATIOTI

In day-tr €nbryo the cel13 have artlnged thd-
s€Ives in laycrs. ontlr n@ ptnocytosis sls lapld at

ectoplasolc p.!t in .pecial albui€n vacuoles. Ga.tlutation takes

place by eDbouc invagination or the etls a! (fig. 32)

vegetatlvo Dolo- Thc .lbuen 1n9c.t1on i3

le.s restllctea t o gndoden. The albu@n 1e taLen in .nd

dig€sted tn albunen 3ac or lan.l digeltiv. gland that
has ilcvclopcd lrom cndodeln. the qtrblyo ts

leE6 pe:!-shaped in out-Iire. letreen ectodom anit

cndo.lcrn tbe ha.odarmal. coll.s pcnct!.tc to fom a 1@.c

nctbrl (Flg.3l).

?,6 .4 LARVAL DEVEIOPNENT IPRETORSION'

Thc day-rlr dbryo Is bilater.lly sl@tltcal
and !nte!1o-poEt€!io!1y clongated. The typical holluscan

trcchopho!. o! v.ltger lalv.e iE not P!6..ht a5 the

{hole develoFrcnt is p.33.d iBlile the egg capaul€ flom

,hich they hatch aa young clarling sDri]..
In typlcal tlophophole l.fl., tb6!e ts a

pFtotfoch and poct:E!@ha1 rcalor3. In fulther develoP-

rent th. plototloch qr43 lnto vela. llorev6! tn g.

Legg!9!g!g! the prototbch iE eleatly leduced and llck
lhe apical tult lnd is represent€d by th6 vels.
Th6 loot and ehell gldnd p.i.rcrdta arc folded, Larval



Fic.12, hrcrophotosfsph of dav rI €mblvo of 6dioni€'- ra.ulaiEnt! .hdi
i#ii'=ii uug"t.i"6 pore Nor' brartopole
.nit li!q. pinos@. lx {01.

b. tlno.oe
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Fi9.J3: l.licrophotogr.ph or ilay rI emblyo of ES!!9!!39lacau@onri 6h@ing folnatton of hesod.odt
c€I1s (x 100 ) .



body has nade tt6 appealance near the side of atigestive

gland? its rall i5 rany c6II thick. TtE f@t 4dire.t
atar€s as ectoil€mal lbicteni,Dg on the niat ventral Eide of
the enbiyo: b€hiDd the @urhr Later on foot ludinent elong-

ate3. flattens aDil th6n berd. dor5ally to tom the podocyat.

(?iq. 14). Plinordia of celeblal sanslion appealE.

The emblyo 16 a-8ymetrica1, foot and podocyst

have elonqated constderalry. poilocyEt is hooxed at itg
antelior @d rhile entarged (fig. 35) lawal body is
spoon - shapeil ct tne postelio! end.

Ihere i6 ttE app€arance of a sholt neck-lite
structule connecLj.ng the larat body to viscelal hsp.
Ghose ( 196r)srared re66blance bet{een larar body and

cephalic vesicle of tho othe! $tylomatophola. shell gland

is don.-like. ceiebral, p€ataI, llcular and vlgceral 9an91ion

are dlstinct by thei! gloar app6arance and Posilior. Kidney

mak€a lts appealance .Iong wlth p.rlcardia. rGsenchtne

cells ale scatteled lb bet{.€tr 6ctod6r and eDdodeh

DAY-IV IFOSTTORSION)

This stage folld. tmedj,at€Iy after tolsior.
Tolslon occurs thrcugh dllf€r€ntlal gr@th of teo sides

of the mbjryo, The 6h.po of tho ohblyo has b€cde more



e, visceral hup

Mrclophotoglaph of a dly III 4bryo of
BenEonies lacqu@nti .hovlnq fomation ol
Ffocvsl reF;iE'fi- and virceral hulp, noie
neck like Etructule conn€ctinq Ialval bodv to
visceial liwp. (x {0),



Fig.35: MicloPhotoglaph of a
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day IIl emblyo ot
sho{ing hook-like

ap€d larval body (x 100).
Benson*s iacquercnti
Fdt-st and- spodH

*



aslmctlical duc to tolsion. Foot has as3med trianqula!
shape elth pedal gland (fig. 36). lmediately after
torsion, it seems that a nunber of stf,ucules shose a.algens

could not be tlaced previously rale thei! suatden appealance

lathe. in advanced Blago of d€velopment. rhev are abdo-

mlnal 9land, blccaI cavi!y, sub-lingual cl€f!, subo-

esophagtal cleft. iantle colla! and nantr. f61d. Radula!

sac alonq {lth ladlla and odontophole are nole pbmrnent,,

mesenchye cell5 filI nalo! porllon be.ween organs and

rithin the foot. Podocyst ana foot nakcs half the totrr

lcnqth of the ehbryo.

?\nterio! and gosterio! Iobes of the adutt

iligestlve qland have stdted diffelentiallon (fiq' 37)'

Radula! sac enlalqes fu!the!. Raduta 'ith veft smarl

!adu1a! teeth developsflom the fl@r of the radula! sac

odontopholc is obscrvcd bclo{ rrdtrInr

its nPPca rnnc€. Irche n

sac like stluctule. r4esenchyoe cells qteatlv tncredse

i^ siza atul occupv space bclueen cctodelm and en!trodetn'

Ttrey ale mord crordcd tounld3 lhc (o6i and po'ocYgt

legion. Thc foot with Poaocvst is nou mole Dlonrrent'
Lo fom the ndnrleMantle Is raised in rhe fom of tidges

colra.. saliv;y gland .pPeals for ihe fitst tine'



Fro.36: rlicrophoEogrdph of a drv rv 'mrrfvo ot
' "'" trff T.*r.=;+-t#lle' :i3i":" :';:::i' ; i 
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drc! (x 1001.



Fis.3i: Mrcropholoqlaph of a dav v enblvo of

+##:t+,;:::i* :l::::";":*""'
iobe Dole €Ionq.teit and haa star@q 5ptr"'



The shell gland haE secleted a lounded Ehell'

Pertcaldis alongwith healt 6nd ulete!

the tip of the dolso-Iatelal side of werar a'ea ther€

appc.!5 sma1l cvagination, tlri3 nalks the fomation of the

optic tentacle as in late! 6brvo the 
'teveloPncnt 

of

eye eas obsaflcd on it. the eve start's its appeala'ce a5

snalL ectodemal t.vagiration,$ade up of ralge celLs (rlg :13)

a!!anq.d tddt.l ly. l'Jith incloase in size it hacones

constricted off fron the cctodem and lies tn the 'entre'
Intesline appeals aE a looF-like structure instile

ttle dtge.tive 91and. Reno-pelicaritiar aP!-ture i3 iusi

viBible.. Nuchal fo! the first tioe' The

nuchal cells .aie lounded, oval, polvhedla1 o! illegula!

in EhaP€ viih a central nuclous and can be detect€d eaEirv

as they take deep stain. TheEe cells are found scatteled

uithin the body cavitv. Thev ate also found nea! Posuelrot

talt of cetebral ganglion anit near the lower end of radula!

rhe sonail rudirent pioliferates an't extends

along the {au of diqestivc glAnd in the fot$ ol a co!d'

Nuchal cel1s rot only increase in nsbor but

al6o in sizc. nudimcn! of luns has appeared as an cctodctnal

tnvagina!jon aL thc poste!ro! side'



Fra.3c: MicrophotograPtt of a dav vl6b!vo of
' -'' :*-*.*r-,9*r:r"""f ii:, :-*'-'
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lrlcrophotrqlaph of a dav vII embrvo.ot
;;;'.;;;;; j".4"-"'., sh;utne EenL"cle foot'
shall, qonad and nudal cc!16 rr !ur'

d

e. Nuchal cells

{t
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do.tophole i3 {eII nalked. fhe ra'tu1ar sac i5

cu9-shaPeil and surtounds the radula tor nost of its

1€r9tb except Lhe antelio! anit {h€!e it is exposed towalil3

rcuth. The sMll ladular t6eth haldty visible on tne

poste.tor end of lhe ladula lnitlallv are nos quite p!o-

mident (fiq. 40). odontophore Is in the fom df aqgte-

gated ttssue sut.ourding tho b666 oI

cona.l completely enelges flon the kidney ludiment and ls

visible tithin aclni. snall vacoules appea! tirhin

nuchal celts and ilue to thoEe vacoulas

posilion of nucleus i3 disturbed and the shaPe of the

cells get atistolte4 and l!reg!la!. saliary gland is in

the fon of ldbules on thc Eidcs ot vctr nalkslesophagus

he3enchyne firle th€ tn!6!lo! ol lhe bodv'

A11 nene 9ang11a incleas€ ln 3i2e' Radula!

teeth though not counted' Ehow obvlou6 lncrease rn stze

and nsbet. The foot hag asssed its nofral shaper 1ts

Bole is thick ard i5 fon€d of 6everal lavels of ectoitam'

ID 4-itay @b4o, the Pedal glands aPpea! as a paired

invaqj,nation slighttv nea! th6 antelior an't of the foot'

The two sides tnen h.il united in the niitdle to fom

a singl; sEuctule 1n the oltle! 4brvo' A5 these

invaginatio6nee!, lhey becde narrotr on sides and bioad

tr thi ni(rdl. thus divi.llng this loglon itto thlce inconplcte



(

uiclophotoqlaph of
iacouenonri showrnq
radula, r.dular .ac

day lx of Bensonis
advrnced develoPneni or .

adontophole aDd bucca!
salg1ia (x 100).

b. Raddra

d. auccat cavity
e. BuccaL ganglra
f. salivery qfand
I, NuchaI cerIs.
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lobes. l{iih fuithe! developnent the qlanil is Noved totaldg

Lhe mrddle o' lhe foor {jL\ a 6ing.e duct rsee ic 36)

The podocyst is enlalged nole reachinq its alnost naxihs

size. nontle cavlty and IlDg have expanded in the tolt of

The Posterlor lobe of the aigestivc alan't has

elongrted as cmpared to antelior lobe aDa shd beginling

of tiiEtins (see fis. 33). the jun.tion of the foo! .nd

th€ podocyst has becde distinct. shel1 is only di.tinguishable

along nantle edge. sbell forms a ddie ower the visceral

Healt is very oell-develoPedr auriclc, ventlicte

and aolta are quite distiDct 3tluctures tith sullouDding

pelt.nrdiq (fi9. 4l), (idncy forninq t{o IlnIrSocctrPils

l!!era1 Fosition to the healt. Thc nadula iE nbre ribbon_

11ke, jau cartilage can be diff€lentiated. Lung forns a

spaciou3 cavity. Latval digeEtivc gland lteqina to deseDe_

rate. Larval krdncy js riltcd uith vdcuoles conidrnirl
excretoly sranuleE, nouth op€nE dilecily tnto

ptj.ve buccal cavity tha! is in the foo of a ride cavity.

ln the iloo! of buccal cavity lies tadula! sac sulrouoded

by the nuscle fibles and oitontoPhole. The colls ttning

the buccar cavlty and oesophoqus seem to be dlumnnr bqt



'tr

Renopeticardial aPeltu!e.

fro.41: r4iclophotosraPh or dav xl emblvo of !J4.E94s:.- i:coueronti shovinc h66tt, aorLa, (rdnev ano
Fnopj;;I;;*raiar apelture (x }ou, '



163

uicloPhotosraPh o! a
lensonLe6 ia.quqonti

day xII eibryo ol
showlng ni.cloviI1i

intestine (X /t0
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bilia are not. rlaceabl€ on thefr, Manrte surlounil !h€ head

poftion. About this tihe haenoc@Iic chdberg make rh@i!
appearance ae sMll ,spaces.

rooE has becomc ola adulL like in
vith thick sote having aewcloped nuscutarule. thc nusclc
fibre lunning tn atl itirecrion fomilg a t@se spongy
Et.ucLu!e. The na!qin of f@E j3 kdrty jn appearunce
(Fig. 42). The sh€It is in the fon of thth hyattne
tlanapalenr.srlucrule anar has arnost comptereit its one ru!h.
rrcnlt rith .listj.ncr ronop.ricaldial aperaEule rs ploninenr.
?osteiio! tobe of €he diq€sriv€ 91and devetops E€velar loboB.
{hich n.y be sub-divlded lnto smarle! tobes dnd Lake up
tha function of aligestion of atbwen, which is plesent
inside rhe robules. starocysr_like srrucrule is obsewed in
tell dereloped fofr nea! tbe base of p€dal ganglion (see
fiq. a4).

Peatal 91and inc!€ases in stze anit slb_dlvi.tee
into lobcs ltnod by qlanduln! cetl6. llanrle adgo is con_
poseat of talge c@p6ct1y alfange.t coluna!, cubiodal
cerls uith baaophliic granures. ltantlc edge is ct.c.r]y
ddclopad in rhe rofr of dorsal. verrrat and nedian tob€s.
Int,rinil co;o or hnnEt. j.!r fiJ lcil sth scntt.ic.r mcsccnchymilr



a. Itantle cotla!

2

l,riclophotoglaPh ol a day xfrr
Bensonies iacquenonci Ehoulno



sone of hantle eatge ce11s i.e. coluhna! cettsl
folh the prircldia of ranlle edge gtand, Th6se cetls are
arEo basopbilic and shos secrerory vesic1e6, otherE virh
1a!9e wlcuoles, suggest.tng rtac secicEoly ploduct has
been llbelatcat. postelior !o nanrte edge grand, rhe dolsa1
lobe is cdposeit of cubo-6tund! epitheliat ce11s. Madian
Iobe is anrelio! and ventlar to hantlc edge qtnnd an<t i6
rined with simple cuboldat epitheriat c€lls, ventrar edge
is also cover€d by stnpte cuboiital epirhetiM. within
mesen.nlne connective Ei6sDe are few uri-celtula! mucous
cclts nlong vcntral cdqc. Intcsrtna bcalns coirrng as in

Borh anrcrior and poslofio, teltacles arc elongared
tubular strucrule lineal sith corMna! celts having basal
nuclei. Eye6 dle in rhe loh of {e_L_aohed do_D1e_krlted
closed wcaicles. The inne! .0116 havc developed inro
rerlna vhile oute! foh the
centle ol each eye i3 a cfeu crystalline lens loue! ro it
ale the teri.ll cetls. The body les4bles aatult ,06 i.e.
head anat foot in a line ana visce.al nwp quite disrincr.
rbe iDner epitherial riring of inreFtine snow fnfolding to
foh micloriIli, tr sme po!€ion nuscutar rayer rs appelenL
(fi9. 44,4s).
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t4iclophotograph of a day xtv
'tacquemont! showins lariula,



H-crophotoorrph of L-day yoLnq of Bensonios
i acqLqionr i shovinq vrsccra r chai-;;t-q-ine !, ",e:,c, rnLerro! cnJ posrerior Lc.,tdcIes (x {0).

