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Chapter 1

Reproductive Biology of male Crustacea : A review

M Sukumaran “Certain aspects of reproductive biology of the ghost crab, Ocypode
Platyt Aris with special reference to the male” Thesis. Department of Zoology,
University of Calicut, 1985



l.1. INTRODUCTION

The arthropods make about 80% of all species of
animals living. today and are the most successful of all
invertebrates. Crustaceans constitute only a comparatively
small group of the Arthropqda; some species such as the
prawns, crabs and lobsters are greatly valued as
delicacies of the table. There has been recently a
growing interest in'various aspects of the biology of
crustacean reproduction. This was triggered, on the
one hand, by the rapid advance made by insect reproductive
biology and endocrinology, and on thé other by the
realization that a knowledge of reproductive biology
is essential to aquaculture and scientific management
of useful crustacean species. Biology of reproduction
in female crustaceans has been studied in some detail
and reviewed fredquently (see.K.G. Adiyodi and R.G.Adiyodi,
1970, 1975, 1982; R.G. Adiyodi, 1978, 1985; R.G. Adiyodi
and Subramoniam, 1983%), but much less is known on
males, particularly on mechanisms controlling theirxr
reproduction. Some data are available on morphology
énd fine structure of fhe male reproductive system and
on spermatogenesis and structural details of Sﬁermatozoa
but surprisingly very little is known on the piochemistry
and physioiogy of semen, formation of spermatophores,

and the cyclicity in physiology of the male reproductive



system in relation to different stages in the moulting
cycle and seasons. We are also in the dark regarding
the degree of dependence of male Crustacea on eyestalk
principles for their reproductive activity. This chapter
gives a state-of-the-art-review of the biology of
reproduction in male Crustacea and highlights some gaps
in our knowledge which prompted ug to undertake this

work.
1.2, COMPOSITION OF SEMINAL PLASMA

Though the degree of importance of seminal plasma
in successful gamete union varies in invertebrates
according to the type and time of fertilization, it is
clear that in many groups the natural copulatory process
resulting in transfer of male gamete cannot take place
smoothly and efficiently without seminal plasma, the
quantity of which varies in different species. 'In
insects, the seminal plasma is known to contain in
some species chemicals that enhance fecundity of females
and also inhibit their receptivity (Gillott and Friedel,
1977 for review). Barnes (1962a) studied the nature of

the seminal plasma of the barnacle, Balanus balanus.

The cirripede semen (in seminal vesicle) is a sticky,
viscous fluid (pH: 7.3-7.4) with a density of 1.041-1.044.

It coagulates in contact with water. TCA-precipitable



proteins form about 35.1/ of the total solids excluding
inorganic ions in the seminal plasma. Ascorbic acid
content is 21 pm/ml and glycogen and glucose together
1.05 mg/ml. Potassium and calcium are present in excess
of their quantities in sea water. Total free amino acid
content of the semen of B. balanus is much less than that
of body extracts. Glycine, sarcosine, taurine and
proline are the major free amino acids in seminal plasma
of B. balanus (Barnes and Blackstock, 1974). Phosphorus
of all kinds is low. The seminal plasma of B. balanus
reacts positively for ATP-ase and 35'-nucleotidase but

no phosphomonoesterases have been detected. The presence
of glycogen, glucose and small guantities of lactic acid
in semen suggests that glycolysis may take place in
natural semen of B. balanus (Barnes and Finlayson,

1962; Barnes and Blackstock, 1974), though Barnes and
colleagues have not described all the key enzymes and

intermediate compounds in the pathway.

In the brine shrimp Artemia salina, the seminal

fluid contains neutral mucopolysaccharides or mucoproteins
(Wolfe, 1971). Ultrastructural studies reveal that the

seminal fluid of Libinia emarginata is composed of two

components; (1) an electron-dense substance and (2)
“ large granules (in limited numbers) with a central core

of varying density and a periphery containing particulate



matter (Hinsch and Walker, 1974), Mouchet (1931) had
reported earlier that the vas deferens of both Anomura
and Brachyura secreted a chitin-free fluid that could
be coagulated by various means. Greenwood (1972)
observed an inter-spermatophoric mucous secretion in
Pagurus sp. Seminal fluid in Portunus is comprised of

at least three layers of material (Ryan, 1967).

‘Studies in our laboratory on the prawn Penaeus
indicus have shown that the seminal plasma stored in
major compartment of the seminal vesicle is a colourless
and translucent fluid. It is basically proteinaceous
and has a high content of sulphated acid mucopolysaccha-
rides (Muthuraman and K.G. Adiyodi, 1981; Muthuraman,
1985) . Tyrosine-containing proteins form the major

part of the seminal plasma of Macrobrachium idellaj

periodate-reactive and periodate-unreactive mucosubstances,
lipids, and moderate quantities of glycogen are also
present (Sreekumar, 1985). Spermicductal secretion

in the freshwater crab, Paratelphusa hydrodromous is

slightly acidic and proteinaceous. It contains proteoses
and free amino acids. Glycogen is present in small
quantities; dextrins, reducing sugars, sulphated acid
mucopolysaccharides and lipids are either absent or are
present only in low levels (Sabeeda et al., 1974;

Mathad and K.G. Adiyodi, 1979). Spermatophores are



suspended in a fluid which is rich in basic protein
and contains neutral lipid droplets, glycogen-rich
globular units and highly basophilic proteinaceous
droplets (Mathad, 1983). 1In another freshwater cfab,

Barytelphusa cunicularis, the seminal plasma is a mildly

acidophilic secretion composed of droplets of neutral
lipid, alcianophilic substances and periodate-reactive
non-alcianophilic components (Mathad and K.G. Adiyodi,

1980; Mathad,1983).

In summary, the seminal plasma of crustaceans
appears to be largely a proteinaceous product with
varying amounts of mucopolysaccharides, glycogen, lipid
and possibly some free amino acids. A comparison of
the composition of seminal plasma of crustaceans with
that of other invertebrates and vertebrates could be of
great interest, but unfortunately detailed information
on composition of seminal plasma is available for few

crustacean species. In the honeybee Apis mellifera,

the seminal plasma which is a product of the seminal
vesicle, mucous gland and penis bulb contains at least
three free sugars - fructose, glucose and trehalose.

In Balanus semen, the main free sugar is glucose whereas
in mammals is fructose which 1s conspicuous by its
absence in Balanus semen. In addition to coagulable

proteins, the seminal plasma of Apis mellifera contains




an impressive range of free amino acids (see Taber, 1977
for details). Glutamic acid, alanine, glycine, serine
and aspartic acid are the chief amino acids present in
the seminal plasma of cock, bull, ram, goat and man,
whereas in Balanus seminal plasma, the chief amino acids
are glycine, sarcosine, taurine and proline. Proteolysis
of ejaéulated semen 1s rapid in man but slow in

B. balanus. More studies are needed on chemical
composition of the seminal plasma of crustaceans and

on physiological role of various chemical constituents,
for the spermatophore remain suspended in this medium
within the male genital system and are delivered mixed
with seminal piasma to the female in species fertilizing

their eggs internally.
1.3. SPERM TRANSFER STRATEGY

In crustacean semen, the spermatozoa are usually
seen enclosed within spermatophores. The spermatophores
are protective devices evolved by some groups(e.g.
Annelida, Arthropoda) for delivery of spermatozoa from
males to females (K.G. Adiyodi and R.G. Adiyodi, 1975,
1983; Mann, 1984). In Crustacea, the spermatophores
may be stalked (pedunculate) or non-stalked. Stalked
spermatophores are common among the Anomura, Greenwood

(1972) has described different stages in formation of



the stalked spermatophores of Paqurus ngvae—zealandiae.

First of all, an acidophilic hyaline material produced
by the second region of the vas deferens is deposited

as a sperm sheath around the sperm mass. In the third
part of the sperm duct, the sperm mass gets divided

into separate, individual capsules containing a definite
number of spermatozoa due to peristaltic contractions

of the musculature, resistance of formed spermatophores,
folding of the sheath and buckling of the weaker areas.
Afterwards, a sticky and granular pedestal-forming
material gets attached to the foot and the neighbouring
feet are united into a pedestal. Lastly, the final form
of spermatophore is carved and due to vigorous muscular
contractions the pedestal is segmented off with a number

of spermatophores attached to it.

The pedunculate spermatophores of Emerita asiatica

are dimorphic and are attached by the pedunculate end
in a row on strands of a membrane, which is embedded

in jelly-like galatinous matrix (Subramoniam, 1981).

In Alpbunea symnisia (Anomura) , the spermatophore is not
pedunculate, but in the form of a highly convoluted
tube set on a firm membrane forming a continuous cord-
like mass. The spermatophoric ribbon in A. symnisia

is surrounded by a putty-like gelatinous matrix as in

Emerita asiatica (Subramoniam, 1981).




In many groups of Crustacea including the
Brachyura, non-stalked spermatophores are observed.
They vary widely in size and#hape. The shape varies

from cylinderical (Derocheilocaris typicus: Brown and

Metz, 1967) and arch-like (Aniculus sp.: Mouchet, 1931)

to oval (Scylla serrata: Uma and Subramoniam, 1979;

Paratelphusa hydrodromous: Mathad and K.G. Adiyodi,

1979) . In Penaeus indicus, the spermatophore is

tripartite. The spermatozoa are lodged in the central
C-shaded unit to which are attached two wing-like
processes. Proteins (7.263%), free amino acids (0.380%),
and ammonia (39 pg/100 mg wet weight) have been detected
in spermatophores of P. indicus (Muthuraman and

K.G. Adiyodi, 1983). Spermatophores with wing-like
processes have been also reported from Penaeus

trisulcatus by Malek and Bawab (1971) and in some

American white shrimps (Farfante, 1979).

Non-stalked spermatophores vary not only in
their morphology but also in their mode and place of
origin. In many Brachyura, for example, spermatophore
formation 1is generally completed much prior to ejaculation,
viz. in the anterior vas deferens itself (Libinia

emarginata; Hinsch and Walker, 1974; Paratelphusa

hydrodromous: Mathad and K.G. Adiyodi, 1979; Cardisoma

carnifex:Kalyanram and Chandran, 1982) or in the mid



vas deferens (Barytelphusa pulvinata: Hebbar, 1982;

Gecarcinucus steniops: Varghese, 1984). The number

of spermatophores produced is generally large in these
species, but the number of spermatozoa per spermatophore

is small. In Dolops ranarum (Branchiura), the

spermatophores are formed only during ejaculation and
conclusive shape is attained only externally (Fryer,
1960) . In the male system, therefore, the spermatophores

cannot be seen in their final form.

The precise mode of formation of non-stalked
spermatophores 1is not clearly understood in most species.
Initially, spermatozba from the testis are transferred
to the vas deferens but the mechanisms of spermiation
are little understood. Wolfe (1971) claimed that
movement of the spermatozoa out of the testis 1is
effected by '"'extra-testicular activity'* i.e. by
action of the dorsal and ventral longitudinal muscle
bundles. General bédy movement 1s considered to be
responsible for the compression of the testis, which
forces its contents into the vas deferens. According
to Malek and Bawab (1974), muscular movements of the
vas deferens are responsible for the conduction of the
spermatozoa. However, Matthews (1954a, b, 1957)
thinks spermatozoa are moved passively by the pushing

-action of the developing spermatozoa.
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In Libinia emarginata, the spermatozoa are grouped

into spermatophores in the region of the anterior vas
deferens; spermatophores are produced even before the
crab attains its full size (Hinsch and Walker, 1974).

In Penaeus kerathurus, the spermatozoa are aggregated

to form coherent masses in proximal regions of the vas
deferens. A secretion from the anterior region of vas
deferens seems to aid as an adhesive subrstance in this
process (Malek and Bawab, 1974). Towards the posterior
region of the vas deferens, the major layers of
spermatophore walls are deposited, partially around the
sperm mass and partially as independent solid accessory
wing. In addition, protective layers are added to

the spermatophore in terminal ampoule, which is located
towards the distal end of the vas deferens. In Cancer,
the spermatozoa are packed into spermatophores by
condensation of a secretion produced by the innermost
layer of the epithelial cells of the proximal vas
deferens (Langreth, 1969). The primary spermatophore
wall in lobsters is secreted by certain highly coiled
tubes that run both anteriorwards and posteriorwards
in testis. As it moves down the vas deferens,
spermatophore wall gets thickened and maximum thickness
is attained as it reaches proximal vas deferens (Aiken

and Waddy, 1981). 1In Hawaiian red lobster Enoplometopus

occidentalis, spermatophore formation commences in the
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coiled proximal region of the vas deferens (Haley, 1984).

In Porcellio scaber, the spermatozoa in sperm bundles -or

spermatophores are cemented by secretions rich in acid
mucopolysaccharides, produced by certain '' giant cells"'
distributed along the walls of the vas deferens (Newstead

and Dronfield, 1965). 1In Libinia emarginata, electrown-

microscopic studies have revealed that the spermatozoa are
surrounded by a flocculent material in anterior regions of
the vas deferens; posteriorly, a granular electron-dense
secretion appears to separate them into clumps. The

fluid surrounding spermatozoa showed an intensely

positive reaction to both bromophenol blue and alcian
blue; spermatophore walls also showed corresponding
reactions. The single-layered spermatophore wall of

L. emarginata is composed of a homogeneous, granular

and medium electron-dense material (Hinsch and Walker,

1974) . 1t may be recalled that spermatophore walls of
insects and many crustdceans contain periodate-reactive

and alcianophilic substances (K.G. Adiyodi and R.G.Adiyodi,
1975) . The numper of layers in spermatophore wall of
crustacean varies with species. For instance, spermatophore

wall in Penaeus setiferus is single layered (King, 1948),

and in Scylla serrata two layered. In S. serrata,

the outer wall is chitinous with a high content of

sulphated acid mucopolysaccharides, and is penetrable
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to vital dyes such as methylene blue, toluidine blue
and basic fuchsin (Uma and Subramoniam, 1979). Chitinous
spermatophore walls have been described also from

Carcinus maenas (Spaulding, 1942), Tisbe holothuriae

(Pochon-Masson and Gharagozlou-van-Ginneken, 1977),

and Cardisoma carnifex (Kalyanram and Chandran, 1982) .

In Enoplometopus occidentalis (Nephsepidae), spermatophore

has an inner (PAS-positive) and an outer (PAS-negative)
layer; the outer layer forms a broad cap on one side
(Haley, 1984) . Spermatophore walls are triple layered

in Panulirus homarus (Berry, 1970), Portunus (Ryan,

1967) , and Pacifastacus leniusculus (Dudenhausen and

Talbot, 1983). In Penaeus trisulcatus, the spermatophore

wall is said to be comprised of as many as seven layers

(Malek and Bawab, 1971).

Spermatophore of Dolops ranarum is unique among

crustaceang in many respects. It is produced by a
special gland of the male called spermatophoric gland
(Fryer, 1960). The gland is comprised of a system of
branched ducts lined by glandular cells whose cytoplasm
and nuclei stain deeply with haematoxylin. The
spermatophoric canals formed by union of collecting
ducts contain a whitish secretion which shows staining
reactions similar to those of spermatophore walls. This

secretion is very sticky and fairly elastic; when it
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comes into contact with water some chemical changes
followed by colour change take place and it becomes

hard. The spermatophoric canals lead to a spermatophoric
vesicle into which the vasa deferentia also open.

