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PREFACE

The world wide interest in the oulture of penseid
préwns has stimulated keen intereet in the reproductive biology
of theee prewns with & view to breeding them in captivity for
produoing preawn seed on & large sosle in hatcheries. The
reproductive strategies adopted by the penceid prewns are vastly
different from those adopted by the fish. Mating and spewning
ects are simultensous in fish, the msle fish shedding the milt
while the feusle fish relcasees the mature ova into the water
where the motile sperms fertilize the ova. In peneeid preswns,
on the other hand, mating @nd epawning &re two different processes
eepareted by a time intervel. The eperms are non-motile and
pecked in sperm bags celled spermaetophores which are transferred
by the mele to the feuwsle thelycum during the mating act. The
sperms are stored inside the thelycum till the female spawns,
simultansously releessing the ova from the ovary and the eperms
from the thelycum into the essawater where fertilization takes
place. Surprieingly very little is known about the detailed
structure of the thelyoum and epermatophore and oonessquently the |

reproductive mechenisms in penseid prawns are poorly understood.

The aim of the present work is to study the detailed |
morphology, histology and histochemistry of the spermatophore

and thelycum of Penssus indicus, & very important cultivable




()

species of penaeid prawn. Such a study is essential for
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 living maele and @xamined. 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 wes studied after clearing it in saturated solution of
potassium hydroxide. Paraffin sections of the thelycum were

used for histological and histochemical studies.

These investigations have brought to light the
extremely complex structure of the thelycum of Penaeus indicus.
For the first time, the existence of specialised epithelium in
the thelycum for secreting acid mucopolysaccharides has been
demonstrated. The acid mucopolysaccharides seems to have an
anti-microbial role, protecting the sperms from bacterial and
fungal infection during their prolonged storage inside the
thelycum. The spermatophore has a chitinous sperm bag inside
which the sperms are embedded in a matrix of acid mucopoly-
saccharides. The sperms seem to have a store of glycogen inside

them to provide energy for their metabolic needs. To the sperm



bag ie attached a chitinous "wing" which is quickly wora off
after the spermetophore ie transferred to the thelycum of the

female.

I have great plessure in ecknowledging my deep sense of
gratitude to Shri i.S5. Muthu, my supervising tescher for his able
guidence and constant encouragesent throughout the period of my
dissertation work. I &lso wish to thenk Dr E.G. Siles, former
Director, C.M.F.H.l1., for his continued encouragement during the
entire tenure of the course. My sincere theanks ere also due %o
Dr P.S5.B.R. Jeames, Director, C.M.F.R.I., for the encouragement
end facilities provided et the Institute for the successful
completion of my dissertation. An especiel word of gratitude to
Shri Nendakumer, Technical Assistent who has been extremely helpful
in procuring, in time, 8ll the necessary items for the present
work. My thanke are also due to the staff of the Nerskkal Praewn
Culture leboratory of the CMFRI for their help in providing the
meterial for this work. My sincere thenks are due to Shri D.C.V.
Easterson, Scientist for his assistance in wicrophotography.

Lestly, but not the least, I wish to thank my fellow scholars,

junior and senior research scholars and other staff of the Institute
who have given me @ helping hand at verious stages of my dissertation
work. I aleo wish to thank the ICAR for having awarded the Junior
Research Fellowship during the tenure of which this work was carried

out.



INTRODUCTION

Study of the reproductive strategies edopted by the
enim8ls belonging to the Class Crustacea has been attracting the
attention of the scientists in recent yeears. Crustacean repro-
duction hes certein unigue features guch as the non-motile nature
of the epermetozos, the prevelence of the practice of packeging
these mele gametes in spermsetophores before they are tranaferred
to the female end the capecity of the female to store iho
epermatozoe in & vieable condition for long periods. An under-
stending of the complex reproductive mechen isms in the edible
decepod crustaceans like prewns, lobaters end craebs is & prerequisite

for breeding them on a large scele.

The firet description of the spermatophore of a decapod
was given by Kolliker (1841) for Pegurus bernherdus. Since then,
the spermetophores of a number of other decapods have been
described. Dudenhausen and Talbot (1983) have reviewed the
extensive literature on the spermetophores of decapod crustaceens.
They have listed 47 anonurans, macrureéns and brachyurans in which
spermatophores have been investigated. They have classified the
decapod spermatophores into three categories viz, the vesiculer,
pedunculate and tubuler types. The simpleet is the vesicular type
common in brachyuran crebs where the spermetophore is smell,
sphericel or ellipsoid with @ thin wall covering the sperm mass.
The second type is the pedunculate speramutophore of enomurens in



which the sperm mess is packed into one or more spermetophores

elevated on stalke which are attached to a common gelatinous base.
The third type is the tubular spermetophore equipped with several
distinct investing leyers surrounding the sperm mess arrenged in e
cord-like menner. This type ie common emong the mecrurens euch ae

astacids, homaride, nephropside, panuliride end carideens.

The origin, neture and development of the spermatophoric
mess of the spiny lobster FPanulirus penicillatus, the rock lobeter
Perribacus enterticus end the nephropeid lobster EZnoplometopus

occidentalie have been studied by Mathews (1951, 1954 e and 1354 b).
The espermatophoric mess of Palinurus gilchristi and other South
Africen epiny lobsters have been described by Berry (19569) end
Berry aend Heydorn (1970). The tubuler spermatophore of the
American lobster Homerus americenws bas been studied in great detail
by Maria and Telbot (1982) and Koode-Cisco end Telbot (1962, 1983).
Histochemicel observetions on the tubular spermstophore of the
spiny lobster Panulirus homarus revealed the presence of neutrel
mucopolysaccherides in the spermetophoric wall whereas the sperm
mess and gelatinous matrix are rich in acidic mucopolysaccharides

(Redha and Subremoniam, 1985).

The pedunculate spermatophores of anomurans have been
described by verious authore. In Diogenes pusiletor oanly e single
spermatophore is atteched with ite gelatinous base to the sternum
of the femele (Bloch, 19%5). In Pegurus bernhardus 4-5 spermato-
phoree are plsced on each gelatinous etrip end the attachment is
only through the peduncle; the ampoules of the spermetophore are



not bound to one another (Jeckeon, 1913%; Bloch, 1935). The
development of the pedunculate spermatophore of the hermit creb
Derdenusg agper has been recorded by Mathews (1953). In the send
crebs Lmerita telpoida, E.sneloge end Hippa pacifice, ribbon like
spermatophores have been observed by Wharton (1942), Mac Ginitie

end Mac Ginitie (1949) end Mathews (1956 a) respectively.
Subremoniam (1977) found that the ribbon like spermetophoric mass

in Emerite agietice is ectually composed of & row of numerous

tightly pecked dimorphic, pedunculate spermatophores attached by
the peduncle end to membranous strands &nd thet the whole ribbon

is embedded in & gelatinous metrix. The formation of the sperma-
tophoric mess end the histochemical natwre of the component parts
were alsc ianvestigeted by Subraconijam (1984) who found that

various types of mucopolysaccharides are present in the ribbon.

The send crabdb Albunes symnista differs from the other anomurans

in possessing & non-pedunculate, tubuler spermatophore, more akin
to those of the lobeters; the sperws ere packed inside & highly
convoluted tube embedded in & gelatinous matrix (Subremoniam 1984).

Mucopolysaeccharides are the mein cowponents in the spermétophoric

mess of A.gymnista also (Subremoniam 1984).

Among the brachyurens, the vesicular spermatophores of
the creb Carcinus maenus have been studied by Spelding (1942) end

Hinech and Walker (1974). The histochemicel characteristics of
the vesicular spermetophores of Scylle serrate have been

investigated by Ume and Subramoniam (1979).



