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PREFACE 

The world wide in\ereet in tba oulture ot pena.14 

prawns baa stimulated keen in.tenet, 111 the .reproduc\1v• biolou 

of t.heee prawns with a view to breedi� tblla iJ1 oapt1v1,y tor

pro4uoia& prawn seed on • leri• •oale in batoheriea. Tm 

reproductive etrete61ea adopted by the penaeid prawn• are vastly 

different i'rOJD. those adopted by the fish. *'in.& and sped� 

aota are eimultaneow. 1A tiab, the 11111.le t'iah ahedd� t,ba 1111\ 

while the f••l• tiah releaaee the mature ova iD\o Ula veter 

wllere the motile aperas fertilize t,be ova. In penaeid prawna, 

011 the other ban4, mating and epawn.la& are t,wo difte:re11t proceaeea 

separated by a ti• interval. The ape:naa are non-motile and 

packed in. sperm ba"s called aperaatophorea whicb are transferred 

by the male to the fe.r.aale thelycua duriJl& the matiag act. The 

apenaa ere stored inside the thelyoum \111 \he temal• apawna, 

aiaultaneoualy rel•••ina tm OTa froa the ovary a.ad ,m epena 

troa tha tllelycum in.to t.ba ••water where ten.111sat.1on t.aaa 

place. 8urpr1e1nily very lit.tl• la known about the detailed 

structure ot the thelyoua aa! epermat.ophore au oon•qUlntl.J tha 

reproductive Mohaniue in penaeld prawaa are poorly undera\ood. 

The aim ot the preaeiit work la t.o etudy tba detailed 

aorphology, hiatolou and hiat.oohaaia\ry ot the aperaa\ophore 

ud thelyoua ot Penaewa lndiou■, a v•r1 hlpor,an\ cul\1valle 
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species of penaeid prawn. Such a study is essential tor

understanding the functions of these two structures in repro

duction and is basic to solving the various problems encountered 

in induced breeding of these prawns in hatcheries. 

The spermatophores were extracted by electrostimulation 

from the liv� ms.le awi examined, Paraffin sections of the 

spermatophore were used for studying the histology. Histochemical 

techniques were used to visualize the chemical nature of the 

component parts of the spermatophore. The structure of the 

thelycum was studied after clearing it in saturated solution ot

potassium hydroxide. Paraffin sections of the thelycum were 

used tor histological and histochemical studies. 

These investigations have brought to light the 

extremely complex structure of the thelycum of Penaeus indicus. 

Por the first time, the existence of specialised epithelium in 

the thelycum for secreting acid mucopolyeaccbarides has been 

demonstrated. The acid mucopolysaccbarides seems to have an 

anti-microbial role, protecting the sperms trom bacterial and 

fungal infection durillg their prolonged storage inside the 

thelycum. The spermatophore baa a chitinous sperm bag inside 

which the sperms are embedded in a matrix of acid mucopoly

saccharide s. The sperms seem to have a store ot glycogen inside 

them to provide energy for their metabolic needs. To the spel'lll 



bug io attached a ohitinous "wing" which 1s quiokly worn off 

after the sperme tophore is traneferred to the the lyoum of the 
fenale. 
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INT RODU CTI0 N 

Stuây of the reproductive strategies adopted by the 

eninsls belonging to the Class Crustacea bas been attracting the 

attention of the scientists in recent years. Crustacean repro 

�uction hes certain unique features stoh as the non-not1le nature 

of the speruat ozoa, the prevelence of the praotice of pa ckaging 
the se uele gametes in eperaetophore s before they are transferred 
to tàe fena le end the capaoity of the female to store the 
Bperaat0zoa in e viable condition for long periods. An under 

stand ing of the complex reproâuct ive ne chaa isae in the eâlble 

�ecepod crustaceans like prewns, lobaters and oraba ls a prerequisite 
for breed ing them on a large scele. 

The tiret desoription of the apernatophore of a decapod 

was given by Kolliker (1641) for Pegurua bernhardug. Since then, 
the epermatophores of a auaber of other decapode have be en 
desoríbed. Dudenbausen and Talbot (1985) have revieved the 

extensive l1terature on the aperaetophores of decapod crustaceans. 

They have listed 47 anomurans, DACrurans and brachyurans in whi ch 

spernatophores bave been investigated. They have clessified the 

de capod spermatophores into three categories viz, the vasioular, 

peduaculate and tubular types. The aiapleet ls the vesiculsr type 
commOn in brachyurap crabe where the apermatophore 1e gmall, 

spherical or ellipsoid with a thin val1 covering the spern mas8. 

The seconå type le the pedunculate epernatophore o£ enomurans in 
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which the sperm mASe la packed into one or more apernatophores 
eleveted on atalke which are attached to a common gelatinous base. 

The thlrd type is the tubular spernatobhore equlpped with several 

distinct iovesting layers surround in8 the apera mass errenged in a 

core-like nanner. This type 1e comoA emong the nacrurane euch as 

astacids, honaride, nephropside, panulirids and oarideane. 

The origin, nature end �eve lopment of the speruatophoric 
DASS of the spiny lobater Panulirus penicillatus , the rock lobeter 

Perribacus enterticug end the nephropsid lobater Eaoplome topus 
oocidentalie have been atudied by Mathevs (1951, 1954 a and 1954 b). 
Ths spernatophoric na ss Of Palinurue gilohristi and other South 
African spiny lobaters bave been âescribed by Berry (1969) and 
Berry end Heydora (1970). The tubuler spera tophore of the 
American lobster Homarus anericans bas been studied in great detail 

by Maria and Telbot (1982) and Kooda-Clsco end Talbot (1982, 1985). 
Histochemicel observations on the tubular eperaatophore of the 

spiny lobater Panulirus homBIUE reveeled the presence of neutral 
mucopolyBa ccherides in the spermatophorie vall whereas the spern 

DASs and gelatinous natrix are rich in acidic mucopolysaccharides 

(Radha and Subremonjam, 1985). 

The peduneulate apermat ophores of anomurens have been 

described by verious authore. Ia Dioxeneg puxilator only e single 
sperua tophore is atteched ith 1ts gelatinous base to the steroua 

of the tenele (Bloch, 1935). In Pagurus berphardus 4-5 apernato 

phoree are plEced on each gelatinos strip and the attacbment is 

only through tbe pedunole ; the ampoules of the sperustophore r 
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not bound to one another (Jackeon, 1913; Bloch, 1935). The 
�evelopment of the pedunculate aperaatophore of the herait crab 

Daraanus agper has been recor�ed by Mathewe (1953). In the sand 

crebs BHe rÍta telpoida, E.anelose and Hippa pac1fice, ribbon l1ke 
speratophores have been observed by Wharton (1942), Mac Gin1tie 

end Mee Ginítie (1949) and Methews (1956 a) respective ly . 
Subremoniam (1977) founâ that the ribbon like spernatophoric mass 
in Euerita agiatica is ectually conposed of a rov of nunerous 

tightly packed �imorphic, pedunculate speraatophores attached by 

the peâ uncle end to meabranous gtrande snd thet the who le ribbon 

is enbedded in a gelatinous matrix. The fornation of the eperca 

tophoric meSs and the histochemical natwe of the component parts 

were also iavestigeted by Subranoniam (1984) who founå that 

various types of mucopolysaccharidee are pre sent in the ribbon. 

The gand crab Albunea synista di1f fers îron the other anomurans 

in posse ssing a nonpedunculate, tubular spernatophore, more akin 

to those of the lobetere; the sperus are packed inside a bighly 

convoluted tube embedded in a gelatinous natriz (3ubranonian 1984). 

Mucopolysaccharides are the nein couponents in the spernatophoric 

maS8 of A.gyanista also (Subranoniam 1984). 