§perm mass from the vas deferens enters the spermatophoric
vesicle as a result of peristaltic movements of the

vas deferens and associated tissues. Here the sperm
mass is completely coated with the whitish secretion
produced by spermatophoric gland cells. The contents

of both spermatophoric vesicles are ejected together

at the time of mating. The exudates fuse to form a
single spermatophore, which is pushed against the female.
Spermathecal spines pierce the pliable walls of the
spermatophore leaving two apertures. Thé spermatophore
wall molds itself to the contours of the cuticle of

the female and remains attached to it. The fully formed
spermatophore is globular and has a pearly appearance.
The walls do not contain chitin (soluble in hot KOH)

and are basically(proteinaceous, and the hardening of
the wall appears to be due to quinone-tanning. The
mechanism of hardening of spermatophore walls is not

understood in most crustaceans, but there is no denying

that hardening occurs in some species. In Penaeus

kerathurus, only the lipoprotein layers in spermatophore
wall show changes leading to hardening. Phenolic groups

and a phenolase seem to be involved in this process
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(Malek and Bawab, 1971). Hardening of spermatophores,
following extrusion from the male has been reported

also in the crayfish, Pacifastacus leniusculus

(Dudenhausen and Talbot, 1983).

In Squilla holoschista (Stomatopoda), unlike many

other Malacostraca, the spermatozoa are not packed

into disciete spermatophores, but are concentrated to
form a sperm cord. Spermatozoa are stored in mid vas
deferens; in the distal vas deferens, the spermatozoa
undergo much reduction in size and are organized into
sperm cord. A non-sulphated mucopolysaccharide secretion
of the distal vas deferens helps in formation of the

sperm cord (Deecaraman and Subramoniam, 1980).
l.4. SEMENOGENESIS

In crustaceans, the seminal plasma is generally
the pooled product of gland cells distributed in the
vas deferens itself; in some species, products of
special collateral accessory glands. also contribute to
its formation. The pattern of d&stribution of gland
cells in sperm duct varies between species and within
the same species along the sperm duct. In Libinia

emarginata, for example, the more posterior parts of

vas deferens are involved in production of seminal

fluid, while in the anterior vas deferens (AVD), the



15

spermatophores are formed. The walls of AVD of this

species are lined with columnar cells with large nuclei
(Hinsch and Walker, 1974). Greenwood (1972) recognized
seven functionally different regions in vas deferens of

Pagurus novae-zealandiae. Mathad and K.G. Adiyodi

(1979) distinguished three regions in vas deferens of

Paratelphusa hydrodromous, each with a distinct role in

male reproductive physiology. In Homarus (Herrick,

1909) and Nephrops norvegicus (Farmer, 1974), the vasa

deferentia are composed of three distinct regions:

(1) a short opaque proximal portion that serves to
conduct sperm mass from testis, (2) an elongated coiled
semitransparent section which secretes a gelatinous
matrix and (3) a muscular ejaculatory duct. The vas

deferens of Chionoecetes opilio and C. bairdi has 3

regions - spermatophorogenous tubule, spermatophorotheca,
and rosula (Sapelkin and Fedoseev, 1981). 1In some decapods,
regional differentiation of the vas deferens is so
prominen£ that even a separate semeﬁ storage organ -
seminal vesicle - can be recognized. 1In Penaeus

kerathurus, three different regions of the vas deferens

are concerned with varying stages of spermatophore
formation, and the final stége is attained in the terminal

ampoule (Malek and Bawab, 1974).
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Epithelial lining of the vas deferens of Emerita
asiatica produces 2 types of secretions; one is used
for the formation of spermatophore and the other is used
as the gelatinous embedding matrix (Subramoniam, 1981).

In Albunea symnisia, the vas deferens is a straight

tube having ascending and descending limbs. The

epithelial cells lining the ventral and dorsal periphery
of the lumen produce secretions used in formation of the
spermatophore, connecting cord and putty-like gelatinous

matrix (Subramoniam, 1981). In Scylla serrata, ascorbic

acid present in high concentration in the seminal plasma
appears to be secreted by the testis and the proximal
vas deferens (Uma and Subramoniam, 198la). The testis
and proximal vas deferens are also said to be involved
in production of protein components which go into the
formation of spermatophores and seminal plasma, whereas
mucous products in seminal plasma are elaborated by
epithelial cells of the mid vas deferens. A possible
transfer of blood proteins into the vas deferens is
indicated by electrophoretic investigations by Uma and
Subramoniam (1981b), but more critical work is required

to verify this claim.

In some species of crustaceans special structures
are developed by the vas deferens to increase the secretory

surface. Thus, Matthews (1951) described in Panulirus
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a typhlosole-like formation which projects from the
" hyaline-line" into the lumen and secretes the putty-
like matrix of the spermatophoric mass. Vas deferens of

Jasus novaehollandiae shows a similar typhlosole-like

formation (Fielder, 1964). 1In the vas deferens of

Penaeus indicus the typhlosole-like structure extends

as far down as the seminal vesicle (Muthuraman and
K.G.Adiyodi, 1980). The distal vas deferens of Squilla

holoschista has four ciliated typhlosole-like structures

formed by modification of the inner epithelial layer
(Deecaraman and Subramoniam, 1980). However, in Artemia
the vas deferens gives almost the same histological
picture throughout its length, i.e., two external
muscular layers and an internal layer of squamous
epithelial cells (Wolfe, 1971). The only difference
noted was the increased thickness of the muscular layers
towards the posterior end. In Artemia, the whole vas
deferens appears to be involved in storage of spermatozoa

and secretion of the seminal fluid.

From the foregoing account, it 1s obvious that
the sperm duct in crustaceans shows varying degrees of
specialization for secretion of the seminal plasma and
spermatophore wall material and for storage of the
spermatozoa. The gland cells in sperm ducts responsible

for production of specific constituents of the seminal
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plasma and spermatophore wall material have not been
precisely mapped; all we know at present is that the

cells in a particular region may be involved in production
of seminal plasma as a whole or spermatophore wall
material. In species showing extreme regional speciali-
zation in vas deferens, it is possible different
components are secreted by different types of gland cells
distributed in a 'logical' sequence along the sperm. duct;
in species with less specialized vas deferens (e.g.
Artemia), the gland cells also may be less specialized

and secrete a range of products.
1.5. ACCESSORY SEX GLANDS AND THEIR FUNCTIONS

The secretion of the sperm duct of many insects
and of some crustaceans is supplemented with secretions
of certain well-defined accessory sex glands (ASG) which
are essential for reproduction. Based largely on
locational morphology of glandular elements in relation
to the genital system, K.G. Adiyodi and R.G. Adiyodi
(1975) have classified ASG into different types: gonadal,
ductal, seminal, spermathecal, genitoatrial, penial,
male collateral and female collateral, but such dis-
tinctions are rendered difficult in some species. The
structure and function of accessory sex glands in insects

have been extensively studied and recently reviewed by
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Happ (1984) and Gillott (1989). We shall give here only
a few examples, mostly of male collateral glands. Of
the various tubules present in mushroom-shaped ASG of

Periplanata americana, the utriculi majores are the

largest. They are lined by a single layer of secretory
cells with basal plasmalemmal infoldings and apical
microvilli and surrounded by a coat of muscle. Glandular
epithelial cells have an extensively developed rough
endoplasmic reticulum and active Golgi complex, sub-
cellular features suggestive of synthesis and transport
of proteins. The secretory product of utriculi majores
is rich in protein, neutral lipids and phospholipids
(R.G. Adiyodi and K.G. Adiyodi, 1974). The merocrine

cells of the inner pair of ASG in Hydrophilus olivaceus

produce a muco- or glycoprotein with little RNA component,
whereas the outer pair of massive glands produces a muco-
or glycoproteinaceous secretion rich in RNA (Gundevia

and Ramamurty, 1977). 1In Poecilocera picta, each lobe

of the ASG has twelve tubules which can be classed into
two groups - one containing a whitish dense secretion
and the other containing a colourless secretionj; the
products of different tubules mix just prior to the
formation of the spermatophore (Veera Raghavan et al.,

1982). ASG of the Colorado beetle Leptinotarsa

decemlineata secretes at least fifty polypeptides of

varying molecular weights. Apart from autosynthesis,
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these glands also take up protein from the haemolymbh
(Peferoen and DeLoof, 1983, 1984a, b), reminiscent of
hetrosynthesis and uptake of vitellogenin in female

insects. In the locust Locusta migratoria migratoriodes,

ASG secretions are mainly proteins having a wide range
of molecular weight and charge properties (Lange and
Loughton, 1984). 1In vitro studies on the rate of protein

synthesis in the ASG of Drosophila melanogaster show that

the rate is higher in mated males than in unmated males

(Perrin-Waldemer and Stepien, 1984, 1985).

Among Crustacea, the presence of discrete ASG has
been reported only in a few cases. In Artemia, for
example, a pair of ASG is present toward the tip of the
eversible penis and can be called penial glands, according
to the terminology adopted by K.G. AdiyodierdR.G. Adiyodi
(1975). The gland consists of approximately twenty
pairs of gland cells. It is comparable in origin and
structure to the shell gland of females. The secretion
is composed of either neutral proteins or mucoproteins
(Wolfe, 1971). Secretions of this gland may (1) aid in
lubrication of uterus and thus facilitate intromission,
(2) activate spermatozoa and/or (3) help in formation
of the sperm plug in females. Accessory gland cells have
been reported also in seminal vesicles of wysids (Kasaoka,

1974) . The secretion which may be used to nourish the
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spermatozoa is added to the spermatophore complex in
the region of the seminal vesicle. Discrete male ASG

have been reported from Ocypode ceratophthalmus

(Sreenarayan and R.G. Adiyodi, 1979), Squilla holoschista

(Deecaraman and Subramoniam, 1980) and Cardisoma carnifex

(Kalyanram and Chandran, 1980). More recently, Haley
(1984) has reported the presence of a tubular gland in

terminal portion of the vas deferens of Enoplometopus

occidentalis.

Functional significance of male ASG varies in
different species among arthropods. In many insects,
these glands aid in production of various components of

semen. In Gomphocerus rufus and {»lossina morsitans

morsitans,ASG secretion is used in formation of the
spermatophores. In G. rufus, the various tubules of ASG
are concerned with various functions such as determination
of the shape of the spermatophore, transmission of

pressure necessary for its transfer, and formation of

lumen in the spermatophore (Hartmann, 1971). ASG
secretions of Glossina are neutral acid mucopolysaccharide-
protein complex, which go into the formation of
spermatophores (Odhiambo et al., 1983). In houseflies

and culicine mosquitoes, male ASG secretion passed out
during copulation induces loss of female sexual receptivity

and promote oviposition (see Riemann, 1973 and Gillott
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and Friedel, 1977 for references). 1In Aedes, male ASG
produce a substance called matrone (Hiss and Fuchs, 1972).
Matrone, purified and administered into virgin females,
prevented insemination and stimulated egg-laying.
Implantation of ASG into virgin females induced oviposition

in Schistocerca (Leachy, 1973b), Melanoplus (Pickford et al.,

1969) and Stomoxys calcitrans (Morrison et al., 1982).

According to Leachy (1973a), copulation with males

without ASG resulted in a fall in fecundity suggesting that
active secretion of male ASG 1s required to effect a

high level of fecundity. ASG secretion enhanced egg
maturation as well. In many insects (mostly Diptera)

ASG produce fecundity-enhancing and receptivity-
inhibiting substances (see Gillott and Friedel, 1977).

In insects, ASG are also believed to aid in vitellogenesis
(Friedel and Gilliott, 1977), induce contraction of the
oviduct (Devey, 1998) and ensure successful coupling and
normal coupling time (Errard, 1978). In ticks male ASG
secretions induced maturation of spermatozoa in female
reproductive system (Shepherd et al., 1982). Recent
studies by Loher (1984) in crickets have shown that
prostaglandin E2 (PGE2) produced by svermatheca of females
serves as an oviposition stimulus; the enzyme necessary
for biosynthesis of PGE2 in spermatheca is transferred

to the female via the spermatophore. Interestingly, in

some cockroaches, ASG acts as storage excretory organs
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(Roth and Dateo, 1965). Large amounts of uric acid are
stored and excreted during copulation, thus protecting

the spermatophores.

Among crustaceans, in Dolops ranarum, the ASG is

essential for spermatophore formation (Wolfe, 1971).

The club shaped ASG of Squilla holoschista open separately

at the tip of the intromittant organ. Their secretion,
rich in protein and neutral mucopolysaccharide, 1is
suggested to aid (1) in dissolving the cementing substance
of the sperm cord in oviduct (Deecaraman and Subxramoniam,
1980) and (2) in vitellogenesis (Deecaraman and
Supbramoniam, 1983). Kalzyanram and Chandran (1982)

think the secretion of ASG of Cardisoma carnifex may

dissolve spermatophore walls in the region of the posterior
vas deferens, but no experimental evidence has been

furnished to substantiate this suggestion. In Enoplometopus

occidentalis, the tubular gland produces an extra-

spermatophoral gelatinous secretion (Haley, 1984).
1l.6. SPERMATOGENESIS AND SPERM FUNCTION

Spvermatogenesis and sperm function in crustaceans
have been reviewed recently by Pochon-Masson (1983).
Morphology of the testis varies widely in different
groups of Crustacea. In lobsters, for example, the testis

is a recemose or compound gland consisting of collecting
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duct and smaller tubules that terminate in acini

(Matthews, 1951). 1In the prawn Penaeus indicus (Natantia),

the testis is pentalobulate (Muthuraman and K.G. Adiyodi,
1980) , whereas in many brachyurans it is a simple,

narrow and elongated structure.

Testicular chemistry of crustaceans has not been
studied in any great detail in relation to spermatogenesis.
In our laboratory, investigations by Mathad (1983) on

the crab Paratelphusa hydrodromous have shown that the

testis is rich in basic proteins and lipids. Appreciable
quantities of Millon-positive material, components
containing 1:2 glycol groups, and ascorbic acid have been

detected in testis of P. hydrodromous. In Scylla serrata,

testis contains large quantities of ascorbic acid and
the bulk of the ascorbic acid in seminal plasma of this
species 1s suggested to be of testicular origin (Uma

and Subramoniam, 198la). In Penaeus indicus, the testis

contains proteins (11.55 + 0.68%), oligosaccharide
fraction (1.72 # 0.09%) polysaccharides (1.59 + 0.24%)

and reducing sugars (0.49 + 0.02%) (Muthuraman and

K.G. Adiyodi, 1983). We think the organic constituents
present in testis may serve as fuels for spermatogenesis
and for production of testicular secretions and perhaps
also as reserves to be utilized in times of need. Little

is known of the metabolic pathways used by testis to
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derive energy in crustaceans. The testis of Carcinus
maenas has some of the enzymes (e.g. 17 B-hydroxysteroid
oxidoreductase) necessary for steroid bioconversions;
testis of this species has also the ability to convert
androstenedione to testosterone (Blanchet et al., 1972).
Homogenates of testis from the spiny lobster, Panulirus
argus show appreciable degree of ecdysone mono-oxygenase
activity (James and Shiverick, 1984). The testis of

Homarus americanus contains 20-ketone reductase capable

of converting l}*(j progesterone to 20 a-dihydro-
progesterone. The testes of this species can also

[14c]

convert pregnenolone to 20—dihydropregnenolone
(Burns et al., 1984a). Homarus testis contained 14.3

mg/qg of lisfagterone Burns et al., 1984b).