Po€to!ior tenlacrc



are foned afre! rhis stageemDryonrc
nlt most of rhe-/olqans ale degenerateit ald absorbed. Erbryo
fills rhe entire egg anal tt6 visible ,fthin
the eqg, vith rulrher develophenr the sb6t1 has developed
aDotbe! half tuln alat app€a!5 as tran3palent glossy shell
of one ahd hal! wholls. A1b6en is alnost utilize.t.

?., PREHACIiING

About rwo days before hatchinq rhe baby snail
is visible rhbugh transpalent enverop, and its Bhelt
and it8 r@dint can.b€ otse&ed, In this pleharching
condirton thc cnbryo rilrs rhc cnrtrc volllM of rhc cag.
At rhia rihe the hearr bear and novenent ot the foo! ca.
E obselved.

7.3 lrlTcsrNc

The e99 shell divldes inro r@ pieces flom its
hiddlc region the two hatve6 nealty cqual ih size. Th€
newly hatched shair has a 1iqht y€Ilov detieato rlarcpalent
Plotoconch of one anil half ,ho!]e. Du!1r9 barchlng
(f!q.46r47)filEt of a1t the head alonq vith tentacles cohes
out ard rhen tbe foor, ,hlch 13 6oon d!av! in the shel1,
and then afte! a pause the plo.ess ts lepeate.l anil rhis
rine ir lenalDs our as rhe egg st!6ll is n@ bloken into
tuo pieces ahd rhe baby snalt haEcnes out. usualry iD
each clutch all eqqs do not hatch ou! srmultaneouslv bur

hatch out one o! trc davs tate!, Neonares futtv



Photograph of a snatt earth {mudt Ft usedfo! incJrdtion ot egfs o' B6nsonles ,Jc.uc,,or..iN.' c caj5 -'L 'r"rpe" rn tr.o.. i-irotl-_
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Photoqlaph.of aggs
du!in9 incuhation.
alo tust alrout !o
e99s indicate that

or !9!e4e: i399!s!94!Note the eggs in clolh
hatch as black spots on

they bave clacked on
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lesdblc tho adl]. ut are sdall and delicate.(aiq 15)'

7.9 POST-HATCHINC

The neelv hatchcd (neonatel snail lonains at tts

birth 6loce in agJrcaated condrtton alonydiLh ot\'r (r:9 431

h€mbels of lhe clutch fo! ?-15 days, ,*hout eating food.

althouqh food i3 D6v1ded. soon afte! liatching lt iE

observed Lhat the young snail renatns calm foE reH

ninutes 6nd thon staltE eating the egg shell and albwen

host plobably as it3 ftlst tood- It looks Like that the

neuly hntcheit 3nai1 cats tbe €99 sbell to utilize it3

calcis lof egg 3he11). rompa (1930) slated that rrlgh

@nceDtration of carciN in the eqg albme! is toxic for

thc developing ehbryo therefole the calciun Ealls ate

iteposited on the outEide of the e99 i.e. in €9q shell. rhe

younq snail tE capable of letlactlng {ithin the tranEParent

shel1. The lbythtic novement of bodv could be see! through

All the sygtens ot the adult ale developed

eacept rhe reproductive svstd which is rudimentJv 6tid

an albuten gland is entilely lacking. DigeEtlve svsten 13

@npletc' tho Post hatching evant i. tbe addttion or

radula! teeth in lhe ladula. Musculalule of toot is further
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FiE.48 ! Photogr.ph ol n onat€s o! B.n.orie



7.IO fOST HATCHINC CIIoWTI{ AND EVENT5

The younq snair haiDtains . lapid gloqth in
jts first nonths {fabIe Iv-vI). The elze of sheLI, lool
length and the wholI lncleAseE. Th6 bab/ snail has a

shel1 of 1! {holls and ir rook only 3-4 ueeks to become

2 whorls. the glouth in the fol1oulnq two nonths i6 ralhe!
slow and gladua1 but no! velv slo*. Aetween 4-7 @nths lhe

glovth late slows down consl.tellbly as the snail rcves

ro*ards seaual naturlrv {fis. 49, 'fable vrr-rx).
Tbe leproducllva syEten ls not cleally visible

untir 3!r ,horl stace etth- in a dissected snail. At this
stage onlv penirt cmplex iE detected as snall sac - 1ike

EtluctuE rith a n.!!@ Plocrubaran
albueb gland ale not di,stinguishdble and so is the fdale

At 4 who!]5 :ilr'9c vbich is lclliovcd rfcc! 4-rl
ronths thc renill complcr i5 ,ell developed as the pelia1

cdecun, epjp\!llus and epiphrllu6 flagells J-e auife

plonincnt. Spernatheca appealE riko a snalr tubufat

lalgo holmaphioaite duct is in lhe folh of

a nalrow and del{eata duct. No nlbsen 91and ts detecced.

ovotestls iE no{ vi..ibLo 1n th6 fom of 5sa11 itots on the

uppe! nGr gortlon of the digesi1vo qland (lEb1e_x).

ln 3or€ otylomatopholar che ptesence of a

leflected she1l IlP in post dblyonic developnontr indidates

the telnination of g!@th and th€ stalt of adult phase.



Iig.49: Photoglaph o!
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h B. iacquemonti there is no lefte.ted lip in
the adu1t. so the adult pha.e iE aEgured by the nube! of
whorls and size of rh€ anihat. Ugually at 4! vhorls stage
when the nlninum siz€ o! the Ehel1 approxlmately 1s m, lhe
leproductive olgans ale futly d€veloped excepr the albumen
gtand which is stitl ludinonraty (smarr in siz€) (see table ,()
The snails wirh comp,l_etc 5 whor16 and shell size t6 m o!
above are obseweat in copularion and oviposition.

7.11 SEXUAL MATORITY

By thc !ibc.thc snair hr3 leacherl !-41 wholls .nal

5-6 nonths of age, the ovote.ti. and ltbuen gtanat arc
leco.Jnisable (s€e rable x). The eexuat harulity is a$ained
,hen the snails "t" agea Utree. ?-9 nonths and rhis
co.respo'ds wfth a shefl naa.uling ar least 16 m in
renqrh. The individuals eirh .hell tongrh 1€5s rhan t6 m
bave neve! been found tn copulatlon. A6 rhele aie rro
dlsttnct leploducrive. perlodE tr is ob6elved rhat full
sexual hatulIty ls hor leach€d unril rhe second-reploducrive
period. Fo! exdple rhose harch and natur€ in spling eill
leploatuce in autmn breetlinq EeaEon.

rhe lrfe sp.n of ls.tsgllgg .1399!SI9!!: r^ .:erd
observation is folnd berreen 3-4 yearsr while in captivity
it livcs for 5-6 years. The snails in continlous succcssful
dolnancy ale observed to sulvive fo! sir yeals (Table ,(vrrr).
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7.13 DTSCUSSION

Th. pulmonate eggs of lqustic o! terlesrllal fo!h6
is enclosea In an €gg .ap6ule. The6e e99s iD aquaric forc
are praced in a 9elatinou6 substance and encloBed in
fulther prciectlle tayels. In rerlesrll.t folns th€ eqgs

ale either laid slngly o! in batch65. rn B. ia.qu4opri
the felt1llzeil ovu iE aulroun.le.t by albuen, albmen
nehblane, jeuy and sh€ll laye!3 (nenbranes) and 699 3helt.

Raven {1956) 1n an egs of ,b4!Ecg found rhat the
plinaly m@brane aruntl the fcrtilizcd e99 i.e. rhe

v'!,'ll)nc mcnbronc, is Eccletad by thc cts ltsalt. Ihc
saconitaly nmblane (Chorion) in flesh ratG! pulhonates

has not been deacltbefl but a nube! ot teltialy nenbla^e3

.!e foonil. $e 3tated thrt 1n lII casss the embryo and

albuen ar€ sudounded by .n tnner pelj,vitelline d6braD€.

In frosh rater fohs thero is .lnothcr second individual
layei foll@eat by extelDal laye!.

Drncan (1975) stlt€d that in itylmatoprrora,
the 2yqote ls sullounded by albs€n and pBlivitelline
hembranes, these in tuln are .uleunded by the Jelly and

shell layels. The tast tdpoltant coveliDg is in the fom
of shell uhlch ts conpogeal of, clyEtala of calcium calbolates.
se quoted (rayne 1966, 1968; chehin and Adle!, I96t;
Moltonr 1955 ) that albunen ]E conpoEod of n6ut!a1 poly-
sacchalide (gatactosen) and plot6inE. B.yne (1966) found

that albaen of IsII9IISI :g!Isr.u!lg contains slycoploteinr
ratelr rree amino acld atrd cdlcium but no llpid.
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The stluctule and phy6lo-chemical cohposition
of the pulhonate egi and rhe chanses thar occu! before

and after ovtposttion are studied by aiffelenc nethods by

diffelont authors. .ln the liiht of thesc tindinqs ir vas

9ossiblc to dirferantlaLe vorroug pa!t6 or th- cag and

the aally changca in th6 components of egg

or !s!:-9!:s.: i.9s9ggg941.
h Betuo^i€ iacouenonti by the grc6s appeala.ce

ot the egg and by difference in the srdining reaction of
the diffelent paitsr weg€tative pole pla3n and sub-cortical
plasn ale differentiated. No 3eqnentatio^ is srarLeat in
the e99, taken flm 6{tducr befole ovtposirion (see fiq.

Raven (1945) itesclibeit that ir !4lg9g !!39!e!!9
tbe c:'toplasn of egq has tro distinct part6r tho ectoplasm

anit endoplasn. They itiffe! ln thei! stairing leaction. at
ovipositton the ectoplasm 6ve!s a poltion at vegerarive

pole rhile the eniloplasn occupieE thc lest of the egg. The

ectoplasm after hatulat1on dtvislon spreads beneath rhe egq

coltex and slllouhds !h6 whole egg. at thi6 Etage a.inal
pole plasn and veqetative pole ptaBm ale folned by concen-

tration of local srbrtinc.s.
In Bensonies ia.quemonll afte! ooplasmic segre-

gation in earty blastula 5ta9e, ce1ls wlth vacuoles ate

consideled as pinosomer as sone of thcn ale obselved sith
arbmen granures inside (Eee fig. 3r). ID late! blastura
staqns sndlte, linosom€E have fused to fom Lhe Iarger
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fracropinosones. In tho beglnning of th€ gastlulation maclo-

ard niclo-pinosones could be difte!€ntiated. Even after
gaEtluration when alcbentcloD or albunen sac 1s found lhe

pelrpheri. lesorpEion is calried out by pinocylos,s of

The developrental process ploceed unifo4ly ir
pulmonates. A11 pulmonat€s have an egg with littl€ o! no

yolk ara 1ar9e extfa-enbfyonlc food leserve In the fom of

albunen. Raven (1945), Blisson (1960) and Filoni (19?7.

1932) gave filst infomatlon about the PeliPhelic !eso!p-

tion of albunen i" ::)4!9:C:339!3!9. rhey found thar

peiiphelic resorption by piDocytosis begins dulinq segreD-

tation and @ntinu€s during and after 9a3t!ufati6.. Chose

(1963) and EliEson 11953) coDflnoit th13 ttatdent tith
different srEcies of Achattna.

The resolption of albunen takes prace by nicro-
and macropinocytosls seve!!1 nacroprnosde

luse anat fom the bigge! vacuole. IBid€ tlese vacuoleg

albuen is accumulated. Afte! gaEttulatlon lesorPtion ts

decleased, piDocytoBiE stopg tnd .lbumen vacuores ale

digesled (Ravenr 1975). Al1 tblB depetds uPon species.

In lvmnaea vacqo196 diEappea! on sevenlh sblvonic dav thire

in Achatina the peripholic leForoptlon legults in lalse

cepholacyst and lesolpbion i3 caltied out fot long period.

In -I]eli; the leduction of theEe vacuoleB is 31ou.

Iironi (1982) str€Bsed that the classical concept

of plotective ectoder and nuttltlv€ €ndoden is to be changed
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The resorption of arbuen is nor stEictly tihited to the
endoden but ectodefi also shares rith it the nntritlve
functlon, so the rote of geminative laye!. iE ror fixed
.nd but ca! be rctllrieil according to the reed of the
omblyo with tts sulrounaling.

The ga.rlulatlon is fohed by erboly and vely
clea! invagination of cells wae ob3elved tn Bensonieg

tacquenont: in the plesent Etudy (fis. 32).

nean vhile lhe invaginalion of the endodenal
sulface occulE and archentelon 1s fofrea. Albuen i€
accuulaled 1n61de the alchebrelon, so irs losorption 1!
not lestricted to ectodernal vacuoles bur arso happens in
cndodchar ccll. Lare! o! rbe peripbeEic lesorprion cuascs

in ectodemal cells but conrinues in en.lodelma} cetls
and lesutts in the fomatlon of albunqn Eac o! 1alval
dlgestive glald.

laven (1946 & 1975) | a.d nany others hawe

.ftc! 9astrut.ti6ni when alb!ften sac or
larval digestivo gland has il6v€Iopeat from endodemal cell,
the uptake an.t digestion of albmen i5 nole or less

rlnlted to the enilodem.

Ranjah (19,121 ilesclibed nesoileh fomation in
lLE olobo6a and rLaced out rhlr postcfro! haclomere

Das€d as 3D fom the nothe! hesodem ce1t6. Thus neso.telm

ts teloblaslic in oligin in Pila q1obo3a. In aalatition

Lo teloblastic Lype, rhore ale rrc orhe! types or the
o!191n of, neaodorm i.e, ecrodsrnal and enr€locoellc Lb
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gastropoda, The ectoitemal oligin of nesodem eaB des_

clibed by Tonnlqes {1396) and orto and Tonniges l9o5 tas
quoteil by Ranjah, 1942). Th6y lound rhat in paludina tlE
hasodem oliginatcs by a uanderlng in of rhe ecrodehat
cells irro the seghebialion caviry. whtle Daltelt (1929) as
quoted by Ranjah (1942) contimed the ectodehal olisiD of
mesoalern and founrt thar mesodem origlnales flom the
ectodedal ,att ju6t b€lov velm.