Anong the brachyurens, the veaioular sperDAtophore s of 
the crab Carcinus maenus have been studied by Spalding (1942) and 

Hínsch and Walker (1974). The histochemicel cheracterist ics of 
the vesicular epernatophores of Scylla gerrate have been 

investigated by Una and Subramoniam (1979). 
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The Netant ia appear to possesn a w1de varlety of 

eperustophore types. The sperueto phores of the caridean prevns 
belonging to the genus Maorobre chium re semble the tubular 
epernetophore e of lobaters and are reported to consist of spern 

mAS9 Bnd edbesive and protect ive ge latinoua material (Chow et sl 
1982; Sand i fer et el 1981). Among penae id pravne the ninute, 
elliptical speraatophore s of Parapenaeopsis gtyl1fere vith the 
rod-like speruatozoa packed inside have been figured by 

Sheikmahamuâ and Tenbe (1955) and Tiraizi (1968). They uppeer to 

re senble the vesiouler type of speraatophores of the Brachyura. 
Ia contrest, the aperuatophores of the penaeid prewns belong ing 
to the sub-genus Litopenseus are large and have elaborate 

proces8e8 and expansions. The se hignly coaplex structure s are 

desoribed in great detail by Perez Farfante (1975) for the five 

American species Pepaeus (Litopeneeus ) setiferus, P.(L) schmitti, 

P() yaanemei .(4) stylirogtris end P-() 9ccidentalig. 

bes aleo 11lustrated the equelly complex sperIAtophores of some 
solenocerid prewns suoh as Pleoticua robustus, P.muelleri and 

Nesopenaeus tropicalis (Perez Farfante, 1977). Coapared to the 

elaborate speruatophores of the se American species of penaeoids 

those of the Japane se prewn Penaeus (Marsupenaeug) japonicus are 

relatively Bimple with wing-lke expansions (Hud inaga, 1942; 

Tírnizi, 1958). The fornation of the olosely sinilar speraatophore 

0f Penaeue (Me2icertus) kexathurus has been described by Malek 

and Bawab (1970, 1971, 1974 e and b). 

She 



The spe ruetophore of Penaeua (Penneropenaeus ) 

BerSuiensis bas been photographed by Tuma (1967). 

The speruatophore or epera cord of the stoDAtopod 

crustscean Squilla hol0gchigte hae been st ud ied by Deecaranan 

and Subramoni ua (1980) who reported that the spernatozoa are 

bound together with ecid mucopolysâcoherides to form the apera 

cord; there &re no investing menbrane 8. The speruato phores are 

found in the le seer crustaceane also and the literature on the 

subject hss been revieweå by Mann (1984). 

At the time of nating the gperuatophores are uaelly 

transferred to the thelycum-the external genetlia of fema le 

�ecapod crustaceens where the speruAtophores are stored unt1l 

the period of spawaing, when both the spermatozoa and the ova 
are relea ged simultene ously by the fena le. The anomuran crabs 

haye no specialized regions that cen be designated as the 

thelycum; the speruetophore ribbons of the sand orabs are 

�eposited in the pleopodal region of the femsle and are protected 
by the tucked-in telaon. Ia the hernit crabs Diogene s pugilator 

enå Pazurus bernhardua the pedunculate epernatophore s are 
attecheá to the sternum of the fenale (Bloch 1935). In 

CLibanerius 9liveceoue Kanalaveni (1947) hes rëported oertain 
6rooves ia the steraua and coxe of the thoracio eppendages which 

which eppear to channel tbe speraatozoa into the oviduct . 



In the Brachyura there 1s no thelycum and the 

spe rua tophores are injecteà into the oviduot of the fenale by 

the male at the tine of nAtins and the spernatophore a are atored 
in sn enlarged part of the oviduot oalle� the spe rna the ca 
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(E zhilarssi and Subramonion 1960). Similar internal spernathe ca 

Or vaginal pouch is sa id to be present in the stomatopod Squilla 

holoschista (Dee ceranen and Subremoní am 1980). 

It is in the Maerure that the thelycum reaches its 

highest cOmplexity. In it9 siaplest fora,the thelycum nerely 

consists of a series of prominence s, depre ss1ons, 8rooves or 

pletes on tàe sternitee of the sixth to the eighth thorecic 

Beguents to which the speruDa topbore a are superficielly atteched 
by ceaent ing substances. This "open type" of thelycun is fond 

in spiny lobsters (Berry 1969) in caridean shriap such as 

Me crobrachiua rosenbergi, (Seandifer et al 1981) and în ATistidae 

(De Man, 1911; Kubo, 1949) Solenoceridae (Kubo 1949: Perez 

Tarfante and Bulli8, 1973 anâ Perez Farfante 1977), and the 

American species of the sub-genue Litopenaeua (Perez Farfante 

1969, 1971) among the peneeoid pravne. However, in the ma jority 
of prawns belonging to the fanilies Penaei�ae anâ Sicvonidae 

the thelycum le of the "closed type" with seminal receptacles to 

etore tbe spermatophores (Aloock, 1906; Kubo , 1949; Hall, 1962; 

Recek and Dall, 1965; Dall, 1962; $tarobogatov, 1972). As all 

the se workers were taxonomigts, the desoriptions of the thelycun 

were concerned only with the external appéarance of the thelyeun 
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which ls specie e-epec1fic and hence of great value in the 

identification of the species. Hovever the earliest of the 

workers to 1llustrete the geninal receptacles of penae1a pravns 

was KiBhinouye (1900) for the Japenese speoies. Subsequently, 

Burkenroad (1934 and 1939) discused the structure of the 

thelycm of some penae id prawne in greater detail. Hud ina ga 

(1942) end Tiraizi (1958) showed the relationship of the 
inplanted spernatophore to the the lycwa in P"japonicus. In the 

American species of the senus Penaeug, Perez Farfeate (1969 & 

1970) £igured for the flrst tine the posterior horna of te 
e� ian protuberence which ere norAlly hiáden wader the laterel 

plates of the thelycum, She also publi ahe d clear 11lustrations 
of the paired seminal receptacles of the Americ8n epecies of 

Trachypenseus (Perez Farfente, 1971). Tirnizi (1968, 1969) 

flgured the paireå seninal receptacles of Perapeneeopsis 
Btylifere and P.hardwickii while Ge orge and Muthu (1968) indicated 

the preence of paired geninal receptacles in Metapenaeopsis 
A "cloeed type" thelycum with seminal 

pre sent in the honarid lobsters also 

stidulang snd M.barbata, 

receptacle appears to be 

(Aiken et el 1984). 

Even the Euphausiacea heve complex thelyca in which 

the etalk of the pedunculate speraetophores aro implented durin8 
Ating (BinerB8on 1942, 1945; Sebastian 1966; Costanzo and 

Guglíelmo 1976). 
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Froa the foregoins review of the l1terature, it is 

clear that we have practicslly no lnfornstion on the deteiled 

structure of the mele apernatophore and the fenale thelycun of 

the Indian opecies of penae id prawne whlch ere currently being 
used or &queculture purposes. For successful culture of any 

eninel thet is 6rowa in captivity, 1t is essentiel to breed them 
under artificial conditlons and thie is possible only when the 

reproduct ive mechanisa of the anima l is underetood properly. 
is with this objective in view that the present iavestigation wee 
taken up. Peneeus indicus, the Iad lan white prawa ie a prine 

cuaâidate species for aqusculture in coastel waters. The present 

st udy �eale wità the morpholoBy, histoloky and histochemistry of 

the spe rma tophore and thelycua of P.indicuB to understand their 

role in the reproduct ion of thie pravn. The study has revealed 

for the first tine, the highly couplex neture of the thelyem 

of Pinâ icug, which appears to be AOre than a nere passive 

receptacle îor keeping the speraatopbore rece ived during nating. 

The results are presented and discussed in thie diesertation. 

It 
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Llve specimens of Penaeue Andicue colleoted froa the 

Merine Prawn Hatchery Laboratory, Narakkel anâ from the sea were 

used for the study. 