In Crustacea, the various processes ultimately
leading to the production of male gametes (spermatidogenesis
and spermiogenesis) are normally completed in the testis

itself. In Macrobrachium idella, a number of protogonia

are seen along the wall of testicular acini, sandwiched
between mesoderm cells. Protogonia grow in size to form
primary spermatogonia. Each of the primary spermatogonig
is separated from its neighbours by a row of mesoderm
cells. With increase in number of primary spermatogonia
changes appear in pattern of their arrangement within

the acinus, each cluster of primary spermatogonia now
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being surrounded by mesoderm cells. The secondary
spermatogonia are smaller than the primary spermatogonia.
The nucleolus, present in primary spermatogonia, is not
visible in secondary spermatogonia. The primary
spermatocytes are generally more basophilic with only
small quantities of cytoplasm, the nucleus nearly
filling the whole cell. Secondary spérmatocytes of

Macrobrachium idella are generally eosinophilic. Conical

spermatids undergo spermiogenesis and give rise to
mushroom-shaped spermatozoa (Sreekumar et al., 1980;

Sreekumar and R.G. Adiyodi, 1981, Sreekumar, 19895),

The process of spermiogenesis has been studied in
different species of Crustacea (see Pochon-Masson, 1983

and R.G. Adiyodi, 1985 for review). In Tisbe holothuriae

for example, spermiogenesis is completed in 3 stages
(Pochon-Masson and Gharagozlouvan Ginneken, 1977).
Initially, the spermatids are round in shape. The
chromatin exhibits an anterior polarity and the nucleolus
disappears. The cytoplasm has many ribosomes, a mito-
chondria, Golgi apparatus and large cisternae lying
parallel to the cell membrans. In the second stage, the
cell elongates and nucleus moves to the anterior end.

The peripheral cisternae are converted to an axial highly
osmiophilic sheet. Two long mitochondria are disposed

symmetrically. In the hyaloplasm some longitudinal
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microtubules appear. Finally, the cell elongates
further, resulting in the elimination of the posterior
cytoplasmic mass, shedding the two mitochondria. In

Emerita analoga, the developing spermatids lose a

significant proportion of their nuclear protein = mainly
the somatic type of histones during spermiogenesis with

the result that in late spermatids nuclear histones and
proteins are almost absent. It has been also observed

that the non-basic acrosomal proteins are first synthesized
in cytoplasm and subsequently transferred to the acrosome

(Vaughn and Thomson, 1972). 1In Asellus aquaticus, the

nucleli of almost all cellular stages in spermatogenesis
contair non-histamic proteins. In this isopod, the rate

of incorporation of lysine and arginine into germ cells
varies in different stages of spermatogenesis; it is very
small in spermatogonial metaphase and anaphasgtas almost
nil in meiotic metaphase -I. The synthesis of non-histamic

proteins declines during maturation of the spermtid and

ceases in the sperm (Brasiello, 1971).

Variations in structure of crustacean spermatozoa
have .been recognized for a iong time (see Pochon-Masson,
1968, 1983; Baccetti, 1969). But information on metabolic
demands and physiological activity of crustacean spermatozoa

is far from impressive. In Balanus balanus, the spermatozoa

themsleves contain adequate amounts of glycolysable
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substances so that the spermatozoa can maintain their
metabolism for long periods. The rate of respiration of
these spermatozoa is reportedly low; the low O2 uptake
appears to be correlated with their low motility and low

ATP content (Barnes, 1962b).

Sperm—-egg interaction has been studied only in a
few crustaceans. Spermatozoa of crustaceans are primarily
atypical and non-flagellated. Barring a few exceptions
(cirripedes, ostracods and mystacocarids), crustacean
spermatozoa are immotile. Decapod spermatozoa exhibit

a peculiar 'acrosomal reaction'. In Callinectes sapidus,

for example, 'explosion' of spermatozoa occurs in seawater
suspension due to osmotic shock. Prior to explosion,

the spermatozoa become more spherical and the acrosomal
region elongates. The rays become shortened. Then a
pronounced eversion of the acrosome (capsule or tail) is
seen. The acrosomal region projects out giving the

appearance of a spike (Brown, 1966). In Libinia emarginata,

acrosomal reaction consists of a rapid elongation of the
acrosome, drawing up of the radial arms and a loss of
refringence. of the acrosome. It is followed by eversion
of the acrosomal tubule (Hinsch, 1971). The acrosomal

reaction in Carcinus maenas also follows the usual

Reptantia Decapnda pattern (Goudeau, 1982). Although

these processes are slow and gradual under normal spawning
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conditions, similar reactions could be elicited resulting
in fusion of the apical cap with the surface of egg coat
and extrusion of the acrosomal contents. These reactions
are considered to represent the final preparation of the
spermatozoa for fertilization (Hallez, 1874; Labbe, 1904).
Many experimental studies have attempted to induce
eversion by treatment of the spermatozoa with chemical
solutions and ovarian fluids and by varying the mechanical
and osmotic pressure. Herrick (1909) mentions 4.23%
isotonic solution of calcium chloride in seawater as
effective for spermatozoa of Homarus,while Talbot and
Chanmanon (1980) have reported success with calcium-
transporting ionophore A23187. On natantian spermatozoa,
a comparable observation has been made more recently by

Clark et al. (1981). In the freshwater prawn Macrobrachium

rosenbergii, mature spermatozoa resemble everted umbrella

with a spike projecting perpendicularly from the base of
the convex surface. In this species, during fertilization,
base of the spermatozoon attaches first to the investment
of egg; then the spike bends at the base and contacts the
investment (Lynn and Clark, 1983a). There is scope to use
artificially induced acrosome reaction as a test of the
fertilizability (viability) of the spermatozoon. It

would be of great interest to check in different species
at what point along their sojourn down the sperm duct the

spermatozoa acquire the ability to fertilize eggs and
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whether some capacitation is needed for the spermatozoa

to be effective in fertilization.
1.7. FATE OF SEMEN IN THE FEMALE SYSTEM

Semen, transferred to the female during copulation,
undergo certain structural and biochemical changes while
within the female system. A secretion (glair) in female

Pacifastacus trarbridgii serves to dissolve the

spermatophore walls (Masson, 1970). Seminal vesicle of

Balanus balanus contains a mixture of immature (with a

thickened region just behind acrosome) and mature (having
no such thickened region) gametes in varying proportions
(Walley et al., 1971). In mantle cavity of a receptive
individual, before oviposition, they exhibit only low
motility. However, if secretion from oviducal gland is
added, vigorously swimming spermatozoa are liberated from
the sperm mass. Not only mature but also immature
spermatozoa become motile. The secretion from oviducal
gland of B. balanus is suspected to contain some sperm-

activating factors. In Cypridopsis sp., the filiform

spermatozoa are surrounded by an outer sheath while the
spermatozoa are in the male genital ducts, but such a
sheath is absent in spermatozona in female genital ducts.
Spermatozoa from female genital duct alone were motile

(Reger and Florendo, 1969@@. In Tetranychus urticae

(Acari), a change in shape and size of the spermatozoa
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occurs after reaching the receptaculum seminis of female
(Mothes and Seitz, 1981). 1In many arthropods the semen
is stored, after copulation, in the spermatheca of females.
In such storage organs the spermatozoa are kept viable
for periods ranging from weeks to months. A gradual
reduction in viability (evidenced by fertilizing ability)
of spermatozoa, however, occurs in the spermatheca, with
advancing period of storage (Paul, 1984). Though the
actual mechanism by which spermatozoa are kept viable for
long periods in crustaceans is not known, the ability of
spermatozoa to survive under conditions of high sperm
density and low oxygen tension has been reported long
back. The low oxygen uptake and lack of motility of

Balanus bélanus spermatozoa have been attributed to the

relatively low level of respiratory enzyme system present
in them (Barnes, 1962b). Spermatozoa may derive their
energy from endogenous sources. Taber (1977) reported

that storage of spermatozoa over long duration in spermatheca
needs rapid fructolysis and Apis sperm is rich in fructose.
In sea urchins, the seminal plasma contains little
exogenous substrate capable of maintaining the metabolism
of spermatozoa. Sea urchin spermatozoa utilize, therefore,
endogenous substrates, mainly phospholipids (Rothschild
and Cleland, 1952). According to Anderson and Personne
(1970) , spermatozoan survival depends probably on

anaerobic utilization of endogenous substrates, and they

described glycogen (localized in spermatozoa) as an
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important endogenous energy source. However, in many
cases, either endogenzous substrates are too small or
are not utilized till about the time of fertilization,
making it mandatory that the spermatozoa depend on
extracellular metabolites for survival during storage in
spermatheca. Grodner (1979) reported in the insect

Anthonomus grandis that the spermathecal walls secrete

some substance which is nutritive to spermatozoa, and
similar observations have been made by Krishnakumar

(1985) in the crab, Paratelphusa hydrodromous.

1.8. REPRODUCTIVE CYCLICITY AND ROLE OF EXOGENOUS FACTORS

As in many other invertebrates, reproductive activity
in both sexes of crustaceans is closely linked to
environmental factors (K.G. Adiyodi and R.G. Adiyodi,

1970) . In Menippe mercenaria, for example, high temperature

can induce spawning and the seasonal dependence of
spawning is believed to be due to variations in seasonal
temperature (Cheung, 1969). Prolonged starvation (early
in season) inhibits gametogenesis and fertilization in

Semibalanus(Balanus)balanoids (Barnes and Barnes, 1967).

Starvation leads to a supression of reproductive activity

in female Paratelphusa hydrodromous, and reserves meant

for reproduction are channelled to maintain somatic

metabolism (R.G. Adiyodi, 1969). 1In P. hydrodromous,
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the ovarian cycle is intimately linked to monsoons (i.e.
availability of water) (Anilkumar, 1980), and the

spermatogenic activity is seasonal (Suma, unpublished).

In several Crustacea, seasonal variations in
environment are utilized to trigger molting and reproductioh
either as synchronous events (Decapoda, Nat=antia,
Amphipoda) or as asynchronous events (Brachyura).
Temperature and photoperiod act on endocrine centres,
thereby regulating seasonally dependent moulting and
reproduction (Aiken and Waddy, 1981). Temperature plays
a critical role in reproduction of copepods also (Watras,

1983). In Homarus americanus, temperature influences the

size of the vas deferens: males exposed to 15°C have a much
larger 'vas deferens factor' than control males kept at
ambient temperature (Aiken and Waddy, 1981). Though breeding
can take place throughout the year, Black (1966) reported

two peaks of sperm production in crayfish. 1In the barnacle

Semibalanus (Balanus balanoids, breeding is controlled by
temperature and light. A temperature below the critical
value of 10°C and a light periodicity less than 12 hours/day
are necessary for normal breeding activity (Tighe-Ford,

1967) . In Uca pugnax, a short photoperiod prevents

spermiogenesis; too much illumination also has an adverse
effect. Furthermore, spermatogenic activity is cyclic in

this species although experimental alteration of photoperiod
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cannot induce spermatogenesis out of season (Young, 1974).

In the freshwater crab Potamon kooloonese also spermatogenic

activity is seasonal (Joshi and Khanna, 1982). Oocyte

size of Orconectes nais is negatively correlated with

photoperiod. Here day length influences ovarian growth
by partitioning of energy between hepatopancreas and
ovaries (Rice and Armitage, 1974). Breeding activity of

the isopod Asellus aquaticus shows correlation with the

length of day-light and annual temperature changes
(Strus and Blejec, 1983). Vitellogenesis in Porcellio
difalatus (Isopoda) also shows a diurnal rhythm (Gohar and
Souty-Grosset, 1984). Studies by Nelson et al. (1983)
show that in lobsters final vitellogenesis is initiated

only during the months between vernal and autumnal

equinoxes. In Oziotelphusa senex senex (= Paratelphusa

hydrodromous) , there is no correlation between breeding

cycles and environmental factors such as temperature and
photoperiod; in this freshwater crab availahility of

water and food are considered as the major factors
determining the breeding period (Ramamurti et al., 1983)
which confirms the observations of Anilkumar (1980).

Even in the same general locality, crabs of the same genus
may exhibit different patterns of annual breeding cycle,
which is attributed to differences in the immediate
environmental conditions Chandran et al., 1982).

Conversely, Ocypode rotundatus showed the same type of
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reproductive rhythm in two different localities (Chandran
et al., 1981). Reaka (1976) has reported that the moulting

and reproduction in stomatopod crustacea are influenced by

tidal and lunar periodicity. Uca pugnax exhibits a

semi-monthly reproductive cycle (Greenspan, 1982).

The mating time and breeding period of P. hydrodromous

varies according to the size of the crab and climatic

variations (Anilkumar, 1980). In Barytelphusa guerini,

annual reproductive cycle is divided into renroductive,
postreproductive and prereproductive periods (Gangotri,
1971) . Joel and Sanjevaraj (1982) reported that Scylla

serrata and Scylla transquebarica showed two peak breeding

seasons, one in summer when temperature and salinity are
high and the other in monsoon when both salinity and
temperature are low. Glycogen and lipid content of the

testis in Scylla serrata increased during the peak re-

productive period (Farooqui and Nagabhushanam, 1983). A

comparable observation has been made in Macrobrachium

kistnensis also (Mirajkar et al., 1983). In Uca annulipes,

Portunus pelagicus and Metapenaeus affinis, breeding

season extends for several months with peak periods of

gonadal activity (Pillai and Nair, 1971). In Penaeus indicus,

during April-June, major biochemical components of the vas
deferens and seminal vesicles are appreciably more than

during January-March (Muthuraman and K.G. Adiyodi, 1981).
1.9. ENDOGENOUS FACTORS INFLUENCIWNG REPRODUCTION

Moulting cycle and ovarian cycle proceed synchronously

or in mutual exclusion in Malacostraca (R.G. Adiyodi, 1985
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for feview). It would be interesting to examine whether

a similar relationship exists between moulting on the

one hand and spermatogenesis along with the semen production
on the other. Studies in our laboratory have shown that

in Macrobrachium idella (Sreekumar and R.G. Adiyodi, 1981)

and Penaeus indicus (Muthuraman, 1985) these processes

are so balanced that during the reproductive season a
specific stage in spermatogenesis and seminal plasma
production corresponds with a specific stage in the
moulting cycle. An interplay of hormones of the kind
involved in control of moulting and reproduction of females
may perhaps be expected to be involved in control of
moulting and reproduction in malesj; but the males
additionally have androgenic hormone (absent in females)
and females have ovarian and vitellogenin-stimulating

ovarian hormones which are absent in males.

1.9.1. Role of Neurohormones

Information is rather limited on the endocrine
control of reproduction in male crustaceans. Targets
of hormones influencing reproductive activity of males
are the testis, genital ducts and accessory sex glands
(ASG) and may also include the central nervous system by
which male sexual behaviour is produced. Physiological
activity of ASG in crustaceans appears to bhe under the

control of gonadotropins and/or androgenic sex hormon2s.
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Activity of ASG of some insect species has been clearly
shown to be influenced by juvenile hormone (JH) produced
by the corpora allata. For example, extra production of

JH in monarch butterflies leads to posteclosive enlargement
of the ASG in males (Herman, 1975). 1In Diptera, Coleoptera
and Lepidoptera, JH is reported to regulate the activity

of ASG. In cockroaches, accumulation of structural

protein of the ootheca and of protocatechuic acid

glucoside in left collaterial glands is under the influence
of JH (K.G. Adiyodi and R.G. Adiyodi, 1974 for review).
Protein synthesis of the transmarent accessory reproductive

gland of male Rhodnius prolixus is controlled directly or

indirectly by the neuroendocrine system (Barker and
Davey, 1981). Allatectomy conducted at the time of
emergence of adult desert locusts led to underdevelopment
of secretory apparatus of the ASG. The maturation of all
glands (except gland 16) is under the control of JH
(Odhiambo, 1971). The development of male ASG in

Melanoplus sanguinipes is also controlled by JH. However,

the response of different gland tubules to JH replacement
therapy is varied. The synthesis of some proteins of ASG
of this insect is regulated with JH, whereas the production
of other proteins is suspected to be JH-independent
(Gillott et al., 1984). Ecdysteroids appear to be

required for differentiation of ASG in insescts. Trans-

plantation experiments using male ASG of Pleberiogrvllus
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guttiventris have shown that the differentiatiecn of the

gland tubules takes place when ifH titre is high and JH

is absent (Ranganathan, 1977). In Dysdercus similis,

the volume of ASG changes in accordance with its activity.
A JH analogue brought about initial hyperactivity of
these glands, followed by gradual degeneration (Judson,

1981) .