The Netentis appear to possess @ wide variety of
spermetophore types. The epermetophores of the caridean prewns
velonging to the genus Macrobrechium resemble the tubuler
gpermetophoree of lobasters and ere reported to consist of sperm
mess end edhesive and protective geletinous meterial (Chow et a8l
1982; Sandifer et 21 19681). Among penseid prawns the minute,
elliptical spermatophoree of Parapenseopsie stylifera with the
rod-like spermetozoa packed inside have been figured by
Sheikmelemud and Tembe (195%) and Tirmizi (1968). They appear to
regemble the vesicular type of spermetophores of the Brachyure.
In contrast, the spermatophores of the penaeid prewns belonging
to the sub-genus Litopenseus are large and have elaborate
processes end expansions. These highly complex structures are
described in great detail by Perez Fanfanté (1975) for the five
Americen species Pensews (Litopeneeus) setiferus, P.(L) schmitti,
P.(L) veanemei, P.(L) stylirogtris end P.(L) occidentalis. She
hes elso illustrated the equelly complex spermatophores of some,
solenocerid prewns such &s Fleoticup robustus, P.suelleri end
Mesopenseus tropicalis (Perez Ferfante, 1977). Coumpered to the

elaborete spermatophores of these Americen species of penseoids
those of the Japanese prawn Penceus (Mersupenseus) jsponicus are
reletively esimple with wing-like expensions (ludinaga, 1942;
Tirmizi, 1958). The forwstion of the closely similar spermatophore

of Penseus (Melicertus) kersthurus has been described by Malek
and Baweb (1970, 1971, 1974 & and b).



The spermetophore of Penaeus (Fenneropenseus)

merguiensis has been photographed by Tuma (1967).

The spermetophore or sperm cord of the stomstopod
crustecean Squilla hologschiste has been studied by Deecaraman
end Subramonium (1980) who reported thet the spermatogzoa are
bound together with ecid mucopolyesaccherides to form the sperm
cord; there are no investing membranes. The speruwatophores are
found in the leseer crusteceans also and the litereture on the

subject hae been reviewed by Mann (1984).

At the time of mating the spermatophores are ususlly
transferred to the thelycum-the external genetelie of female
decapod crusteceans where the spermetophores are stored until
the period of spawning, when both the speruatozoe and the ova
ere releesed simulteneously by the femsle. The anomuran crabs
have no specialized regions thet can be designated as the
thelycum; the spermeatophore ribbons of the sand crabs are
deposited in the pleopodal region of the female &nd are protected
by the tucked-in telson. In the hermit crabs Diojenes pusilator
end Payurus bernhaerdus the pedunculate epermetophores are
atteched to the sternum of the female (Bloch 1935). In
Clibeneriug oliveceous Kemslaveni (1947) hes reported certein
grooves in the sternum and coxe of the thorecic eppendeges which
which appear to chennel Lhe spermstozos into the oviduct.



In the Prachyura there is no thelycum and the
spermétophores are injected into the oviduct of the female by
the mele at the time of meting end the spermetophores are stored
in sn enlarged part of the oviduet called the sperumsthece
(Ezbilerasi and Subremoniam 1960). Similer internal spermathece
or veginel pouch is said to be present in the stomatopod Squille

holoschista (Deeceraman and Subremoniam 1980).

It is in the Macrure that the thelycum reeches its
highest complexity. In its simplest form,the thelycum merely
consists of a seriee of prominences, depressions, grooves or
pletes on the sternites of the sixth to the eighth thoracic
segments to which the spermstophores are superficielly atteched
by cementing substences. This "open type" of thelycum is found
in epiny lobsters (Berry 1969) in ceridean shrimp such as
Mecrobrachium rosenbergi,(Sendifer et sl 1981) and in Aristidse
(De Man, 1911; Kube, 1949) Solenoceridse (Kubo 1949; Perez

Ferfante and Bullis, 1473 and Perez Farfante 1977), end the
Americen species of the sub-genue Litopenaeus (Perez Farfante
1969, 1971) among the peneeoid prawns. However, 1h the majority
of prawns belonging to the femilies Penseideae and Sicyonidae

the thelycum is of the "closed type” with seminal receptacles to
store the spermatophores (Alcock, 1906; Kubo, 1949; Hall, 1962;
Racek anéd Dell, 1965; Dell, 1962; Starobogatov, 1972). As 811
these workers were taxonomists, the descriptions of the thelycum

were concerned only with the external eppearance of the thelycum
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which is species-epecific and hence of great value in the
identification of the species. However the earliest of the
workers to illustrate the seminsal receptacles of penseid prawns
wes Kishinouye (1900) for the Japenese species. Subsequently,
Burkenroad (1934 and 1939) discussed the structure of the
thelycum of some penseid prawns in greater detail. Hudinagae
(1942) end Tirmizi (1958) showad the reletionship of the
implaented spermatophore to the thelycum in P.japonicus. In the
imerican species of the genus Penseus, Perez Farfente (1969 &
1970) figured for the first time the posterior horns of the
wedian protuberence which &re normally hidden under the lateral
plates of the thelycum. She also published clear illustrations
of the paired seminal receptacles of the Americen species of
Trachypenseus (Perez Farfente, 1971). Tirmizi (1968, 1969)

figured the paired seminal receptacles of Parapenseopsis
stylifers and P.hsrdwickii while George and Muthu (1968) indicated

the presence of paired eeminal receptaclee in Metapenseopcis
etidulens end M.barbata. A "closed type" thelycum with seminal

receptacle appeérs to be present in the homerid lobsters also

(Aiken et &1 1984).

Even the Euphausiaces have complex thelyeca in which
the stalk of the pedunculate spermetophores are iwmplented during
mating (Einersson 1942, 1945; Gebestian 1966; Costenzo and
Guglielmo 1976).
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From the foregoing review of the literature, it ie
clear that we have practicslly no inforwetion on the detasiled
structure of the male spermetophore and the female thelycum of
the Indien species of peneeid prawns which ere currently being
used for equaculture purposes. For successful culture of eny
enimel thet is grown in captivity, it is essential to breed them
under artificiel conditions and thie is possible only when the
reproductive mechanism of the enimel is underetood properly. It
is with this objective in view that the present investigation wee
teken up. Peneeus indicus, the Indien white prewn ie a prime
csndidate species for agqusculture in coastel waters. The present
study deels with the morphology, histoloygy &nd histochemistry of
the spermetophore and thelycum of P.indicus to understand their
role in the reproduction of thie preawn. The study has revealed
for the first time, the highly complex neture of the thelycum
of P.indicus, which appears to be more than & mere passive
receptacle for keepling the spermatophore received during mating.

The results are presented end discussed in this diesertation.
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MATERIALS AND METHODS

Live specimens of Pensneus indicus collected froa the
Marine Prawn Hatchery Laboratory, Nerskkel and from the sea were
used for the study.

Spernstophore :

To study the structure of the spermetophore, the

spermetophore situated within the terminel asmpoule &t the base

of the £ifth walking leg, was electroejaculated by epplying an
electric stimulus (4-6 V) to the base of the fifth walking leg.
The spermetophore freshly obteined in thie menner was observed
under the stereoscopic microscope to study the structure. The
extruded spermetophored was elso allowed to remein in sea water
for & few minutes and agein observed to discover other structural

details and response of the spermstophore t0 sea water.

For histologicel study, the spermatophore within the
terminel ampoule and the electricelly extiracted spermatophore
were fixed in Bouin's fixative for 24 hre, dehydrated in greded
series of eslcohol from 70 # to 100 %, cleared in xylens and
eubedded in peraffin wax in e hot air oven at 60°C. The blocks
prepared were sectioned &t 6/p and epread on micro-glass slides.
Different stains such ag Mellory's triple, Harrie' Haematoxylin-
Eosin end Polychrome (Leishmen's Eosin-Methylene Blue) were tried,
to stain the sections after dewaxing with xylene. The etained
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slides were dehydrated in graded alcohol seriee cleared in
xylene and mounted in DPX. Sections stained with Polychrome
geve the best histological details and differentiation.