The second type i.e. entelocoelic type of
F€sodeh fonalion 1. atso srudied 1n p.ludina only. krjah
{19d2}, quoted Ellangc! {1391) , that hea! the btasropolal
end, floo the alchenrelic ralt a venrlal pouch-ttte oui:-
pushing ia given out. Thls by fulther developmenr expand.
latelally into a bilobea out g!4th antt is detached

conpletely fhn rne alchentelon. He iles.libed rhi6
bilobeil sac as the primry c@tonic sacB.

det.ch froh tha va1l of doelonic sac ohich uandcr in
the seghertarion cavity as resenchtee cells in tate! stage.

The nesoiteh in Bensonies iacau€nonti is folned
by entelocoelic rype. As Dea! rhe blasrolic end, flom
the oute! alchenralic ratl snalt poDchitike ewaginatio!
is obsewed. This is narkeit aE the beginning of the coeldic
Fouch (sce ftg. 32,331. rn plevious sludI€s mebtioned above
particula! attention ha6 be€n paid to rhe 6tudy of cel]-
lLbeage to tlace the mother mesodem cclt, for confilning
the origin of resodeln. To €race the cett lineago was

beyond the scope of the preFent study and rr cannot be
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hesodem is ectodemal or enrelocoelic ln oriqin.

Afte! qastlutation in sore pulmoaares rhele i3
a fre€ 11v1n9 laryal slage !r the fah ot a velige! o!
trochophore larva. llhile in othelsr thar pass thet!
atevelopnenr within egg capsule, hatch out as yolng

clawling snail ln sohe BasoNatophola the stages cmpalable
to tlpical tlochopbore a.it veliger ale still !e@gn:zed. In
Stylohhapholi thele ie grearo! deviarion fron the typical
course of developreDt. Tbe typicaf rlochophole has a

piototrochar band above rhe mouth, a post-rlochal region
and thele is an apical rufr, The plororloch in fu!!he!
atevelopnent grcss into veIs.

In B, iaccuemonti, rbe p!oro!!6ch is rirhout
ani.al tuft. qreatly leduced aad !ep'esenred by rhe veIu.
chose (1963) stared rhat in lcharin4 due to the plesence of
a ralse ralva1 may u'a *"IIo-[t, the enblyo lqains
forded inside rhe €99 and Thelofole tbe wels
i6 glcatly leduced antt irs ciria instead of help in
roenotion takes up the secondary function ro drive atbMen
rnto qut a.d laflal dlgesrivo gland, a5 dullng developmeir

the albuen ha6 become thick. t! StytoMatophora rhe
prtotroch iB gleatly leducett in Eome (nelix). whtle ir
ottrers it rsains fo! a sholt tine (E!9!) and in 6ti1f
others no plototloch developa ar arl {1.e. !!ggl, Raven, r 9? 5 )

In pulnonata in p!6trocha1 iegioD a lalge hedd

vesicle is present on the dolsat side. rn stytomarophora
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the bead vesicle is gleatry dev€toped and tempolaliIy
becones bi99e! than the lest o! the body and shoe no acrive

contlactlvity (Raven, 19?5).

In !.. j_e.9999!941 cephauc wesicle is hissinq but

thele is presenh a 1ar9e Iuval body, the foot .Dd digestive
qland ale the filst to app€a!. rh€ foo! rrdinent elongatesl

flattenes,b€nds on its self ro fos a hook like stlucrule
the poilocyst (.ee fiq, 34,35).

Ghose (1963) obselved that head o! ceph.Iic vesicle

rs absent rn Achdrrne dt instead a Ic'9e rd'v. body, (a

special portion of arcbenteloD for iligestion of albunen)

is plesent. !a4a1 body gives the emblyo, an elongated

susscstcd thrt lanar boaty

vesicles ale homoloqols olgans aE both of then develop

in sinilar mannor flom th€ antelto! end of enblyo.

Raven (197s1 quoted ca!!i.k (193s) fo! Ag4g:!!:{Ent
Balsubldanim (1es2) fo! !5!94Eg!9 an<r Ghose, (1963) ro!
Macrochlamv6 that podocyst containg nuscular

by it3 9@e!ful @ntiaction and lelaxation helPlenblyo io
rolate ,lthin albNen mass. De to large size ot podocyst

the enbryo is unable to rotnte uithln shel]. so Podocygt

help In cl!.ulatlng the body fluid tn ealIy lalval
tife. Rlven quoled B!166on (1968) tha! in A:Sbgg!41!e
the head veslcte possesses nuscle cells that shoe actlve

contr:ctron in later atewe lopdent.

Torsion in the foh of lotation of viscerat hap

occurs at an ealty stage of developt ent in gastropods. In
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the exact tine of tolsion i5 no! obseeed.

3l,dbiyonic day the enblyo bgcomes astmetlical by th6l
elongation of foot and podocygt, Ialvat body is enlalqed and

spoon-shapea and vtsceral hunp is seen towalds lisht 5ide.

abese chalse: occur duri.g sholt tire and

4th day. The asymetly of body Eeqs to be lesult ot the

dtfterebtial .rrowth ns statod by navcn (19t5) for pulnonates

and/nalks the tolslon in Bensonies :i399!9!99!i (fiq. 35).

Ranjah tri42) srared rhat i!::fg g!9!9jg rhe

lotation of organs is obse4eil in eally silq€s of atevelop-

ment. The loratlon causes astmetry of the enblyo, the

olgan lotates lroh left to rlqht Eide (9ilar being a

196

sme foms it iE vely quick ard lasts f6! seconds while in
other tt is a slor p!o@s6.

dextlal tom {hile in sirlsllal it is flom rtght to
re!r, .nd tor3lon .ta!t€ o^ 3!il day a.d .nat3 on 4! to
5l day. chose (1963) obselveal tha! in Achatina fulica at

st'age 2 1.e. 3! day lorsion occuls as th€ ehbryo., !s

asyretricat both externauy aitd interlally. D4ian and

Yousaf (1973) obselved tha! ln Monacha

rolsion occurs thlough the diff€rential glowth of lhe two

sid66 it starts in 3t day6 old ehtryo dbd lasts fo! two

days. Raven {19?5) described rotation aE a slot proce6s

tn pulfronates. The lotatrion ie itue to iufferentiar qlowth

of two sides lather than the nuscle contfactlon.
In puLmonates stohodis i. forred by an invagt_

nation o. the ventlal side nea! the a.te!io! end. The
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ant€rio! portion of the gui gives rise to a lulura!
5tlucture that ln Ia!€E developmen! rofrs buccal cavitv,

oesopbagus and 3tdach. rr s. j-e9sr9g94! the gut porlion

o! the rudiment of alinen+y canal is the €ndodelmar

by Raniah (1942). h E9IE94!SS iacouercntl €he Etomodeal

invagination give6 !i3e to buccal cavilY and aesoPhagls while

endodemal ce113 becon€ vacuollted

to fom albmen sac o! ladal digesl:ive glatd' Late! on 
'

the nind 9u! iudinent 16 differentiate.l in the forn of a

band of cells. The archertEion comulicates tith the

stomodeuh as thc developnent ptoceeds.

a.chenLeron and resembles thai or !!-le 9.19!9E3 as desclibed

smith t1935) arescrib€a thlt in !.e!9,LI9 y.g!9.4e

a codstriction sepelates the adult Etonach and aesophagus

floF the llrval stmach. RanJah (19!2t desclibcd the

forhation of adulr altmenlaly canal flon endodemar

in 4]e 9L9!9:3, the antelior brind end or

glves lise to the rest of the dig€stlve qland '

arqhentelon gives lise to ston6ch and digestive gland'

creok (1951) stat€a that the ludinent of 'tigestiva 
tract

in the fom of a brind tube 1n the dolsn1 half of the

vieceral nass. Fteriolly the ectodeoal nalf fofrs buccal

reglon by a constllctton and the poEte!{6! endod€mal €ac

(196?) Etated tha! a palt of archentelon

fom the mid glt and intesttne, uhile r4aintng pdrtion

become3 vacuotated to fos the tall 0f the atbaen sac'
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Rav€n { 19?s l described that@soPh.gus

folned by the venrral anit latelal ,a11

archentelon respectively.
rn the plesent study the nanlle fold ,as visible

on the fouith dbronlc day. Duling its late! stages of

aleveloPiert, the mantle eage growB 1n the foln of do!s41,

vencral and ncdirn 1obea. 'rheso lobe3 are mainly ltned

rith cuto-colsna! epitheliun c€Ils uit! feu mucous .ells,
The mesench!fre tissue fi1ls lhe internar cole (3ee fig.43)

Ranjah (1942) deaclibed that nanrte rudinen! tE

atiffcrcntintcd from thc p.rt of viscelar sac ludiirent tha!

is bounded by tbe nantl€ fold .nd the nantle g.oove at its

fle end. The nantle i3 lined bv ta11 colular ce1ls. !e

stated that !":ilE 919!9.:.C nantle stirt develops as two

ectodenal folds, that in 1at€! dev6loPne.t neet to fom

the loof of nantle cavtty. Cho-Ee (1963)

alpearE in the fom of emall tnvagination oD th€ light

stde of the enbryo at stage ll I.e. 3t dav' Ldte! on, tr

qlows obliquely. anlertodo!3auy and fom the larqe nabtle

cavlly. Itynan (1967) observ€d lhat the shelr sland b€cooeg

the nantle. The nantle cavily is lored bv iDvagtnation

unde! the nantle, this cavlty deePels anit aftei expandlng

fuse under the neck tegion. (aPut ald cibson {196?) stated

that natrtle edge. oliglnates as a pelipheral thickeninq of

the evaqinated ir'.tr qrana. During prehatchinq it develops

into ditfelent folds and inlernally lhe 'onnectave trsE!€

cells contain dioebocytet vellou bodv cr'

plotein cel1s.
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Raven (19?s) deecli.bed lhat nlntle fold 9ror5
foflalds and then is elevated fiod the body fofiing at

a!ch-lj.*e that of Fantle cavity.
Jusr afEer dasLrnlation in 9. racqu4onti the

shel1 grard rudiFe^! alises as an ecrodemal thickening

on the itolsal sido of vi3.€ral hup. The centre of she11

gI.nd invaginatoa shallou cup likc shape.

The filst shell is secleted ih the fon of a thin laEet

of cu€icle just inside the dherr ford. Ranjah (1942)

obselved she1l gland as an ectodenal thickening at the

abolal po1e. The thickenlng first irvaginates and laie!
on evaginates. Durirg evelslon the ccntral cells of the

evelted she1l gland beco@s thin ard fla! and toln the

oute! coveting o! the v15c€!41 sac uhlIe its ialgiDal
cellE rhat foln th€ sheII gland remain tall and colstar.
Hynan (1967) ob6ened that shell 91and rudine!! appea!6 aE

a clrcula! thiclcnea alea of ectod€m oD the dorsal 3ide

of vo1un. lt secletes a thin cap-like shell. Dqian and

Yousaf (19?3) obselved tbat gctoden thickens in Fhall cir-

cula! area on the Postelior Eiale to fon the ludLben!

of shell 91and i" lqriEl 99gg34C!]g.
r! thc plosen! inve6rieation, i" S. j3s9j9!94!

the 1un9 ludinent is obseB€d o! the seveith 4blvonic

day, as ectodelnal invaglnation at the right side. (see

fig. 42). h pulnonate the dovelopnent oa lung is obsefled

by olD?i (re63i for ^charirn' 
Dtisson (1e63) ror 4!!9!;

Rawen {r975t /Linnaea, all aqleeit i:t'at th€ ltrnq Pltrordis
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alisc:r as an cctodcrnal invagtnatinn. sligh!ly late! thc

nanlIe cavity i5 fomedr uhich 8ullounds the now deepened

lung tnvagi.ation..lun9 @municates rith nantle caviiy by

I" !. !ggrsg!! the healr, pellcardls ald

kidnoy a!i.o flom the connoD neaodelnat pllmorAla. Tha

comon fesodehal ceII itivideB into arterio! and postefio!
par!3. The a.terio! Fortion gives lis€ to hear! and

pericaldiu {hile Fosterior palt fohs tbe kidDey. re!!-
caldiun is foned by splitting of nesode!fral cells. ?he

kidnoy conhunicateE with heart by leno-peltcardtal aperlule

Ranjah {19,42) stated tha! i! 4!13 glglgEe, the

light ahd left kldneys alise as t{o thickening flon the

light and left pelicardial cavities o! its postero-velttal
walls. The right one develops lnto adult funclional kidney

(1eft.l {hite the left one in late! develop.ent fons the

senirnl ducr. chosc 11963) starcd tbrt rn 4913!113 the

kidney prinoldiun becomes tubula! and lhis kidhey tubule

coduricates eilh the pelicalalls by the rerc-pericardtal
apcrrule. Dehinr .nit Yousaf 11973) observed that th6 cmon

tvo poltions. Th€ 1a!9er and thlh sa11ed antello! poltlon

develoDs into healt and peliclldla shile a snal1, thick-
ualled postelio! poltion fohs the ludiment of kidney. fhe

ludiFent. of ienal vestibule and uleter deepens and
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.oDnects with the cavity ol kidney. Raven {1975) 3tated

that in othe! pulnonates the kidney breakE thlolgh 6econd-

alilY into pelicalalia.

slorth frm

In the plesen! 3tudy it sas obsewe.I that just
atter gastftlatton. the celebrat g!trgrie alc tomed. ah6y

aPPear oo the dorso tateral Eide near th6 mouth by lhe
proliferation of ectodenal ce1ls.