Among crustaceans, in Paratelphusa hydrodromous,

secretory activity of the vas deferens epithelial cells
which is seasonal has been demonstrated to be under the
inhibitory control of eyestalk principles (Mathad and

K.G. Adiyodi, 1981). R.G. Adiyodi (1985) has further
shown that seasonal changes take place in androgenic

gland activity of this species, suggesting the possibility
that androgenic hormone may be involved in some way in
this process. As it is difficult to remove surgically
androgenic gland from crabs and pure preparations of

the androgenic hormone are not available for testing,

it will be some time before this problem can be settled.

In the male prawn Penaeus japonicus withdrawal of

eyestalk principles resulted in a remarkable development
of the sperm ducts. This precocious development of sperm
ducts could be inhibited by a heated aqueous extractable

factor taken from the eyestalks of Penaeus vannamei

(Chim et al., 1983).
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Control mechanisms involved in spermatogenic
activity of crustaceans are only beginning to be understood.
Otsu (1963) found that development of the testis is
hastened by removal of the evestalks. Gonadal development,
according to Otdu (1963), is controlled by two antegonistic
factors, viz. a supressing factor from eyestalks and a
stimulating factor from the thoracic ganglion. In the

freshwater crab Paratelphusa hydrodromous, transplantation

of thoracic ganglia or brain led to a ﬁotable.development
of the testis and of the vas deferens (Gomez, 1969).
Demusy (1953) found that eyestalk extirpation in immature
crabs resulted in precocious spermatogenesis in Carcinus
maenas. The inhibiting effect by eyestalk extracts on
testicular development has been reported also in

Parapenaeopsis hardwickii (Kulkarni and Nagabhushanam,

1984) . In the crayfish Pontastacus leptodactylus,

gametogenesis is believed to be inhibited by a mesodermal
tissue surrounding the primary gonia (Amato and Payen,
1978) . The primary gonia are transformed into secondary
gonia only after the withdrawal of the mesodermal tissue
which could be experimentally induced by surgical removal

of the eyestalks. In P. leptodactylus, the secondary

gonla show a higher level of RNA synthesis which is followed
by meiosis. This usually takes place during summer.
Androgenic hormone is reported to play a major role in

this process. In male gonochoristic shrimps (Leander
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serratus and Crangon crangon), the median protocerebrum

produces a hormone necessary for maintenance of: (1) the
spermatogonia, spermatogenesis and mesoderm cells of the
testis, (2) the epithelium of spermduct and (3) the

androgenic glands (Touir, 1977a, b).

The gonad-inhibiting hormone (GIH) produced by
eyestalks and the gonad-stimulating hormone (GSH) produced
by brain and thoracic ganglia are both presumed to be
protein or polypeptide (see K.G. Adiyodi and R.G. Adiyodi,
1970 for details). Recently, GIH and the moult-
inhibiting hormone (MIH) .have been separated from

eyestalks of the lobster Panulirus argus. Partial

characterisation of GIH has been achieved and its molecular
weight is said to be about 5000 daltons (Quackenbush and
Herrnkind, 1983). According to Bomirski et al. (1981)

GIH is neither sex— or species- specific; in Crangon
crangon GIH is thermostable having a molecular weight

of 2,000.

1.9.2. Androgenic Glands and Androgenic Hormones

Charniaux—-cotton (1994, 1970, 1975) and her
collaborators have made extensive studies on the role of
the androgenic gland on sexual differentiation in
amphipods. Removal of the androgenic gland leads

not only to an inhibition of spermatogenesis, but also
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to destruction of the testis and gradual loss of the
secondary sex characters. Blood plasma of male Carcinus
can induce development of male characters in female
Orchestia; androgenic hormone, therefore, does not appear
to be species specific (Charniaux-Cotton and Kleinholz,

1964) . In the isopod Armadillidium vulgare, implantation

of androgenic glands or injectionkf active extract of the
androgenic glands from mature males to young females
induced masculinization of the latter (Katakura and
Hasegawa, 1983; Hasegawa and Katakura, 1983). Blanchet
et al. (1972) consider testis and vas deferens as two
target tissues of the androgenic hormone. There may be
more. The chemical nature of the androgenic hormone is
disputed. Berreur-Bonnenfant et al. (1973) consider the
hormone as a lipoid molecule. Ferezou et al. (1977)
reported the pregence of two lipid methylesters in

androgenic hormone of Carcinus maenas; androgenic gland

has the ability to synthesize farnesyl acetone (E,E)
(Ferezou et al., 1978). Farnesyl acetone, isolated from

the androgenic glands of Carcinus maenas, inhibits

vitellogenesis(Berreur-Bonnenfant and Lawrence, 1984).
Histological and ultrastructural studies, however, seem
to suggest a proteinaceous or polypeptide nature for
the hormone (King, 1964; Meusy, 1965). Katakura et al.
(1972) claim that androgenic hormone is a protean with

a molecular weight of 16,000.



Androgenic gland of the protandrié hermaphrodite

Pandalus platyceros developes from epithelium of the.

vas deferens (Hoffman, 1969). According to Hoffman
(1969), the developmental histology of androgenic cells
can be divided into six discrete stages. Initially,

the cells are in the stage of proliferation. The cells
have relatively small cytoplasmic volumes and small
irregularly shaped nuclei. This stage is followed by a
stage of cytoplasmic hypertrophy which occurs during the
active male phase (proliferation of spermatogonia).

The cells now become elongated and have flattened, long
nuclei. The stage of vacuolerization is third. During
this stage, vacuolated cells with swollen oval nuclei
showing less affinity towards basophilic stains are
seen. In the next stage (stage of cellular break down),
there is a total degeneration of the cytoplasm. The
fifth stage is seen in males transforming into female,
(transitional atrophy) and is characterised by pycnotic
nuclei and large cytoplasmic inclusions. In the final
stage - ghost stage - empty sheaths of androgenic cords
alone are seen. During this stage, no traces of testis

can be seen in this protandric shrimp.

In Ocypode ptatytarsis, the length and width of the

androgenic glands vary according to the size of the animal.

The small cells (10-11 pum) of androgenic glands contain
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dense cytoplasm and no vacuoles. The nuclei are spherical
and have dense granular chromatin. The medium-sized
cells contain vacuoles and large nuclei. The large cells
(15 pm) have prominent vacuoles; sometimes the vacuoles
are so large that the cells appear empty (Thampy and
John, 1970). 1In androgenic gland cells of Porcellio
scaber, changes occur in cell organelles in the course

of the secretory cycle; these holocrine cells which
undergo regression and destruction pass their contents
into spaces of the haemocoel (Radu and Cracium, 1976) .
Different modifications of the androgenic gland cells
leading to their degeneration have been further described

in Ocypode quadrata by Payen (1972).

The androgenic glands are under the influence of
eyestalk principles not only in adults but in larval
stages also. Payen et al. (1971) reported that eyestalk

ablation in the zoea of the crab, Rhithropanopeus harisii

and in the megalopa of Callinectus sapidus resulted in

hypertrophy of the androgenic glands. Glandular
hypertrophy is characterized by hyperplasia and an
increase in cell size at the light microscopic level.
At the ultrastructural level, the gland cells show well
developed granular ER, mitochondria grouped into
juxtranuclear area, a rounding of the nuclei and
increase in accumulation of electron-dense material in

the intercellular spaces.
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In Pandalus platyceros, RNA synthesis in androgenic

gland cells increases after eyestalk ablation and after
administration of exogenous PB-ecdysone (Foulks and
Hoffman, 1974). This rises the question whether the
effects of eyestalk ablation on androgenic gland are
mediated by P-ecdysone. We consider this unlikely: the
effect of P-ecdysone observed on RNA—synthesis in
androgenic glands may be only the general effect of
B—ecdysone to stimulate RNA synthesis in a variety of
tissues, and furthermore, there is as yet no conclusive
evidence to link RNA-synthesis with androgenic hormone

production. The androgenic gland cells of Macrobrachium

idella possess vacuolated cytoplasm and pycnotic nuclei
during winter in Calicut; this is the time when physiology
of the shrimp is tilted in favour of somatic growth
(Sreekumar et al., 1980). This observation seems to
suggest that.hormones favouring somatic growth (MIH-MH)

may supress androgenic gland activity in adult males.

In isopods, the function of the androgenic glands
is controlled by a protocerebral inhibitory centrej
removal of this centre results in hyperplasia and hypertrophy
of the androgenic gland cells (Legrand and Juchault,

1970) . Conversely, in Orchestia gammarella, a cervical

factor of the male brain which is necessary for the
development of the testicular germinative zone, is itself

‘under the control of androgenic hormone (Berreur-Bonnenfant,

1967) .
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Hetero- and homoplastic transplantations of gonads

without or with androgenic glands in Lysmata seticaudata,

Leander serratus and Cranger cranger show that a hormone,

other than the androgenic hormone or neurohormone of
eyestalks, is necessary for the maintenance of the

germinal cells and of spermatogenesis (Touir, 197W9.

1.9.3. Reproductive Metapbolism

The hepatopancreas serves as a centre of storage
of organic reserves in crustaceans. The reserves are
mobilised cyclically to meet the demands of reproductive
and somatic growth undef the influence of hormones (see
K.G. Adiyodi and R.G. Adiyodi, 1970; Anilkumar, 1980;
R.G. Adiyodi, 1985; R.G. Adiyodi and K.G. Adiyodi,
1970, 1972; R.G. Adiyodi and Subramoniam, 1983). 1In
female Brachyura, a distinct antagonism exists between
somatic growth and reproductive growth (R.G. Adiyodi and
Subramoniam, 1983) and the physiological tilt prevalent
at the time decides the nature of response of the animal
to eyestalk ablation (Kurup and R.G. Adiyodi, 1981).

Studies in our laboratory on Paratelphusa hydrodromous

have shown that the intermoult of adult male crabs is
divisible, like that of adult female crabs, into a somatic
and a reproductive phase; in males during the somatic

phase the physiology 1s tilted to favour somatic and
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regenerative growth and during the reproductive phase

to favour spermatogenesis and semen production (Mathad,
1983; Kurup, 1983; K.G. Adiyodi and R.G. Adiyodi, 1976;
Suma, unpublished). Anilkumar (1980) has suggested that
hepatopancreatic lipid, protein, oligosaccharide and
polysaccharide may be utilized for yolk synthesis in

Paratelphusa hydrodromous. A possible correlation between

metabolic demands of ovary and taurine level of hepato-

pancreas of Carcinus maenas has been reported recently

by Pochon-Masson et al.(1984). Though hepatopancreas

is known to play a key role in reproduction in female
crustaceans, nexXt to nothing is known of the role of
hepatopancreas in reproduction in male crusfaceans. -This
prompted us to study the biochemical composition of

the hepatopancreas of Q. platytarsis and our findings are

summarized in Chapter 4.
1.10. CONCLUDING REMARKS

From the foregoing review, it is obvious that our
knowledge of the reproductive physiology of male decapods
(and of male crustaceans in general) is far from satisfactory.
Studies were, therefore, initiated in our laboratory to
fill some'of these gaps in different decapods. As a part
of this programme, Mathad (1983) investigated the biochemistry

and physiology of semen in two freshwater crabs, Paratelphusa
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hydrodromous and Barytelphusa cunicularis; Muthuraman

(1985) studied the male reproductive physiology of the

marine Indian prawn, Penaeus indicus; Sreekumar (1985)

of the freshwater shrimp, Macrobrachium idella; Hebbar

(1982) of the freshwater crab Paratelphusa pulvinata,

and Varghese (1984) of the freshwater crab Gecarcinucus

steniops. Krishnakumar (1985) investigated the
physiology of storage of semen in spermatheca of some

female decapods. We have chosen Ocypode platytarsis

for investigation because male reproductive physiology

of marine crabs has been sé,far only poorly investigated
in our laboratory; furthermore, we could benefit from
comparisons of our results with those of freshwater |
species investigated by our colleagues and also understand
how male reproductive physiology is altered by two types

of habitat.

The main emphasis of this work is on histological
and physiological aspects of semen production, chemical
composition of the seminal plasma, processes of
spermatophore formation, seasonal variations in various
chemical constituents of the male reproductive system
and endocrine influences in male renroductive physiology.
The coral-shaped accessory sex gland of this species,
which can be classified as a true collateral gland, was

first reported by us (Sukumaran and K.G. Adiyodi, 1980)



and a detailed account of its morphology, physiology

and biochemistry can be found in various chapters of this
thesis. A number of gaps in our knowledge of male
reproductive physiology have been filled and several
areas of work suggested for future .investigations.

Soﬁe aspects of this work were presented as abstracts to
national and international symposia, a list of which is

appended on page 34l1.
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Chapter 11

Biology of the ghost crab, Ocypode Platytarsis Milne Edwards

M Sukumaran “Certain aspects of reproductive biology of the ghost crab, Ocypode
Platyt Aris with special reference to the male” Thesis. Department of Zoology,
University of Calicut, 1985
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2.1. INTRODUCTION

A rich fauna flourish along the coasts of tropical
countries. The brachyurans are a prominent group of
invertebrates that inhabit the sandy beaches.: Breeding
and‘moulting seasons of a species of crab could vary in
different geographical areas of its distribution. This
is because reproductive activity and moulting are closely
linked to several extrinsic factors such’as temperature,
salinity, tidal variations, etc. In temperate countries,
the breeding season of many invertebrates is programmed
to concide with season or seasons of increased plant
production. To many marine animals, the intertidal zone
is a sutable habitat, inasmuch as it provides rich.
nutritional resources in the form of vegetation, organic
debris and tidally deposited organic substances rich in
microflora and stranded micro-organisms. Tide is thus
a decisive factor in determining behavioural and
ecological characters of intertidal fauna (Bliss, 1983

for review).

Observations on ocypodid crabs in benthic zone
have revealed that feeding and height of the habitat are
two of the major factors connecting crabs with the

substratum of habitat (Ono, 1965). In ghost crabs,

Ocypode ceratophthalmusand O. kuhlii, the feeding
behaviour and food vary in some respects due to difference

in habitat, but both species have similar types of



mouthparts (Jones, 1972). Some species of Uca inhabiting
the intertidal zone exhibit activity rhythm sychronous
to tide (cf. Kaestner, 1970). The distribution of

Arrhis phyllonyx (Amphipoda) is influenced by temperature

(Sainte-Marie and Brunel, 1983).

‘Aspects of biology of the ghost crab Ocypode

platytarsis M. Edwards, such as habit, habitat, food

and feeding behaviour, and breeding and life cycles were
the first to be investigated by us, as such information
is necessary to make a meaningful analysis of the

reproductive activity of this specieé.
2.2. MATERIALS AND METHODS

2.2.1. Method of Collection

Ocypode platytarsis, used in this study, were

collected from the sandy beaches of Calicut (11.15°N,
75.49°E) . Sexually mature crabs being nocturnal,
collections were made chiefly during night between 19.00
and 23.00 hours. Specimens were rather rare on the
shore during full-moon days, as they confined themselves
eithef to the burrows or to very near the burrows.

Although O. platytarsis were available on the shore almost

round the year, catches were maximal in summer (February-
May) on new moon days. From June to August (the monsoon

season) the crabs were not so abundant.
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Fig. 2.1 A.

A dorsolateral view of the collection
bo x (diagrammatic)

The collection box is opened to show
Cubicles (see text for details )



Fig 2.4
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Fig 2.2



O. platytarsis exhibited variations in activity

in relation to tidal pattern, lunar periodicity, etc.
At the flash of torch-light, the animal was not arrested;
instead, it showed a tendency to flee either to the sea

or to the safety of its burrow. O. platytarsis preferred

more often to escape into breakers rather than break into
the burrow of a stranger. Only when hard pressed did
they enter burrows of other crabs, provided they were

large enough to accommodate them.