Tuelycuuw

The thelycum loceted between the fifth to eighth
sternal pletees of feuales was cut &nd removed carefully. Inm
order to study the structurel details, the theiycum was cleared
in a saturated solution of potassium hydroxide so as to dissolve
the adbering tissue. The cleared, translucent thelycum was then
studied under a stereoscopic binocular microscope. The thelycum
from femzles of different size groups in the ianter moult stege

and impregnated femalee were studied in this wmanner.

The thelycum from live femalee were cut end removed
carefully end fixed in different fixatives. Thelycum removed
from females of different sizes in the intermoult stage and
from the impregnated fewales were ueed for this type of study.
After initial fixation in Bouin'se fixative for 24 hrs, decalcifying
sgents such as De Cestro's fluid, Perenyi's fluid, and Jenkin's
fluid were tried for diiferent durations of decelcification euch
as 6 hrs, 18 hrs and 24 hre. Direct decalcification in fixatives
such as Perenyi's fixative and Zenker's fixative wes eleo tried.
Zenker's fixative proved to be the most suitable agent and was

subsequently used for further atudy.
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The thelycum fixed in Zenker's fluid for 18 hrs, wes
waghed in running tep water overnight to rewove the mercury
pigment. Dehydration weas done in different grodes of alcohol
from 70 % to 100 . The meterial wae cleered in xylene-alcohol
mixture for 1 hr and in pure xylene for 1 hr end then embedded
in psreffin wax in @ hot air oven @t 60°C. The blocks were

sectioned at 6-8 ba end spreed on gless slides.

Staining, after dewsxing in xylene and gresdusl hydration,
was tried using different stains such as Mallory's triple, Harrie'
Heematoxylin-Eosin combination, Polychrome (Leishman's Eosin-
Methylene Blue) Toluidine Blue, and Peraldehyde Fuchsin. Of
these Polychrome and Haeuatoxylin-Eosin gave best histological
details.

The stained sections were photogrephed in a Olympus
(Model Venox PM 10) microscope with autometic photomicrographic
attachment, using Kodecolor 100 ASA end Ilford 100 ASA black &

Hhitet 3% mm films.

Histochemistry

For histochemicel studies, the spermatophore and
thelycum were fixed in 10 % neutral, buffered formaldehyde and
processed as done for histological study. The histochemical
steining proceduree were mainly from Peerse (1968) snd Subremonium

(1982).
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Histochenical identification esnd characterizetion

of proteins were made by

@) Mercurie Browmophenol Elue test for Proteins

b) Aqueous Bromophenol Blue test for Basic proteins

c) Ninhydrin-Schiff test for emino groups

d) Toluidine Blue test for acidic groupe

€) Ferric-ferricyenide method for -SH groups

£) Thioglycollic ferric-ferricysnide method for -35 groups
&) Hillon's test for tyrosine

h) DiAB-nitrite method for tryptophan

Histochemical staining procedures adopted for

carbohydrates were

@) Periodic acid-Schiff technigue for carbohydrates
b) Bests' cermine test for glycogen

c¢) Toluidine Blue at different pH for ecid wmuco-
polyssccharides

d) Critical electrolyte concentration (CEC) method
for acid mucopolyeaccharide
e) Alcian Blue-PAS test for neutral and acid muco-

polysaccharide

Histochemicel characterisation of lipide was made by

a) Suden Black B test for lipide
b) Nile Blue method for neutreal and acidic lipide
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c) Nile Blue sulphate method for phospholipids
d) 041 red 'O’ method for neutral lipide

e) UV-Schiff reaction for unsaturated lipide
f) Sudan Black 'B' method for masked lipide

In addition, teste for chitin and nucleic acids were

also performed by using the Chitosan test end Pyronin G test

respectively.

Suitable blocking procedures (controls) were elso

used for each test to prove the presence of specific reactive

groups. The blocking procedures included deemination, methylation,
demethylation, merceptide, jodination, formaldebyde thioglycollate
reduction, acetylation, deacetyletion, chloroform-me thenol extrec-

tion, and Taka-diastase treatment.

The histochemicel observetions for protein, carbohydrate
end lipid obteined for speruatophore and thelycum were tebulated

indicating the intensity of reaction.
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RESULTS

MORPHOLOGY OF THE SPERMATOPHORE

When @& voltage of 4-6 V is applied at the base of the
fifth peir of legs, the male extrudes & pair of spermetophores,
one from each terminal ampoule. The two freshly extruded sperma-
tophores are ellipticel in shape and stick together &e they come
out of the genital opening. If they are left in sea water for
sometime the "wing" of the epermetophore spreads out like a
crumpled handkerchief. The wing is attached along the outer
mergin of the membrenous beg which conteins the speru mass inside
(Pig.1 ). The region of ettachmwent of the wing to the sperm bag
is tough and fibrous. On the anteromedisl corner of each sperm
bag, externslly, is found e sticky mess of grenules which bind the
two spermatophores into one unit. Inside the sperm bag the
sperms ere embedded in & spongy matrix. The sperms ére transperent,
roundish and possess @ "spike” &8s long &s the sperm body (Pig. 13 ).
The wing sticks out of the thelycum of impregnsted female and gets

worn off quickly.

HISTOLOGY OF THE SPERMATOPHOEE 3

The membranous wall of the sperm bag steins pinkish red
with Polychrome stein and eppears to be single leyered (Figs.2 & 12).
The wing steins pinkish red like the spermatophore wall (Pig.: ).
The point of attachment of the wing to the sperm bag is clearly

seen in Fig. 10 . At the enteromedial corner of the spermato-



18

phore the wall invaginates to form a shallow cup (Pig. 11 )
which conteins the sticky maéss of granules that stein a derk
purple with Polychrome (Figss«4). The spongy metrix adjacent
to the inner wall of the spermatophore (Fi;. 2 ) steine purple.
The meterial of the sponyy matrix forms @ lemeller network
(Pigs. 4 & 5 ). SOpermetogoe esre present in a mass at the
centre of the spermetophore and stein purple like the spongy

matrix.
number of places, so much so the sperm mass appeara like islands

The sperm mese is inveded by the spongy matrix in e

in the spongy matrix (Pig. 5 ).

The wing, the well of the sperm bag, the sticky mase of

&ranules, the spongy matrix and the sperm mass could also be
clearly recognised in sections of the terminel ampoule containing
the spermetophore (Figs. ¢, 7, 8 « 9 ), The staining properties
of these various coaponents is also the same 8s in the sections of
the extruded spermatophore; only the spongy metrix steins e
lighter shade of purple &nd the lamellar network structure is not
apparent (Figs. 7, 8 ¥ 1), The highly developed secretory
epithelium of the terminal ampoule which seems to secrete the

spermatophore well, the winge &and the sticky mass of grenules is

aleo clearly seen in these sections.
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HISTOCHEMISTRY OF THE SPERMATOPHORE 3

The results of the histochemnicel tests performed on the

spermatophore sections are summerieed in Table I (a, b & ).

Spermetophore wall end wings

They are positive to chitosen test indiceting the
presence of chitin in these atructures. The intense positive
reaction with aqueous Bromophenol blue shows that they are rich
in besic proteins which also seem to contain tyrosyl groupe
(¥illon positive). While the well may contain some acidic groups,
the wings were negetive to the Toluidine blue test. The -SH, -53
and tryptophanyl groups ere conspicuous by their eabsence in the

protein of these structures.