Spernstophore 

To study the struot ure of the spernatophore, the 

spernatophore situated w1thin the terninal ampoule at the base 

of the firth walking les, wes electroe jaculated by applying an 
electric stiuulus (4-6 V) to the base of the fifth walkings leg. 
The spernatophore freshly obteined in this AAner was observed 
under tae stereoscopic microscope to atudy the etructure . The 

extrudeâ sperustophored Wae elso alloved to renain in ses vater 

for a few minutes and agein observed to �iscover other struct ural 
�etalls and response of the spernatophore to sea weter. 

For histological study, the spersatophore within the 

terminal anpoule and the electrically extrected speruatophore 

vere fixed in Bouin' s fixative tor 24 hre, dehydrated in graded 

Beries of alcohol frou 70 $ to 100 %, cleared in xylens and 

embedded in peraffin vex in e hot air oven at 60*C. The blocke 

prepared vere sectioned at 6 end epread on micro-lass elides. 
Dirterent stains such as Mellory' s triple, Harris' Haematoxy lin 

Eosin and Polychrone (Leishnan' a Eosin-Methylene Blue) were tried, 

to stain the sect ions after devaxíng with xylene. The etained 



slides were dehydrated in graded aloohol seriee oleared in 

xylene and nounted 1n DPX. Sections stained with Polychrone 

8eve the best histological details and �1tferent iation. 

Thelycun : 
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The thelycum loceted between the fifth to elgath 

sternal plates of feueles wae cut end renoved carefully. Ia 

order to study the structurel �etalls, the thelyoum was cleared 

in a sAturated 8olution of potassium kydroxide so as to �issolve 

the adbering tissue. The cleare d, translucent the lycun was theD 

studled under a etereo8copic binocular aicroscope. The the lycun 

from fena les of different size groups in the inter moult atage 

and lapregna ted fena lee were studied in thig anner. 

The the lycua fron live fema lee were out end renoved 

carefully snd fixed ín different fixatívee. Thelyova remOved 

from £eua le s of difterent sizes in the internoult stage and 

îron the iapregna ted fenales ware ueed for this type of study. 

After initial fixation in Bouin' s fixative for 24 hre, decaleifying 

agente such as De Cestro's luid, Perenyi's fluid, and Jenkin' s 

fluid were tried tor different durations of decaloification Buch 

as 6 hrs, 18 hrs and 24 hre. Direct �ecaloification in fixatives 

such as Pereryi's fixative and Zenker's fixative was also tried. 

Zenker's fixative proved to be the most guitable agent and wag 

subsequently used for further study. 
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The the lyoum fixed in Zenker's fluid for 18 hrs, ves 
wa shed in running tap water overnigbt to remove the mercury 

pigment. Dehyâration was done in �ifferent grades of alcohol 
îrom 7O $ to 100 %. The material ae claared ia xylene-alcohol 
mí xtwe for 1 hr and in pure xylene for 1 br snd then embe dded 
in pareffin w8x in s hot sir oven at 60°C. The blocke vere 

gectioned at 6-8 å and spread on glese slides. 

Staining, after dewaxing in xylens and gradual bydration, 
was tríed using different stains such as Mall0ry' e triple, Harrie' 

Haenatoxyl in-aosin combination, Polychrone (Ieishnan' e Boein 
Nethylene Blue) Toluiâíne Blve, and Paraldehyde Fuchs in. 0f 
the se Poly chrome and Haematoxylin-Eosin gave best histological 

detaile. 

The staine d sections vere photographed ia a 0lynpus 

(Model Vanox PM 10) microsoope with autoAtic photomicrographic 

attachment, uaing Kodecolor 100 ASA end Ilford 100 ASA bla ck & 
wbite, 35 B films. 

Histochemistry : 

For histochemicel etudies, the spernatophore and 

thelyoum were fixed in 10 % neutral, buffered forsa liekyde and 
procesBed as d one for bistological study. The histochenical 

staining prooedure e vere mainly from Pearse (1968) snd Subranoniun 

(1982). 



Histochenical identification and characterizatioA 

of prote ins were DAQe by 

a) Mercurie Bronopheno l Elue test for Prote ins 
b) Aque ous Bromophenol Blve test for Basic proteins 
c) Ninby drin-8chiff test for amino groups 

a) Toluidine Blue test for 8oidic groups 

e) Ferric-ferricyanide method for -SH groupe 

£) Thiogly co llic ferric-ferricyanide method for -$S groups 
8) Millon' s test for tyrosine 

h) DiAB-nitrite me thod for tryptophan 

Histochemical sta ining proceâures adopted for 

carbokydra tes were 

a) Periodio aoid-Schiff technique for carbohyårates 
b) Beste' carnine test for lycogen 

c) Toluidine Blue at diffeent pH tor acid smuco 
polysaccharides 

d) Critical electrolyte concentration (C£C) method 

for acid mucopoly eac charide 
e) Aloian Blue-PAS teet for neutral and acid muco 

poly saccharide 
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Histochemical charecteri setion of lipiâe vas nade by 

e) Suden Bla ck B teat for lipide 

b) Nile Blue aethod for neutral and acidic liplde 



o) NAle Dlua sulphate nethod for phoapho l1 pide 
a) O11 red '0' nethod for neutral lipide 

e) UV-Sch1£f reeotion for unsaturated lipide 

1) Sudan Black 'B' method for maeked 1lpids 
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In sddition, tete for obitin and nucleio aoida vere 

also perforned by using the Chitosan test end Py ronin G test 
respectively. 

Suiteble blocking procedures (oontrols) were elso 

used for eech test to prove the pre sence of spec1fic reective 
Sroups. The blocking procedures included deamination, Dethylat i on, 

�eme thylation, mercaptide, ioaination, fornaláeny de thioglycollate 

reáuction, acetylation, deacetylation, chloroforn-me thanol extrec 

tion, and Taka-�isstase treataent. 

The histochenical observations for prote in, cerbobydra te 
&nd lipid obta ined for sper tophore and thelycun vere tabulated 

ind icatíng the inteneity of reaction. 



RES ULT S 

MORPHOLOGY OF THS SPERMATOPHORE ! 
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When a voltage of 4-6 V is applled at the ba se of the 

f1fth pa ir of legs, the nale extrudes a pair of aperuetophore s , 

one from esch terninal anpoule. The two freshly extruded sperBA 

tophores are elliptioal in ebape and stick toge ther e they come 
out of the genital opening. If they are left in Bea water for 

BOme time the "wing" of the spermatophore apreads out l1ke a 

crmpled handkerohief. The wing l8 attached along the outer 

Dargin of the nembrenous bag which conteins the sperD DAsa ins1de 
(Pig. 1 ). The region of ettachment of the wing to the spern ba 
i6 tough and fibrous. On the anterome d ial corner of each sperm 

bag, externslly, ls found a sticky mess of grenules which bind the 

two spermatophores into one unit. Inside the spe ra bag the 

sperne are embedded in a Bpongy Datrix. The sperms are trensparent, 
round i sh and posses8 a "8pike" as long 8s the spern body (Pig. 13 ). 

The wing sticks out of the thelycum of impregnated fenale and gets 

worn off quickly. 

HISTOLOGY OF THE SPEHNATOPHORE : 

The menbranous wall of the spera bag stains pinkish red 

with Polychrone staiD and appears to be single layered ( Figs. & 12). 

The wing stains pinkieh red like the sperDA tophore vall (Pig. 2 ). 

The point of attachment of the wing to the sper bag is clear2y 

seen in Flg. 10 . At the anterome �ial corner of the spernato 
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phore the wal1 invaginates to fora a shallow cup (Fig. 11 ) 

which conteins the aticky mase 0f sranules that staia a dark 

purple with Polychrone (Figs 3 K4). The spongy matrix ad jacent 

to the inner vall of the ape rDato phore (Pig. 2 ) stains purple . 
The nterial of the sponEy nAtrix forHS a lame llar network 

(Pigs. 4 & 5 ). Speraa tozo8 are pre sent in a nass at the 

centre of the spernatophore and etain purple like the sponsy 

matri. The spera mess is invede by the spongy natrix in a 

nunber of places, 80 much so the sper mass appear 11ke island8 

in the spongy natrix (Pig. 5 ). 