Ranjah (1942) obsewea tha€ all ganglia alise
seperately as ectodemal thickeDing by delmination and

late! connects wtlh connective. and cNlEsules. Raven

11975) doscribcd th.r qanqlid ale fonnod filst by pro-

lifelatlon and. late! del4iEtlon flon th€ ectoden- The

main body of the 9ans11a arlse3 by p.olifeiaiion while

connectloes and comisslre are foned by .ecandaly out

h Bengontes la@uenontir lhe eyes anat tentacle6

app€a! on the 3ee ilay anat are ectodelnal tn origin. The

eyes devetop as 3nau hvagination ttrat !6 pinched off
and passed into the vesncle. The inDer uall lhickels and

by elonqation folns letira ,hile oute! *all dewelops into
the inne! part o! tbe colnea. Tentacle. olj,ginate as

outpuBhi.s of ectoderm. Ranjah (19a2)r Hldan (196?l and

Raven {19t5) stlted that eyes in puldonatea ale fcred
flom €croatedal irvagination.

a statocYst-like stluctule is obs€lved in

advanced stage nea! the ped5l ganglia, Raven (19751

stated the statocysts are ectodemal ibv rtions .esr
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lhe bounaary of foot and body . ! ., . Ev iteldination

of a solid cluste! of celtsr it i5 ndked off. the

' cavily inslde Eoon becohes wide and develop cllia.
In the preaent investiealion in.g. j-i99!9!9!9!

the gonad rudlneDt i: obsewed alonq the tall of digestive

gland in the forF of a cord. Th€ leploductive sv6tem i3

iodirentary at tire ot halching and develops tollv at 4

ehorls stage (fig. 39, fable x).
Hyhan {1967) des.rib€d thar the entite leploductive

systen aliseJby a sinqlc ectodenal ilvaglMtion in the in.e!
palt of nantle .avity. Gonad develops from Ploxinat palt

while distal half fo.n6 the spemoviduct in which folds

partialry sepetate th€ hale and ldale P*sage3. The

coPulatoly orgBn devetops flon an ectod€lnar lnvagrnation

and se@ndalily gets connected eith the anterio! end of the

Rav€n (19?5) stated that gonad as a lule is

formed by the ncsodenal cell ha33, that have isolated and

passed i! the body .avity. Th€ gonoduct ald copulatoly

orglns nriEa fron co'fun prinoldlun. a suelllng n6ai tbc

opening of invaqinati.on (rce ebifteil to its defirative

ptac€ ile. side of haadl foln tudirent 6f copulaiolv

ln n, iacqucmonti thc neonat€ (ne'lv hatched

snail) lesenbleSthe adult in general appearance (6ee fig.48).

Internally all systess of adult ale devcroped

ductive system lhat !s ludinentarv and albsen qland i5

entlroty rackinq.



203

noh! { 1949 ) srated

sexual naturiti co!!eEpondE

at leaEt. In smalle! specics

Dewirt (1e551; !!I:-e 9.Ir:!3
the young srails otoduced in
conditions natute lapidry and

that in 49!g!!ng rulica full
eith a shell reasuling 30 M
like lbesa fontinali3,
and 3. !$gglq, ciapitt (1e70)

lntc ssncr unde! f.voulablo

start egg layinq in eally

ouncan {197s) stated that snails hatching i. the

spli,ng in E;qrand have natue 3y6t€ms by sePtdbe!.

rhe moltality of egqE of g. j-e99r.s9.E!i i"
labornrory v,s 1.09i {1abre rrl. The avelage egg size

Eange flon 2.3-4.0 m (Tab16 I). The tewly hatcbed sndtl

h.s a protoconch of r! rrDrr. the nollality of the neotat6

is hodelate. The young snall Faintains a lapid gloeth

rate tn its filst nonth. In ihe next tto roDths the glot!h

is a btt sloe. the snail reache6 1! to 3 thotr sherl tn

7 w*ks whife 3-,1 sholl stage alone takes 7 ,eeks. tith

the lncrease in ah€I1 thorl thete is visibl€ lncrease tn

the length and size of the sbell ard bodv (see [ab1e IV-
rxl. rhe time bette;n 4-5 wholI is 3 teeks. the replo_

ductive orgaddulinq hatching are ludtrentalv and a q.il

of 3l whorl {hen dissectedr th€ orsans a!€ round as sa.-riko

penlal conplex,snall lubular Ep€lmoviduc! and a cord

like bursa copulltlix. At 4 ,ho!l stage tho Perial com-

p1€x 3hous di3ttnct Portions blt albuen qllnd

are stitt indistinquj.shable. By the tine, the snail .eaches

4l vbolr dnd havo atlained tie shell size 15 M ar1
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structuleB of adult leploductive sys!4 has developed

includinq albumen qlanat. At th6 aqe of 7-9 nonth phen

shell size is 16 m e. ia@umnti has Eacbeit setual

maruriry and can be obselv€d in copulation {Table x).
clabb 11927) found that L. glgqnalis staltear

oviposition tro ana half (onths after hatchi.g undc!

Iabolatoly condilions. F!a.e! (1946) obseFed that !.
9!99!g!!: leaches malultty at ase of l8 ueeks, 'hile
Norand 9! g! (1s46) stated that in labolatory !. :Egle]fg
leach€s serual nalurity a 1ittl6 less than thlee nonlhs

in sllMer antt upto fou! month6 in einte!. Giabb, Ftied

and Good cbitd (1963) repolted that Menetus dilatalus

become3 sexually nature in 50 days.

ln srylomaLophola the longer life sPan ts
observed. Duncan (19?5) !€ported tn {iId fom longevltleg

of thlee yeals and in captivlty uptil 15 years have been

loco!ale..r. rle quoled scvcral authors stari.q diffar€nb

Ilfe span a.d !.ime of natulation in diffeleDt specieE of

snatr. 
^ccoldinq 

to him 49:jbl!!e1 leticu1atu3. the sptine

ge^elation, natuEes in 5 rcnlhs and auts!
7 nonths {Aunter, 1968)r th€ shaller belicides marule

fr6
qulckly with lire sPa! /12_13 Donths (chat-field r 1963).

Hodasi (r9?91 obsercd thal in achatina

achatina the qlowth late of young snail is. rapid but

v;ltable for the filst six nonths (0 21 m/dav). rhe

glowth is then suPPtessed for the next tuo ftonths

(a€stiv;ted) then hish glo{th rate is lessed (0.22 M/dav)
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snail is, ooe year oId. A sharp decliDe in growth

lare (0.06 m/day) folrows unt1l. 6nail is 18 nonths old.

Th6 g!@th is again supple3sed for three nonths (aes!i-

vateil again) just afte! aestivatlon the g.owth rate as

lncreased slightty and this is foltosed by nomalizatlon

of glouth tate. the snail teaches natulitY at age of tdo

yeals. In tounq sDail the colhc11a and outer lip of the

shel1 ale sirita! in corour as that of the shell, but

in adurt snail th€ elsella antl the pdletal wal] bec re

vinaceous led and oute! lip assun€d a bluish ehtte corouf.

chasc 9! el (1934) €tudied qrowth rate of 49.!eE-!c

fulica. The snailts grdth latc is rapid in fit.t nonth

follored by slov rate fo! neit tto nonths. a6tteen 4-5

honthF the snall iE near serual nsturilv. H€ founa naturo

6exual orsans in 5nai1 of 150 davs df age and arso

obsclved precoPulctory bchavior iD somc.

siddiqi ana a1i (1933) Etated that iatule !9lgg!g
obstructa arc lecognizod by thc PleseDce of a n'turation

liP aronnd the nouth. .The young snails {ere a! thei! Peak

nsber in the tonth of uaY. Duncdn. (19s9t itl€cl.sed tha!

!II- lg!!:-!e!!:. that hatch in Jun€ have develoPmentat

hi6toly of lbout 6_7 weeks. Th6 g!@th is velv lapid and

nate and fenale lePloductive 5vst6s aEe matuled by tbe

end of this Period:

rhe life span of Bacomtophora iE usuallv sholt

i.|e, b€treen 8-1,1 nonths. Bulman (1990) stated that in



ggIlgEllg trid6ntats .he ufe span lans€s lrca 61t9htry

1.ss thd 4-19 rcnthe. The aexual datuily 15 initlqated by

c@plel-jon of EhEll yhorls antl 3hetl grdth. 8. calcuraGd

an avalase ol 79 days to! @Dpletion of sbetl.
Afl pr.vious litclatu!€ show scatlele.l ac.ount

of the life cycle aod leploduction of the Pulmonate. ob6e!_

vatloG wer€ i.d6 on nost easorqatopbota {9ry93,L4!ec3 etc,

sd sde styl@taphora nainly (Achatina,). Nore of theae

lepolrs plovld6 th€ account o! dev€loFne.t 1.e. frd eqs

to 6exua1 malurlty of 9gs9l1.9s !9919!94.!. No plecise

data cri3trin r lltciatulc on thc arorth !.t6, thile
on the incubation, ess pioilucti.oD 9er indlvidurl, trlete

Ls no intorution at all. th6 Preaent tdk l! .! att4pt
to pr@lde thi! asP6ct of th€ ule hl8colv o! !.9!99!i,99

Legu9!g!!i'
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csAlTEA - 3

. 
NE:IJ ROSECRIITION

In Pultunata n6uto-secietotv cel16 ale exlen.lvelv

srudi.n .. cdP;Ed to oth.! qaEtloPoit.. n thiE slouP

these celts ars P!e.e!t ln octl tt6fln€d a.eaa of the

centlal n€rou6 syst4 and sde organE asgociat.d ttth

centlal De4ou3 3y6td e,g. the optic tentacle. and ce!e-

blaI 91ana. Tho nost cla.Etcal b€thoit of ld€ntif,lca-

tio! o! Deutesecretolt Ploduct and j.tE coltlol on

!€ploductlon e.F b€3t studl.il bv p!oc6.se3, Eucn as

abtalion, lmplanlatlon and jtrJeciion of hmogenBt€ of !h€

But in 9s!e949 rjEgggg4ll tb6 .lnela

gonatl t. iteepty €hbedded 1D the dlge.tive gland aDd it'

cdPletc !@v.f vs inP6Elble. IheFfdc aaEociated

olgan guch as oPtlc teltacles ate r@ved to test ltE

To il6t6ct th€ oc@lscs of reulo-€'cletolv

cells anil lts locltiolt cvtological ara histologicar

structu!€ of lhe blain ard p!*aeil en'tocline olgans a!€

3tudied.
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MA'IERIAI, AND MDIIIODS

To dercn3tlate the plesence of neurcs€cretory

naletial the p€llodic acid s.hiff (rAsl Eaction i3
dployeat.

lhe ti!.ea. {bla1n lnd optlc tentaclo} flon

allve or fle6hly klUeil atlnal ale dj,ssected ou! a.
quickry a3 possible and fixed 1D l0l Fooo_alcohol {101

fonuline 9ot al@hol) fo! 12-!8 bd!s. Befor€ .nbedilj !q

th€ tissue 13 ploc63sed in th€ lollowing 6te96:

Fono-alcohol --------J' Fomo_alcohol ----i.

{10,90r) (50, sor )

Alcohof 5ol -----+. a1@hor ?01 

-alcohol 901 --------t, alcolDl 1001 --------J-

I chaDg€

Alcohol too! '------------> Aldoho l+xylcne'a xvl€ne -->

II change 50. 50! I .hange

xylene ---+,. Pax ---+. fiax -------r Emb€dding (in palaffin)

II change I change II chaDge

The 6ec!ion5 afe cu! 6-8 u thick and ale

slatned rith pelloitlc acid scttiff. (PAs).

1, PalafltE ileraxed aDit brought

thlougb )V!€ne and Alcohol t' wate!'

2. 1!ea!6d vtth 13 perlodic acid solulion to

oxiatls€ (3 nidutesl.
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rrahed tr 84aral chang.! o! di8tllled v.te!
cd.r€d vi,th schi!!'. .oruHon {15 hinutesl

fl.Bheil vltb flDnj,ng t.p ratcr 3ev€!.I changeg

statcit nuclel stth H.trt3'8 ha@otoaylin

(nuclcl-bl,uel.

?. lleated vitb .cid llcohol to dlff€rentiato
3. TEatett slth tuonla w.tet ch6n taP eat !
9. D6hydlatad .nd b6ught to ryL.c
10. r{ount6d in canada b.13d

to te3t the uotking ot the 8t.in, rtlalea o!

chickcn's ltve! .ectlon ale tleat€d *lth Prs stain it
ehoreit po.itive !.3!1!.. The grycogen and othe! P€riod.te

tcactive calbohydrate t@k r.genta lPinlt.h Eat) cotour'

Fo! ob€ciins ihc .nd@!in€ 6Ie o! lhe oPtic

t€nt.cl.. !.tut. 8.ruonl.. lrgugg!!! o! he.rlv equal

!t4 ard {ctght *€ ..Lct il. Ih. tlte of th.L1 rlrg€d

Ird 19.5-20 m artl v6lEht 1.0 to 2.0 9d./.ci1. s.F!at.
.ets of sn.tls ae kept lnd itiviitod lnlo axP.llnental

.nit contFt tot.. ThGy ue k.Pt ln lit.ntj.cal t14e!

lbts @nt.inj.ng rci5t soil and 6veFd bt tlte suaz6.

th.y ai6 fcd otr oulberry I€4v4.
The €niil! aE altd.il !o rcve on a tla!

su!!.ce or table, $h€n t.nt.cl.s ale luUv ert€ndett and

th€ 3n.11 rcees o! th6 oPtic t.ntacle i!
cut eith .h.rP finc scts.ols. llhan the 3n'tl htg
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lecdeled the Eeend optic tentaqle is cut in the sinila!
Danier. Afte! a pause ,he! heait is prceluded any abti-
eeptic rpede! {cicatrin) is pouled on the eounds ard the

snail ale letulned to thei! group.

It i3 not,possible tbat whole of the optlc !en-

tacle is cut off flom the baae wh11e sna:il is artve, Fo!

eaperinental ,o!k .it i6 enough that llp ot the optic
teDtacle is cut, thus lenoving i a1on9 wlth it, the

cyc, Lcnraculrr 9rng1ionr tcnt'culrE and optic nelves.

For Plopalation of ovotestts 3nea! {control

and experinentall arive snail !e takeD the 6hell i5
bloken qently from lhe body {hort and then tho colMeff.
I3 cut. Tbe boily of the sDril ia pulled out ,tth gleat

.a!e and lirally the last poltion of tbe dj.g€stive slard
ls 9u11ea out slorly lhe snail body is weighed.

along sith sma1l belmaphlodite rtuct ti cut flon the lest of

The lalgerloldest lobul€ of the ovotestia r nealet

the smau hehaphlodite duct, is renoved calefully and

placed in a dolution of lc, !q. frethylene blue 5-10

ninutes. Th€ nuclei of the eggs and spefrs are thus

staineat and easlly !€cosnislble. The ovotestis is placed

on a slide aDd coveled by a cover sLip, The @ve! slip is
gently preseed io flatten th6 ovotesus-

The eqgs and spems ara counted wtth the

help of an oculofteter per squale millimete! (area) of the
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90nad (table xI, xll), count are nade calefully in
gooit prepalation. If stained plepalalio
ful then slmple plane sude of ovoteslis is plepaleal and

an awcragc of two or throe counr; is takcn. ahe lesult
is then frultlplied by ren ro convelt it into centlnete!.