The purplish red colour with PAS which is not extinguished
by deacetyletion indicates the presence of muco substences. The
blue colour with Best's cermine which disappears efter diastase
treatment may indicete carbohydretes other than glycogen. Blue
colour with AB-PAS shows the presence of acid mucopolysaccharides
(AMP). Blue colour with AB in low CEC strongly suggeets that the
AMP is cerboxylated. Oulphated groups appear to be absent, as
shown by the negative response to Brecco-Curti's test. Lipids
appear to be totally absent.
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Stic mnass of granules 1

Appear to contain basic proteins with tyrosyl groupe.
The strong positivity with TB may indicate acidic mucopoly-
saccharides rather then ecidic groupe in the protein. Moderate
poeitively with PAS even after deacetyletion end blue colour
with Best's cormine mey be indicetive of mucopolyseoccherides.
Blue colour with AB-PAS suggest thet they are acid mucopoly-
saccherides. Intense positivity to Bracco-Curti's test showe
that the AMP is sulphated. Dut it ie not confirmed by the TB
test in low pH and high CEC. It is negative to all tests for
lipids. Positivity to chitosan test is rather perplexing.

Spongy metrix e

it is only moderately positive to protein tests,
totally negetive to lipid tests &nd appears to be entirely made
up of carboxylated &acid mucopolysacchérides. Chitosan positivity

is perplexing.

Spern mage

It is 2180 only moderately positive to proteins and
totally megative to lipids. The very intense positivity to PAS
and the other tests for carbohydretes appesr to indicate the
presence of glycogen elong with the occurrence of carboxylated

AMP. Intense chitosén positivity is most perplexing.



Stic nass of uranules

Appear to contain basic proteins with tyrosyl groups.
The strong positivity with TB may indicete acidic mucopoly-
saccharides rather then ecidic groups in the protein. Moderate
positively with PAS even after deacetyletion and blue colour
with Best's cormine mey be indicetive of mucopolyseocherides.
Blue colour with AB-PAS suggest that they are acid mucopoly-
saccherides. Intense positivity to Bracco-Curti’s test showe
that the AMP is sulphated. DBut it i1s not confirmed by the TB
test in low pH &nd high CEC. It is negative to all tests for
lipids. Positivity to chitosen test is rather perplexing.

Spongy metrix ¢

It is only moderately positive to protein tests,
totelly negetive to lipid tests &nd @ppears to be entirely made
up of cerboxyleted acid mucopolysacchérides. Chitosan positivity

is perplexing.

Sperm mags !

It is also only moderately positive to proteins and
totelly megative to lipide. The very intense positivity to PAS
and the other tests for carbohydretes appear to indicate the
presence of glycogen along with the occurrence of carboxylated

AMP. Intense chitosan positivity is most perplexing.
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P.indicus - Histochemicel characterization of spermatophore :

b)

b)

b)

b)

b)

Froteins
3. gperm epongy sticky
Histochemical Test sans sac wing motrix mess of Indicates
grenules
2 3 4 5 6 7 8

Mercurie DBromophe- ¢ *e o * * Proteins
nol blue (iBB) DB DB DB DB DB
Aqueous Bromophe- ¢ see dee @ +e Basic
nol Blue (ABB B B B B B proteins
AEB after - - - = -
deeminstion
Ninhydrin-Schiff » 2 » L4 * Amino
teest (RNS) groups
NS after - e = - -
desninstion
Toluidine Blue e ¢ = e ‘oo Acidic
test (TB) B B B B groups
TB after - - - - -
wethylation
Ferric-ferricye- - - - - - -S8H
anide test (FF) groups
FF test after B - = - -
mercaeptide
Thioglycollate FF - - - - - =55
test (TFF) group
TFF test after - - - = -
Thioglycollate

- -—---.—-—----------.------———--—-—---———-—— - — - . -

reduction

contd...




Table-I (&) contd.

1 2 P 4 5 6 7 8
7. &) Millon's test . ¢ . + . Tyrosine
(MT) R R H R
b) KT after - - - - -
lodination
6. &) DMAB-nitrite - - - - - Tryptophen
@ethod
b) DMAB-nitrite - - - e -
method efter
formeldehyde
LB - Dark Blue
~ Blue
R - Red
- Foderately positive
e - Pogitive
see - Intensely positive



Table - I (b)

o2
(S

P.indicus - Histochemicel characterizetion of spermatophore

Carbobydrates
Se  Histochemical test sperm . spo- aticky -
No. . maes sec wing ngy mass i:g:
mat- of .
rix gre-
nules
£ 2 TTTTRTTTTT 35T T R 8T
1. a) Periodic-Acid-Schiff see ¢ * *s ¢+ Glycogen
technique (PAS) M M M M M
b) PAS efter deacetylation * + + * .
i M M M M
c) PLS after - = - - -
deamination
2. &) Best's Ceruine . LR L I 4 ++ Glycogen
test (BC) B B B B B
b) BC after Teka - - - - -
diestese
3. Toluidine Blue at
p 1 . . . + . -SO4 groups
B B B B B of AMP
pH 2 » * . . * -80‘ groups
of AMP
pH 3 . + i + . -PO4 & SO4
group of AM
pH 4 cos . * e ++ =COOH group
of AMP

contd...



Table-I (b) contd.
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4. Criticel electrolyte
concentration
(CEC) method

C.1 M

0.2 M
0.6 M
C.8 M
1.0 M

5. Brecco-curti's test

6. Chitossn Test

T. Alcisn Blue=PAS test

*ee

@oe

*e e

-COOH groups
of AlP

-COOH groups
-COOH groups
-SO‘ g&roups

-SO4 groups
of AMP

-SO‘ groups
of AMP

Chitin

Acid & Neutral
AMP

M - Magente
B - Elue

P - Purple

N -

¢ - Poeitive
coe -

Negative

Moderately positive

Intensely positive
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P.indicus ~ Histochemicel characterization of spermatophore :

Lipide
S. sperm spongy stio;; -
No. Hiat::ﬁ:mical ness sac wing DAtrix mass of Indicates
granules
1. &) Sudan Black B - - - - - Lipids
test

b) SBB efter chloro-
form methanol
extraction

2. &) Nile Blue method

b) Nile Elue after -
chloroform
methanol extraction

3. &) Nile Blue sulphate -
methoé (NB)

b) NB after chloroform
methenol extraction

4. a) 0i1 Red *'0' method -

b) 0il Red 'O’ after -
pyridine extraction

5. &) UV=Schiff reaction -
b) UV-Schiff after -
pyridine extraction

6. @) Sudan Black B (8BB)-
b) SBB after pyridine -

- Neutral &
Acidic 1lipide

- Phospholipids

|
- Neutral lipids

- Unsatureted
lipids

- Masked lipids

extraction
7. Pyronin G test *e0 *eer 0o eee e++ RNA & DNA
R R R R R
R = Red

Negative



Spermatophore

2mm
—

a - wing

b- sperm bag

Cc - granules
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Fig. 2.
Section through extruded spermatophore
stained in Polychrome, showing wall (Wa)
of sperm bag, & portion of the wing (Wg),
spongy matrix (SPM) and sperm meass (SM)
(x 100).

Fig. 3.
Section through extruded spermatophore
stained in Polychrome showing sticky
mass of granules (SMG) (x 100).






Fig. 4.
Enlarged view of section through sticky

mass of granules; Polychrome stain (x 200).

Fig. 5.
Section through centre of sperm bag
showing sperm mass (SM) embedded in
spongy metrix; Polychrome stain (x 100).
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Fig. 6.
Section through terminel ampoule showing
secretory epithelium (EP) of ampoule wall,
portion of the wing (Wg), and wall (Ws) of
sperm bag; Polychrome stein (x 100).

FPig. 7.
Section through terminal ampoule showing
wing (Wg) and sperm bag (SB) separated by
a partition with secretory epithelium (EP)
on both sides and connective tissue (CT)
in the middle. MW = Quter muscular wall;

OEp = Outerepithelium; Polychrome stain
(x 100).