The wins, the well of the spera bag, the sticky aass of 

granues, te aponEY nAtrix and the gpern na 8s c0uld also be 

cleariy recosnised in sections of the terninel smpoule containing 

). The staining properties the epermatophore (Figs. 6,7, 

of the se various conponents ls also the same ag in the se ctioas of 

the extruded spernatophore ; only the spongy matrix stains a 

llghter sbaâe of purple and the lanellar netvork structure is not 

apparent (Figs. 7, 8 & 9 ). The highly developed secretory 

epitheliun of the terminal anpoule which seems to secrete the 

spermatophore wall, the winge and the sticky a8 of granules ls 

8leo clearly seen 1n these sections. 
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The resulte of the histochenlosl teete perforned on the 

epe raatophore gectlons are sunnarí ged in Table I (a, b & a). 

Spernatophore wel] and winse ! 

They are positive to chltosen teet indicat ing the 

pre senoe of chitin in the se atructures. The intense poBit ive 

reaction with aqueous Bromophe nol blue showe that they are rich 
ln baaio proteíns which also seem to contain tyroayl groupe 

(M11lon positive). While the well mAy contain BOme acidic groups, 

the winge were negetive to the Toluidine blue test. The -SH, -$S 
and tryptophanyl groups are conspiouous by the ir absence in the 

protein of the se struoture 8. 

The purplish red colour with PAS which is not extingui shed 
by deacetyletion indicates the presence of muco substances. The 

blue colour with Best's ceruine vhih �isappears efter diastase 

treatment nay indicate carbohyâretes other than glycogen. Blue 

colour with A3-PAS B0howe the presence of acid mucopolysaccharides 

(AMP). Blue colour with AB in low CEC strongly sugge sts that tbe 

AMP ie cerboxylated. Sulphated groups appear to be absent , as 

shown by the pegAtive rasponse to Brscco-Curt1' s test. Lipids 
Bppear to be totally absent. 



Sticky mas9 of Kranules 

Appear to contain basio prote ins with tyrosyl yroups. 

The strons positivity with TB nay indícate ecidic mucopoly 
Baccharides rather than eoidic groups in the protein. Moderate 

positively with PAS even after deace ty lation end blue colour 

with Best's coruine mey be Andicative of mucopo ly ge ocheride s. 
Blue colour with AB-PAS 8uSge st that they are acid mucopoly 

Intense positivity to Bragc0-Curti' g test ghove 

that the AMP is sulphated. But 1t ie not confirned by the TE 

test in l0w pB and hígh CBC. It ls ne gative to all tests for 

lipids. PoBitivity to chitosan test is rather perplexing. 

gaccherides. 

Sponsy mEtrix 
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It is only noderately poaitive to protein tests, 

totally negative to lipid tests and appeare to be entirely maâe 

up of cerboxylated aciâ mucopolysacaberides. Chitosan positivity 

is perplexing. 

Spern mags 

It is also only moderately posítive to prote ins and 

totally negative to lipids. The very intense positívity to PA3 

and the other teste for carbohy drates appear to indicate the 

presence of glycogen along with the occurrenoe of carboxylated 

AMP. Intense chitosan positivity is most perplexing. 



Sticky ma se of granuleg 

Appear to contain basio prote ins with tyroeyl yroups. 
The strong positivity with TB DAy in�i cate aoidic mucopoly 

gaccharides rather then ecidic groups in the prote in. Moderate 

poaitively with PAS even after deacetylation ená blue oolour 

with Best's cormine mey be indioetive of mucopoly ge o charides. 
Blue colour with AB-PAS Su8EO Bt that they are acid mucopoly 
Saccharides. Intense positivity to Bracoo-Curt1's test shove 

that the AMP is sulphated. But it le not confirned by the TE 

test in low på and high CEC. It le negat ive to all tests for 

lipids . Positivity to chitosen test ls rather perplexing. 

Sponsy Metrix 

It is only moderately positive to protein tests, 
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totelly negetive to lipi£ tasts end appeare to be entirely made 

up of carboxylated aoid mucopoly sa ccheride s., Chitosan positivity 
is perplexing. 

Spern nass 

It is als0 only moderately positive to prote ins snd 
totally megative to lipids. The very intense positivity to PAS 

and the other tests for carbokyàre tes appesr to indicate the 

presence of glycogen alons with the ocourrence of oarboxylated 

AMP. Intense chitoBAn positivity ls most perplexing. 



$. 
No. 

P-indicug - Histocheuical characterization of spernatophore : 

1 

Histochenical Test 

1. e) Mercurie Bromophe 
A01 blue (MBB) 

2. a) Aqueous Brozophe 
nol Bl ue (AB3) 

b) ABB after 
�eamination 

3. a) Ninhyårin-Sohiff 
test (NS) 

b) NS after 
deanination 

Table - I (a) 

4. a) Toluidine Blve 
test (TE) 

b) TB after 
methylation 

5. a) Ferric-ferricya 
anide test ( PF) 

b) FF test after 
nercaptide 

6. a) Thioglycolate FF 
test (TFF) 

b) TFF test after 
Thíoglycollate 
reduction 

Proteins 

sperm 

DB 

3 4 5 6 

B 

gac wing 

B 

DB DB 

spongy sticky 
natrix masS 0f 

granuleg 

B B 

DB 

7 

DB 

B 
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B 

Indicates 

Proteins 

Basic 
proteins 

Anino 
8roup8 

Acidic 
Eroups 

-SH 
groups 

-$S 
group 

contd e.. 



Table-I (a) contd. 

1 

7. a) Millon's teet 
(MT) 

DB 

8. a) DMÁB-nitrite 

B 

2 

R 

b) MM after 
Iodination 

Sne thoâ 

b) DMAB-nitríte 
netho� efter 
forue ldehyde 

Tark Blue 

Blue 

Red 

3 4 5 6 7 

ioderete ly posítive 
Positive 

Iatensely positive 

R R R 

8 

Tyrosine 

Tryptopban 

22 



P.indicus - Histochemical characteri zation of spernatophore 

3. 
No. 

Histochemical test 

1. a) Periodic-Acid-Sohiff 
technique (PAS) 

c) PAS after 
deamination 

b) PAS after �ea cetylation 

2. a) Best's Cerníne 
test ( BC) 

b) BC after Taka 
diestage 

Table- I (b) 

3. Toluidine Blue at 

pH 1 

pH 2 

Carbobyåratee 

p# 3 

pH 4 

8pera 

B 

B 

9ac wing 

M 

B 

B 

M 

B 

ngy 
nat 
rix 

M 

M 

B 

B 

aticky 

of 
Bre 

nule s 

M 

B 
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Indi 
Categ 

G1ycogen 

Glycogen 

-S0, groupe 4 
of AMP 

-S04 Sroups 

0f AMP 

-PO, & S04 
8roup of AM 

-COOH group 
of AMP 

contd .. 



Table-I (b) oontd. 

4. Critical electrolyte 
concentration 
(CEC) nethod 

7. 