Colou! ald size ol ovoteslis ehite o! ltght

blorn, c6n6picuous ot reduced.

Number of Ehelled egqs i! oviduct iutelus)
j,.e. fenaLe pa!! of Ialge hemaphlodite duct

Fo! preparation of honogenate of opttc tentacle

30 lchilty) snails ale collocteal and thej.! optic tentacles

ale r4oved and kept in a seFerate boer, The coDtencs of
bowl is cut into snarl pieces clushed in . cavity block

Nith a qlaeB rod and nixed {j.th 1ml of disttlled uater.
The hohog€nate is sloled in a refrigelato! fo! fulthd
use. NoEaI saline waleE is prePded by dissolvlng 0.'7

Nacl in rO0 nI of ilistilled wate!. Po! ihjection fine 1.0

cc disposible surgical sylinqs are used. th€ lniect.ion is
given in the body cavity. 0,1 cc i.e. equivar€nt to tvo

optic tedtacles i5 used ss a .l,ngle,dose/anlhal. 1vo

inje.tions ale siven at weekly lntewal afre! ablation of

oplic t€Dracles.

Durirg period of .aptiritv the eqqs laid bv anv

snair in the flore! pot ale counted and discatdeil. The

snaits ale di.ssected at weekly iltelval snd following

observatton ale naate.

1.
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tracr (1ab1e3 XIII-XVIII) ale calculatod by the foftula
usa.l by (ulkafnl {1930) and Pcllue! and lane {1961)

fo! ovotestis folloring 9re11E and Hetls (1959).

Fo! leDloaluctlve tract ildea.

X IOO

Fo! albsen glaDd inaex

or J lbumen ql and- -!E--T-Th---;fi:- ^ "

212

Lrrqc oocytes viciblc or not in thc ovotcErts

smea! 11.e. nor€ than 50 ln dtaer*).
speoatozoa fi11j.rg tbe ovot€EtiE lobule to
wha! extent lr/2, l/3 ot r/4).
colou! and vorue 6l arb6en 9land trhrte or

1i9ht betn, leduc€d or wery enlarged).

I,Ieight of arbM€r glandi leploductive tlacr
and of the snailrs boay waa Ecorded.

The intlex for albqen gland and leproductive

3.1 OCCURANCE OF NEURO.SECRETORY CE'-LS

tt 15 observed that BensoniEs j39g!9!9l!! have

a nmbe! of Euro-secretory cells found in the cdeblal
ganglla, vi3@!a1 chatn, optic tentacles and dorEal

bodie6. (figs. 50 - 54). The neulo_secletolv cel1s

of tbe cerebral gangtior ale found in the peliphclal

layels of redial lobe {neso _ cereb.s) . rhese cells are
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!iq.50. uicrophotoglrph of t.s. of cereblal qanqlion
of Benson,es rdcou4onti shovjn9 neurosec!etory
cetls o( neso cer€bls (x 400),

r. Outcr thack layer
2. Inner thin layer
3. Dorsal bodies

5. Xeso-cecbru
6. Xeta-cerebrs
?. Nculo-secletoly cells oI nesocer€bla



1. Right pleural .ganglio^2. niqht parjetal qanqlio!
3. viscelir1 gaDglion

5. Neurosecretory ce11s

|1icto phorbgraph of .r.s. of a poltion of vrs.olal
charn o Bensonies iacquenonLi shovinq dark

wiscerar qanqiion {x 4ool

{9,
l

l
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Flg.52 MicloFhotoglaph of L.s. of
uavy malqtn and smooth t1p
note den6a neulogec!€tron

l. acntacular ganglion

5. Neulosecreti.on

optlc !€ntacre €houj,ng
on B6nso.ies recquehontl(x aiat:-- 

-
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t
lSJ,

\-
iffi

fig.5l

2. Demohuscular layer

5. Tentaaular be rve
6. rebtacular ganglion
7. CoIlar cells

Mlclo thotoglaph of L.s. of optic lentacle of
bcnsonies iacqumonLr !hdr^q .Lr!<LLrn rn.t
posrEion of differeht cells note rhe cotla.



xlcrophotograph of 1.s, of cerebrar ganglton
of Bensonies jacquehontr sherng dotsally located
dors;l bbdies ln lFd aurroundinq

Pig.5 4

l.

3. NeuloEecletoly cel13
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present in gloup3 on the dor6a1 palt of m€so cereblum

(ftg. 50). In viqcelal chain (palietal, pleurat and

vi3ceral 9an91io!) the neulosecretoiy piodu.t3 are

located in the fon of cluste! of {hite ceLls (fig. 5l),
These cells fesenble the .tainiDq chalactertstic of the

neulosecretoly cells. Neurosecretoxy ceIIs ale also

obse4ed ir optic tentacres of q. j39gg9!99+. rhey ale

no.e ab\ndant lcar the optic ganglion and eyc and fom an

incoaDlete. !rng alound theEe strucEules ifig. 5l). These

cel1s seclet?a hofrone which Ptays impoltant tore in

Dolsal bodies occu! as clusters of P€at-shaped

calrs. fhey alc found ilisperaed in t'etrccn doubre ravers

of connecrtve tlssue tbat encloee the blain. (fig. 54).

Histochemical tesls have ploved ths to be neulosecletolv.

Ms ob6elved tha! the volse of dorsal bodies inclease

dulinq activc pcriod of g!4th its nornar

size in resting phase. Tbus th€v shos seasonal o! cvclic

3.2 THE ENDOCRINE ROLE OF OITIC TENTACI'ES

The effect of tentacular ho4one.nd neuro-

secrotoly celtE of the corcblal ganqlta on qdeto9one6l!

are studied in valious folms of stYromalophora e.q. 1n

^rie4, 
Mitrx, llg!* and 4:i9I!!34.

Pelluet and r,ane (196r) publtuhed thei! fir6r

lePolt about endocrine control on g ,etogenesas in
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pulmonate. Th€y sugge3ted: lhat nolhar ditfelentlatlon of

rh6 cells o! the ovotesti. nay be regulated by a

ch€hj,cal subst.nce, p€lhap. a holhon€. fh€y fu!th6! P6i!!ed
out thar rhe stte ol their oligin is in the blain and

associated Etructufts. Braln hotune controls egg ploductlon

{hi16 tentacle honone stinutates t'he hale cells Ploductlon,

In their erperlrental eork, tho oP!1c teDtacles of the

31u9 are ldoved and the effect ,. found slgntftcant as

th€ nunbef of oocytes .re inc!e.6eit. The obiect of the

Elesent lnvestigattons i5 to 6lutly the effect of oPtic

rentacle hofrone on gdetogene3is (rable xI, xIIl and

leproauctiv6 systen in !. j3gSfggg!: (fis. ss, labre

XIII-XVIII).

3.2.1 EFFECT OI OP1CIC TEXTAC'E IIORI{ONE ON GAXETOGI'NESIS

Effect of optlc t6ntacle rdoval o. cyto_

dtfrelentiation ln the ovoteEtis or !9!:.S4.e.:. iC99!9!9.q!!

shos3 a noticeabl€ chdnge. There lE .n inclease tn lhe

nsba! of 1a!9e oocytes on one hanil and a decrease in

the nqbe! of hotll€ spern€ ot lhe otbe! hand, wheD

cdpaeit tith the nonal gn.it (rabla xr, xII).

th6 opttc tent.cl€ 6. d€sclibed 'a!11e! has

neulo-seclelory ce116 Eulroundtng th. oPtic a';g1ioD and

eye as an incmplete ring cau€d "collat" celrs (flg 53)'

These ce11E ptoduc€ a honone rhich has d ihpottant €ffec!

on gareto-geneEis.
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Photo.raDh of ReDloductive svstq of Bensohigs
iaeu&oi't' sh@r;e clf ect oi rentacrE-l6TiEl5n
on leploducti@ tlact anal albwn qland not6 the
aell size on !l9ht stale.



To rallfY the finding ot

{1961) on sdetog€nosis ln Elugg.
Pelluet and La@

exPellnentar volk

oui. the snalls aleon Bonsopies j39grg9g!:! ls carlied

divtdelt into €xpellhenta1 ard rcdal qlouPE.

expgltoentar snalls either on6 o! b6th of th€ optic

tentacleg ale cut o!f.
?el1u6t and Lane {1951), xurkalni (!930); and

xulkalni anit tls..!a {19s3) shile ob6ening the effect

of optic te.tacle hotune havc rcsoved both of the optic

!€ntacles of the 6xpelinental sLugs' In pleeent exp€-

liment Bensonreg l3sggg!!! i5 dlvided into two qioups

I sith 3ingfe oPtic tentacte Fioved and rr stth b6th

optlc tentacles lercted.

Effect of optic tentacle abratio! has shoen

ve!y lnretes!i!9 resurls in ganctogencsi3 'hl14 obsctvlnq

the s@a! of qonad. The resufts de illlstrated tn

Table xI anil xII, the exPeliren! 13 calriad oul durinq

p€ak bteeiting Egasonr so ovoteslts is in fuII 6sinq of

At the beginning of, the expertn6nt !t is

ob66rvetl that a1l fobules of tho ovolesttE are fitled

wlth n.36es of EFelns and th€te ale velv few esgs l1_2)



EFFECT ON SPIRIITIOGENESIS

A. AFTER ONE HOUR

Aftet ablatton of optic tentacle the !€sult

of spefriogenesis is slnila! in contlo1 aE terr as in

expelinenlaL glouPs. AII stag€s of spehiogenesis alonq

,j.th nature spems are found in abundance.

b, AITER ONE INE'X

The count of notire sPens in contlol ls

lairly constant. rh;re is slight rise (1.41)- rD snails

rith ablation of one optic tentacle. t'he nunbe! js dec-

leas.d by 37t uhile in snails {ith abr:ti6n of both

optic tentacles the values de fal]e! ao{n bv 73i

(rable xr) .

C. AFTEN lrf|O NEEI(S

The effect.iE 6h@n i! Tablc xr thele is 2'9*

incleasa in the conttol enatlE while spem lever lenained

alnost constlnt in tho snairs tith onrv one oplic teDtacles

letowed i.e. the dec!€ase i5 331 after

contlast to this iD the snailE tith both optic tentacles

lenoved ;e decrea3e is velv btgh (s6!) a3 conpared to

the contloI: snails. Flon thlE experirent !t is concludeit

that optic tenlac1o homone i3 lesponstble fo! sDem'ro-

genesis. By .b1a!ion of one oPtic €entacle the spern

ploduction is decleased bv 3lr in the filEt Beek but then

" \the balance i6 naintailed 6ooe hd' a5 in the second

week ihe fall is onlv lt i.e. 33$ relative to the co!t!ol'
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ffhen borh oiric tentacles a!6 cut off th€!6 is a sudden

decltne, 73i in the firs! teek folloued by a furlhe!
descend in the Becond eeek naklng tbe total dectease of

86i. rhe snaits wlth one optle tentacle 5til1 have secre-

tion of the horrcne and the Epenioq€tesl3 rthough decreased )

is not supp!€ssed all toqethct.

IIFECT ON OOGtrNISIS

A. AFTER ONE IIOUR

The avelag€ nmbbr of lalge oocyle Pet sqqarg

ccntihcici,(i.c. por !nit atea $lesscdl t. idcnticrr in

both, contror and cxp€linentll s.ails' rharc is no evident

ch.nqc in thc oogencsis. (Table xlr)

b. AFTER ONE WEEI(

The elfect of tentacle ablatlon is pronounce't'

The nqbe. of large oo.vle6 lises to 35' !n stratlE {ith

on€ optic tentacte and in snatls rith both oPtic tentacle

lercveit tbe inc!€ase !s 6o-5t. It ts eviden! flon the

re3ult that the 6ecretion of hotmle by oPtic t6ntacle

suPpleEses ooqengBis and as tbe oltic tentacle is !€moved

!h€ oog€lesis !E incleased.

c. AF1ER ltllo vlEExS

the oocvtog ale nuch mole abundant in lhe

gonad of snaila with both oPtic tenlac1as lercved' Th€

avelaqe nsbe! of oocvtes is ?2'31 as conPaled 'ith 38'31

in snails with only one optic tentacle ablation The lale!



still h.ve one optlc Lenl.cl€ to secreLe the ooqenesiE

supgressilg io@ne. The contFl 3nai13 h.ve the u3ual

snal,le! nwber of oocytes 1.e. 11r lTabl€ xrl).
It i3 thus s@rized that optic tentacle honone

ha3 an ihpoltart !o1e of prcnotlng sPemlogenesi3 and

supPlessinq @genesis. Removal of thc optic tenlacles

increase oocyto pro.'tuction in ovotestls .nd tends to

p.onotc €he production of sh€Ileit e99E, lt is ob3elv€d

that insDite of abunilant nmbe! of oocvtes in the ovoteEtts

the Dsb€! of 3he11ed eggs d€Posited ia f irlv small'

rhe si2e of the ovoleElis also scer3 to Do

atfgcted by the ablation of lhe optic tentacle' In 9eak

t'reeding sa6on the sizc and ovoestl6 is

increased and its colou! cha!g65 fFn c!€a to light

bro{n. lt !s ob.erved that afte! ldoval of the oplic

tentacle the colout of the dote3tis !6ha!D3 the 3a@ but

its size and vols€ is leduced insPite of lncrease in the

nuhber of oocyto.. lt is apPa!€nt thai abl'tion or oPtrc

tentaclerhas leEulted in lnhlbidng the gtowth o! ovotestis'

rn othet tords lhe srctth ot ovotestis is under hononal

control of oPtic tentacle.
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av€laqe nuhb6r of rotile spens per squale
ccntimeter of eonad of Bensonics j3ssl!Eg!!
utth one or both optic tentacles r€!!ov3!ir

l.1ot11e sperm6 per squale .€nllnetet

one oPtic lentacle

t6nt.c1eE rercv.d

712 170

Average nunber of
6quate centineter
lscquemonti uith

visible large oocyted Pei
of gonad of Bensonies 

_

one or both

Per sqeale centr@ler

one ogtic tenlacla

€entactes ld6v€at

13 20
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3.2.2 EFFECT OF O}TIC TENTACLE HORXONE ON GROWTI] OF

REPRODUCTIVE TRACT { T9.TNACT) AND AI.BUMEN GLAND

The P.e.ent EeudY l. undettake! to ftld out

{hether the !€ptoatuctive t!ac! anal alblftn gl.nd df BeM-

ni4 iacquenontt iE unde. neurosecretolv contlol of

optic te.tacle. Fo!'cucting offi the optlc tentacle

r6nsolies j99g!99g!L are divide.l into t{o sroups'

1. Adult rith shell .ize 19.5-5.20 m and

bodY Heiqht I.0-2.0 gDs/sndir

2. sub-5dult eith sh€ll slze 16-16'7 mn and

1.0-1.3 qns/snai1.