On moon-lit nights, the crabs (large ones) which
were generaliy confined to their burrows, could be
'picked up' by a gloved hand after digging the burrow
peripherally. As the juveniles (<2.5 cm carapace width)
occur largely in the vicinity of their burrows and escape
into the burrows as one approaches them, they could be

collected only by digging the burrows.

During the new-moon quagpter of the lunar period
when the sandy shore seems to reach generally down to

the breakers, O. platytarsis could be seen freely fending

for themselves in shallow water as well as on shore above
the water line. Specimens bathed by waves were easily
collected using an ordinary nylon net. Those running

to the shore were caught using a ringed net (Fig.2.1),
comparable to the one generally used to catch butterflies.

The ringedbet was made of an iron-ring (60 cm in diameter)
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to which was fitted a loose net bag. The iron-ring

was invariably thin énd therefore the net was light to
carry. The net was made of ordinary fishing net or
other strong nylon material and was attached firmly

to the rim of the iron-ring so that the central part
was loose and free. A thin strong wooden’handle about
1.75 metre long, was attached to the iron-handle of

the ring on one side. The specimens were trapped into
the net bag by placing the ring flat on the sand over
the running crab. The crabs were thus captured without

any injury.

2.2.2. Mode of Transport

Specimens of O. platytarsis cannot be transported

packed in small containers as they are vigorous and
active and many of them lose their limbs in transit due'
to squabbling. Aerated individual polythene bags were

of not much help either since large O. platytarsis

could easily tear out of the bag with their powerful
chelae. Wooden containers with isolated chambers
(qubicles) were therefore specially designed to transport
specimens from the shore to the laboratory (about 25 KM
away) . The box (43 cm x 43 cm x 20 cm), made of plywood,
was divided into cubicles (size 7 cm x 7 cm) with thin
plywood partitions so that at least 25 cubicles could

be lodged within one box (Fig. 2.1). A sliding lid,
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attached to the broad (upper) side of the box, made it
convenient to transfer crabs to the cubicléé. A handle

was fixed on to the narrow (left/right) side of the box
along which the lid was pulled out; hence the lid did

not slide-open, when the pox was lifted up. Some holes

were made at the bottom of the box to permit air circulation
to each cubicle. With this device, it was possible to
ensure the safety and comfort of each crap during transit

and to reduce mortality or injury during transit to

Zero,

2.2.3, Laboratory Culture

In the laboratory, the crabs were reared in small
groups (2-3 numbers) in specially constructed cement
tanks (60 cm x 60 cm x 30 cm) laid with sea water and
wet beach sand. Special care was taken to clean the tanks
at fegular intervalé. The sand laid at the bottom of
the tanks was frequently wetted with fresh sea water to
énsure near natural conditions. In laboratory cultures,
the rate of mortality was relatively more in w1nter. The

cultured crabs were fed ad lip. almost daily with fresh,

sliced ox liver,

2.3. OBSERVATIONS
2.3.1. Animal

Adult O. platytarsis (Fig. 2.3) have a yellowish
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carapace, whereas the ventral/side is straw white in
colour. The colour of carapace shows slight variation
in relation to the moulting cycle. For example,
intermoult crabs have a golden yellow colour, while
postmoult 6r premoult crabs are pale-yellowish in colour.

Moreover, the carapace of premoult crabs usually appears

somewhat puffy. Fully grown male O. platytarsis have a
maximum carapace width (cw) of 6 cm, and females 5.6 cm

only. Sexual dimorphism is distinct in Q. platytarsis

as in many other crabs: the males have a narrower abdomen
and larger chelae than females. Sex differentiation
becomes apparent right from the time the juvenile crabs

have attained a cw of about 1.5 cm. In O. platytarsis,

the chelae are asymmetrical; usually the right one is
larger in size. Propodus of the chéla is white, while
the dorsal region (corpus and merus) is yellowish in
colour. The cylinderical stalked eyes are provided with
" supra-optical horns" (eye-stylets). The yellowish

eyestalks are held vertically as the animal moves.

2.3.2. Habits

0. platytaréis is agile and very active. Ocypodids
are sometimes treated as land crabs but are genuinely

amphibious. Adult Q. platytarsis is nocturnal, getting

active by dusk. During the day they hide in burrows,

the mouth of which is plugged with sand. However,
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juveniles can be seen moving along the shore even during
the day. 'During the full-moon quarter nights, O.

piatytarsis are rare on the shore. When tide is low,

as ‘during new-moon quarter nights, large numbers of them’
(mostly females) wander along the shore just above the

water line. Good runners though, O. platytarsis are only

poor swimmers. The crabs flee to water or toe their
burrows when they come across any moving objects within
8-12 metres. During evenings in summer months (18.30-
19.00 hrs), the crabs (both males and females) come out
of their burrows in large numbers and nlunge themselves
into the waters. As the breakers wash the shore, the
crabs adhere .to the sand to prevent being completely
washed off, although they are pdved to some distance

by the force of the wave. Casual observations during

morning hours have revealed that Q. platytarsis hide

in burrows long before dawn.

The male crabs excavate their burrows generally
between 19.30-20.00 hrs, when normal feeding activity
has been completed. This does not mean that they do not
feed after the peak feeding period. Food particles in
the vicinity of the burrows are eaten even during the
late hours. During burrowing, the crab bring out each
time fresh moist sand from the bottom which it holds

within the chelae and the legs and spreads on one side



Fig. 2.4 Burrow of Q. platytarsis (occupied by
adult male crab)

an

Fig., 2.5 Juvenile O. platytarsis
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of the burrow. Such loose, newly dug sand neayr th€

mouth of a burrow usually betrays the presence of c¢Tab
in the burrow. Generally, burrows (Fig. 2.4) are straight

or slightly tortuous. 0. platytarsis dig their puTTows

by lateral movement of the body.

A female and male are frequently seen together 1in
one burrow. Male crabs may occupy solely some burrOWws,
but only rarely have we observed a female occupying @

burrow all by herself.

In aggressive defence behaviour, the chelae are
raised above the level of the body. The larger chela is
the one usually used for defence. It also ejects out two
jets of watery secretion from the upper part of the
mouth and produces a 'cracking sound' similar to cricket's

call,

2.3.3. Food and Feeding Pattern

O. platytarsis are voracious feeders and scavengers.

They feed mainly on dead animals (fishes, snakes, etc.)
which are washed ashore. In polluted beaches, night 4541
and other decomposing organic matter also form theiyr foo4,
but we have never seen them feeding on plant mattexr
Frequently, adult Q. Qlatxtarsis feed on their own

juveniles and on crapbs belonging to other speci€S. .

the laboratory, they voraciously devour fresh 0% liver.
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Depending on the size of the individual, daily intake
is 2.0-2.5 gm of liver per day in the laboratory. The
crabs detest ground-nut cakes or vegetables - given as

food. 0. platytarsis carry food to a comfortable place,

if the piece of food is of convenient size holding it
with the larger chelaj; using the smaller chela, the food
is next torn off into smaller pieces and each piece
pushed into the mouth. The powerful mandibles of this
species can crack even the chitinous limbs or chelae

of other crabs.
2.3.4. Habitat

The sandy shores of Calicut are poor in vegetation.

Another species of ghost crab, Ocypode caratophthalums

(Pallas) (Fig. 2.7) is sympatric with O. platytarsis

in Calicut. Cursory resemblance notwithstanding, the
two species can be easily distinguished: the adults of

0. ceratophthalmus are smaller (cw 4.5 cm) than the

adults of Q. platytarsis. O. ceratophthalmus have a

brownish shadinq on their carapace, and two large,

blackish ''inverted-coma shaped'' markings toward the
posterior part of the carapace. Dark-brown patches are
seen on the ventral side of the body, the legs and abdomen.

'Hairs' thickly cover the legs of Q. ceratophthalmus;

such hairs are absent in Q. platytarsis. There are also
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Fig. 2.7

"Adult male 0. cexatophthalmus

- A. dorsal view; B. ventral view

a -~ abdomen; ¢ — chela
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differences between the two species in their habitats.

The burrows of Q. platytarsis are usually located a few

meters away from the water-line, while those of Q.

ceratophthalmus are much closer to the water-line.

Burrows of O. ceratophthalmus are not as deep as those

of O. platytarsis. O. platytarsis are more vigorous and

active than Q0. ceratophthalmus. O. ceratophthalmus

prefer areas where Q. platytarsis are rare. Adult

ovigerous females of O. ceratophthalmus are frequently

seen lying in loose sand in the upper reaches of the
beach, with their eyes alone projecting out (body

burried) of the sand. 0. platytarsis do not exhibit

this behaviour pattern.

In relation to the tidal pattern, variations in
beach terrain appear to exert some influence on behaviour
of the crabs. Thus, for a few nights preceding and
succeeding the full-moon days, when a terrace-like
formation (Fig. 2.6) is present on the beach, except
for the male crabs in their burrows, not many individuals
are seen on the raised platformj most of the crabs are
.seen further down, very near the breakers. During these
days, the number of crabs that wander out is relatively
low. During new-moon quarter nights, when the tide is

low and terrace-formation is absent, large number of

0. platytarsis (majority females) are seen foraging just
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above the water level., In these nights, many males are

seen in burrows.

Larger crabs generally make deeper burrows; the
diameter of the burrow also depends upon the size of the
individual. Smaller crabs make burrows near the water-line
where sand particles are smaller and richer in sediments.
Earlier studies by Pillai (1982) from the same locality
have revealed that there is no significant difference in
waper temperature (about 32°C) during day and night in
April/May. However, the surface temperature near. the
purrow during day time is 45.7 =+ 0.5°C and at night
32.4 + 1.4°C. 1In the burrows (10 cm below),during day
time, the temperature is 36.1 + 1.1°C and at night
35.7 + 1.6°C. The percentage of soil moisture in burrows

is 22.45 + 1.9 (Pillai, 1982).

2.3.5. Breeding and Life Cycle

O. platytarsis are continuous breeders: ovigerous

females have been found along the shore almost round the
year. However, there appear to be two peak spawning
seasons, one during April/May and the other during
September/October. Berried females appear to segregate
themselves from the general population. The eggs of

O. platytarsis, deep orange in colour, have a diameter

of 0.4 to 0.5 mm and the clutch size ranges between
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1,500 and 2,000. However, with advancing embryogenesis,
the colour of eggs changes to a dark brown. Field
observations reveal that 60-70/% of the male crabs

collected during October/November are in premoult.:

Juveniles of Q. platytarsis (Fig. 2.5) are seen in

large numbers during June=July and November-December.
The carapace of young crabs (cw < 3.2 mm) is dull green
and is ornamented with a white network-like design. The

ventral side 1is paLe white. In Q. ceratophthalmus,

the characteristic brownish patches are apparent in
juveniles (> 1 cm cw) themselves. On the contrary, 1in

O. platytarsis, the colour of the carapace shows a

gradual change with maturation. In young O. platytarsis

of cw 3.3-3.9 cm, the carapace is yellowish and has a
white network-like pattern; the carapace acquires the
typical adult coluration only as crabs attain a cw

of 4 cm.
2.4, DISCUSSION

Ocypode platytarsis is far more active than other

species of crabs studied in our laboratory, viz.,

Paratelphusa hydrodromous, Paratelphusa pulvinata,

Barytelphusa cunicularis, Ocypode ceratophthalmus and

Gecarcinucus steniops. Although relatively small in

size compared to Scylla serrata and Portunus pelagicus,
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O. platytarsis is larger than most of the previously

mentioned species. Asymmetry of the chelae found in

O. platytarsis is also observed in some other species

such as P. hydrodromous and Q. ceratophthalmus. The

period of activity of O. platytarsis varies with tidal

and lunar cyclicify. Adult males of the shore crab,

Hemigrapsus oregonensis show tidal and diurnal rhythm;

the greatest activity observed was during the dark high
tide (Batie, 1983). Environmental factors such as the
intensity of illumination (even the presence of cloud),
temperature of air, relative humidity of air, availability
of protective cover for quick retreat, etc., influence

the daily activity of Gecarcinus lateralis (Bliss et al.,

1978) .

On full moon days, O. platytarsis are very scarce

on the shore. Paulraj (1980) reported a nyctymeral

and lunar variation in autotomy response of this species.
On new-moon days, autotomyfrequency had a 'sinusoidal’
pattern. On full-moon days and last quarter days, there
was an asymetrical variation. Moreover, at high tides
during night, autotom& response was very low in O.

platytarsis (Paulraj, 1980). Changes in behaviour in

relation to tide and lunar periodicity is not unique to

Q. platytarsis. In many intertidal organisms, physical

factors may inhibit or promote the reproductive success
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of the individual. For instance,  the stomadopods

Gonodactylus zacae and G. falacatus oviposit during

neaptides or transition from spring to neaptides’

(Reaka, 1976). A sand isopod, Exocirolana chiltoni

shows daily and monthly activity rhythms in relation to

tidal agitation (Enright, 1972).

Our observations on feeding behaviour of O.

platytarsis show that the species is basically carnivorous,

but the food is diverse and includes carrion. Under
laboratory conditions, the crabs which were fed on ox
liver appeared healthier than those fed on other food-

stuffs. In the field, O.platytarsis are both scavengers

and predators. Cannibalism is also common in this

species as in Paratelphusa hydrodromous. The land crab,

Gecarcinus is primarily herbivorous,  although lizard,

fﬁembers of its own species, eggs of birds, feather and
bone also form part of its food (Bliss et al., 1978).

A shift from herbivorism to carnivorism or to mixed diet
is not uncommon in some crabs during postembryonic

development and growth (e.gv 2} hydrodromous, Gecarcinucus

steniops) . Ono (1965) reported that in some species of
ocypodid crabs, nearly all nutrients assimilated in a

day are metabolized the same day.

It is possible that sand piles at the mouth of the

burrow of male O. platvtarsis may serve to attract the
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females. Male Ocypode seratan, for instance, errect

sand pyramid of about 16 cm height, about 40 cm away
from the mating burrow. The pyramid and burrow are
connected by a tramped path. The females, attracted

by the pyramids follow the path into the burrow which
is occupied by the male. The male produces vibration
signals when the female gets nearer to the burrow. The
pyramid also acts as a stimulus to mature males for
territorial defence. The male stays in the mating burrow
for 4-8 days, even foregoing food. After mating period
(April/May) the male digs simple resting burrows (cf.
Kaestner, 1970). Earlier investigations by Paulraj

(1980) have shown that O. platytarsis construct three

types of burrows. Maturing males and females construct
'‘Ut-type or 'Y'-shaped burrows, whereas mature males make

spiral or straight 'copulating burrows' (Paulraj, 1980).

It is not known if the 'cracking-sound' produced

by O. platytarsis has any acoustical significance. The

acoustic signals produced by males from different species
differ from one another, permitting females to distinguish
calls of males belonging to the same species from those

of heterospecific males (Salmon and Hyatt, 1983). Social
signals in crustaceans appeaf to be derived independently
even within closely related species (Bliss, 1983). Calling

sounds of Q. ceratophthalmus and Q. laevis are produced by
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rapping or stridulation (Bliss, 1983).

The threat posture (behaviour) of O. platytarsis is
of interest to ethologists, but is not unique to this
species among crustaceans. When threatened, grapsoid
crabs, for example, put up a characteristic display,
referred to as 'high intensity lateral merus', in which
the chelae are forcibly drawn out' to either side (Wright,

1968 MS) . The threat behaviour of O. platytarsis is

comparable to that of Uca vocans (cf. Kaestner, 1970).