M 

0.1 M 

B 

0.2 M 

5. Bracco-curti's test 

P 

0.6 M 

6. ChitoBan Test 

O.8 M 

1.0 M 

Alc ian Blue-PAS tet 

Magente 

Blue 

Purple 

Poeitive 

3 4 5 6 7 8 

P 

Moderately posltive 

Nesative 

B 

Intensely positive 

B B 

B B 
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-COOH groups 
of AMP 

-COOH groups 

-COOH BroupB 

-S0, 6roups 
-$0, eroups 
of AMP 

-S0, roups 4 
of AMEP 

Chitin 

Acid & Neutre1 
AMP 



P.indicus - Histochemicel characterization of spernAtophore 

S. 
No. Histochenical 

test 

1. a) Sudan Black B 
test 

R 

b) SBB efter chloro 
fora we thanol 
extraotíon 

2. e) Nile Bl ue method 

b) Nile Elue after 
chlorofora 
me thanol extraction 

Teble - I (c) 

4. a) O1l Red '0' method 

3. e) NLle Blue sulphate -
nethod (NE) 

b) NB after chloroforu 
Bethanol extracti on 

5. a) UY-Schi££ reaction 

b) 011 Red '0 after 
Pyridine extrection 

8perm 

b) UV-Schitf after 
Pyridine extraetion 

b) SBB after pyridine 
extration 

7. Pyronin G test 

6. a) uden Black B (8EB) -

Red 

Lipids 

Negative 

R 

Bac wing bpon8y eticky 
De trix DAS 0f 

granules 

R R R 

Indicates 

Lipi@s 

25 

Neutral & 
Acidic lipide 

Phospholipids 

Neutral lipide 

Unsatureted 
lipids 

Masked lipids 

RNA & DNA 



Spermatophore 

2 mm 

a- wing 

b- sperm bag 
C- granules 

Fig: 1. 

b 



Fig. 2. 

Section through extruded spermatophore 

stained in Polychrome , showing wall (Wa) 

of sperm bag, a portion of the wing (Wg), 

spongy matrix (SPM) and spern a gs (SM) 

(x 100). 

Fig. 3. 

Section through extruded spermatophore 
stained in Polychrome showing sticky 

mass of granule s (SMG) (x 100). 



Fig. 2 

Fig. 3 

SPM 

SMGW 

SM 



Fig, 4. 

Enlarged view of section through stícky 

na ss of granule s; Polychrome stain (x 200), 

Fig. 5. 

Section through centre of sperm bag 

showing sperm mass (SM) embedded in 

spongy natríx; Polychrome stain (x 100). 



Pig. 4 

Pig. 5 

SH 

SPM 



Fig. 6. 

Section through terminal ampoule showing 

secretory epithe lium (EP) of ampoule wall, 

portion of the wing (Wg), and wall (Wa) of 

sperm bag; Poly chrome stain (x 100). 

Fig. 7. 

Section through terninal ampoule showing 
wing (Wg) and sperm bag (SB) separated by 
a partition with se cretory epithe lium BP) 

on both sides and conne ctive tigsue (CT) 

in the middle. MW = Outer muscular wall; 

OEp = Outer epithelium; Polychrone stain 
(x 100). 



Fig. 6 

Fig. 7 



Fig. 8. 

Section through terminal ampoule showing 

outer muscular wal1 (MW) secretory epithe 

lium (Ep), sticky ass of granules (SMG), 

wall (Wa) of sperm bag, epongy matrix (SPM) 

and sperm nags (SM); Polychrone gtain (x 100). 

Fig. g. 

Section through terminal ampoule showing 
sticky nass of granules (SMG), wall (Wa) 
of sperm bag, sponBy natrix (SPM) and sperm 
nass (SM); Polychrome stain (x 100). 



Fig. 8 

Fig. 9 

sPM 

SPM 



Fig. 10. 

Section through extruded spernatophore, 

ehowing attachnent of wing (Wg) to wall 

(Wa) of sperm bag (x 100). 

Fig. 11. 

Section through extruded spernato phore 
showing shallow cup containing sticky 
mass of granules (SMG) (x 100), 



Fig. 10 

Pig. 11 



Fig. 12. 

Section through extruâed apermatophore 

showing wall (Wa) of sperm bag, portion 

of wing (Wg), epongy natriz (SPM) and 
spe ru Dass (SM) (x 100). 

Fig. 13. 

Spernatozoa freshly removed from 

extruded spernatophore (x 400). 



Pig. 12 

i. 13 



MORPHOLOGY OF THE THELY CUM 
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When the thelycum, cleared in saturated potassium 

hydroxiâe solution is viewed from the ventral side (Figs IL, 

one an see the snall slightly conical anterior proces8 between 

the 4th pair of walking le gs on sternite XIII and the two 

leteral plates forning sn alnost cireuler area (slightly 

narrover anteriorly) betwe en the 5th pair of valking lege on 

sternite XIV. The two lateral plates meet each other along 

their me dian margin which is reflected ventrelly to forn the 

slightly tunid lips. Anteriorly the two lips embrace the 

medien keel arisíng in the niádle of the anterior proce ss. 
closer examination of the lips clearly shoWB the presence of 

numerous deligate v1ll1 on their vertical medial surface. The 

dorsal eage of the me d ial wall of each lip ends in a row of 

stiff rounded teeth. The gap between the two rows of stiff 

teeth is the entrance to the single chanbered seminal receptacle. 
The cut icle and epithelium o? the 1ipg after rounding the row 
of sti£f teeth get reflected laterally below the lateral plates 
to fora the flo0r of the seminAl receptacle. After reaching 
the lateral edge of the thelycal region this cuticle again geta 
reflected �orsa1ly anå medially to forn the dorgal wall of the 
seminal receptecle (ig. 1+ ). When this �orsel vell ls cut 
aVAY the two rows 0f rounded teeth are clearly visi ble (Fig, 18 ). 

A 
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If the lateral pletes are oarefully cut avey along the 
outer mergia, a "trident" forned of two laterel horns and a 

median broacly conicel prooees 18 seen to project posteriorly 

trom the posterior rgin of steraite XIII into the thelycum 
(Pig. 15 ). The trident ie actually a posterior extension of 

the anterior proe ss of the thelyoum. The keel on tbe anterior 
prooess ls continued posteriorly on the aed Lan conical process 
of tbe trident. In adult fenalee the ventral surfaoe of the 

medlan conical process l8 covered with blunt villi, broeder and 

shorter than the villi on the nedlal wall of the 1ips. The 
ventrel surface of the laterel horne of the trident ere covered 
with a few minute Betae. 

In young fenales the anterior process Bnd the trident 

originate as upheavale on sternite XIII which gra�ually grov in 
Bize to assune the �efinitive shape in the edult fenale. The 

lateral plates arise as posterolateral folds on steraite XIV, 

wàich grow nedially anâ eateriorly as the fenele grove and 

finally Deet eech other to fora the lips end also cover the 

aaterior shoulder of the trident and a portion of the anterior 

process, leaving a ainute opening et the level of the sternite 

on eech side at the bese of the oonical anterior proce es. The 

spe rne tozoa appesr to cone out of the peminel reoeptacle through 

these opening8. 
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The lateral plates of the thelycum are covered with 

a sLO0th cuticle having a tew, very minute, �enticle-like setae 
(Fig. 19 ). The cuticle cover ing the keel, the villi on the lips 
and on the ventral gurface of the ne�isn conical proce se of the 
trident is very thíin and in surtuce view &ppears to be raised 
into minute rounded papillae; some indicCations of cutioular 

pores among the papillae are algo seen (Pig. 20). Numerous, 
distinot cutieular poree ere seen elong the entire length of 
the lipe on the ventral margin (Figs. 21 22 ). 

HISTOLOGY OF THE THEIYCUM : 

Serial transverse sectioAS Of the thelyca were 

exanineå to etudy the histology of the highly complex thbe lycum. 

The epítheliun of the lip vílli (Fig. 31 ), the keel 

(Fig. 32 ), the ventrel surfece of the edian conical proce B8 of 

the trident (Plg. 33 ), the laterel horns (Fig. 3+ ) and of stiff 
rounded teeth (Plg. 35 ) is olearly apecialised and eppears to be 
highly Becretory in îunctioD, 8 evidenced by the hypertrophied 

and ayncitial nature of the ep1thelium and the large eize of the 

auolei. The noraal (non-ee ore tory) epíthelium of the thelyoum 
Been on the outer well of tùe 1ips (Fig. 31 ), the outer vall of 

the lateral plstes (Pig.36 ) the �orsal wall of the conical median 

proceB8 of the trident (Fig. 37 ) and the roof of the genina l 

receptacle (Pig. 36 ) bas amA 1l cuboidal celle with nornal auclei. 