Fig. 8.
Section through terminal ampoule showing
outer muscular wall (MW) secretory epithe-
lium (Ep), sticky mess of granules (SMG),
wall (Wa) of sperm bag, spongy matrix (SPM)
and sperm mass (SM); Polychrome stain (x 100).

Fig. G.
Section through terminal ampoule showing
sticky mess of grenules (SMG), wall (Wa)
of sperm bag, spongy matrix (SPM) and sperm
mass (SM); Polychrome stain (x 100),
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Fig. 10.
Section through extruded spermatophore,
showing attachment of wing (Wg) to wall
(Wa) of sperm bag (x 100).

Fig. 11,
Section through extruded spermatophore
showing shallow cup containing sticky

mass of granules (SMG) (x 100).






Fig. 12.
Section through extruded spermatophore
showing wall (Wa) of sperm bag, portion
of wing (Wg), epongy matrix (SPM) and
sperm mess (SM) (x 100).

Fig. 13.
Spermetozoa freshly removed from

extruded spermatophore (x 400).
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MORPHOLOGY OF THE THELYCUM

When the thelycum, cleared in saturated potassium
hydroxide solution is viewed from the ventral side (Figsuwsz1),
one can see the small slightly conical anterior process between
the 4th pair of walking legs on sternite XIII and the two
leteral plates forming an almost circuler area (slightly
narrower anteriorly) between the 5th pair of walking legs on
sternite XIV. The two lateral plates meet each other along
their medien margin which is reflected ventrally to form the
slightly tumid lips. Anteriorly the two lipe embrace the
medien keel arising in the middle of the anterior process. A
closer examination of the lips clearly shows the presence of
numerous delicate villi on their vertical medial surface. The
dorsal edge of the mediel wall of each lip ends in & row of
stiff rounded teeth. The gep between the two rows of stiff
teeth is the entrance to the single chambered seminal receptacle.
The cuticle and epithelium of the lips after rounding the row
of stiff teeth get reflected laterally below the lateral plates
to form the floor of the seminal receptacle. After reaching

the lateral edge of the thelycel region this cuticle again gets

reflected dorsally end medially to form the dorsal wall of the

seminal receptecle (Pig. 14+ ). When this dorsel well is cut
awey the two rows of rounded teeth are clearly visible (Fig. 1 )



If the lateral pletes are cerefully cut awey along the
outer mergin, @ “"trident" formed of two latersl horns and a
medien broadly conical procese is seen to project posteriorly
from the posterior mergin of sternite XIII into the thelycum
(Pig. 15 ). The trident ie actuslly @ posterior exteasion of
the anterior process of the thelycum. The keel on the anterior
process 1s continued posteriorly on the medien conicel process
of the trident. 1In edult females the ventral surface of the
median conical process is covered with blunt villi, broader end
shorter than the villi on the mediel wall of the lips. The
ventrel surface of the latersl horns of the trideat ere covered

with 8 few minute setae.

In young femeles the asnterior process and the trident
originete as upheavals on sternite XIII which gradually growv in
eize to assume the definitive shape in the adult female. The
lateral plates arise &8s posterolatersl folde on sternite XIV,
which grow medially and aateriorly as the femele grows and
finally meet eech other to form the lips and elso cover the
anterior shoulder of the trident and & portion of the saterior
procees, leaving & minute opening at the level of the sternite
on each side at the base of the conicel anterior process. The

spermetogos 8ppeér to coms out of the seminel receptacle through

these openings.
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The lateral pletes of the thelycum are covered with
& smooth cuticle having & few, very minute, denticle-like setee
(Fig. 19 ). The cuticle covering the keel, the villi on the lipe
énd on the ventral surfece of the median conicel process of the
trident is very thin and in surface view &ppears to be raised
into minute rounded papillee; some indications of cuticular
pores among the papillee are also seen (Pig.z0). Numerous,
distinet cuticuler pores ere seen along the entire length of
the lips on the ventral margin (Figs. 21 « 22 ).

HISTOLOGY OF THE THZLYCUM

Serial transverse sections of the thelycum were

examined to study the histology of the highly complex thelycum.

The epithelium of the 1lip villi (Fig.3? ), the keel
(Fig. 32 ), the ventral surface of the median conical process of
the trident (Fig.33 ), the laterel horns (Fig.3+ ) and of stiff
rounded teeth (Fig. 35 ) is clearly epecialised and eppears to be
highly secretory in function, es evidenced by the hypertrophied
and syncitiel nature of the epithelium and the large size of the
auclei. The normel (non-secretory) epithelium of the thelycum
seen on the outer well of the lips (Pig. 31 ), the outer wall of
the lateral plates (Pig.3s ) the dorsal well of the conicel medien
process of the trident (Fig.37 ) and the roof of the seminal

receptacle (Pig.3¢ ) has emall cuboidel celles with normel nuclei.
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The epithelium of the villi end the keel practically
Occuples the entire epece inmide them, leaving only o narrow
lumen between the two epithelinl layers (Pigs.* & ). The
nuclei are large end rounded, ocoupying & major portion of the
cell volume (FPig. 22 ). The hypertrophied epithelia of the
laterel horn and the etiff rounded teeth, resemble each other
closely and heve closely pascked, elongated nuclel (Pig. 2+ ).

The inner core of the bage of the trident hes loose
connective tiesue conteining grenules staining blue with

Polychrome (Pigs. 25 « 33 ). A different type of gresanules
which appear to be enclosed inside e follicle are found &% the
bese of the stiff rounded teeth (Pigs. 2( = 27 ).

The spaces between the loose connective tissue of
the lipe sppeer to be occupied by a aucilagenous sudbstance
thet steins purple with Polychrome (Figs. 28 « 31 ),

In lmpregnsted femsles, prominent, deep staining
ovel petches ére seen inside the lip (Fig. 39 ) and at the bess
¢f the keel (Fig.3: ). Whether they are sub-epithelial
tegumentel glends or accuwmuletions of secretory material produced
by the epithelisl cells, is not clear. They stain deep purple
with Polyclhrome.



The cuticle covering the villi end keel is very thin
énd orenulated and stains blue with Polyohrome (Fige.3 « 32 ).
In marked contrast to this, the cuticle of the latersl horas
@nd the etiff rounded teeth are thick, @& thin inner layer
@djecent to the epithelium steining deep blue and the thicker
outer layer steining light purple with Polychrome (Figse. 3+ 435).
The cuticle of the ventral and dorsel wells of the seminal
receptacle (Fig. 3¢ ) and the dorsal wall of the median conicel
procees of the trident (Fig.37 ) are thicker and distinctly
lemellar, staining blue with Polychrome.

Broken bits of the spermatophores are found inside the
seminal receptacle of the impregnated females (Figs. 4o 41, 42 443 ),
The spermeétophore wall, spongy matrix end the sperm mess are
clearly visible in these sections. Whether the spermatophores are
broken at the time of section cutting or whether they were already
broken inside the thelycum before it was fixed, is not clear.
wWhile the cuticle lining the thelyoum stains blue, the chitinous
wall of the aspermetophore etaine red with Polychrome.

In juvenile femeles the villi on the lips ere few
end short (FPigs. ?% ~ 30 ) while in the adult, impregrated ones

the villi are numerous and long.



HISTOCHEMISTRY OF THE THELYCUM 1

The results of the histochemical teets performed on

the trensverse sections of the thelycum are suumsrised in Table
II (&, b & o).

The cuticle and epidernis of the lip region, trident
énd leteresl plates are positive to besic proteins containing emino,
éclidic and tyrosyl groups. The staining for the basic proteins is

most intense in the lip region, lesser in the trident and least in
the latersl plates.