The sub_aitult thug 3elected havo conplete 5

shelt sholls sith she1l size 15 m and sbove ' These 3natlE

have leached the lange of natufitv (l-ntheltght ol Ptev10u3

obselvation on lost enbryonic dev€lopfrent' (Table VIII and

Fo! .xp€tinant the Enairs ala dlvide't into

1. No!fratr tith intact oPt!' tentacle injected

tith 0.1 cc aaline lO'?t NacI) (conti61)

2. Depriveil of both oPtic tentaclos iDjected uith

o.l cc 5aline (contlor I

3. DePrlveil ol both oplic tentacle tnjecred {ith

tentacular solutton. (honosenarer
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IIEECT oN IEPRODUCTIVE TnaCT.

6, AFTIR ONE IOUF

rhe effect of valious injection3 afte! ore hou.

sho's the leploductive tract thdex is not aliered in both

rypes sub-adult nid adult snal1g. In sub-adult the latio

is 7.5-7.7 rhite in adult it ia belteen 24.39-24.69 as

sboe! in table-xrll-

b. A)TTEN OND WEEIT

table-xlv shows that afte! one ue€k there !s no

cffcct of various injectton on the reploductlve tract

ihdex iD adult n'il iL rdains fairlv constant. In sub-

adllt group, the snails vith oP!!c tentacle re@ved shoss

an inclease over the normal one. rn lhem the value is 0'0

as compaled uilh ?.54 of notnal srail' ThuE the inctease

is 6.103. th€ s.atl tith iniectloD of optic t€ntacte

sorution has also inc!ea56 0f 1./t5t owe! lhe norar ohe but

it is very sIlqht. Nomal 7.54 and injected stth tentacle

solution ?.65. (Table:xlv) '

C. AITIR TIIO T{'EXS

ln adul! snail3 the reProductive !!act index

rdained conEtani, I! sub-adult wilh optic tcntacle abla-

lion foriE there is an i'ncrease Nomal snail have ?'?5 and

with op!i. tentacle remowe.l l6rn 3 13' so 6ve!

is 5.51. Snails wilh iniectjon'of tentacla solutroD ras

incrersc of l.2x (bomnl ?.?5 tantncle sorutjon injccted

fdfr 3.0) {Tabrc-xv).
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. Ftfl above e:?ellrents it i3 dncluded that

tha rcmoval or th{: oPttc tontacro shows no of{ccL o! tlr6

feproiluctive tlact index in odult forn but ha6 an effect

on the sub-adu1t snails. rt is ass@d that horrcne of

opltc tentacr€.nay have an lnhlbjt.lv action oD the teprc-

ductivc tlact. as in lhe adult anail the r€ploductive t!.ct

haE leached its full size and the sub-adult lorns stiIl

have to gcd th€lefole the !69!oatuc!ive trac! index in sub-

ailult is nore as @hparea with the adult. lven the Esult

of sub-adult {lth oltic tentacle ablation and injected 'ltb
ontic t€ntacle honogenat€ show. an in.!er'€

although ii is lcss than those sith optic tentact€ refroved'

ETFECT ON A],BUIiIEN GLAND

A. AFTER ONE ITOUR

As inilicated in Table_xvI thele i3 Do effect of

valious iniectlons afte! one hou! on the albuncn qlan'l

intlex ln adult as wetl as in Bub_adult 'natls' 1n adult

9.4€-9.69 ana in sub-adutt frcn 0.910 to 0'94?'

b.  FTER ONE WEEK

th€ elfect of varlou. lnjecttong

in Table-xvrl. {he albwen gl.nd irdex ln

j-eEglgggl!: ls not arteied- In sub-a'rllt

incleasa i6 observed in en.i! sith optic

j"e99!SI9!!! ransa of arburcn eland ind'x ts



ds conDared witb the normal one. ln normal snatl albaen

gland inilex is 0.96 and rith teltacles abfatio! snlil it

1s 1.05r Eking about 9.3t lnclease. rhe Enail wtth

abla-1on of optic EenErcle and tnlecEed uit\ opllc tcn-

tacle hohogenate th€.e is al,so aD inccase of about 5.21

(rcmar - o.e6 tentacle honogenate irjected - 1.0r) '

C. AFTER TIIO i''EEKS

The effect of vallous lnjections afler t o

ueeks i3 hole proDounced in th€ sub-aatult foln vhir€ i^

adult snails the indcx lemains laillv conEtant ln sub

adult ,ith optic tentacle lenov€d the ratlo has in'reased

norrol ; I.O0 and of oplic tentacle ablation = 1'09

making - 9N increase. rn snails 'ith optic tentacle

homoqcn.tc injections albmcn sland ind'* is 1'07' borm'l =

1.o so an increase ot 7i is lecotded whlch is 1es3 f!@

those with tentacle ablation but role than nonal (labre x'Illl '
rt aPPeals lhat the neulosecietorv 'ells of the

optic tentacre haBecontrol ove! the qFwth of albset qlana

specially i! sub-adult fon3. Ag the sub-adult Be@

jacquenonti in rhlch oPlic tentacles are

increasa in the iDdex of albuen gland_

From theE€ fact3 we can conctude that homone

of ogtlc tentacle has an jnhibitolv effec! on leprodlctive I

tlact and albmen 91and. !,|hen tbe oplic tentacks are

!@ov€di the inhibitolv effect i3 no longer the!€' 30

these otqans qlot in size speciallv in sub-adult' havrnq

mole plovision fo! growth.
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B .,iacalemnri like most puthonates maintains a
pelnancntry activc qonait. The spefrs aic produc€il thlough_

and different srageg of spemioscnesis aie
obserw€d lor noEt of the !ime. The ploducrion of talge
@cyte is lorariv€ry f4 a5 compaleit sith rhe nasses of
Epems ploducett, fhe appalenr annuat cycle of reproduction
1s a d1!ecr !esponse ro,alnfatt. petluet and tane (196r)
put foruald the concapt of dual holhonal co4tloI sysc4.
Accordjhg ro lhis theory tentacte hohole sumrrares the
production of sperns in first placer followed by the egg
pb<tuctioD onde! the contlol of brain homone. They suqgested
tnat tbese homones acr on geninal eptthetiM of the ovo_
testis for the fomation of ganeres. They assMed chat in
young Elut both hohones ale presentr but tentacte honone
(Tn) .uFprcsr. cgg honnone (all) .nit only sperns aro fomed.

i,hen the abimal is mature the Elr is no tonge! suppressed
by the Trr and it baome6 acrive an(:t egg ploducrion ensues.

In Bensopies iacquemolli a1s6 rhcre is a balance
batween these tso naulo6eclerory ploduct. rherc is a long
Pe4oal of spen ploductioD follored by a shor! peliod of
egg ploductlo!. rhus a balance betwe€n rnal€ness, and
!fenalcn€s, is Mintaibed. Ir seds t.at
hornone eirler inhlbits the ploducrion or @crtes unril
naturity or ir loqutates output oi rhe brain.
rhe ablarion of optic renracte lesutts j.n an inclea5e in
lhe nlnbe! of ooeytes ahd a decrease in the numbe! of
sperns. Beside rhis rhere is a leductron



votse of dot€Btts inBplte of incle.Be in the nube! of

@eytes. Thus by lenoval, of the optic tentlcle actual

glowth of ovoteEtls is offecled and deglee of fenatesneeE

as.rndicated by md)Gd increage in ooqeneEis'

The decxeage ln slze of the ovot€Etrs may be

a3socialed rith the nalnutlition becauEe ot the refroval of

the optic tentacle which help in flnding of food. Hvnan

(1967) obse!v!{ that 1! telEgtiial pulronrt,es the ol-

fo.ioly sense ale Ple3ont i. 9rn\:ac1€6 and sPeciallv in

PoereEio! lentacle;.
Martoja (19?2) quotcd vanfrol (1960r 1962, 19671

Jossee {1964} and r4enon {1966) tbat "4b€ neulosecletoly

c€lls ol the c€leblaI ganqlia of Pulmonata also 6hou a

maxims of activily at the tir€ of gdetogenesig" He

nlso stated that rccoldinq to smith (196?,

of the neulosecretory activtty accoldinq to fun.tional stare

of reploiluctlon are rcle proritrent in vtsceral ganslion

than in the cereblal 9an91ion.

The ldlation between,:tbe neulosecletion of oPtic

tentaclcs a.d gro*th of leploducti. albuen gland

Is obs6fved. rhe optic tentacles or g. jlggggglg! ale

cut off and the snall6 aie maintained fo! diff€rent lenglh

of tire. hjectio! of optic tentacle hdosenate is slveD

at diff€lent lntervat.
obselvation revealed that lePtoductive tract

and atbsen qland ls unde! contlol of endocline systes of

optic tentacle. Kullalni a4d Ilazali {1933) staEed that



218

Abdloos (1943) waE of the opinion that albuneD gland i5

ulder the control of lhe gonad. They concluded ft@ lhe

results that glowth of albsen gland is contlolled bv the

optic tentacles and not by gonad.

th€ prcscnt investiqations have c6talrlishe'l that

afre! cutting off_ the optic
ploduc! of oPtic teniacle has €ftect on:

1. cytoditferentiation o! qaretogen€.is in gonad'

abe holmbne pr@otes spemiogen€sis and

suppless oogenesis,

the Eize and volunc of the

rith the prcsc.ce ol optic tcntrcre homo'e,

while in the 5bs€nce of thrs homone there is

declease in voluhe and size of ovolestis

lnspite o! the fact that tl^e nabe! o

oocytes has increased colsiaerablv'

the neu.osecretion of the optic tcttacle eff'ct

lhe glo{th of rcPlc'ductive tlacr' The h'rrcne

has inhibltory action on tbe gtowth speciatlv

ln the lmatule Bnalls. The fiature snails

arc least clffected bv the hormone '

2.

4. ' The optic tentacle hormone has effect

growth of the albuden gland rdst like

ductive ttact, lhe albme! gland of lhe

.dur! q. incqnononti is incrcaso'l tn

absence of this homone.

rhe optic tentacle hotrones therefore cott!o13

the grovth of albsen gland and reploductivc tract The

clfcct is trtolo PidritrcnL in eub_adllt ae
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adult foru.
rhe fact iE that in younq s, j-c9g!.c!94!

the secretorl' activity !s very intensive because of the

rapid growth rate. so, rcnoval of thc optic scntaclc,

resutts ln the relcase lrcm the inhibitoly actlot
of this hohono. Thls ib luh causes th€ rapid giowth

of the !€productlve tlactr albMen glaDd and also the

ovotestis to sone extent.

vrhen g. i3ggren@li leaches natulitY it is
expected that the leuro6ec!€lion of the optic lentacle

iB less lnten6ive thar ir the grding anlhal.

Therefole the teploducllve tlact aDd albsen

gland of the (ature snail i3 leaat effecteit bv the

teioval of n€uEosecletoiy tloduct of the oPtic tentacle

(in foh of it. ablatton) .

rhe dight alit vot@ of the albaen sland

valies g!€atty during diffelent sgasonal cvcle. It apPearE

that it gives a d:irect respolse :o thei' 'rinrtic cobdi_

tlons when food is abundant ana the gen€lal nutlitional

condition is gooat, the albDme! gland i. rull'

Althouqh oPtic tebtacl€ honnohe cobtlols

ganet.oqenesis and its absence lesultE in in.!eas6't

nsbe! of oocytes in lhe gonad. It doe3 not effect the

glouth of albunen 9land i^ adult. Hoteve! when the

alblrcn glatrd ls futl o! beavy and thcre ale increased

oocytes in the sonadr i! tends the production

oi shelled e99s, on the other hand dhen ihe atbuen gland
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'1. ltdht ilq. to nutrutd.I coniUttoE tn. .MIl
PFdEe. t r .h.U.d eqg6 t!.!rlt. ot ttE f&t th.r rh.E
r!6 er€ ooc!'t.. .tn uE goDlal,

Tn€.e obBesarton. al.o .atncia. wlth th. flct
thrt th€ .lbul€n gland fon. ! h.Avy 1!y6! of .tb@n
t.but aor) r6uid rh. ovtr 4 tt p..e3 by rh. atuot of
th. glalrit. !hu! th. ptoductto! ot oocyt€ t. Dor aatact6d
bY th€ Es.Ll nuttltio..l .r.i. of rbe.EiI lNt it do

.faect the .lbu!€! tland .tit ploartrctlon ot .h.t t.it .99..
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cllAProR-9

DONMANCY

Dornaocy {Iiibeln.tlon and Aestiv.tionl is

!€f€rred to the period of any tnactivity/vrrlch the sn.il

retrears insid. the she11 conpletely and then the aperturB

of the sb€ll ls.Iosed by a tamporaly lld o! s€aI of

drteal mlcus. 0.ua11Y tho .6.tlvattor indtcltes the lonqthv

pertod of dordancY occuri.g ln eu|lld,hlls hibernation

ts refe..cd to {tbtcr slecp. {F19 56).

According to nasmuEr€n {1914) thc German called

hlbcrnation a5 'ointcr schlai' french c.II6d !L 'Sonncil

hivernar' a.<l Italian uscd '16targo' foi th13 {intei

slaep.
llibcrnation, !6stivatioD dnd tol6ra.ce of

dchydratio! a!6 v61I achieved In highoE s!vronmatopbora

t! !s ditflcult ploce.s of dotm.ncY

In naturar condi!ion bocau.o durinq s6veto cold an't

hot seather lhsy a.e usu.lly found ln d6rnant state'

llhat happan. bqforc, du!1ng and aft.r alo!..ncv vas not

To obserwe tho actual proc€3! .tap bY 3tep

Bcnsonies j39lt!9g9!!! ate forced !o pals {n doEma't

.tate. rn6 ptoceduEe may bo dlvid€d inlo three stePs'
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Photoslaph shdlng !9!r.9ds9 )999!9ge-!-!r
attached to a stick lneide
labolarolv dur.ino aestivation not6 ihe aperture
of the sh;ll is ailected upu.rd and one sna'l is
attached to the shell of its fe110, snail.