The epitbe l iua of the vill1 end the keel practically 
o0cupies the entire spe ce inaide then, laav ing only a rrow 

lunen betveen the tuo epithel1el layers (Piga, 31 & ). The 
nuclei are large end rounded, oocupy ing a an jor portLon of te 
cell vol uae (Pig. 23 ). The ypertrophied apithel 1a of the 
laterml born and the stiff roun�ed teeth, re seable each otber 
clogely and have close ly packed, elongated nucle i (Pig. 24 ). 

The inner core of the ba ge of the trident bas loose 

conneetive tis sue containing grenulee staining blue with 

Polychrone (FiKS. 25 be 38 ). A different type of gaules 
which appear to be enclosed laside e follicle are tound st tbe 

bage of the stiff rounded teeth (Pigs. 24 a 27 ). 
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The space s betveen tbe lo08e conne otíve ti ssue of 

the lipe appeer to be ocoupied by a mucilagenous subetence 
thet steins purple with Polychroue (Fige. 28 ). 

Ia impregnated femalea, promineat, deep ataining 
ovel petches are seen inside the lip (Fig. 39 ) and at the beoe 
of the keel (Pig. 32 ). Wbe ther they are sub-epithelial 
tegumentel gleD�S 0r acoueulat ions of searetory aterial produce d 
by the epithel1ial oelle, is not clesr. They ata in deep purple 
with Poly chrome. 
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The outicle oovering the vill1 end keel ls very thin 
and orenulated and ata ine blue with Polyohrone (Pige.31 & 32 ). 

In marked contrast to thie, the cuticle of the 1ateral boras 

and the stiff rounded teeth are thick, a thia 1aner layer 

edjacent to the epitheliun oteining �eep blue and the thloker 
outer layer staining 11ght purple with Polychrome (Plge. 34 4 35 ). 
The cuticle of the ventral and dorsal welle of the seninal 

receptacle (Fig. 36 ) and the �orgal wall of the madian conicel 

process 0f the trident (Fig, 37 ) are thicker and distinctly 

leme llar, staining blue with Polyohrone. 

Broken bite of the spergatophores are found insiâe the 

seminsl receptacle of the Lnpregnated fema lea (Figs. 4°, 44, 42 & t3 ). 

The spe rnatopbore well, spongy mAtrix end the sperm mAss are 
clearly visible in the se sections. Whether the spernatophores are 

broken at the tine of section outting or vhether they were already 

broken insiâe the thelycum before 1t was fixed, is not clear. 

While the cuticle liníng the thelyoum stains blue, the chitinous 
well of the spernatophore etains red with Polychrome. 

Ia juveaile femEles the vill1 on the lips are fey 

and ahort (Pigs. 21 k 30 ) wa1le in the adult, inpregnated ones 

the vi11i are munerous and long. 



HISTOCHEMISTRY OF THE THEIXCUM 1 
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The re sulte of the histooheni ca l teets performed on 
the trensverBe sectione of the thelycun are euanar sed in Table 
II (e, b& o). 

The cut icle and epidernio o£ the lip region, trident 
and laterel plates are positive to basic proteins containing amino, 
aoidic and tyrosyl roups. The staining for the basio proteins is 
BOst intense in the 1ip region, lesser in the trident and least in 
the leteral platee. 

The teste for carbohy �rates revealed that these regions 
are positive to aoid mucopolysaccharides and that the AMPe are 
carboxy lated. The intense blue colour of the epidernia vith Best's 

Qarmine le indicative of active nuole i. PAS pos1tivity even after 
�escetylation ves ROre intense ln the lip region than in the other 

regions, indicating the concentration of AMPs 1n this region. The 

cuticle and epidernie of all the regions was positive to chitosan 

test. 

The lpid tests were negative in all the rogions. 

The derk etaining patohes in the l1ps and at the base of 
the keel in impregnated fenAles appear to be almost pure carboxy 

leted aeid mucopolyssccheriâes, reaoting very intensely to PAS, 
Beat'o Carmine, TB Ân higa pH and low CEC, and very veskly to 
protein testa end not at all to lipid tests. 



E-indicue - Histochenice l characterization of Thelycun : 

S. 
Ho. 

1. 

2. 

Ristochenical 
test 

4. 

2 

Mercurie Bronophe 
nol Blue test 

b) ABB after 
�eamination 

Table - II (a) 

a) Aqueous Brono 
phenol Blue 
Test (ABB) 

3. a) Ninhyârin-Sohiff 
Test (NS) 

b) NS after 
�eanination 

Proteins 

b) TB after 
me thylation 

a) Toluidine Blue 
test (TE) 

b) FP after 
mercaptide 

5. a) Perric-Perricya 
nid test (FF) 

6. e) Thioglyeollate 

b) TET after 

Ferric-ferricya 
aide test (TF) 

thioglycollate 
reduction 

3 

Lips Keel ral 

DB 

Cuticle 

M 

4 

B 

B 

Lete 

B 

horns 

5 

B DB 

B 

Bpideranis 

Lips Keel rel area9 
horns in the 

1ip 

M 

6 7 8 9 

B 

B 

B 

M 

B 
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Iate- ing 

Dark 
stain 

B 

M 

DB 

contd. . 



Table-II (a). contd.. 
1 

7. a) Millon's teot (MT) 

DB 

2 

8. a) DMAB - aitrite nethod 

M 

R 

b) MT after 1odinat ion 

b) DMAB - nitrite after 
fornalâehyde 

Daep Blve 

Blue 

Magenta 

Red 

Moderately positive 
Poaitive 

Intensely positive 

Negetive 

3 4 5 6 7 8 9 

R R 

40 

R R 













































Fig. 33. 

Seotion through base of trident anå lip 

villi. SEP Se ore tory epithelivm on 

ventral vell of nedisn conical process 

of tri�ent. V Villi; Haenatoxylin 

Eosin (x 100). 

Fig. 34. 

Section through lateral horn showing 

seoretory epithe liun (SEP), thick 

cuticle (C) and core of conne ctive 

tiasue (CT); Polychroue stain ( 100). 



Flg. 33 

Fig. 34 



Fig. 35. 

Section through stiff rounded tooth 

showins georetory epithelium (SEP), 

thigk cuticle (C) end connect lve 

tlssue at the base (CT); Polychrone 

stein (x 100). 

Fig. 36. 

Section through posterior region of 

thelycun showing �oraal wall (DW) and 
ventral wall (VW) of seninal receptacle 

( SR), 1oose conne ctive tissue in laterel 

plate (CT) snd outer val1l of lateral 

plate (0W); Polyohrone stain (x 100). 



Fig. 35 

Fig. 36 

Dw 

SEp 



Flg. 37. 

Seotion through base of keel ahoving 

lamineted cutiole (LO) oover ing �oreal 

wall of conloal median process and �ark 

stainins patohes (D9P); Polyabrone stein 

(x 100). 

Pig. 38. 

Seotion through base of triâent, showing 

blue ata ining granules in loo8e conne otlve 
tiseue PolychroBe stuin (x 100). 



Pig. 37 

Fig. 38 

DSP 



Pig. 39. 

Seotioa through be se of lip and portion 

of latorul plate. Showins deep ata ining 
patches (DSP) ins ide lip, looge conneet ive 
tissue (CT) end outer wel1 (0w) of lateral 

plate; Polychrome stain (z 100). 

Fig. 40. 

Section through inpregnated thelycun 

showing spernatophore well (Wa), spon8y 

mAtrix (SPM), and spern naas (SM) of 

stored spernatophore; Polyohrone stain 

(% 100). 



Fig. 39 

Fig. 40 

0SP 

LIP 



Pig. 41. 

Section through impregna teû female 
showing epernatophore wall (Wa) and 
speri DA B8 (SM) of etored 8pernato 
phore; Polychrome stain (* 100). 

Fig. 42. 

Section through lupregnated the lycum 
showing speruatophore wall (Wa) and 
spern MASB (SM) of stored spernatophore; 
Polychrome stain (x 100). 