The tests for carbohydrates revealed that these regions
are positive to @cid mucopolyseaccherides end that the AMPe are
carboxylated. The intense blue colour of the epidermis with Best's
Qarmine is indicative of active nuclei. PAS poeitivity even after
deacetyletion wés more intense in the 1lip region than in the other
regions, indicating the concentration of AMPg in this region. The
cuticle and epidermie of all the regions wae positive to chitosan
test.

The 1lipid tests were negative in all the regions.

The derk staining patches in the lips and at the base of
the keel in impregnated fexales appeer {0 be almost pure carboxy-
leted acid mucopolyseccharides, reacting very intensely to PAS,
Best's Carmine, TB in high pH and low CEC, and very weakly to
protein tests end not &t all to lipid tests.



P.indjicus - Histochemicel charecterization
Proteins

S

BNo.

Table - II (a)

of Thelycun :

Histochemical

test

Cuticle

Epiderais

Late~

Lips Keel rel  Lips Keel

horns

Late~-
ral
horns

Dark
stain-
ing
areas
in the
1lip

1

1.

2.

- o ws o - a» o- o o» o> o
-

2

Mercurie Bromophe-
nol Blue test

a)

b)

a)

b)

a)

b)

a)

b)

e)

b)

Aqueous Bromo-
phenol Blue
Test (ABB)

ABB after
deamination

Ninhydrin-Schiff
Test (NS)

NS after
deamination

Toluidine Blue
test (TB)

TB after
methylation

Ferric-Ferricye-
nid test (FF)

FF after
mercaptide

Thioglycollete
Ferric-rerr1;¥ -
nide test (TFF)

TFY after
thioglycollate
reduction
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Table~-1I (a). contd..

1 2 % 4 5
7. &) Millen's test (MT) . »
K R R
b) MT after iodinetion - -

8. @) DMAE - nitrite method - -

b) DMAB - nitrite after - =

formeldehyde

DB - Deep Blue

B - Blue

M - Magente

R - Red

. - Moderately positive

*e - Positive

‘oo - Intensely positive

- - Negative

8 9
. -
R R




Table - II (b)

P.indicus - Histochemicel cheracterizetion of thelycum

i

Carbohydretes
. Cuticle Epidermis Dark
8. Hietochemical - - - stein-
No. teet late- Iate~- 1ing
Lipe Keel rsl Lips Keel ral arees
horns borns in the
lip
1 2 3 4 5 6 7 & 9
1. &) Periodic Acid- . ve v PN +e e P
Schiff technique DM DM DH DM DM DM PR
(PAS)
b) FA8 after - - - - - - -
acetylation
o) PAS after v * P - . - -
deacetylation M 7] M M ¥ M M
2. &) Best's carmine . *e e s+ *ee v e PPN
test (BC) B B B B B B LB
b) BC after Teka - - - - - - -
diastase
3. Toluidine Blue Test at
pH = 1 - = = = - i -
pH - 5 + < + & * - *
pH - 4 L 2 J »P e L 22 L X 2 +e L X 2
pH - 7 ¢ LT X ] * e L X X J *ed * e * e
B B B B B B P
4. Criticel Electrolyte
concentretion (CEC)
0.1 M e ¢ LA X e P LXK 2 *e L X} L X X J
B B B B B B B
0.2 M *e L g o s ee ve .
0-6 M hd ¢ * A 4 * ® ®
008 M - - - - - - *
1.0 M - - - - - - -

—an e e -

contd...



Table-II (b) contd.

A W TP B ST en AT S D G° GO @b G5B Eb GO W a8

A2

8 9
= =
*e .o
P ) 4
oo g

? 4
tee *ee
R R

Y 2 35 4 5 6
- Brecco-cruti's method ¢ * . :
6. Alcien Blue-PAS test ¢+ e+  +s *e
(AB-FAS) B B B P
7. Chitosen test N .o
P P ) 4 P
8. Pyronin G Test es  Sbe 449 *es
R R R R
DM - Deep Magente
PR - Purplish Red
M . Magenta
DB - Dark Blue
P - Purple
B - Blue
R - Red
B - Moderately positive
. - Positive
ene - Intensely positive

- Negative
- Doubt ful



Table - II (o)
£.indicus - Histochemioel cheracteriszetion of thelycum 1

Lipide
Cuticle B Epidermie Dark
S . Hi"oeb‘nlo‘l -—-n-u---—-—-----0-.-2-—-----*-" at‘m—
No. test late~ Late~ m
Lips Keel ral Lips Keel ral arees
horns horns in the
- lip
1. @) Suden Bleck B test (SBB) - - - - - - -
b) SHB after chloroform - - - - - ~ -
methanol extraction
2. 8) Nile Blue method (NB) - - - - - - -
b) KB method efter chrolo- - - - - - - -
form-methanol extraction
3. &) Nile Blue Sulphate - - - - - - -
method (NBS)
b) NBS after chloroform - - - - - - -
methanol extraction
4. @) 011 Red '0* method - - - - - - -
b) 041 Red *0' after - - - - - = -
chloroforam methanol
extraction
5. &) UV-Schiff reaction - - - - - - -
b) UV-Schiff after - - - = - - -
pyridine extraction
6. &) Sudan Bleck 'B’ - - - - - - -
(SBB) method
b) SBB after pyridine - - - - - - -

extraction




Dorsal view of thelycum

sm- Seminal receptacle

Fig: 14,



Thelycum~Trident

a- Keel

b - Conicalmedian process
c - Lateral horn

d- Short setae

Flg 15.
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Pig. 16.
Veatrel view of thelycum showving anterior

process (AP), lateral plates (LP) and
lips (L). Note villi on the lips (x 10.8),

Pig. 17.
Ventral view of moulted thelycum. Lips
8lightly pulled apart to expose keel and
villl on medien conicsl process. latersl
horns (LH) clesrly vieible through
latexal plates (LP). AP = Anterior

process (x 10.8).
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Pig. 18.
Dorsal view of thelycum with dorsal wall

of seminal receptacle removed to expose
two rows of stiff rounded teeth (RT) and

median conicel procese (MCP) of trident

(x 10.8).

Fig. 19.
Surface view of cuticle covering lateral

plate, showing minute setae (x 200).






Fig. 20.
Surface view of cuticle over lip villi.
Note smnll rounded papillee and indica~-
tion of pores in centre of photograph
(x 400).

Flg. 21.

Cuticuler porees on cuticle covering
ventral mergin of 1lips; Epithelium
removed (x 400).






Fig. 22.
Cutioular pores on cuticle covering
ventrel margin of lips. Epithelium
intaot (x 400).

Flg. 23.
Section of villi on the lips. Note
crenulated cuticle and lerge rounded
nuclei of secretory epithelium (x 400).






Pig. 24.
Section of stiff rounded tooth. Note

elongeted rod-like nuclei of secretory
epitheliua (x 400).

Pig. 25.
Section through base of trideant showing

rounded granules (G) in connective
tissue (x 100).
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Pig. 26.
Section through stiff rounded tooth

showing secretory epithelium (EP)
of tooth, connsctive tisaue (cT) and
round grenules (G) at the bese (x 100).

?1‘. 27'
Enlergement of round grenule lodged

{nside a follicle (F) (x 400).
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Fl&o 260
Section through lip region showing villji

(V), stiff rounded tooth (RT) end portion
of latersl plate (IP). Note mucus-like

substance (M) in looee connective tissue

(x 100).

Pig. 29.
Section through lip (L) end keel (X) on the

medien conical process (MCP) of e juvenile

female. Note eshort and few villi (V) (x 100).

Fig. 50.
Znlerged view of section through keel (K)

and short villi (V) of & juvenile female

(x 200).
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Fig. 31.
Section through lipe showing two long villi,
showing secretory epithelium (ScP) of villi
and normel epithelium (EP) of outer wall of
lip. CT = Connective tissue, M = Mucilagenous

substance, C = Crenulated cuticle; Polychrome

stain (x 100).