When irritated, O. platytarsis produce a jet of watery

secretion aimed probably at the intruder; the pistol
shrimp Alpheus also produces a jet of water when forced

to defend the territory, or when confused with other males
and even in the course of catching the prey (cf. Kaestner,

1970) .

In adult O, platytarsis, the optimum temperature for

activity is around 32°C., 1In the land crab Gecarcinus

laterélis, the favourable temperature for maximum
activity in summer 1is below 30°C. 1In G. lateralis, low
temperature adversely affects the activity of the crab,
whereas favourable temperature and abundant moisture

lead to the onset of activity (Bliss et al., 1978).

Our studies have shown that two species of ocypodid

crabs (0. platytarsis and Q. ceratophthalmus) are




sympatrically distributed along the Calicut shore. This
is not unusual among crustaceans. Ecological studies on
isopods have shown that very closely related species may
occur together in an apparently similar habitat (Naylor,
1972) . According to Ono (1965), among ocypodid crabs,
those holding territory of fixed size live in higher
regions of tidal flats, whereas those having territory
of changing size live in plains. The crabs which hold
fixed territory understandably show severe fighting
behaviour. Chlorinity is considered to be an important
factor in determining the disfribution of these crabs

(Ono, 1965).

Mechanisms preventing interbreeding between O.

platytarsis and Q.‘ceratophthalmus, which overlap in

distribution, could be diverse. Anatomy of the reproductive

system of O. platytarsis differs from that of O,

ceratophthalmus: for instance, the mid vas deferens of

O. ceratophthalmus has many protuberances and is sac

like (unpublished data), while mid vas deferens (MVD-I) of

O. platytarsis has uniform girth and is coiled (see

Chapter III for details). 1In female O. platytarsis, it

is reported (Pillai, 1982) that the size of individual
oocytes increases appreciably in the course of vitellogenesis

whereas in O. ceratophthalmus,the oocytes do not increase

in size appreciably during the vitellogenic cycle
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(Krishnakumar et al., 1979), Furthermore, differences
between the two species in external morphology such as
size and colouration and in ecological distribution

(not well marked) could promote recognition of conspecific

individuals and act as a deterrant to interspecific

breeding. As reproductive cycles of O. ceratophthalmus

along the Calicut coast has not yet been investigated,

we do not know if breeding cycles of the two species

are programmed differently as 1in some sympatrically
distributed hermit crabs. Reese (1968) found that peak
breeding periods of two specie; of hermit crabs occurring
in the same habitat do not coincide with each other and
thus they avoid the possible competition for shell

selection. The sand crabs, Hippa strigillata and H.

pacifica are similar in appearance and are found in the
same intertidal zone, but interbreeding is prevented as

their life cycles vary (Efford, 1972).

Different species of the same genus may show variations
in programming their breeding cycle in response to
variations in environment. For instgnce, all species of
Emerita in temperate seas are seasonal breeders (breeding
cycle centred around summer months), while those in tropical
shores breed continuously throughout the year. It is
suggested that in such cases breeding activity follows

the classical temperature-dependent pattern. E. asiatica,
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inhabiting tropical beaches, is a continuous breeder

(Subramoniam, 1977). But Albunea symnista, another

tropical anomuran inhabiting the sandy beaches of
tropics, breeds irregularly (T. Subramoniam, unpublished).
Increasing day length is a stimulus for copulation in

Ocypode guadrata in which the peak breeding season is

during summer (Haley, 1972). £Even the socalled continuous
breeders may show one or more peak breeding seasons a

year. The present study indicates that O. platytarsis,

though 'a continuous breeder, has two such peak spawning

seasons. The penaeid prawn Parapenaeopsis hardwickii

breeds throughout the year, but the peak breeding and
spawning activities occur during January-May
(Nagabhushanam and Kulkarni, 1982). E. asiatica has
no specific breeding season, but egg development and
hatching do not occur during May-August (Subramoniam,
1977) . However, the possibility of the occurrence of
any factor restraining breeding activity in a marine
environment is limited, as food and other ecological
factors do not show much annual variation particularly
in the tropics. On the contrary, the situafion in

estuary is different. The hermit crab, Calibanarius

longitarsus does not breed during monscgn. The major

limiting factors during monsoon are the low salinity

and sparse distribution of plankionic food; low salinity
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leads to a high mortality of the larvae (Ajmalkhan and

Natarajan, 1979a,b).

2,9,

1.

SUMMARY

Ocypode platytarsis, collected for our studies from

the sandy beaches of Calicut, is a species inhabiting
the intertidal zone of tropical sea. The burrows of

adult 0. platytarsis are located a few meters away

from the water-line. Q. platytarsis shows sexual

dimorphism; sex differentiation becomes apparent
right from the time juvenile crabs have attained

a carapace width (cw) of about 1.5 cm.

Adult O. platytarsis are agile, amphibious and

nocturnal, showing aggressive defence behaviour.

The period of activity of O. platytarsis varies

with lunar and tidal cyclicity.

The food of 0. platytarsis is diverse. They are

basically carnivorous. In the field, they are
scavengers and predators. Cannibalism is also

commone.

The optimum temperature for activity of adults is

about 32OC.

Ocypode platy?arsis(Milne Edwards)is sympatric in



75

distribution with Ocypode ceratophthalmus (Pallas)

in Calicut beach. There are striking differences

in morphology, habit and anatomy of the reproductive

system between O. platytarsis and O. ceratophthalmus.

Ovigerous females of O. platytarsis have been found

along Calicut beach almost round the year. Colour

of eggs changes from deep orange to dark brown with
the advancing embryogenesis. Juvenilles make burrows
near the water-line where sand particles are smaller
and richer in sediments. The carapace of juveniles

is deep green with a white network-like design; the
carapace acquires the typical adult coloration (yellow)

as the young crabs attain a cw of about 4 cm.

O. platytarsis is a continuous breeder with two

peak spawning seasons.



Chapter 111

Certain aspects of semenogenesis in Ocypode Platytarsis Milne
Edwards

M Sukumaran “Certain aspects of reproductive biology of the ghost crab, Ocypode
Platyt Aris with special reference to the male” Thesis. Department of Zoology,
University of Calicut, 1985
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3.1. INTRODUCTION

Knowledge on reproductive biology of male
crustaceans is uneven. Role of androgenic hormone on
primary, secondary and behavioural sex characters of the
male has been extensively studied, largely by Charniaux-
Cotton and her collaborators (Charniaux-Cotton et al.,
1989); a wealth of information is also available on
structural details of crustacean spermatozoa and on the
process of crustacean spermatogenesis (Pochon-Masson,
1983 for review). However, apart from the contributions
of Barnes (Barnes, 1962a,b, 1963; Barnes and Finlayson,
1962) on cirripedes and Sabeeda et al. (1974) and Mathad

(1983) on Paratelphusa, very little is known on the

composition of semen and on the role of various accessory
glandular elements in the production of the spermatophore
and seminal plasma in the Crustacea. The present investi-

gations on the ghost crab, Ocypode platytarsis were

undertaken with a view to throw some light on these aspects

in the Brachyura.
3.2. MATERIALS AND METHODS

3.2.1. Animals

Sexually mature specimens of the ghost crab, Ocypode

platytarsis having a carapace width of 5.0 to 9.9 cm were
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collected from Calicut beach during May-June. The method
of collection, transport, etc. are as described in

Section 2.2.

Moulting stages of male O. platytarsis were determined

by observing setal formation in the maxillipede (comparable
to that in pleopods, after Drach, 1939; Anilkumar, 1980).
Only crabs in intermoult stage were used in the present
study. Early stages of intermoult are characterised

by the appearance of pigments on the blade of the appendages
the latter appears rather translucent. The setal base

is more prominent and thick. By this time, the exoskeleton
of the animal has hardened and the carapace has a golden
yellow colour. The animal is very active. During late
intermoult, the pigments appear in greater density. The
setal base is very distinct.” The animal continues to

be very active and feeds normally. The carapace retains

the golden yellow colour.

3.3.3. Tissue Analysis

The male reproductive system was carefully dissected
out in normal saline. For in vivo studies, various parts
of the male reproductive system were stained with methylene
blue solution (0.%4) without using any fixative and squeezed
gently under the coverslip prior to observation under the

light microscope. Squashes of testis and contents of vas
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deferens and spermatheca were examined under phasecontrast

microscope.

For histological studies, the crabs were sacrificed
and different regions of the male reproductive system
and spermathecae were immediately fixed separately in
104 formol-saline or Bouin's fixing fluid. Paraffin
sections (6.0 to 7.0 pm in thickness) were stained with

haematoxylin and alcoholic eosin.

The basic biochemical nature of the different components
cf semen was studied by testing solubility in different
solvents (see Mathad, 1983). Contents of the mid vas
deferens and coral-shaped accessory sex gland were
expressed out and kept for observation in basic solutions
(NH4OH, KOH - 1% and 904), acidic solutions (HC1, HNO, -

1/ and 50;) and salt solutions (NaCl, (NH4)QSO4 - 1%

and 90) .. After keeping in these solvents for 30 minutes,

the samples were observed under microscope.

3.2.3. Histochemical Analysis

For histochemical studies, the tissues were fixed
in Bouin's fluid, 10#% formol-saline, or Carnoy's fluid.
Chilled sections, 12-13 pm thick, were used for the
localization of lipids. For the various histochemical
tests, we have largely followed Pearse (1968) and Chayen

et al. (1973), unless otherwise stated.
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3.2.3.1. Proteins. Proteins containing acidic groups
were detected by the mercury bromophenol blue method.
Histochemical tests were also conducted to demonstrate the
presence of proteins containing basic groups (Johri and
Smyth, 1956), tyrosine (Millon's reaction modified by
Baker), a-amino acids or protein containing a-amino

acids (Yasuma and Ichikawa, 19953) in various regions of

the male reproductive system,

3.2.3.2. Carbohydrates. Periodic acid-Schiff (PAS)

technique was adopted to localize 1:2 glycol groups and
other PAS-positive substancesl Acid mucopolysaccharides
were detected by Alcian blue staining method (Steedman,
1950) . Tests were also conducted to demonstrate sulphated

acid mucopolysaccharides and glycogen (Best, 1900).

3.2.3.3, Lipids. For the histochemical localization of
lipids, we have followed Sudan black B method (lipids in

general) and 0il red O (neutral lipids) staining techniques.

3.2.3.4. Nucleoproteins. DNA was detected by Feulgen

reaction (Feulgen and Rossenbeck, 1924).

In order to verify the validity of the results
obtained, all observations were repeated on a minimum

of five specimens.
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3.3. OBSERVATIONS

3.3.1. Gross Morphology of the Male Genital System in

O. platytarsis.

In O. platytarsis, each testis is located on either

side of the stomach. Toward the posterior part of the
gastric stomach, testes of both sides approach each other,
giving a V-shaped appearance. Each testis is a flatZtened
elongated structure richly provided with grape-like
protruberences (acini) along its entire length. Each
testicular half has an average length of about 25-30 mm

in a crab having a carapace width of 5.0-5.5 cm. It
tapers toward the antero-lateral corner of the cephalothorax
at its broadest part, it measures about 2.5 mm across.

The vas deferens of each side arises as a narrow duct

from the posterior part of the testis. Morphologically,
the sperm duct could be divided into three regions -

the anterior vas deferens (AVD), mid vas deferens (MVD)
and the ejaculatory duct (ED). AVD, which is much folded
and coiled, leads to MVD; the latter is less folded,
thicker and more elongated than AVD. The vas deferens

on each side is provided with a well organized coral-
shaped accessory sex gland (CSG) (Fig. 3.1) that empties
its contents into the distal end of MVD. Androgenic
gland is an elongated structure consisting of a number

of parallel wavy strands, superfically attached to ED.
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3.3.2. Spermatozoa in O. platytarsis

O. platytarsis spermatozoa (Fig. 3.2) are disc-

shaped cells, 2.5-3.0 pm in diameter. In Feulgen-stained
preparations, we could detect the presence of DNA in

the form of a ring toward +the cell periphery (Fig.3.25).
A distinct PAS-positive area, possihly representing
acrosome, could be observed in the middle of the cell
body. Spermatozoa showed positive reaction with mercury
bromophenol blue, adqueous bromophenol blue, Millen's
reagent and ninhydrin-Schiff, suggesting a high content
of proteins. With toluidine hlue, the spermatozoa showed
a-metachromasia. Appreciable amount of lipid was also

present on O. platytarsis spermatozoa (Table 3.1).

Spermatozoa exhibited the characteristic acrosomal
reaction under osmotic shock, e.g., when exposed to
hypotonic solutions. The reaction was marked by the
protrusion of the acrosomal region thus giving the
appearance of a stalked-ball. Right from testicular
acini down to spermatophores distributed in the distal
extremity of MVD, the spermatozoa have been found capable

of undergoing eversion in O. platytarsis.

3.3.3. Histophysiology and Histochemistry of Sperm Duct

in O. platytarsis: Aspects of Spermatophore Formation

Based on gross morphology, sperm duct of O. platytarsis
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is divided into three regions, namely AVD, MVD and ED
(Section 3.3.1), but six distinct regions can be
distinguished based on histological and physiological
parameters. Thus AVD could be divided into proximal

AVD-1, middle AVD-II and distal AVD-III; and MVD into

MVD-I and MVD-II. The sixth part is the muscular posterior

vas deferens or ejaculatory duct (ED).

3.3.3.1 (a) AVD-I. 1In individuals having a carapace width
of 5 cm, AVD-I has an approximate length of 7 mm. This

is the first part of the vas deferens and in vivo
observations revealed that it is completely filled with
spermatozoa. Anteriormost region of the AVD-I is in the
form of a very narrow duct (maximum diameter: 90 um)

bound by coclumnar epithelium having an approximate height
of 17.5 um; it is wrapped by a thin layer of cells whose
nature could not be identified with light microscopy.

The epithelial cells which directly line the lumen are

so arranged that their nuclei, instead of forming a
regular row, occupy a backward po§ition in some and a
forward position in others giving a kind of zig-zag
pattern (Fig. 3.3) and hence the nuclei most often give
the impression of being arranged in groups of 2-8. The
spermatozoa here are suspended in a secretion which showed
intense positive reaction to alcian blue (pH: 2.9) and

a practically negative reaction to mercury bromophenol
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Fig. 3.1 Diagram showing the male renroductiye

system of O. platytarsis

Fig. 3.2 Spermatozoa of O. platytarsis
Formalin, Feulgen X. 1200

Fig., 3.3 A cross section through the anterior part
of the AVD-I of O. platytarsis.

E - epithelial cells; N - nucleij

S ~ spermatozoa

Formol-saline, Heidenhain's haematoxylilr
alcoholic eosin X 500
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Fig. 3.4 4 Cross section of the Posteripr part of

the AVD-I of 0. Qlatxtarsis.

E - epithelia] Cells; N - nNuclej;

S - sPermatozoa,

Formol-saliné, Heidenhain'g haematovylin~
alcoholic €osin X 600

Fig. 3.5 , €ross section of AVD-IT ¢ 0. rllatztarsissMMy

Primary spermatophores.