Fig. 41 

Fig. 42 

Wa 
S 



Fig. 43. 

Section through iupregnated tbe lycum 

ehowins spongy matri (SPM) and apera 

DB B9 (SM) of stored spernatophore; 
Polychrone atain (x 100). 



Fig. 43 



DIS c USS I 0N 

This is the firet time tbAt the sperumatophore snd 

thelyoum of Penaeug indiqus bas been atuá ied from the point or 

view o£ morpholouy, histology end híetochemi stry. The apernAto 

phore structure of R.indiqug �oes not fit into any of the three 

ty pes or cetegories into which the decapod aperBatophores have 

been elaseified by Dudeahausen and Telbot (1983). It is neither 
vesículer, pedunoulete nor tubular. Although the sperma are 
packed inside e sperm bag as in brachywran orabe, the beg ie 

lerge and chitinous snd has & chit inous wing in P-indiceus while 
in the brechyuran Scylla gerrate, spern sacs are minute, with 
non-chitinous wall and float in the seminal pla sma (Uma & 
Subranoni oc 1979). Thie differenoe in strueture is clearly 

essociated with the difference in the reproductive atrategies 

Båopted by P"indicus and S.gerreta. The spermatopàores are 

introduced iato the oviduct of the female �urin8 mating and stored 

Gefe ly inside the body la an enarged portion of the oviduet in 

S.eerrate while in P-indigue the spermatophores are loâged inaide 
the seainel re ceptacie of the thelyoun whioh is practically 

external to the boây and benoe need grester proteotion fom the 

The chítinous wall of the spera influence of the environnSnt . 

bag in P.indLeue nay be the ansver to this problen. The Rna 

onAbe Bue rite saietica, Albunee syniete and the panulirid lobater 
Panulirus homEIUg whi ob dep081% the spereatopboreg epioically n 
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the body of the fenale protect the sperus from the harmful 

intluence s of the environnent by encloeing them in a non 

chitinous, menbranous tube of neutrel mmoopoly ea cohsride snA 
embeddin the convoluted yperne to phore tube in a thick gelatinous 

trix of aciâ muoopoly sa ccharides which mAy herden into a hArd 

substange in lobstere and Albunes gynnigte or renain gelatinous 

in BuerÍ te agiatice (Subranoni nm, 1985). In P.iAdioue thbe 
apernatophore is not enbeaâeâ in a gelatinous aatríx of AMP for 

protection, but the well of the eperm beg 1t self appeera to be 

mAde up of AMP and stabilised by chitin. The pre sence of tyrosine 

containing prote in in the wall of the spera bag gugseats the 

posibility of phenolie tanning to further strengthen the well. But 

since the occurrence of phenolase in the wall vas not tested for 

Quring the pre sent study, this caAnot be confirned. Hovever, Malek 

and Bawab (1971) heve reporte� phenolic tanning in tbe sperDAtophore 
of Peneeue kerathurug. Chitin hes been reported in the Bpernato 

phore of Penaeus setiferue elso (King, 1948). The se findings 

suKKest thet the spe ruetophore wall of Penaeue 1is sinilar to the 
But the wall of the spera beg in Pindicus cuticle of crustaceans. 

ataine red while the cuticle of the thelycum of this preWn stains 
A further �irferenoe betwe en the two blue ith Poly chrone. 

nt muetures iB that the wall or the sperm bag ls homogenous without 
eny le me 1let ions while the outicle 1s lame llar (except in the 14 

region). 
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The eperm beg of P-nd1cus has a aticky mees of granules 
attacheå externally tto the enteronedial region. The substanoe 

Eppeers to be a sulpheted AMP whioh may be use ful for cenenting 

wo Speruatophores into a single maas es they come out of the 
Le enital opening at the base of tbe 5th, walking leg so thEt 

ney can be eesily hand led by the nale at the tine of trensferring8 
the sperHatophores into the thelycum of the fenele. 

Inside the spern bag the Bpera ma se is enbedâed in a 
sponsy trix which presente a lame llar netvork pattern in 
paraffin sections. The aterial of the spongy matrix is positive 
to histochenical tests for carboxylated AMP. The spera Das8 1tsel: 
is intense ly positive to carboxylated AMP. The abun@ant presence 
of mucopolysacchariâes complexed with proteins has been clearly 
denonetrateâ in the apernatophoric ribbon of the aand crebs and 
the spernatophoric DAss oî rock lobsters by Subramoniom (1984) 
anå kadha and Subramoniom (1985) respectlve ly. The lstter authors, 
using polyacry lanide and agBrote gel electrophoresis have 
ísolated a AMP frection which has been positive ly identified as 
chonâroitin sulphate. They suB8eBt thet the chondroitin sulnhate 
mEY hEve a  ominant role ín the hardening o? the lobster spermato 
nhore after it is attached to the sternun f the fenale, as ve 
BS in einteining micro-env1roment Within the speruatophorie 
tube for prolonged øpera survivel. 
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The funet ion of the oarboxylated AMP in the epongy Etrix and epera nagg inside the spera beg of R-indigua 13 0 known. Cerboxylated AMP hag been reported in the gelatinous 
EA trix of the speruatophorio ribbon of EDe r1te asiatica whicb does not undergo herdening on expoBure to see water. A protect ive 
anti-Dicrobiel �efense funotíon has been sugge ated for the APs (Pignan and Horton 1970). It is likely that the spony natriz 
pAyaicelly protects the spern na se fron the environments and 
thet the carboxylated AMP nay prevent aicrobial �auage to the 
Bperoatozoa. 

The intenge PAS positivity of the eperA KAy be 
indicative of the presence of glycogen in tbe sperEatozoa. 
Glycogen hag been demonstrated in the speraatoz08 of Scylla 
gerrete by Uma and Subramoniam (1979) and Sn the sperm na8s of 
the sand crabs by Subranoni aa (1984) who gugBest that tbe 
crustacean spermatozoa ere provided ith a glycogen store for 
endogenous energy me tabolisn, snd thet they �o not �epend upon 
the sperm atophoric omponenta for their nutrition. 

A perplexing feature of the Bpera tophore of P.ind icus 
$e the inteage positivity of the sperm DABB to the chitoSan teet : 

the sponcy mAtrix and aticky mass of granules are elao p08itive 
SurpriBingly the wall of the spern bag to the chito gan test. 

And the wings are only moderately positive to chitosan. Whether 
*he spera Ae and the spongy DAtr1X really contain chitin vt13 

have to be further carefully inveetigated. 
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he preaent atudy hee revealed the great complexi ty 
of the thelycum of P-Andicug. A1though Peroz Farfente (1969) 

aa 11lustrated the poaterior hona of the medien protuberence 
OX 8ome American epe ciea of Penaeue. the "trident" (wbich ppeBrs 
to be homologous to the "posterior horns") bas been �esr1bed 
here for the first time in P.indioug and nay be preuent 4 
the Ind o-p&oific species of£ Penaeus &e vell. The vil2i on the 

11ps nd on the ventral sur face of the neáian conical proce ss or 

the trident, the row of rounded teeth at the doreal DArgin of the 

1ips Uard lng the opening to the seminal receptacle, the ninute 

e tae on the ventral surfece of the lateral horns end the cut icul ar 
POres along the ventral ma rgin of the 1ips bave als0 been brought 
to light by this atuây. The seeretory neture of the epitheliua 

lining the villi, the keel, the veatrel surfeoe of the med isn 
conical procese of the trident , the lateral horns snd the rounded 

teeth, is evident fron the hypertrophied anâ syneitial nature of 
the epi the lium and the enlerged nuolei. The long villi on tàe 
1ins. the keel and the short villi on the median ooniosl proces8 

are developed, obviously for increa sing the eurfaoe area of thie 
�e oretory epithelium. The 8e epithel1al aur face a are asnocia tea 

with a very thin, crenulated outicle , overlying them, It wil1 be 

bigaly interesting to study this cuticle surfuce us ing SEM 
Bven nder the high pover optica l microBcope, Lndi technique s. 