9.1. pRE-DOturAr{CY

g9!99!:S-: jeSS!g!g!!: of rwo aec eronp.,
young (sh€11 si26. l2-I4 m ) .nd adurt {3h6I} 3i2c 19-

216r) are coltocL€d and Dllcod In sepa..to petridishsg

etthout ?roviding them food. thc petrldishoB are cov.lcd

by glass covors. In thiE pr6-do.rant gcttoat thly ar.
qrtlo activo and cr6wled and noved abou! in the dish.

l.cces is pioduced consta.lty uDto 35 hte { 1& daYsl

.trd norc i.ftcqucntry daYlr. Aftor 2'l h.r.
thcir activttlos are .lorod dorn, tho tent.cles aro

retlactad and they remalned ftxad to the peL.idish

It Is worth mentioninq th.t thsy uode.go hibe.natlon

or lcstivatlon sopardtely noi td groupi artachcd to

cach ottlcr. Althouqb nany of thcm ale fonnd in dorn.nt

slrtc near.ach other tn tho.ah6 placo rn natnrc. Ih

th. fierd thoy ..1ect a placc for aestivallor vlrich

i. not tn dircc! Itne ,ith tho rrn t61. lnd usualrv

tlc glLc seLccLoa j.r ubdor lldo of stone, ba.k of tr€6,

cornar of vaLl whlch cvsr ale lhe shaalv srdes.

ln !.ltoratorY on th6 fir.t 2 d.Ye, the .'dtl'

lre found active during thc n19hE onlv. fo. the nexL
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1-3 days th€ tentacles aro plotiuded and 5om6 tlnc Lbet

nay movc .bout ir pctridtslr, but .ftcr Lhi.3 thoY lond

to pass in dorma.ci a3 th6Y bscde.fixed at on. prace

tentacles fe letlachoit and thoy romatn

9,2. ONSET Ol DORMJ\NCY

Durltg extre@ condltlons of sea3on 9Sg:9499

l_es.ssg!g!!! o! I6ss po,itiwelv an.r 9asses

into a doth6.t stato. Fofloving steps ar€ ob..rved doring

rhe proc.ss of hlbernation nnd aestivation in rhc laborato(l

rhtle eatchi.g through th6 glasE sulfaco ol potridish'

I. 'the snail become3 in-aclive, tho tettacles

ale letracted complotefY.

2. fie foot is verv much cooE.act€dlraducinq

ICs- si?c to I/4 aImost) and srlckt Lo

the surf6cc.

3. IrE M;tle turEoun.b thc root on a1I

sides raavinq a snafl uoltion noar the

Jpc(Lurc of tho purmondrv sac'

4. arantre stlrt! soc..tiDs opipM.gn, lhe

nu.uE is de9o3it6d along lho b'rders

anal mitkY vhtte

on exposu!€ to .i! (this iE tno begin'ing
' of opiDhragm).

5, FlEst of alMo odge, oppoFttF lhe colunerra'

ie aLrached lo tbe subrtraton, go tntL

l. lt is I'ard cnough to fix thc shcll ptoPc'ry
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to lho obj€ct, {Tt!e aperturc of Lhe sherl is arvays

dir€ct6d up(.!d (r'ig. 56).

fhe folnatj.on of 6pl.hragm nav lr€ divtdod

inro follouing steps,

the @ntl. con6s

out, it flo{s .roood thc foot .nd Lhus

forms the outo. bolndrY of the eFphlaga.

b. rt looks Iiko thal the Foot size dct€rmldos

the sizc of lho dpctLu.c or !heq)lphr6gn.

As in thc bcgtn.ing tho sizc of [ho foo!

is. t/4 of tlE origlnal lenqth .nd so

is tho boundry o( thc eriPhr.gm. In ldLcr

stages lh6 foot Is futthe. contract6d

naki.g ttr ciro l/ 3.

c. At this st.Eo tbe 6ize of tho .plphragm

op€ni.s i3 AIco loduced and it noarrt

. enclrcles the foot.

d. cleaE movoment is observed in rhc na'tre

ia thc form of contraction and exptn'lon

as if nueus i3 .6c.et€d {it 3hin..).

e. tbe foo! .Iao !bo{s som. kitd ot novenent

from time to time as tf spleading tho

oucus sec!€Led bt the mantle'

f. 16€ foot i! attaclted td the oblect bv

its sol€ !.d lho mantle sullou'ds lrr

upper botdor ,hich has Lreco@ elongated

and is for aYAY fron sorc'
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The nucue 6s it co@s out from m6ntlc,

luns along th€ rid€E of tbe f@t to nske tlrc

boDn.tly of th€ 6piphlagn nore tlrick.
By now tho 3holl i3 Droperly fixed to
the.ecr€tlon of the hantle.

The foot.losly 3t..ts detaching flon

rhe object, .s/3 a3sumed by the vc.y

thin coverinq of mlcus abowc tho footr.
30r€. (os ratd o.rlic. it 3eem3 thaE

foot is sproading the mucus and manLl,c

is secrctlng Lt),

above th€ foot 13 a v6ry thi. cove.lng

thlougtr Yhtch

of the Gntle.nd foot can be observod.

The 3nall ,1Ehdls*€ tts vhole foor in.idc
thd shell Bnd tC 1! cove.ed by lho m.ntr6

Tha ma.tle..cr.tos the le6alnlng oprPhrasfr

and the .p€rtur€ near the pulmonary opo.ing

is also closo.l. so . conplete lid-llke

eplphrlgd i3 fotmeal.

Tno body of lho snail in ftrst lnsLance

was relract€d 0,5 nm inside th6 snerl

and Do{ it has strifted futthot docp fo!

abolt B-10 Fn. (F19. 5l-60) '
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:::t:i:i$,":"!'"*:"tts ffi'5*:i]"ilii'L."'
iiir'-"-ri".: €piph!!qn,r; snail rr the rmt iE
ii.i i"ii;;t.a i.' ..d """"r"a bv Lhin l've! or
i"""t "trit" 3nail rrr i3 actjvaled bv :drianl
teDp€rature dutilg Photoqtaphy.
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PhotoqraDh of aonsories iacqu4onti du!in9
aostiv.tlo' 6.--EEEf,-tFr6nqh p€!.id I sh. ln sna, I

leduced but slill attached ro the
dish, snair two has conplete ePiphlagm note thc
free nargin ot shcll and 3hap€ of epiphlagm.
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Photograph ot aesrivsted
note the eplphfa.)n6 afe A;;;G-d by

Fig.59
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photoer.ph of .esrivarGd 99lE9!]se jlsgEgglli
in rhrce snJirs th€ €Elphrnqh
alnoit liDrshod ehile in the upPe! snail the
foot i5 artached ro rhe d1sh.
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9.

henbranoua .nd it
!fte! addttion or

hald 6nd compl€t€

6pl0hrag( is rhin and

become3 thick and hdld

mor€.ec.etion and

rlt. Thus forming a

Whcn tho EnalIr ha!2cohploroly rcLracred

inside the shet], and tho houLh of the shott is covcred

by cpiphrags thtE is tho 3ratc t.o{n rs dornn.cy.

the eplph.agn, forrcd tn rlnLor a.e lhick
as compaled to those of sunmr shich 610 iore rhin.
In severo con.litto. rutther inside

the she.Ll but a second aplohragh i. not fornod.

'rhe 69iphragn 1r no! roundod

obrodg in apPca.ance,in iniLi.l ltagcs, it gradually

bccomes lounded in lhape, B. nor6 mucus i. .dded on

larger sidee. a!t6r 36 hou$ the .hapo ls alnoat rounar

it iE fix€d to th. objoct {in this c.3c to lhe petridish)

^ftc( 
{8 hour3 the lnner c1lcle mea3ures

5 nm in di.(etc.. The outor h.rgtn of tb€.ilcle is

ln the form ol white hembranous natcrlal, ln due course

this aperturc co.clnucs 1Jo be.ons narro{ and ultiratcly
it closc! te!v1!9 no connoctlon (ith the ait.rior. obscr-

vations or s.voril dolnant!: lSSSlgIgqU show that non.

is Ioud {ith a perfo!.tod opiphlagn, AII of tben vh€tnet



they aEe hibernattng singly, attach€d to tltetr ferlo{s,

sholl or Lo somc supporL havc conplcte cpiphragms' ltr

ad!r! snail {ith a shctl 3r2c 20 mn thc averaqc largc

diamcto. is 9 mh ;nd snali.ar dianotcr is 5m of the

ln the }aboratorv obs€rwations

day rhe epiphlaqm Is almosL cohprete leaving 'o porc'

lf tllis eplphragm is damagld bv necdlo or th€ rnail

is dctachcd flom the dolhancv pla.€ and k€9t in peLriilish

(uncovcred). rt {as noticed lhdt lsuallv tbe s'ait lemdlns

norro"163s lor thc qholo d6v ,nd tn t^_ ev'nrng o'

n.rL morninq thc seco.d opiDhragn is found, 'iLh some

space, on thc inner side of the first one (thc firsE

epiphraqfl is IefL as such i.e. damaged)- on one occasion

lhe snait remained notton'l€ss fo! thc Hhole dav blt

nex! morning ir ,as found nissing from the pet!tdrsh

nh€. scarchcd fo! ir, IL {as folnd to have trawelrcd

a distance of 45 cn-t3o cn (I I/2 ft_6 ft) add has fixed

ro sore oLje ' o; "-II f dotmint sLatc r'hc cscnDcl

.nair usuarly rike to trav€ll

i,e: behind the curtainE undcr 'ldc 
of

of {a1ls and bchi.d the books'

A3 snalt i' roacttvaLod from thc dornancv'

lhis lime it undor-goes do tncv qtricklv lt file$ iLself

ro thc object and the €piphrsgn is con5leLcd tapidlv



(?ilhiD 30-.15 mi.ltes). rhe old eptphrash is .ever rebaired

and if the snail is $nable io

epighragm after the damagc of tbe first one, tt desiccates

compler€ly aod die.t'

rhe probabl4 functlon of trre epiPhrrgn t3

bodY asai.st tho !nfavolrabrc condition

of thc s€ason. In {inrer it plcvents the bodv troh exrrc6.

cold and thus halpJlha str.lI lo axclude the cold ID

w6athcr it €xLrcmolv drv a^d hot it forns

a shicld aqf,inst draughL .1nd doos nol pernit

tbus.here! tha sn.il ro rctain , ,.ih o*n moistu.c.

ferpo!a.y cDtphrdqh {hich is Lhin

is forned i. thosc snalls rhlcn under go slrcrt peiiod

of dornancy. sDch apiohragm a.c fdrmed broken and rcrorsarl

period. of dornan.v a.e in earrY sonner

qhcd days arc hot bui nighls a.e cofd and on hos! nrohca

rarl or dc, "".,*l'iti$"" scason thc snair un'rersocs

shorL (lo.srnov du(j.nq thc drv tim' bv

socrcIinq a thir cpiFhr.gm buc i5 active cverv night

condltions. Thls is aollo,ed by rairfall_ the presetco

of cpightasm is no longer .ecdcd so it is 'ejected a'd

lhc snail oncc n6rD a{akobs flom its 5tcep and ri 'c-

9.3. POS'T DORMANCY 1 AWAKEN I NC I

a{'konihg from dormanc' iu

Bensoni.s j4g!9!9n!L occurs aft'r thc return of favourdbtc
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.Morton (1967) quot€dve11 (1944)"Lhat rlin
dropa knock at the door and lhe snail coo.s out. Hyd!6tion

follo{s afler, when it has eaton and drunk" Morlon wa!

of the oplnion tha! tbis sudde^, reactivation aftor rai.
is not due to hydlation but may tle caused bv son€ 5€o5o!v

sttmulation ;rrect.
the plocas. of lolclivation naY be Eunrllizcd

as fol Lo{ing:

!, lhe rain drops f.II on the eprphragn and

rhis may cause gentle strikinq, slraxing or

rotiLion of lcnsonio< j4q!c49a!1.

2. The aDimal thue pioduces !espon365 vhlch

ale neccasaly fo! initiar staqes 6f t.actiw.lion'

3. rhe mantle shods sode signs of lifo .nd 3light

movenent is obsorvod, this is foltovBd bv

muscular nbvenont of the na.t]c.

4. The Pneumostohc otenE.

5. The hoart bcal ltecotus visiblc

6. Iha posterior tip of the foot i3 proEruded'

?. the foot and head ie plessed aqainst the

nembranous eptph!agm {hich !uptu!c' and thus

the snail is actlvat€d

D!!inq tinter lhe epiphragn is thick calcafcols

and solid lid like. In this case the nethod o! reavake'inq

diffc.3 sliqhtty.(After nuhber sir). hcn tha fool is
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plotluded, i! some secretion vhich

softons Lhe margins of rb6 cpiph!agn, or the aLmospherlc

vdlcr loosenrthe sidcs of tho eplphragm. Thc uholo epiphlagn

is thch Iirted rite a l1d.nd may bo sccn for sofro tirc
on the postcrior Eip of foot Iike farse dpercurum.

.rin- rnrr n.nY tPirhrntni
ir lho folm oF Sotid lids nay bo sccn near thc bascs

of hedqes ox dt th€.osttnq pta.e of the snail Tho:e

aro rh. casL off epipb(agm3 6f 3na1ls aftcr a{6kenl^g

from dornancy( fis. 61) .

1n thc labordLo.y th.cc dornant snailr q6 equat

sizc e.e selected for oxpelident, their epiph!.gds 6re

removeitrone is kep! i. a dry petlidish
in a porridish containing ss.Il qua.ttty of cold v6tc.

a.d a rhird one iA a dlsb eirh litLte
sn{il or Lhe first dish rcn6ln6d ln-changod tiII ncxL

mor.ing, that of second di.h i. activated aftcr 2-3

hours {hire tbe snail in tho thtrd dish contatnrnq hrin

rator rcwiwes {ithin a sholt tite. Foo{t in forh of rulberrY

laaves is provideat to both of then. The activated s.ails

havc cofre out of thei! shclls and have cradled .bout.