Formol~saline, Heidenhaiﬁs haematoxylin-
alcoholjc €0sin X g0p

" SQuash preparation-of the semen of



. e Y

<
m-

3.6



*p3u0d

+
+
-
+

P ¥
+ 4}
P ul

SHN
punog-utajoid

sepAyspTe 93137

QUTS0IA}
utajoxd

ut sdnoxb oTseq

+
+
¥

JO 8douasaidg
utajoxd

ut sdnoxb prtoe

30 ®o5uasaid

F3ITY2S-UTIPAYUTIN
ATuo 33TUOS
uoT3oeaI S,UOTTIW

anTq
Tousydouwoxq snoanby

anTq
TouaydowoIg-AINoIaW

r ¥ + ++ + + + o+ +
T ¥ - S+
- - ¥ + + + + 4+ +
y ¥ + + + + + o+ -
¥ + + + + + + o+ -
ag -1 qw 1T 1 T I
_ +II-0AW
+w%|m»x -AAV +1-aaw anv aay 2590 43 g amw
+ITI-AAV
11-3S 1-35 - T

III 11 I
AV dAvV QAV

aouUaIajuy

sqsal

JO DSH puUB SUaI3Iap SEBA @Y} JO STT3D TeTTa2y3Tda pue sjuauoduod

stsiexljerd apodAdQ

TEUTWAS JO STSATPUE TEOTWAYS203STH

T°€ ®Tqel



86

°p3uUod ¢ - Ty
- S
+ - - - ¥ - - e e e
PR ¥ ¥ 0¥ ¢ —oomu prodms (01 ) g vy
- — - - - - - _ - - ¥ - Qﬁﬁmmsmszf.
+ + + + + !ﬁ_d N
_ _ _ RS drprov Pz Yeryd) =
reC Y 4 T -¥ o+ paeins apprew e (SEHY) g vty
Y g+y -4 -4 4 ¥ W -8 +8 -g -g (y) otrTydoueIdT®
-Uuou pue 38AT
lpommmnmmeOAHma
(g) oTrTUdOURTOTE®
pue aatT3oeal sSvd
-un-33epoTIad -anTq UeIdTY
St i re T T+ + o+ ™ pre T F . aseaTal uoT3eTA38083D
¥20Tq TO2ATD 221 +cOHpmanH$pmom+m4m
¥ P e ¥ ¥ O+ + * r ¥ I 3¥207q TO2ATD 2:1 uotyeTA39284SVd
+++ 4+ * ¥ T O+ 4+ et et ¥ ¥ 0D—-HOHD 3onpoad
SATIEPTIXO ayy IO
SAT1BATISp OuTwWE
TA3Te Io outue
quateaTnbs ayl
I0 TO2ATH 71 (tsewoyl ap) Svd
asg
as +II-0AN
+II-aMN  TIII +I-0AN 11 I ogq a3 11 I 11T 1II I 9oUaIayuTl s3sal
+I-QMW -GAV  +III-GAV AAV  dAVY QAW dAW  aAV  GAY  AAY

11-3S -3s -+ wnTT8ylTdd




88

++

A+

F

**pPluUcGH
+ ¥
+4 -
-+ r
+ —
+++ -
Fy -
dduelsqns
. punoxp
s
wisdg dxoyd

—Olewradg

+ + &
+ d ¢
da d+ b
+ d+ -
+ d+ -
+ a+ -
asg
ITT-aav I
+II-AAW C
=g _*1I70AY  any

TIem wuocmOPmEHQO

00—HOHD
}onpoxd SATIEPTXO

@yy xo0 SATIRATISD
OuTweTAyTe I0
outuwe JUsTeATnbs
U} I0 1024716 Z:T
NIZ PuUnoq-uteaqoxd
SepAysprte 9917
SUTS0IAq

UTo3r01d ut sdnozp

°TsSeq 1o ssussard

UTd301d ut sdnozfp

JTPTo® 10 sdussard

ddUsIajyur

(Tsewoyg 9P ) Svd

FITYog
—UTInAyuty

ATUo s17Tysg

Uotaoeaz
S UOTTTW

SNTQ Touayd
—owoIq Snosnby

SNTQ Touayd
|oEoHQl>H:on§




88

++

+4

980 Jo
0T3}8I03s

SNoIqT g

**DPIUGD
- + ¥
+ -+ -
- o+ +
++ + -
ot F+ -
e -t -
s
oussens
QUTITT suwIadg nwuoca
~B1s4A1g -0jewzadg

+

11\

d4

+

+

+

as
+IT-AAW MWW
Fl-apw__T-*

+ Z
d+ ¢
d+ b
d+ -
d+ -
a+ -

—dAv I
=aAv dAY
01eliT5dg ™~

00—HOHD

+2NpoId saTyepTXO
9yy Io0 SATIBATISD
OUTWeTAyTe x0
OUTWe 1usTeATNba
U3} I0 1024716 2T

SUN punog-uteq 01d
SepAyspTe saxg
SUTSO0IAn

UT3101d UT sdnoibh
°TSeq j0 souasaxd

UT3101d ut sdnoih
OTPTo®R 10 9dussaxd

8dUaIajuTy

(Tseuwoyg P ) Svd

FITYoS
—UTIrAyuty

ATuo z1tTyog

UoTioeaz
S uoTTTw

SNTQq Touayd
—OWoIq snoanby

SNTq Tousayd
—ouwoxq-Axnosxay




89

d+4d

DS) 30
10T39I08S

SNoIqT 4

*pa1uUo0d
- Y
- ¥
- 7
- +
- +
Aytyus
BUTTT swxadg
-e1SA1D

d d4-Y

d+ -+
s 44
¥ +

r +
aoue}sqns dd
punoxb +IT-dAW
aroyd FIZAAW_
ITem

-ojewradg

g+Y

e

ITI-dAV
+I1-dAY

||||| Fm e ————

8I0ydolBWIS

d
d

(g) otrTud
-oueTOTE-UOU
puUE SAT}OEdI

-92epotaad ‘(d)
STTTYUdOURTOTE®
pue aAT1ORAI
~un-31epcTIad

Saosueasqns
-0oNW pajeydins

saoue1sSgnsoonu

paireydins
D2TIPTOER ATYeam

9SeaTalx
o0Tq TO2ATH 2:1
¥00TA TO2ATD g:7

30UdId JUT

Svd
-onTq UBTOTY

(0°1 :Hd)

aNTQq URTOTYV
(Grz tHd)

anTq UeIOTY
uoTy
—-BPTA190BIDAUOTY
-eTA390e+3Vd

uot1eTA120E8+SVd




30

‘usasaun = ¢ mUHmeomcumme 10U = N fonTarTs0d BoIe fBOTONU = 4} fesze IeoTonutasd
9ATT 2eUMBWOS Ieadde yostym sesze SATITSOd = o fs1e7doap S8AT1Tsod A7Buocagys StuoTyeredead ysexg
UT = #£ fputs e JO wIoy ayj ut AZsydtaad SU3 spremoy = mmﬂmmEomcumumE|> = A mmﬁmmEOH:umwwElu = d
mmﬁmmEomzumumE|d = 0 {9AT1ehou = — funtpsw=3x fbuoays ATITeI=¢ {buozys = 4. fbuozys Azen = 4ip
- - ot - - - - YNQ usbrina g
F44 - o - - - - spTatty g 4oe1q uepng
#+ - + - - - - SPTUTIT Texjnau O P31 1710
+ - T - - - - A20Tq UsB02ATH  sutwires \S1s8g
+UO0T1eATTRg
+ - - - x + - uabooA1h SUTwIed>  s3sag
(Wwnaputpy
PUE Jeuwexy)
g - 0 dA d d - sdnoxbp 2IpTo®E ®NTQq autptnyTo]
a3z
@ouelsqgns
- ] TT ~
$D 3o A1Tqus punozp FII-AAW TIII-qAv I 95Us 15 U 61
9I%83s dUTTT swradg dIoyd lHHlDDEtIMHHHDb%:!lDbM “OFUT 1sel
0IqT 4 -B1sA1) —OjeuwIadg T1em mHo:aomeHmam




31

8TGNTOSUT = - faTanTos A{reraIed = ¥ {8TqnTOS = + :SUOTIBTASIACAV

SUTs10I1d SnoIgrg :eTqnToSurl

S9U01STY ‘utTer0xdoraTos (#0c pue X%T)
utyersy ‘urysers ‘usberron laTqnTog - 8TQTSTA 30N  pojernbeo) pToe OTIZTN
SUT210Jd SNOIQT4 9TGNTOSUT
SautweToxd
S9U01STY ‘UT910IC0IDTIS o - { .
utyelsay ‘utasers ‘usabefron 1aTqnTOS - STATSTA 30N psjernbeo) (705 _pue 7T

DTIOER OTIOTYHDOIPAH

. *utTa91NnTb
SUT®310Id sSNOIqT)y ‘UTTnNqoTH *3TYnTosSurl
SUTL.BACIA ‘suolsTy‘utungry ‘s7qnros - - - I93em DaTTILSI(

*SUTa30Id SNOIQTJ

‘UtTeanTd ‘auTweloId OTANTOSUT - padwnto + VA . ) .
uTTNgoTH t9TANTOS - ¥ ¥ sp  OPTIOTHD Hnipos
*utTe3inTb
‘outwejoxd ‘sutajouc
SNOIGTI‘UTINqQOTH ‘utwngly  STANTOSUT - - + 706G
SaU01STH 5TANTOS _ _ s 71 21eydIns wntuowwy
SUT®70Xd SNOIQTJ ‘UT3ITYD :8TANTOSUT - - + 705
S2U03STY ‘uUTWNATY :2TANTOg - - + wyp OTAINTOS ErUoUdlY
UoT19I09S AqrTUd T7EM HOTLaTO¢
9oUaIajut 938D dUTTTe21sSAI) oxoydojerwradg L30TOS

*STSIBRARETA °*Q
UT UOT19I08S DS)H pue AJT3US SUTITTELISAIO ‘sSTTem aroydojrewrads UO paTIIed S$3S33 AQTITTANTOS

Z2't 9Tqel



32

blue, aqueous bromophenol blue, ninhydrin-5chiff,
Millon's reagent and Sudan black B. This secretion,
which is weakly PAS-positive and non-acidophilic, is rich
in weakly acidic sulphated mucopolysaccharides, and may

be both testicular and ductal in origin.

AVD-I gains in diameter (0.39 mm across) posteriorly.
The epithelium is about 15 pm high and possesses roughly
oval nuclei, about 7.5 pm along the long axis, during the
active season. The luminal surface of the columnar
epithelial cells is often drawn out to form a dome-shaped
process giving an eneven appearance to the luminal surface
of AVD-I. The epithelium of this region showed a strong
positive reaction for mercury bromophenol blue and aquezous
bromophenol blue (Table 3.1). However, the epithelium
was not very distinct in preparations stained with
ninhydrin-Schiff, alcian blue (different pH), oil red
O and PAS. During the inactive phase, the epithelial
cells of AVD-I were considerably reduced in size. A
(glyco?) proteinaceous secretion'(SE—I), basophilic and
mildly PAS positive with a rather uneven texture in both

paraffin sections and i

———

vivo preparations, and apparently
produced by these cells, gradually apnears close to the
luminal surface (Fig. 3.4) but distinctly outside the
mucus-coated sperm mass. The latter on several occasions

was found pushed toward the middle of the lumen. The
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stainability of SE-1 is not quite stahle; it showed a

tendency to become acidophilic.

3.3.3.1. (b) AVD-II. AVD-I is followed by AVD-II, which
could hardly be externally demarcated from the former.
The secretory epithelium of AVD-II appears to be the
thickest along the entire length of the anterior vas

deferens of O. platytarsis. The nucleil of these epithelial

cells are also seen arranged to form distinct grouns,
here cellular demarcations are not very distinct at the
light microscope level. AVD-II has an approximate length
of 1.0 cm and a width of 0.5 mm (in a crab of 5.0 cm

cw). The lumen of AVD-II (Fig. 3.9) is rich in SE-I,

which is distributed in between sperm masses. In in vivo

preparations, the first well formed spermatophores
(primary) could be detected in this region (90 + 2.2
spermatophores per square mm). These spermatophores are
elliptical to oval with a mean + SD length of 104.29 +
38.4% pm and a breadth of 70.06 + 27.48 pum (Table 3.3).

The mean + SD number of spermatozoa per spermatophore

of O. platytarsis was estimated to be 72 + 36.13.

Under light microscopy, the spermatophore wall of

O. platytarsis appears single layered and is permeable

to vital stains. Although spermatonhore walls are not

clearly laid in AVD-I (in comparison to posterior regions),
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Table 3.3

0. platytarsis: Spermatophore size as measured in fresh

preparations (expressed in microns)

AVD-I1/III MVD-1I
(length/width) (length/width)
157.5/94.5 126.0/81.9
81.90/63.0 63.0/44.1
126.0/37.8 107.0/75.6
69.30/63.0 56.7/44.1
157.6/126.0 81.9/63.0
126.0/94.5 189.0/126.0
94.5/69,3 75.6/69.3
132.0/63.0 88.2/63.0
157.1/63.0 37.8/37.8
113.4/81.9 69.3/44.1
176.4/126.0 63.0/90.4
69.3/63.0 69.3/37.8
63.0/31.5 81.9/63.0
63.0/31.5 88.2/56.7
176.0/63.0 88.7/50.4
81.9/56.7 75.6/56.7
94.5/94.5 69.3/56.7
94.5/81.9 88.2/63.0
126.0/119.7 69.3/50,4
63.0/63.0 63.0/37.8
75.6/44.1 44.1/37.8
63.0/37.8 63.0/37.8
63.0/37.8 75.6/44.1
113.4/75.6 69.3/37.8
69.3/69.3 63.0/44.1

Mean + SD

—— s = > e ot e et s e T s s e et et e D e B Gt . et et G e Pt B et ot o e ot a
e s e e e e e — — —— — — ———

104.29+38.44/70.06+27.48 78.64+29.33/54.94+19.46
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beginning of their formation can be distinguished 1in

AVD-I itself. The outermost layer of secretion surrounding
the sperm mass showed an uneven staining with ninhydrin-
Schiff and with PAS without oxidation. This area reacted.
positively with PAS (even after acetylation) and alcian
blue (different pH); it stained blue with alcian blue-PAS,
showing the presence of periodate-unreactive alcianophilic
substances. In posterior regions, the spermatophore wall
is positive to PAS, alcian blue (pH:1.0), ninhydrin-
Schiff, mercury bromophenol blue, aqueous hromophenol

blue and Millon's reagent, and strongly positive to

alcian blue (pH:2.5). It is B-matachromatic with toluidine
blue, and shows a weakly positive reaction for lipids
(Table 3.1). In summary, the spermatophore wall is
mucoproteinaceous in nature. Spermatophore wall of O.

platytarsis is soluble in dilute and concentrated KOH gpd

ammonia solutions and in concentrated ammonium sulphate

and sodium chloride solutions (Table 3.2); chitin, thus
seems to be absent in spermatophore walls. Non-acidophilic
spermatophore ground substance which stains deen blue

with alcian blue (pH:2.5), is practically negative to the
tests for proteins and lipids. The spermatophore ground
substance thus shows staining reactions comparable to

those of the secretion contained in AVD-I in which are

susvended the sperm masses.
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Results of our histochemical investigations (Table
3.1) show that the epithelial cells in AVD-II of O.

platytarsis are rich in protein: they stain positively

with mercury bromophenol blue, agueous bromophenol blue
and ninhydrin-Schiff. In sections stained with Millon's
reagent or PAS, it is the perinuclear zone that is more
reactive. Glycogen, mucopolysaccharides and neutral

lipids are rather poor in the evnithelium, hut with Sudan

black B, a positive reaction is obtained.

3.3.3.1 (c) AVD-III. AVD-III, the third region of anterior
vas deferens wider though (15 mm across) than AVD-II, is
structurally continuous with AVD-II from which it is not
distZinguishable in external morphology. In the uncoiled

state, AVD-III of O. platytarsis has an approximate length

of 3.6 cm in individuals having a carapace width of 5.0

cm. The epithelia lining AVD-III and‘postefior part of

AVD-II are rather thin (6.9 + 2.35 pm in height) and

share several features of common histology and histochemistry.
However, in sections stainecd with alcian blue-PAS, the
epithelium of AVD-III1 reveals the presence of more periodate-
unreactive alcianophilic substances than periodate-reactive
and non-alcianophilic substances; both types of stainable
supstances are absent in enithelium of AVD-1T. A hyaline
secretion (SE-2) makes its aprearance close to the luminal

surface from the posterior section of AVD-II downwards;
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SE-2 is often found scattered at random amidst SE-1. A
dramatic increase in quantity of SE-2 occurs further

down in AVD-III (Fig. 3.6).