Whether they are real outicular cations of poree are vis1ble . 

Dores or optioel illusions cn be verifled only by ecennine 
electron aícroscopy " 11 te porea TeBIly exlst they nay Rere 
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cuticular pOres were noticed alonk the entire length of the lips 

O ae ventrel BATEin, They undoubtedly ere the channe le through 

WLilch the secretions îrom the yill1 and the rounded teeth reaoh 
the external erface of the lips. 

The histochemical studies suggest that the epithelial 
se cretions are zich in carboxylated acia mucopoly sa ccharides. Ia 

impregnated feOAles, trensverse sectione of the lips end the bage 

of the keel reveal numeroue �ark etaining patches which appear to 

be @coumulations of acid mucopoly saccharides produced by the 

se oretory epithelium or tegunental glands which seorete these AMPa. 
However, ao cellulsr structue, or auolei coulâ be �iscerned in 

the se areas. The se derk staining patches are cbarecteristic of 
Lmpregne ted the lycum and bave not been found in sectione of the 

thelycus of wnnated femeles. This sugsests that the prod uct ion 

of aciâ mucopoly sa cchBrides by the secretory epithelium of the 

thelycun is accelerateå by the presence of the spernatophore inside 

the the lycum. The copioue pro�uct ion of the secretions containing 

AMPe ay result in accuml&tion of the se substances ins1de the 

1pe and et the base of the keel, lesd ing to the fornstion of the 
�ark etaining patchee. 

It ie probable that the AMPe secreted by the thelycal 

epitheli un cone out through the pores in the outlole and cover the 

1n6. the trident end perbaps als0 Bpread to tha interior of the 

thelycua snd in some way protect tbe Btored spernatozoe n +he 



seainel receptacle . 
A thick ucus coatiny on the lips and the 

ventrel srfaoe of the tr1dent could ettectively blook he 
SaCe to the eeminel veeiale prevent ing l08s of the permstoz00 

knova to have anti ** e thelyaua. Purther, since the AMPB are 
a Crobial propertie8 (Piaman end Horton, 1970) , 

y ala0 prevent buaterial and fungel infuot ion 

dur ing prolonged storage ineide the thelyouE. 
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the se BecretzOnb 

obeered to occur Only when the 

them and Subramonin (1977) bes 
Beorotion io responeible for the 

of the aperaAtoZOE 

The nature of the blue-staining ranulee in tbe 
conne ctive tissue at the core of the lateral horne end at the 

ba se of the stiff roun�eâ teeth, is not cler. The function of 

the minute setue on the ventral surfeace of the lateral horns is 

also not clear. The setae nay be sensory, and may respond to the 
pre sence of spernatophores ineide the inpregnated the lycur , tri 

ssering the eccelerated gecretion of AMPs snd poeeibly hornones 

etc., connected with the reproductive proce s se s . Electron micro 
scopic etuaies nay throw BOre light on the structure and funetion 

of the se setae on the lateral horne. 

Dehísenoe of the peâ unculate sperna tophores of Buerita 
asiatiça �eposited on the pleopod region of the feDale hae been 

eB8 a B8 cones in contact with 

sugES Bted that an oviduce l 
digestion of the cementing 

me teriel cloeing the 11p o the eperuetoph0re . In Albunea gyunieta 
Ro the spipy lobeters where the convoluted tubular spernatophore 
#n emhedded in e tbick gelat1n0ue atr1x whioh hardens tnto a thlal 



Pueyke ABB, tbe femgle 1e RA1a to uee ite poverfl cbel4e 

eaOve the proteot ive ra trix end then Kouge the spernatophorzd 

ee Open, to relea se the speruatozoa et he time of fertilization 
(Fielder, 1964; Berry, 1969; Subranoniau, 1954). In the case of 

E"n01que, since the spernatophores are ineide the thelycum, tbe 
OVi�ucal secretions gannot aot on them, nor oould the appendega 
Of the female rea ch then to tear open the eper bag" The poBsi 

D211ty of one of the thelycel seoretione acting on the wall of 
the Speru bag and dissolving 1t ls suggeDted by the present study. 
But thís needs further inve stigation. 

Even 1f some thelycal enzyne a disaolve the speruatophore 

well ând liberate the spe raatozoa inside the thelycun, how is tbe 

fenale able to synchronise their releage fron the thelycun with 

the spawning of the va. Thege questions cennot be answered at 

present. 

How �o the sperAto 208 escape froum the the ly cum ? 
The seminel receptacle is open on the ventrel eide through the 
lips. Hovever, the aunerous vi1ll, coated with e thick layer 
of the viscous muous secretions from the thelycal epithelium 
can eftectively block this pa sBage. The only other vay tbrough 
which the gpe raet0z0a can come out aIe the two aMA11 openingA 

on either side of the enterior proce Bs of tbe thelyeum left 
hy the anterior extension of the lateral plates that cover 

t.he shoulder of the lateral horne of the trident , 

the aele game tes come out of theBe openings they wilu 



68 

De lo8e to the oviducel openinge on the coxa of the 3rd 
Welxins legs through whi ch the ova are releasea. Hence they 

háve a good chance to ket atteched to the ova and fertili ze 
then. Hovever, the mecha ni gn of relea se of the spernatozoa 

11rst fron the epera bag and then trom the thelyoua need8 

further stuây. 
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The aorpholosy, hietoloKy and hietochemiutry of the 
Bpermetophore and thelycum of Penaeus indicue has been 
8tudied in great �etall to underatand the strructure 

end role of the se organs in repro�uotion . 

The sperme tophore of Peneeug indicus consiste of a 

chitinous spera bag and wings, with a eticky E S8 0f 

6raAules rich in sulphate AMP at the anteriome d ia l 

corner of tha sperL bag. The sticky eubetange serves 

to cenent the two spernatophores ag they issue out of 

the male genital openings, into one unít. Inside the 

spern bag tae sper DE S8 is embe �ded ia a spongy etrix 

rich in carboxy lated AMP. The spernatoz0a appear to 
heve a glycogen store for endogenous enersy metaboli am. 

The thelycua of -indicug ie very complex. The lateral 

plates bide the pooterior pro jections of the tolds of the 

sternite XIII whick fora a "trident" coneistin; ot a 
conical median proce ss baving a aedian ventral keel, and 

two laterel horns covered with ninute setae on the ventral 
Bide. The lateral plates meet in the centre to forn the 

reiged lips, the medial surfaces of waích are covered vith 
The ventral srfaco of tha conical nedan nunerous vílli. 
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5. 

6. 

7. 

8. 

Proce 88 of the trident ela0 beare short vi111 10 adu 
females. 
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Ihe dorsal nargin of the 1ips bear a row of stif1 
ounded teeth which kUArd the ent rance to the semlnal 

receptacle wbich le single chembered . 

The villi on the lipe anô ned 1an conical proce EB and the 

keel have well developed secretory epithe1ium Bnd are 

covered with very thin cuticle, which, in sur?ace view 

appeaIrs to be raiaed into minute rounded papillae. 

The st 1ff blunt teeth and the latera horas also have a 

s0oreto ry epitheliua, but have thiok cutlcle. 

On the ventral AArgin of the 1ips nunerous minute 
quticular pores are seen. The seoretions proûuced by 

the thelycal epithelium appear to come out through the se 
pores. 

In traASveree seotions of impregnated thelucum, �erk 

eteínins patches are obeerved inside the lipa and at the 

bage of the keel. They eppear to be eccunulations of the 
epithelial se cretions. 

The epithelisl secre tiona of the the lycum are rich in 

C8rboxyleted AP whioh seen to prOtect the etored eperaatozoe 

trom baoterial and fungal 1nfections. The se ecretions ooulá 
e1R0 effe ctively block the entrance to the seuinal receptaole 

and prevent the loss of sperRatozoa fron the thelycum, 
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