Fig. 32.
Section through keel showing secretory
epithelium (SEP), thin crenulated cuticle
end dark staining patch (DSP) at base of
keel; Polychrome etain (x 100).
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Pig. 33.
Section through base of trident and 1lip

villi. SEP = Secretory epithelium on
ventral wall of medien conicel process
of trident. V = Villi; Haematoxylin-
Eosin (x 100).

Pig. 34.
Section through lsteral horn showing

secretory epithelium (SEP), thick
outicle (C) and core of connective

tissue (CT); Polychrome stein (x 100).






Fig. 35.
Section through stiff rounded tooth
showing secretory epithelium (SEP),
thick cuticle (C) eand connective
tissue at the base (CT); Polychrome
stain (x 100).

Pig. 36.
Section through posterior region of

thelycum showing dorsal wall (DW) and
ventral wall (VW) of seminel receptacle
(SR), loose connective tissue in latersl
plate (CT) and outer well of lateral
plate (OW); Polychrome stain (x 100).







Fig. 37.
Section through base of keel showing

lemineted cuticle (ILC) covering dorsal
well of conical median process eand dark
staining patches (D8P); Polychrome stein
(x 100).

Fig. 386.

Section through bese of trident, showing

blue staining grenules in loose connective
tissue; Polychrome etuin (x 100).






Fig. 59.
Section through bese of lip and portion

of lateraul plate. OGhowing deep staining
patches (DSP) inside lip, loose connective
tissue (CT) end outer wall (OW) of lateral
plate; Polychrome stein (x 100).

Fig. 40.
Section through impregnated thelycum
showing spermatophore well (Wa), spongy
matrix (8PM), and sperm mass (SM) of

stored spermatophore; Polychrome stein

(x 100).
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Fig. 41.
Section through impregneted feuwale
showing epermatophore well (We) ang
spern mass (SM) of stored epermato-

phore; Polychrome stain (x 100).

Fig. 42.
Section through iupregnated thelycum
showing spermstophore wall (Wa) and

sperm mess (SM) of stored spermetophore;

Polychrome stain (x 100).



Fig. 42




Fig. 43.
Seotion through impregnated thelycum
showing spongy metrix (SPM) end sperm
mess (SM) of stored spermatophore;

Polychrome stain (x 100).
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PIS§CUSSION

Thie is the firet time thet the spermstophore end

thelycum of Penseus jndicus hes been studied from the point of
view of morphology, histology @nd histochemistry. The spermato=

phore structure of P.indicus does not fit into any of the three

types or categories into which the decapod spermatophores have
been classified by Dudenheusen &nd Telbot (1963). It is neither

vesicular, pedunculete nor tubular. Although the sperms are

packed inside @ sperm beg &s in brachyusen crebs, the bag 1is
large and chitinous and has & chitinous wing in P.indicus while

in the brechyuran Scylila reate, sperm sace are minute, with

non-chitinous wall and float in the seminsl pleasma (Ume &

Subramoniaz 1979). This difference in structure is cleerly

eassociated with the difference in the reproductive strategies

edopted by P.indicus and S.gserreta. The spermatophores ere
introduced into the oviduct of the femele during mating and stored

sefely ineide the body in 8n enlarged portion of the oviduct in
S.gerrete while in P.indicus the spermatophores are lodged inside
the seminel receptacle of the thelycum which is prectically
externsl to the body and bhence need greater protection from the
influence of the environment. The chitinous wall of the sperm

bag in P.indicus mey be the enswer to this problem. The sang

crebe Bmerite esiatice, Albunes symniste end the panulirid lobster
Papulirus homezus which deposit the spermatophores .pigolc‘lly si

i ———
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the body of the femsmle protect the sperms from the harmful
influences of the environment by enclosing them in & non-

chitinous, membrenous tube of neutrsl mucopolysscchsride end
embedding the convoluted spermetophore tube in @ thick gelatinous
BAtrix of acid mucopolyseccharides which mey herden into & hard
substance in lobsters and Albunee symniste or remain gelatinous

in Ewerite agiatice (Subremonium, 1985). In P.indicus the
spermstophore is not embedded in & gelatinous metrix of AMP for
protection, but the well of the sperm bag itself appears to be

mede up of AMP end stabilised by chitin. The presence of tyrosine
containing protein in the wall of the sperm beg suggests the
posibility of phenolic tanning to further strengthen the wall. But
since the occurrence of phenolase in the wall was not tested for
during the present study, this cannot be confirmed. However, Malek
and Bawab (1971) heve reported phenolic tenning in the epermetophore
Chitin hes been reported in the spermato-
These findings

of Penseus kerzthurus.

phore of Penseus setiferue also (King, 1948).
suggest that the spermetophore wall of Penseus is similar to the
cuticle of crustaceans. But the wall of the sperm beg in E.indicus
gtains red while the cuticle of the thelycum of this préwn stainsg

blue with Polychrome. A further difference between the two

structures ise that the wall of the sperm bayg is homogenous without
any jemelletions while the cuticle le lamellar (except in the lip

region) »
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The eperm beg of P.indicus hes & sticky mess of grenules
@ttached externelly to the énteromedial region. The substsance
&ppeere to be & sulphated AMP which mey be useful for cementing
the two Spermétophores into @ single mess ee they come out of the
mele genitel opening &t the bese of the Hth, walking leg so that
they cen be eesily hendled by the male et the time of treunsferring
the spermatophores into the thelycum of the femsle.

Inside the sperm beg the sperm mass is embedded in a
Spongy mEtrix which presents a lameller network pattern in
pareffin sections. The material of the epongy métrix is positive
Lo histochemical tests for cerboxylated AMP. The sperm mass itself
is intensely poeitive to carboxylated AMP. The abundant presence
of mucopolysaccherides complexed with proteins has been clearly
demonstrated in the spermétophoric ribbon of the ssnd crebs and
the spermatophoric mass of rock lobsters by Subremoniam (1984)
énd hedhe end Subremoniam (1985) respectively. The latter authors,
using polyecrylamide end agerose gel electrophoresis have
isocleted a AMP frection which has been poesitively identifieq es
chondroitin sulphate. They suggest that the chondroitin sulphate
mey heve & dominant role in the hardening of the lobster spermato-
phore after it is attached to the sternum of the female, ag well
es in meinteining @ micro-environment within the Spexwatophorie
tube for prolonged eperm survivel.
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The function of the cérboxyleted AMP in the epongy
M8trix and eperm mess fneige tne sperm bag of P.indicus is not
known, Cerboxylated AMp hés been reported in the gelatinous
BEtrix of the 8permstophoric ribbon of Ewerite sgietica which
does not undergo berdening on exposure to sea water. A protective
8nti-gicrobvial defense function hes been suggented for the AlMPs
(Pigmen end Horton 1970). It is 1likely that the spongy matrix
physicelly protects the sperm mess from the environments end

thet the carboxylatea App mey prevent microbial demege to the
Epermatozoa,

The intense PAS positivity of the eperm may be
indicative of the presence of glycogen in the spermetozoa.
Glycogen hes been demonstratea in the spermatozoa of Scylla
gsexrete by Uma end Subramoniam (1979) and in the sperm mass of
the sand crebs by Subramoniom (1984) who suggest thet the
crustacean spermatozoa ere provided with a glycogen store for
endogenous energy metsbolism, snd thet they do not depend upon

the spermatophoric componente for their nutrition.