SE-2, a clear homogeneous, sol-like material, shows
intense positive reaction to PAS (Fig. 3.26) and alcian
blue (pH:1.0) (Fig. 3.22) and exhibits B-metachromasia
with toluidine blue (Fig. 3.28). Protein content of SE-2
seems to be only moderate (Table 3.1). A comparison of
SE-2 with the spermatophore ground substance shows that
SE-2 is highly acidophilic unlike the spermatophore
ground substance which is completely non-acidophilic.
Furthermore, SE-2 is only weakly positive to alcian blue
(pH:2.5) but spermatophore ground substance is intensely
positive (Fig. 3.23). SE-2 seems to undergo some change in
composition further down in the vas deferens: to alcian blye
(pH:2.5) SE-2 is mildly positive in'AVD—IIl, but completely
negative in MVD (cf. Figs. 3.23 and 3.24).

With progressive increase in quantity of SE-2, SE-1
becomes relatively less prominent and arranges itself in
the form of thin strands delimiting units of 3E-2. The
strands (?) of 3E-1 on becoming thinner seem to appear
as slender spindle-shaped basophilic crystalline entities

(Figs. 3.6, 3.7), almost negative to PAS. In vivo

observations on crystalline entities (crystal-like

semitranslucent bodies) of Q. platytarsis show that they
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are about 20 pm lon:; and 6 pm across in the broadest
region. In fresh tissue preparations and in paraffin
sections stained with haematoxylin and alcoholic eosin,
the crystalline entities appear as continuous chain-like
bodies, which stain deep blue. In vivo observations show
ﬁhat the crystalline entities are distributed in between
spermatophores; in some cases they have been found
attached to the spermatophore wall as well. The crystalline
entities show positive reaction to agqueous bromophennl
blue, mercury bromophenol blue (Fig. 3.27) and Millon's
reagent, but reaction to PAS, alcian blue (pH:1.0 and
2.9), toluidine blue (Fig. 3.28) and Sudan black B was
almost negative (Table 3.1). They are nearly soluble in
dilute NaCl (1) changing to a spherical shape in the
process, but keep their identity intact in 1% and 50x«
NH4OH (Table 3.2). These observations seem to suggest
that the crystalline entities contain proteins comparable

to globulin (cf. Datta and Ottaway, 1969).

Though in vivo preparations clearly show the presence
of complete walls in spermatophores from AVD-11 downward,
the walls are not so clear when formalin-fixed, onaraffin
sections of AVD-I1 are stained. Here the spermatophores
have a loose and incomplete appearance, but the primarily
mucoproteinaceous and non-chitinous snermatophore wall,

incomplete though, showed staining characteristics
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comparable to those of well laid spermatophore walls in
final form. Spermatophore walls appear incomplete in
upper (anterior) regions of AVD-III also, but further
déwn the vas deferens they become more compact and gain
their final structure. From the posterior section of
AVD-III downward, SE-2 organizes itself to form a number
of oval or roughly spMrical units, measuring 67.5 + 33.2
um lengthwise; each such unit of SE-2 is bordered by

crystalline entities.

3.3.3.2 (a) MVD-I. MVD-I (Ficas. 3.8 and 3.9) constitutes

the major part of the vas deferens of O. platytarsis,
being 7 cm long and 2 mm across in crabs of 5 cm cw. The
epithelial wall lining the lumen of MVD-I is relatively
thin (about 5.2 pm in height) and is negative to mercury
bromophenol blue and ayqueous bromophenol blue bul positive
to ninhydrin-Schiff. A weakly positive reaction results
with PAS, PAS withoutl oxidation, alcian blue (different

pH) , Best's carmine and Sudan black B (Table 3.1).

An appreciable increase 1in duantity of SE-2 and to
some extent also crystalline entities occurs in MVD-I.
The seminal plasma has bhecome so abundant in MVD-I that
the number of spermatophores per unit area is only about
55. The spermatophores have become smaller and more

compact (78.6% + 29.33 X 54.94 + 19.46 pm) in MVD-1,
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compared to AVD-II/III (Table 3.3). However, compared
to AVD-II/III there was no significant difference in the

number of spermatozoa per snermatophore.

3.3.3.2 (b) MVD-IL. MVD-II (Fig. 3.12) which is the
posteriormost region of the mid vas deferens is about
1.0 cm long and 2.5 mm in diameter. Its muscular wall
(90.4 + 4.30 pm across) is lined by a thin epithelium.
MVD-II is demarcated externally from MVD-IL by a small
constriction. Two stout ducts from the CSG drain their

contents into the MVD-II.

Results of ‘our histochemical observations show that
the epithelium of MVD-II1 contains detectable quantities
of protein (basic protein, tyrosyl residues, protein-
bound amino groups) and lipid. The positive reaction for
PAS appears to be related to 1:2 glycol groups since the
original reaction is not retained after acetylation. The
epithelium is only weakly positive to Best's carmine,
alcian blue, and o0il red O. Periodate-reactive non-
alcianophilic comnounds could be detected in the epithelium.
As in other regions, MVD-II epithelium also is non-

metachromatic with toluidine blue.

3.3.3.3 ED. In O. platytarsis, MVD-I1 leads to a relatively

thin (0.5 mm in diameter) ejaculatnry duct (ED), having

an approximate length of 2 cm in crabs with a caranace
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Fig. 3.8 O. platytarsis: a cross section through
MVD-I to show the nature of its contents.
Cr - crystalline entities; S - spermatozog

Sp - spermatophores.
Formol-saline, Heidenhain's haematoxylin-

alcoholic eosin X 220

Fig. 3.9 Spermatophores (final form)
Cr - crystalline entities, § - spermatozoa;
Sp - spermatophores.
Formalin, PAS X 290

e
Fig. 3,10 Photograph of fresh preparation of coral-

shaped accessory sex gland (CsG) of
O. platytarsis.

Fig. 3.11 Fregp Preparation of the semen of Q. platyta
showing fibrous secretion of Csg.
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width of 5 cm., The wall of ED consists of an external
muscular coat and an inner layer of tall (42.01 + 3.3 pm)
columnar epithelial cells (Fig. 3.13). The latter become
evident only during the 'active' season, i.e. when the
androgenic gland is in a state of high activity. We
could, however, not find histological evidence for
production of any secretion by LD epithelial cells. The
epithelial cells stained vositively with mercury bromophenol
blue, aqueous bromophenol blue, Millon's reagent,
ninhydrin-5chiff and Suda=n black B. They were strongly -
positive to PAS, but the intensity of staining was found
to diminish after acetylation. The vnossible presence of
periodate-reactive, non-alcianophilic substances in these
cells was indicated by alcian blue-PAS staining, pbut no
glycogen could be detected. The epithelium was non-
metachromatic with toluidine blue.

of
The ED,each side pierces through the leg muscle

bundles into a muscular penial panilla that ultimately

opens into a tubular pleopod.

3.3.4. Coral-shaped Accessory Sex Gland.

The coral-shared accessory sex gland (CSG) (Fig. 3.10),

pale yellowish in colour, of male Q. platytarsis is located

on either side of the heart in a pocket-like denression

of the thoracic muscles. In a crab having 5.0 cm cw,
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the CSG measures about 10 mm anterio-posteriorly and
6 mm across. Though the weight varies widely, the
freshly dissected glands of an individual of 5.0 cm cw

weigh about 215 mg.

In gross morphology, the gland has the appearance of
a hydroid coral, with a number of short bifurcating
tubules, having an approximate thickness of 0.36 mm.
There is no definite branching pattern for the tubules.
However, not more than one branch could be detected in
a single tubule. The diameter of the tubule decreases
toward the bhase which has a club-shapcd appecarance.
Several such tubules of the gland finally merge to form
two thick and short ducts of about 1 mm width, opening
into MVD-11. Component tubules of CSG are all apparently
alike and are uniformly filled with a fibrous secretion
(Fig. 3.11) . Each secretorvy fibre is of even thickness
(2.0-5.3 um) and has a mean length of 70 pm. ~In paraffin
sections stained with haematoxylin and alcoholic eosin,
the secretory fibres are highly eosinophilic (Fia. 3.29).
The secretory epithelium of C5G tubule is moderately flat
and of more or less even thickness (9.75 + 4,99 um) with
centrally located, highly basophilic oval-shaped nuclei
(5.1 + 1.9 X 5.0+ 2.7 um). The lumen of the CSG tubule
has a striated appearance packed, as it is, fully with

the fibrous secretion. However, we could not detect any
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fibrous secretion in cytoplasm of the epithelial cells
lining the lumen of the tubule. The mode of secretion

appears to be merocrine.

Results of our histochemical investigation (Table
3.1) on the nature of the secretory product of CSG show
that the protein content of the [{ibrous secretion of O.

platytarsis is high, judging from the intensity of reaction

with mercury bromophenol blue (and aqueous bromophenol
blue) (Fig. 3.30). Tyrosine-containing proteins and free
aldehydes were also detected. The positive reaction to
ninhydrin-Schiff suggested the presence of protein-bound

amino groups. The intense positive reaction to PAS, even

after acetylatiqn suggested that PAS-positive materials
other than 1:2 glycol groups were also present in CSG
secretion., The resultls of alcian blue staining revealed
the presence of weakly acidic mucopolysaccharides and
sulphated mucopolysaccharides in the fibrous ‘secretion
(Fig. 3.31); p-metachromasia with tolqpine blue (Fig. 3.32)
indicated the presence of acid groups in CSG tubules. In
chilled sections, CSG tubules showed droplets positive to
Sudan black B and oil red 0O. Histochemical analysis
suggests the presence of two types of secretory fibres

in CSG, one periodate-reactive and non-alcianophilic and

the other periodate-unreactive and alcianophilic (Fig.3.33).
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By and large, the pattern of‘staining reaction of

the CSG epithelium of O. platytarsis was comparable to

that of CSG secretion, although the intensity of the
reaction was less in the epithelium. The epithelium was
non-metachromatic with toluidine blue, and weakly nositive
to alcian blue. Glycogen could not be detected in CSG
epithelium by Best's carmine method. In PAS staining
without oxidation, a positive reaction occurred in

epithelial cells only in the perinuclear zone.

The secretory fibres remained unaffected on exposure
to water, and to basic, acidic and salt solutions for
30 minutes (Table 3.2). In histological and histochemical
preparations and in in vivo studies using methylene blue,
we could not observe any difference in the nature of the
fibrous secretion between CSG tubule and posterior part
of the ejaculatory duct. This suggests that the CSG

secretion keeps intact its nature till ejaculdtion.

3.3.5 Mode of Semen Production in O. platytarsis

Mature spermatozoa released from testicular acini
are passed to AVD-I. Upper reaches of AVD-I are filled with
spermatozoa (Fig.3.16). Definite grouping of spermatozoa into
regular masses could be observed in vivo at the posterior part
of AVD-I and in such preparations (stained with methylene

blue) spermatozoa were found to be held together by a



Fig, 3.16 - 3.21 A diagrammatic Tepresentation of the
mode of Semen production in 0. Eﬂfﬂﬂﬁ25§i§-

Anterior region of AVD-I isg filled with
spermatozoa (Fig. 3.16). Definite grouping
of spermatozoa into regular masses occurs at
the posterior part of AVD-I. SE-1 is seep
in between such gfoups. An appreciaple
increase in quantity of SE-1 is observed
in AVD-II (Fig. 3.17), where primary
spermatophores are seen. 1In AVD-III

(Fig. 3.18) spermatophores become separated
from each other and SE-2 is added to the
inter-spaces. 1In posterior part of AVD-III

and MVD-I, SE-2 is seen in greater quantity
and is getting orgems zeq s ,

units in between sperm

Fibrous zecretion o
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desply staining material. !Individual epermatozoa could
hardly be recegnized. In between such grourntc of
spermatozoa occurred unstaincd non-homogeneous naterial
(Sk-1) partially demarcating adjacent sperm grouns.
Correspnonding pictures have been obtained in naraffin
scctions (stained with haematoyylin-alcoholic ensin), with
SE-1 distributed in between sperm masses. SE-1, therefore,
seems to play some role in grouping spermatozoa into
definite masses, which may probabhly be the first step

in semen production in 0. plalytarsis. As the quantity

of HE-1 increased, it seemed to invade the mucus—-coated
sperm mass and to divide the latter into incomnletely
separated smaller units -~ the first indication of
spermatophore formation. Histochemically, the secretion
which holds the sperm group together is rich in weakly
acidic sulphated muconolysaccharides. Spermatophore

wall was not distinct at this stage but in alcian blue
(pH:2,9) -~ stained preparations a rather dfscontinuous
dense accumulation (about 1.0 pm thick) of weakly acidic
sulphated mucopolysaccharides could be detected toward

the periphery of each sperm mass, imparting as it were,

a spermatonhnre wall-like anrearance. As 5E-1 is practically
negative to alcian blue, the dense alcianonhilic substance
could only have originated from the muconolysaccharide

content of the sperm wmass. This non-nroceinaceous
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alciannophilic secretion ulti iately forms the ground

substance of the spermatnnhore.

Further down in the vas deferens (i.e. AVD-II),
appreciable increase in quantity of 3E-1 could be
observed. Each sperm mass 1s smaller in size, distinct
and is well separated from its neighbours (Fig. 3.17).
In fresh preparations stained with methylene blue, the
sperm masses now have the appearance of spermatophores;
only the characteristic spermatophore wall is lacking:
the sperm mass is instead surrounded by SE-1. In summary,
in AVD~II thickly packed spermatophores are seen.
Speriatopiords séém to undergo, during their passage
through the vas deferens, certain changes in morphology
and the final form is attained in MVD-I, where they
become more compact and reduced in size, but the number
of spermatozoa per spermatnphore remains almost constant.
More posteriorly, spermatophores hecome senarated from
each other and the smace hetween them is filled by SE-2
(Fig. 3.18). Thus from AVD-III downwards, spermatophores
are seen susvended in the lumen of the vas deferens in
a medium rich in SE-2., Remnants of 3E-1, which retain
their glycoproteinaceous nature, could nevertheless he
detected, arranged almost along the course of the
crystalline entities, hordering units of SE-2.

Spermatophores in the posterior region of the AVD-III
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exhibit compact |
p Walis (1.0-1.2 pm thick); the spermatophore

wall is conceiv
ably formed by fusion of the crystalline

entitie i
s (Section 3.3.3.1) with the discontinuous layer

~ ea - .
of weakly acidic Sulphated mucopolysaccharide that had

been already laid down

We are not sure if SE-2 has any
definite role to Play in spermatophore wall formation.

In vivo preparations show that the primary spermatophore
in AVD-III is uniformly encircled by a row of crystalline
entities, but in paraffin sections the encircling is not
so uniform with the result that SE-2 faces directly the
sperm mass within in areas where crystalline entities are
lacking. It is not unlikely that the spermatophore wall
might incorporate some SE-2 as well, as it attains its

final structure,

In the posterior part of AVD-III and in MVD-I, the

abundant SE-2 gets organized itself into specific units

in between. spermatophores, which become more scattered

(Fig. 3.19). Therefore, the primary semen in O. platytarsis

which consists of SE-2, crystalline entities, ¥emnants

of SE—1 and spermatophores (Fig. 3.8), seems to attain

its final form in mvD—1, where it is stored.
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