In the evenios the snail of cold Bater is found lcaestivated

{irhout eatins lood, while that of waln {atc! sas rtill

6crivc. In thc nolni.s lt is obBclwed that this snall

h.s coron food foeces ond Ln.n has unalcfgono
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Photograph of the epiphragms of
iacou€rcnti as thev are rdoved
sn.ils. Note the peculiar shape
@rre5Pondinq rith the Eize and
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Fron.bovc expa.

for rcactiwation, Lhe firsr
contact sith water and noxL

alrr humidiLy is atso noedcd.

and r.hportdt factor is dirccr
a ccrLiid anou.t of e.rr;th

aejghl tos5 of dolaanL Bcnso.!ns

to be due to ovaporaLivc

sho*s rhat thc loss iJ €nvlronncnralty cor€tacad
and dcpends on renD:.arure,humidity dnq €ven Lne srze
of rhe s.ait. (Table xlx - xxll), The conrtnols ueight
.ccord of iDa.tive scnsonie! jacolemonti, wiLb eqiph.agn

loss or Hcigbt upro I mg {rabte xrx _xx),

i^ ",'Lrdl ddys.

ucight. fhc loss lnay be rclaLcd ro .etea$! or hunid

di. fron Lhc lung aod the gain t3 coreldted,iLh rhc

abs6rption of rarer by the dehydrarad naolle surfrcc.
(r.'br(: xx rr - rxrv).

Ihe ndrnnl lrcair t'e{t .arc ts ?2/min of cho

.crivo Rcnsonics l-e!g!9!941 (rdbrc xxv ). 
^ 

rucord {as
Lant

obsc!vc how such rhohec!t/d{rcrcas.s durins
d6rn.Dcy, D!rins onscc of ctornnn.y

do{n fron 66/min to 62lnin(rbon only ele o!r-}ine of
thc epiphragn is sec.eted).

As thc cpirhraqn folhation is tn a.os.css
is firmly .rtachcd ro th€ object the heart

to be 42-40/nt..
{r: dot lossiblc, becausc tha hedEt N.r iidistjn3uisbait.
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at lhiE stage. dhether the 6rea p!.vnou3ty occu9iod

by hodrt Ic eho cptphraqn or lhc annit

has cootractod i. €ucrr a posltion that heart is no

I6n9cr visible nor.

In rtle oiesant studv the heart-beat of B

iacnuemnhi ot diffe.ent .gc aroup, a.d duling diffcrc.t
tirc is .e.o.ded. The snail drring dornancy i3 collocted,

irs epiphlagn is removed a.d the body is

tbe forcops (2-3 times). Healt 3t5!ts beating at onc€

sitlr vcry hlgh i.e. 30/nin as conparcd lo !o.m{r ?2/mln.

Duri.o dormancy thc healt baat

obse.ve whachc! rhe hea.t bc6l slo{ed dod.

duridq dornancy, lhe epiph.agh of a dorna.t snail 13

.cnovcd. Le.ving thc ato.sal .1dc Intact. the main bodv

vhorl 13 brokcn from the ventlal side. rhe purpose ,ag

Lhar the posiLion of lh€ hearL ronains un-concealetl

for observaLtons.

rhe 3nail is lefl in tht3 coodition in lhe

pet.idisb ln tho evcoing iE 1. ob.erved that a neu

epiphrggn i3 secretedrthe bodv of the snail ha3 shlfted

deep in rh. snell. The position greviousLv occupied

by cho bs6r! 1s not coveled bY th. €pipbragn.

The lreart beat on tbe sane spot is n6! Iocared'

rhis rcan.., that duri.g dolnancy the heart stops ot tr3

bcat is neqligible. fhe hesrt beat durinq daY tlm€ (shen

thc snail .e!ires, dav slcep) also slo'J
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dorn. In you.q snail th6 hoalt bcat is f6st than adult

(rable hcart rate xxv).
' During dorflancy ir is observoal that an av.rage

of abour 20$ of thc notdal et vaighl of the tissue

is rosr. rn aduft,snail tho lo33 is 16{ whilc in the

yolng tt 1s a bit htqh fron rho av6rag6 mean (Tabre

Inspire oI tllte voight loss ha.v snails continuc

dornancy fot ]\ ..co.d of

L iacdtremonti is 3! ycars (Tabla xxvr). Durinq recoverv

rron the dornancy ,h.n th6 snal1 is kcpt itr watc! eor

activation, it is obsarved rhat snalt aftcr auak€'inq

hay cr4l a'ay flom the eate.. fhe gaio of weiqht dori'q

.cactivation bY thc upLakc of tater is recorded-

. The snail h6s cohplet€Iv absorbed the lost

{atcnithin four h6urs of ttE 6ctlva!io'' During ea'lv

bouls tlrerc is a gr.du.r lncroasB jn {oisht bv rhe watcr

a: no food is providod a! thl! stago. There mat be

occasional loss in relsht {hich nav be rerated tith

bv e'lpo!a[i6i fiom eiposcd bodv surracc

or tbroush lunss (T.bIe xxlll- XXtv)'

It is intcleetinq to nention that at the

enat ot the erperi66.L it lE found that seight loss during

do.manci a.d {cisht 9a1n aL cho .ecove'v fro'i dormadcv



Ittun llt6?) .t.t.d olil .d6lvalt ol fl1ckt

ttd6lt rbolt th. .oot6nt ot o9I9hr.str ln !su! P94!g

c.Ict,n c.lbotrlt. . t6"t5r
tr.gn.rls c.tbod.to ' 0.96t

Alk.Ili. s.rth '
pho.th!t.. .. 5.!51

I!on., r o'I6t
siuc. . 0.351

olgantc n!!.tr..! ' 6'a2r

A. it i. ob!o.v.il. th!t. rrEn hlb.tr|ltlng !a

1S99Ce!941 1. brousht tnrbot, tt' 'elphr'q' 
l' r'mwd'

tt i. tbc.d ln t|sn| t!t.r to b' 'cttvltell' 
lnd lood

i. grovtd.d. Th. !n.Ll b€ooF! .ctlv' It Ev or Ev

rot l..il lut loon ..@t.s . n.r 'DttbaiD 
rnd Dut"

tnto hibarnltion .galn. lo cont!"t to thl! th' t"tl-

v.t.al .n.tl (tn.u-rl !!tG t"cEtv'tton (rtv torctl

,|Eo prdld.il vith lood .nd !a{o!t!blo toridltLotl !'n'lnt

tb. lt ld 4 $tt at th' I'bo!'to!v ob"fl'tlon'

.hd th.t tM tiutt !61usd't io ilorGtcv t'rtlG!

thln th.Ir lDurg !o!d. !b' toung t"tl! 'r' 
foqnil tct'le'

lor long$ P.rbq dorlng uo!'rcut'blt c6ndrtbn'
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to th13 lt i3 woELh nenttonrng

that adult iadiwidual 3urviv.3 lonqe. than the voung

Adult sndil lsuaUy rtaYJlonqe! in

tut thc young snail r.y bo tcmplod out ca.Iie;

{a!m day5. It seerc th.t Jqv6.il6 13 subiected

to physiologtcal st!e!., lnil .dvotre co.dition

In Bensonics lacdu.monEt the dolma.cv and

actlvlty is dilectly !.I.tod to to!3on. The nethod of

dormancy i3 afso diff€lent fron other pohonates' fhe

slu93 spend their dorman! perlod burlical in the qround

while sorc pufmnatc snail naY cllmb hish up tt'e t'cos

a.d rocks and nany othoE may l..o the eun. Thege snail'

hay havo con5plcuous and expo!ed posi!ion/hiddeo placor

B. iJcoucNonr! is crvprrc di!)ng rhc oorlod

of lnactivity. ahis rnail .o.tivBto3 above tbc qorond

but 1. concealad pla.6t. Tho !3u.I tEigrrt of dors'ncv

r.ngse a-20 cm above th6 glound. Duttng unusuat ci(cum-

.t.ncos,. ehcn th€ glound i3 vorv ct, flooa6d uith eator

o ho. kept in thc l.boratory .,av frm thai! natui'L

6nd.favourable environoonE, th6 ..ail mav

sidelable height ugto 10-15 f€ot. Tbeir favoulit 'tr63



are back 3ides of floeer pot, troa trunkrLhe portion

ncat thc qioundi back side of B. 1a.qlcnonri
u3uarly avoidjltee clinbing rnd aggreqation in do.nancy.

.ny of them aro found .ear each other in the sa@ Dlace

bul aestivate<l 3insly o! 2-3 nay be foond atlached to
the shells ol !h6ir falIoD Bnaile. (r'iq, 56).

Hora (1925) found !!9q!r94 arboricolb aestivatlns
6t' manso t.ee, i. g.6ups. tomoroy 11963)

statcd rhat llclicella yirqaLa tend to b€ gregarious

and rorm conrpicuots vhitc '.aps" on trc. !runks, rrn.lnq

b,jrwcen 100-400 ll. virdaLa 6estivatinq on lt, at heisbts

Ir prosent studio3 younq and n.lure a.

iacauonontr tr. .found tr4dcd ln poors or walor, (arror

heaF rainfatl or when tha a.6r occupied bY th€m is warsrod

by snatl canal.) due to ovcr byalation, As by prorongcd

co.tact vith ,ater the body has stoltcn excessivelv

.nd has causod hinderance io efficie.t cra*ring.

210

rn succr.^o 6rbo.tcola 41d rlgIgslg rLft
6s observed by Hora (I92a), th€ young individuars of

the3e snails h.ve the tiee clinbinq babit during dornancY.

Tha probatrlc rcason for this p.cutar habtr of volns

snail mayhethnt Lhe young onos aie nole liabl€ to

bc d.omed than aduttJaftcr hoavv ratn {hcn lhe grounat

ts flooded ,ith {6ter.
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I{hcn the ,rath.r i6 untaror.ble !- j-s9e!949!l!

hides ttsclf in a vartety 6t way3. Ttre snail croses

rbe houndof the shell eith nucus {egiphfagr} and f.stcns ir

!o sohc objccL. If lhe sDail is isorat.d then the apcrtnre

of tho shell is clos€d bY the mucus in the form of a

c6npleL. lid. During plesent work i! i3 observed that

ovcn in severe seasonal co.dltions, a sinsl€ €Diphrag'n

is .ocfo[ed (fig. 57-6I) . Although the bodv of the
con!inuouslv

snn!I rs r;;;i/rcr r^dttns (u(thcr and lu' her

uho. tha flrst one is dan.ged or ctacked accidentallv:

Drring le.gLhy ogiphragm i3

llora ( 19231 rtloEed many

h.iy snails scclet a second, lhtrd or oven fourth eptph_

!trqm in sever€ conditions of that tbe oute'

epiphtagn is thick as conpared to the innei ones H6i

ob3crved lim+arts dalositio. iD tha epiphrasm oF Roflan

snail (rlerix Fnattd) ths foldlng a sori of sorid l!d'

lrunter and popel.h (197?) stated chat hiber-

naling lqUa pomatia a.e host commonlv f"nd 'ith cither

2 or 3 cpiDhragss (hoavily c.Icificd)'

^ 
qe!!9!49 j.egg3g$! {dornant, dirh ncr-

forated optphragm is never found. ahe ncdrv forsed

epiphragrs is thin a.d d€Iic.to abd is liable to be

donased ir Lhe oblaci ro,hich it i3 rircd is shakcn



ln nost iodividual lnal1s sbich a.e roughty handteil

or ranoved f.on thoir places of dordancy, the epiphllgs
is found crackcd(Ftg. 59).

,to!a (1,923) quotdit A1ld.n (1936) who aound

that th6 epiphraqs of !9!!n 3.:.pgIg:.q i3 p€rforated by

a sharl por. owc. tho.ite of pulmonary aporture to
6n.bl6 itg acco.E {1th arnosphoric .ir. Hora (1923)

hinseft was unable to rj,nd !9!-8 4!9194 {ith pelfolated

Durinq ito.francy in !: iacouero.ti the healt

boaL i. nissing o( ncoriqiblo and it is nol ccrtain
whethor it beats or stops beatlnq i. this etare (Tablc

Llttre {1963) made a hol€ Ln the shcll
sna !9!9s99 qnd found

the he.rt beatinq. 8c das oot 3ure ,hethe. the heart

bcats thtough out dormancy or thls happen€d due to stlnu-
fatioo l)y Lhe operalion. Dejorgo aDd Fctor.er {t9?0)

observcd LhaE in sNrophochcilui

kcgi opon for rc.ltratlon.turlng dorsancy.

'ro avold d6hyttrarlon thc snatl. lsuarry ser.cr

tlcb sl,tes whicb a!6 shady, cooler and aray flom suo

rays. rhese dea3 are of hiqh huntdity, modoiate te6pe!a-

ture an.:t tow fishtint€rEiBFurthor loss of {oter is redu.ed

by se.llbg the sh€II apcrtlle by epiphlagm. Although

the cplpnragm 1. tbouqht to bo pertuabl€

it 3ttl1 forn3 the major balrior fo! ratar
Io3s flom th6 EheII aporturo.
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In Bensonies iacduomonti during dolmancy

thc weight los! rargee from 13.57-2I.?9t ,ithin first
t{o dnys {hi]e ,inltial g.in tn r€ighL 14.39t-2I.?e occuls

wrLhin 24-35 i'""." t rutr. xlx - xxlv).
days 3how€d rhat ln young g. lacouenontl durinq aestivaLion

a5 {c11 a3 in hiber.aLion, the weiqht loss

2?.18t anit 35.5t respactively. {hil€ adults hawe reighL
ross of 13.0* and 23.3s ]n tvo condlLions {tlbto xxl-xxlr).

Dcjorts and Eclerscn l19'70) notlcod 2.r t6
39t loss of origlnal welght lft€r 60 days of hibclnation

' , achl,n (19?5) star€d the view or .rl,u.s
(1965) that ai! space bElttnd rhe epipbragn is saturatcd
{ith eatcr vapours and actj.s insut.tion
snail and exter..I cnvirondent. He blatsdr lhat

don96t dif ferent *ork€rsthc 9ro'1n9.c6lizaLton/rhJr rh! p.tnc,psj oa.r)ec to
the watei ]osr fron rhe .heII apglaLure ls in Lhe form
or mantlo tissucr of Lho sndilrs body.

Po. rcactlvaLlo. fi.6 dolnancy q. iacouemonti
ro need direcr conLact etb eatcr, a ce.rain

amount ot (arhth anat humrdtty.

. " xachtn (1975) suggcsted rhar acIivarton
ol snaif lnvolv6. two disLinct pha3eE of re5ponse: .rhe

fir3! is a rcactio. to externaf stimulus and rho 3ocond

rs .eadily acriv.tfonwhcn rho high anbiont humidity

is sGnsed.
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Br.ay(1933), st.tod that the t6lmlnatlo.

of ilornancy l! oftsn .ccell4at6d by rom optio@ t€mpet.tut.

but aal.yed by el-tha! blgh6r o! ld.! teoparttule3.
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