A perplexing feature of the spermeatophore of P.indicug
is the intense positivity of the sperm maes to the chitosan test;
the spongy metrix and sticky mass of gronules are elso poeitive
to the chitosan test. Surprisingly the wall of the eperm bag
and the wings sre only moderately poeitive t¢ chitosen. Whethey
the sperm msee and the spongy matrix really contein chitin wil)

to be furtber carefully investigated.
wave
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The present study hes revesled the great complexity
of the thelycum of B.indicus. Although Perez Ferfente (1969)

hes illustreted the posterior horns of the medien protubersnce

°f some Americen species of Penseus, the “"trident” (which appeers
t0o be homologous to the “posterior horns”) has been described
bere for the firgt time in P.indicup end mey be present in ell
the Indo-pacific species of Penseus #e well. The villi on the
lips @nd on the ventrel surfece of the medien conical process of
the trident, the row of rounded teeth at the doreal mergin of the
lips guarding the opening to the seminal receptacle, the minute
setae on the ventrel surface of the latersl horns end the cuticular
pores along the ventral mergin of the lips have also been brought
to light by this study. The secretory neture of the epithelium
lining the villi, the keel, the ventrsl surfece of the median
conicel process of the trident, the lateral horns eand the rounded
teeth, is evident frou the hypertrophied #nd syncitial nature of
the epithelium and the enlerged nuclei. The long villi on the
lips, the keel &nd the short villi on the median conical process
are developed, obviously for increasing the surface area of this
secretory epithelium. These epithelial surfaces are associated
with @ very thin, crenulated cutlcle, overlying them. It wil) be
highly interesting to estudy this cuticle surface using SEM
technigues. Even under the high power optical microscope, indji-
cations of pores eére visible. Whether they are real cuticular
pores or opticel illusione can be verified only by scenning

electron microscopy. If the pores reeally exiet they may gerve as



outlets for the eépitheliel secretions. However, distinct
Cuticuler pores were noticed elong the entire length of the 1lips
On the ventrsl mergin. They undoubtedly ere the chennels through
which the secretions from the villi and the rounded teeth reech
the external surface of the lips.

The histochemical studies suggest that the epithelial
secretions ere rich in carboxylated acid mucopolysaccharides. In
impregneted femeles, trensverse sections of the lipe end the base
of the keel reveal numerous derk etaining patches which appear to
be accumulations of acid mucopolysaccharides produced by the
secretory epithelium or tegumental glands which secrete these AMPs.
However, no cellular structwe, or nuclei could be discerned in
these arees. These derk steining patches &re characteristic of
impregneted thelycum and have not been found in sections of the
thelycu: of unmated femeles. This sugyests that the production
of acid mucopolysaccherides by the secretory epithelium of the
thelycum is accelerated by the presence of the spermatophore inside
‘the thelycum. The copious production of the secretions containing
AMPs mey result in accumulation of these substances inside the

1ips end &t the base of the keel, leeding to the formetion of the

dsrk staining petchee.

It is probable that the AMPe secreted by the thelycal

epithelium come out through the pores in the cuticle and cover the

1ipe, the trident end perbeps 8lso spread to the interior of the
’
thelycun snd in some way protect the stored spermeatozos in tne
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Beminel receptecle. A thick mucus coating on the lips end she
ventrel surface of the trident could effectively block the

éntrence to the seminel veeicle preventing loes of the gsperuwetozos
from the thelyoua. Purther, eince the AMPs are known to have anti-
@lerobiel properties (Pigmen end Horton, 1970), these secretions
B4y ®leo prevent bacterisl snd fungel infection of the spermetozo@

during prolonged storege ineide the thelycum.

The nsture of the blue-steining grenules in the
connective tissue at the core of the lsteral horne end at the
base of the stiff rounded teeth, is not clear. The function of
the minute setue on the ventral surface of the lateral horns is
@lso not clear. The setae may be sensory, end may respond to the
presence of sperwatophores inside the impregnated thelycum, tri-
sgering the accelerated secretion of AMPs and possibly hormones
etc., connected with the reproductive processes. Electroan micro-
scopic etudies may throw more light on the structure and function
of these setee on the laterel horns.

Dehisence of the pedunculate spermatophores of Smerita
apsistica deposited on the pleopod region of the femele has been
observed to occur only when the egg wees comes in contact with
tphem end Subramonium (1977) hes suggested that an oviducal
gecretion i® repcponsible for the digestion of the cementing
psterial closing the lip of the spermatophore. In Albunea symnista
apd the epiny lobesters where the convoluted tubular spermatophore
ie embedded in & thick gelatinous metrix which herdens into a thiek
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Putty-like R8s, the femsle is said to use its powerful chelae

L0 remove the Protective metrix end then gouge the spermatophoric
tube Opgn'

(Fielger,

2.indicus, eince the spermatophores are inside the thelycum, the

L0 relesse the spermstozoa et the time of fertilization
1964; &rry. 1969; Subremoniem, 1984). In the cese of

oviducal Seécretions cennot act on them, nor could the appendages
©f the femsle reach them to teer open the sperm beg. The poesi-
bility of one of the thelycsl secretions acting on the wall of
the sperm beg end aissolving it 1s suggested by the present study.
But this neede further investigation.

Even if some thelycal enzymea dissolve the speruatophore
well and liberste the spermetozoa inside the thelycum, how is the
femele able to syanchronise their release from the thelycum with
the spawning of the ova. These questions cennot be answered &t

present.

How do the spermatozoe escape from the thelycum ?
The seminel receptacle is open on the ventral side through the
lips. However, the numerous villi, coa8ted with & thick layer
of the viscous mucus secretions from the thelycal epithelium
can effectively block this passage. The only other way through
which the spermetozoa can come out are the two small openings
on either side of the snterior process of the thelycum left
by the enterior extension of the lateral plates that cover
the shoulder of the leteral horns of the trident. If
the mele gemetes come out of these openings they will



be close to the oviducal openings on the coxa of the 3rd
walking legs through which the ova are released. Hence they
heve & good chence to get atteched to the ove and fertilize
them. However, the mechenism of release of the spermatozos,
first froum the sperm bag end then from the thelycum needs

further study.



SUMMARY

The “orpholoyy, hietology aend histochemistry of the
PPermetophore and thelycum of Penseus indicus hee been
etudied in sreet detall to understand the structure

énd role of these or¢ans in reproduction.

The eperwmatophore of Feneeup indicus consists of e
chitinous sperm bag and wings, with & sticky mess of
granules rich in sulphated AMP at the anteriomedial
corner of the sperw bag. The sticky substence serves
to cement the two spermatophores as they issue out of
the wale genital openings, into one unit. Inside the
sperm beg the sperm msss ie embedded in a spongy metrix
rich in carboxylsted AMP. The spermatogzoa appear to

heve & glycogen store for endogenous energy metabolism.

The thelycum of F.indicug ie very complex. The latexral
pletes hide the posterior projections of the folds of the
gternite XII1 which form & "trident" coneisting of a
conicel median process having e median ventrel keel, and
two leterel horns covered with minute setae on the ventral
side. The lateral plates meet in the centre to form the
raiged lips, the medial surfaces of which are covered with

pnumerous villi. The venirel surface of the conical median
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Process of the trident eleo beers short villi in adult
fenales., The dorsel mergin of the lips bear & row of stiff
founded teeth which guerd the entrance to the seminal

Téceptacle which ie single ohambered.

The villi on the 1ipe end medisn conicel process, aad the
keel heve wel) developed secretory epithelium end are
Covered with very thin cuticle, which, in surfece view

@ppeers to be raised into minute rounded papillae.

The stiff blunt teeth and the lateral horne also have &
secretory epithelium, but have thick cuticle.

On the ventrel wergin of the lips numerous minute
cuticular pores are seen. The secretions produced by
the thelycal epithelium appear to come out through these

pores.

In transverse sections of impregnated thelucum, derk
steining petches are obeerved inside the lips and at the
vase of the keel. They appeer to be eccumulations of the

epithelial secretions.

The epitheliel secretions of the thelycum are rich in

carboxyleted AMP which seem to protect the stored epermatogoa
from bacterial and fungel infections. These secretiong could
aelso effectively block the entrence to the seminal receptacle

aend prevent the loss of spermatozoe from the thelycum.
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